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CONTENTS

Some Chemical Applications of the
Nuclear Overhauser Effect—

R. A. Bell and J. K. Saunders. Stereochem-
ical Aspects of the Synthesis of 1, 2- Epoxides—
Giancarlo Berti. The Electronic Structure and
Stereochemistry of Simple Carbonium lons—Vol-
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Allen. Fast Isomerizations about Double Bonds—
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ORGANIC SYNTHESES
Volume 52

Edited by Herbert O. House, Georgia Institute

of Technology

This volume of Organic Syntheses continues the
policy of recent volumes in this series to empha-
size detailed descriptions that can serve as model
experimental procedures for useful synthetic
methods. A number of procedures for the synthe-
sis of specific reagents of special interest are
also included. A sizable fraction of the model
experimental procedures were chosen to illustrate
an increasingly important group of synthetic
methods that utilize organometallic compounds
as reactants or as intermediates.
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luminum Intermediates. Reaction of Aryl Halides
with jt-Allylnickel Halides: Methallylbenzene.

1972 177 pages

CARBENES Volume 1

Edited by Maitland Jones, Jr., Princeton Univer-
sity, and Robert A. Moss, Rutgers University

A volume In Reactive Intermediates in Organic
Chemistry, edited by George A. Olah

Carbenes is an up-to-date collection of the meth-
ods of formation, properties, and modes of reac-
tion of carbenes.

CONTENTS

Carbenes from Diazo Compounds—Ww. J. Baron,
M. R. DeCamp, M. E. Hendrick, M. Jones, Jr.,
R. H. Levin, and M. B. Sohn. The Application of
Relative Reactivity Studies to the Carbene Olefin
Addition Reaction—Robert A. Moss. Generation of.
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1973 356 pages
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ELUCIDATION OF ORGANIC
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AND CHEMICAL METHODS

Second Edition Part Il

Edited by K. W, Bentley, Reckitt and Colman
Pharmaceutical Division, Hull, England, and G. W.
Kirby, uUniversity of Technology, Loughborough,
England

Volume IV in Techniques of Chemistry, edited by
A. Weissberger

CONTENTS, PART I

Dehydrogenation and Zinc Dust Distillation—Z.
Valenta. Reduction Methods—J. P. Candlin and
R. A. C. Rennie. The Fission of Carbon-Carbon
Bonds—K. W. Bentley. The Fission of Carbon-Ni-
trogen and Carbon-Oxygen Bonds—K. W. Bentley.
Alkali Fusion and Some Related Processes—B. C.
L. Weedon. Degradation of Polysaccharides—
G. 0. Aspinall. Degradation of Polypeptides and
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COMPOUNDS:

Their Chemistry and Biology
Edited by Daniel L. Klayman, walter Reed Army

Medical Center, and Wolfgang H. H. Gunther,
Xerox Corporation
A volume in The Chemistry of Organometallic

Compounds: A Series of Monographs, edited by
Dietmar Seyferth

This book fills the need for a critical survey of the
existing body of knowledge on organically-bound
selenium. The 35 contributions by 41 researchers
provide a comprehensive framework that stresses
the basic understanding of selenium chemistry
and biology, and allows for the ready assimilation
of future research results. Among the topics dis-
cussed are nomenclature, elemental selenium, het-

erocyclic selenium compounds, and selenium
compounds in nature and medicine.
1973 1216 pages $55.00

WEYGAND/HILGETAG
PREPARATIVE ORGANIC
CHEMISTRY

Edited by G. Hilgetag and A. Martini, both of Insti-
tut fur Organische Chemie der Deutsche Akademie
der Wissenschaften zu Berlin

OUTLINE OF CONTENTS

Part A. Reactions on the Intact Carbon Skeleton.
Part B- Formation of New Carbon-Carbon Bonds.
Part C. Cleavage of Carbon-Carbon Bonds. Part D.
Rearrangement of Carbon Compounds.

1972 1181 pages $42.50
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ORGANIC PHOSPHORUS
COMPOUNDS
Volumes 1, 2, 3, and 4

Edited by G. M. Kosolapoff, Auburn University,
and Ludwig Maier, Monsanto Research S. A.

This new series constitutes the most comprehen-
sive, current treatment of organic phosphorus
compounds available. Each volume contains arti-
cles by outstanding scientists in the field, who
provide definitive coverage of the methods of
preparation and chemical and physical properties
of these compounds. All compounds which have
been properly identified are listed, along with de-
tailed references to the original literature. The
basic chemistry and the physical properties of
the various classes of organic phosphorus com-
pounds are also presented.

CONTENTS, VOLUME 1

Primary, Secondary, and Tertiary Phosphines—
L. Maier Organophosphorous-Metal Compounds,
Biphosphines, Triphosphines, Tetraphosphines,
Cyclopolyphosphlines, and Corresponding Oxides,
Sulfides, and Selenides—L. Maier. Phosphine Com-
plexes with Metals—G. Booth.

1972 545 pages $29.95

CONTENTS, VOLUME 2
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plexes—J. G. Verkade and K. J. Coskran. Quarter-
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E -k A symposium sponsored by the Division of Organic Coatings and
m Plastics Chemistry of the American Chemical Society, with George
d '@ E. F. Brewer, Chairman.

Seventeen papers report major new developments and research in
the area of electrodeposition of organic coatings. This extensive
collection discusses all aspects of this complex process including
the advantage of better corrosion protection, lower cost, and virtual
absence of pollution.

Principal topics covered:

e conversion and coatings; pretreating metals; surface changes;
power supplies

< new polymers, copolymers, and pigments; preparation of resins;
cathodic electrodeposition

= kinetics; dynamic simulation; throwing power

= bath maintenance; design of merchandise; influence of solvents

Each chapter offers material of permanent reference value for the
industrial chemist working with automotive and appliance primers,
as well as general-purpose one-coat systems.

ADVANCES IN CHEMISTRY 243 pages with index Cloth (1973) $13.45.
SERIES No. 119 Postpaid in U.S. and Canada, plus 40 cents elsewhere.

Other recommended books in the ADVANCES IN CHEMISTRY SERIES include:

No. 109 Chemical Reaction Engineering as from polyamides, polyesters, polyarylenes, and others.
Fixed and fluid bed reactors, polymerization kinetics and Theory, processing, and applications are included. Nine
reactor design, optimization of reactor performance, cataly- papers on polyblends, the rest on copolymers.

sis in gas-solid surface reactions, two-phase slurry reactors, 598 pages with index Cloth (1971) $16.50

industrial process kinetics, and transient operation.

685 pages with index Cloth (1972) $16.50 No. 97 Refining Petroleum for Chemicals

Up-to-date status report on the advances made in an ex-
citing new industry. Emphasis is on basic processing with
specific discussions centering around the chemical reac-
tions used, new developments in these reactions, products
and economics, and new processing concept.

293 pages with index Cloth (1970) $11.50

No. 107 Industrial Color Technology

Summarizes present knowledge of colorant formulation
and evaluation and its application to industrial processing.
Basic colorimetry, instrumentation, color difference metrics,
and color as an aspect of appearance; 32 color plates.

177 pages with index Cloth (1972) $11.50

No. 104 Pesticides Identification at the Residue Level No. 96 Engineering Plastics and Their

Is our environment really becoming more toxic, or are Commercial D_evelopmer_1t ) ) ) )
pesticides falsely condemned by instruments designed as A hOW-tO-.dO-It b9°k _W'th d!scussmn and case histories
quantitative rather than qualitative tools? Eleven papers on developing plastics in profitable commercial products.
discuss philosophical aspects of ultramicroanalysis, instru- Topics include use reseérch, process develgpment, and
mental techniques, microchemical methods, and biological patent and legal aspects including clear warnings on con-
assay. tributory infringement. Engineering properties of over 50
182 pages with index Cloth (1971) $8.50 plastic products are included.

L L 128 pages with index Cloth (1969) $7.50
No. 103 Origin and Refining of Petroleum

Twelve papers on petroleum origin, deposits, Athabasca No. 92 Epoxy Resins
tar sands; catalytic reforming, hydrocracking, alkylation,
isomerization; ethylene, propylene, vinyl chloride in pro-
cessing; homogeneous catalysis; future of oil in Canada.
230 pages with index Cloth (1971) $10.00

Sixteen papers on formulation and performance of epoxy
resins. Processes and reactions are discussed including
condensation reactions, gelation, synthesis, electro-deposi-
tion, curing, and reactivity.

No. 102 Molecular Sieve Zeolites— Il 230 pages with index Cloth (1970) $10.50

Thirty-six papers from the $econd International Conference

) ) ) . ) No. 91 Addition and Condensation Polymerization
on Molecular Sieve Zeolites covering sessions on sorption

. Processes
and catalysis. T ) h d d . d
459 pages with index Cloth (1971) $16.00 Wenty-smt_: a;_)ters_ e\{ote to process improvements an
the polymerization kinetics of common monomers. The last
No. 99 Multicomponent Polymer Systems 22 papers deal with new and improved polymers designed
Thirty-seven papers on systems from olefin, diene, vinyl for specific uses or properties.
halide, styrene, acrylic, urethane, and epoxy resins as well 767 pages with index Cloth (1969) $19.50

Order from; Special Issues Sales
American Chemical Society, 1155 Sixteenth St., N.W., Washington, D C. 20036
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3(5)-Nitropyrazoles, such as 3,5-dinitropyrazole (2f), can be readily synthesized by thermal rearrangement

of A-nitropyrazoles.
pyrazoles.

The direct nitration of pyrazole, using nitric acid
or mixtures of nitric acid and sulfuric acid,4% leads to
substitution in the 4 position, in line with the behavior
of other electrophilic reagents. Moreover, no further
nitration of 4-nitropyrazoles has been reported in the
literature. Reports on formation of 3-nitropyrazoles
either concern compounds synthesized by other methods
such as ring closure reactions46 or by nitration of 1,4-
disubstituted pyrazoles,78b neither of which appear
to be general methods for the synthesis of 3-nitro-
pyrazoles. It is v/orth notice that in the latter case
further nitration to 3,5-dinitropyrazoles can occur.7

Recently three different groups of workers inde-
pendently reported on the synthesis of the unsub-
stituted 3(5)-nitropyrazole (2a). Bagal, et al.,9
obtained 2a via diazotation of 3(5)-aminopyrazole,
and Birkofer®D substituted the trimethylsilyl group in
3(5)-trimethylsilylpyrazole by a nitroso group, which
in turn was oxidized to give 2a. We reported on a
novel reaction, the thermal isomerization of M-nitro-
pyrazoles into their corresponding 3(5)-nitro deriva-

(1) Part XI: P.B. M W. M. Timmermans, A. P. Uijttewaal, and C. L.
Habraken, J. Heterocycl. Chem., 9, 1347 (1972).

(2) This research was supported by the Netherlands Foundation for
Chemical Research (SON) with financial aid from the Netherlands Organiza-
tion for the Advancement of Pure Research (ZWO).

(3) Participant in the Undergraduate Research Project Program, sup-
ported by Pieter Langerhuizen Lzn. Fonds, administered by De Hol-
landsche Maatschappij der Wetenschappen.

(4) R. Fusco in “The Chemistry of Heterocyclic Compounds,” Vol. 22,
A. Weissberger, Ed., Interscience Publishers, New York, N. Y., 1967,
P 3.

(5) A. R. Katritzky and J. M. Lagowski, “The Principles of Heterocyclic
Chemistry,” Methuen, London, 1967, p 148.

(6) W. E. Parham and J. L. Bleasdale, J. Amer. Chem. Soc., 73, 4664
(1951).

(7) M. D. Coburn, J. Heterocycl. Chem., 7, 707 (1970); 8, 153, 293
(1971).

(8) (a) C. L. Habraken and P. Cohen Fernandes, Reel. Trav. Chim. Pays-
Bas, 91, 1185 (1972); (b) C. L. Habraken, P. Cohen Fernandes, S. Balian,
and K. C. van Erk, Tetrahedron Lett., 479 (1970).

(9) L. 1. Bagal, M. S. Pevzner, A. N. Forlov, and N. I. Sheludyakova,
Khim. Geterosikl. Soedin., 259 (1970); Chem. Abstr., 72, 111383h (1970).

(10) L. Birkofer and M. Franz, Chem. Ber., 104, 3062 (1971).
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In turn, 3(0),4-dinitropyrazoles are obtained by further nitration of some 3(5)-nitro-

tives,11an example of an apparently characteristic prop-
erty of N-nitroazoles to rearrange thermally into (7-nitro
compounds.1213 Using this rearrangement reaction, 2a
was obtained from pyrazole in a simple two-step syn-
thesis in very high yield (see Scheme 1).

Scheme |

A x>
\ 1. AcOH, HNO,
Q * . OoNT XN
1 2. Ac20 J anisole or
H benzonitrile H

la 2a

The intramolecular migration of the nitro group
can be visualized as a [1,5] sigmatropic shift giving a
3R-pyrazolc followed by a fast tautomerization (see
Scheme 11).134

(11) J. W. A. M. Janssen and C. L. Habraken, J. Org. Chem., 36, 3081
(1971).

(12) P. Cohen Fernandes and C. L. Habraken, J. Org. Chem., 36, 3084
(1971).

(13) C. L. Habraken and P. Cohen Fernandes, Chem. Commun., 37
(1970).

(14) The presumed first step in this isomerization of iV-nitropyrazoles
resembles the reversed process of a van Alphen rearrangementls where
3,3,4,5-tetrasubstituted 3H-pyrazoles (pyrazolenines) rearrange into N-
substituted pyrazoles, a reaction which was reported to be an uncatalyzed

R

thermal rearrangement.16 Recently, other examples of the pyrazolenine
rearrangement were reported by Durr and Sergio,17aand by Franck-Neumann
and Buchecker,J/b who observed migrations of ester, acyl, and cyano groups
which they also explained in terms of [1,5] sigmatropic migrations.

(15) J. van Alphen, Reel. Trav. Chim. Pays-Bas, 62, 485 (1943); 62,
491 (1943).

(16) R. Huttel, K. Francke, H. Martin, and J. Riedl, Chem. Ber., 93,
1433 (1960).

(17) (a) H. Darr and R. Sergio, Tetrahedron Lett, 3479 (1972); (b) M.
Franck-Neumann and C. Buchecker, ibid., 937 (1972).
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Scheme Il

NO02
la

The thermolysis of 5-methyl-1-nitropyrazole (3)
affording 3(5)-methyl-4-nitropyrazole (4b) in addition
to a small amount of 3(5)-methyl-5(3)-nitropyrazole
(2b), 11 offers the only example so far encountered giving
a 4-nitropyrazole. This result can be explained by
assuming a subsequent sigmatropic rearrangement
from a 3H- into a 4ff-pyrazole followed by tautomer-
ization. The concurrent formation of the 3(5)-methyl-
5(3)-nitro isomer 2b was demonstrated to originate
from 3-methyl-1-nitropyrazole (Ib), which in turn
was demonstrated to arise from 3, presumably by a
competing [1,5] migration of the nitro group to the
adjacent nitrogen atom (see Scheme I11).

scheme Il

In this paper we report on the general synthetic
implications of this novel isomerization reaction for
the preparation of 3(5)-nitropyrazoles.

Results and Discussion

The required 1V-nitropyrazoles (la k) were obtained
either by the original N-nitration procedure of Huttel
and BiicheleB or by nitration of the pyrazole with a
preformed mixture of nitric acid and acetic anhydride
(*acetyl nitrate”). Asdescribed earlier,11N-nitration of
3(5)-methylpyrazole gave a mixture of the two isomers
3-methyl- and 5-methyl- 1-nitropyrazole. Subsequently

(18) R. Hiittel and F. Biichele, Chem. Ber., 88, 1586 (1955).

Janssen, Koeners, Kruse, and Habraken

no2
la, R3 =H; R, = H lg, R3=H; R, =CH3
b, R3 =CH3; R, = H h, R3=H; R4 = CH5
¢, R3 =C(CH33, R4=H i, R3=H; R4 =Cd&d5
d, R3 =C@Hs; R4=H j, R3=H; R4 =NO2
e, R3= p-NO0ZX«H4, R4=H k, R3= C&H5 R4= NO2
f, R3= N02 R4=H

we found that nitration of 3(5)-methylpyrazole with
a large excess of acetyl nitrate gives the 1,3 isomer Ib
as the only product (see Experimental Section), whereas
nitration with an equimolar amount of acetyl nitrate
afforded primarily the 1,5 isomer 3 in addition to small
amounts of Ib and Il-acetyl-3-methylpyrazole (5).

R

COCH3

5R=CH,
6, R=0GdH

The formation of small quantities of IV-acetyl com-
pounds as by-products on N-nitration was also ob-
served in some other cases.8n'1® Usually the N-
nitropyrazoles could be purified by direct crystalliza-
tion or by very mild acid hydrolysis of the IV-acetyl
derivatives prior to crystallization.&8l N-Nitration of
3(5)-/erf-butylpyrazole, 3(5)-phenylpyrazole, and 3(5)-
(p-nitrophenyl)pyrazole afforded I-nitro-3-terf-butyl-
pyrazole (lc), I-nitro-3-phenylpyrazole (1d),19 and 1-
nitro-3-(p-nitrophenyl)pyrazole (le) in excellent yields.
In these instances the formation of 5-substituted 1-
nitropyrazoles is presumably prevented by the bulki-
ness of the sustituents. An attempt to prepare 1-
nitro-5-phenylpyrazole according to the procedure
developed for the synthesis of the 5-methyl analog 3
was unsuccessful; the only product obtained was 1-
acetyl-3-phenylpyrazole (6)19 The N-nitration of 4-
nitro-3(5)-phenylpyrazole (4d) also resulted in the
formation of only one isomer, l,4-dinitro-3-phenyl-
pyrazole (lk). Contrary to what was reported by
Hiittel and Biichele,B8 N-nitration of 4-nitropyrazole
(4a) resulted in high vyields of 1,4-dinitropyrazole
(1j). Likewise, N-nitration of 3(5)-nitropyrazole eas-
ily afforded 1,3-dinitropyrazole (If).

IV-Nitropyrazoles, as in general IV-nitroazoles, are
readily characterized through tic (see Experimental
Section) and ir spectroscopy.11'? In addition to the
absence of a N-H absorption band, the N 02 stretch-
ing frequencies for a IV-nitro group (as compared to
those of a C'-nitro group) are found at a lower wave-
number (1270-1295 cm-1) for the symmetric vibration
and a higher wavenumber (1600-1650 cm-1) for the
asymmetric vibration. In those instances where a
decision between two possible isomeric structures was
needed, namely compounds Ilc-f, structural assign-

(19) Dal Monte-Casoni® N-nitrated 3(5)-phenylpyrazole in two ways:
on nitration by Htlttel's procedure she obtained an iV-nitrophenylpyrazole
with unassigned structure, presumably Id; on nitration with an excess of
acetyl nitrate l-acetyl-3-(p-nitrophenyl)pyrazole was obtained in addition
to the same iV-nitro compound.

(20) D. Dal Monte-Casoni, Ann. Chim. {Rome), 48, 783 (1958).
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Tabte |

Rearrangement OF N -N itropyrazoles 1 into 3(5)-Nitropyrazoles 2

iV-Nitro- ferme - Substituents--——--

pyrazole Ri R.
la H H
Ib chs H
Ic C(CH3)3 H
Id CeHs H
le p-N02CsHa H
if no?2 H
ig H chs
Ih H CoHs
li H cehs
U H NO,
Ik CsHes NO,

3(5)-Nitro- Rearrangement

pyrazole conditions® Yieldl
2a B, 3 hr, 180° P
2b A, 2 hr, 145° = P
2C A, 2.5 hr, 130° o+ o+
2d A, 1.5 hr, 130° o+ o+
2e B, 1.5 hr, 140° P
2f B, 110 hr, 140° PR
29 B, 20 hr, 160° o+
2h A, 50 hr, 140° « + o+
2i B, 2.5 hr, 120° +
2j B, s hr, 191° .
2k B, 1.5 hr, 140° P

“ A — anisole solution, B = benzonitrile solution; the work-up of the reaction mixture is described in the Experimental Section.

» See Experimental Section for more detailed information; + + +
< This experiment is described in ref 11.

merits were based on their nmr spectral data. The
chemical shifts of the 5 protons of these compounds
were found at much lower external field as compared
to those of the corresponding protons in the N-unsub-
stituted pyrazoles, owing to the nitro group on the
adjacent nitrogen atom.11'2 Moreover, as is known
from investigations of Jacquier and others,2l the cou-
pling constant between a 4 and a 3 proton differs
from that between a 4 and 5 proton (Ji5> Ju). The
distinct multiplet character of the signal of the phenyl
protons in the nmr spectrum of Id indicating a phenyl-
pyrazole unsubstituted in the ortho positions2 fur-
nishes additional support for these assignments.

The best results for the rearrangement reactions
were obtained on heating 5-10% solutions of the N-
nitropyrazole in anisole or benzonitrile. Thin layer
chromatographic analysis was used to determine the end
of the reaction. In some cases dilution with hexane
of the chilled reaction mixture resulted in a nearly
guantitative precipitation of the C-nitropyrazole. For
example, 97% of 3(5)-nitropyrazole was obtained in
this way from the rearrangement of 1-nitropyrazole
in benzonitrile (see Experimental Section). In most
of the remaining cases, e.g., the conversion of 1,3-
dinitropyrazole into 3,5-dinitropyrazole (2f), high
yields were obtained via additional extraction with a
sodium hydroxide solution (see Experimental Section
and Table 1). It appeared that isomerization of 4-
substituted 1-nitropyrazoles was accompanied by con-
siderable decomposition, resulting in fair to low yields.
Thus, 4-methyl- and 4-ethyl-1-nitropyrazole (lg and
Ih) led to 4-methyl-3(5)-nitropyrazole (2g) and 4-
ethyl-3(5)-nitropyrazole (2h), respectively, in isolated
yields of ca. 60%. Likewise, thermolysis of I-nitro-4-
phenylpyrazole (li) afforded (among many decomposi-
tion products) only small amounts of the known com-
pound 3(5)-nitro-4-phenylpyrazole (2i),6 as was ob-
served on tic. Thermolysis of the 1,4-dinitro com-
pound, lj, gave but a small yield of 3(5),4-dinitro-
pyrazole (2j). [Because it was found (vide infra)
that the latter compound can be obtained in good
yield on nitration of 3(5)-nitropyrazole in sulfuric
acid, no further efforts were undertaken to obtain
2j by preparative themolysis of 1,4-dinitropyrazole].
One of the decomposition reactions observed was a2

(21) J. Elguero, R. Jacquier, and H, C. N. Tien Due, Bull. Soc. Chim.
Fr., 2327 (1966).

(22) L. G. Tensmeyer and C. Ainsworth, J. Org. Chem., 31, 1878 (1966).

= 80% and above; ++ =

50-80%; + = lowyield (see text).

denitration of the IV-nitropyrazole giving back the N-
unsubstituted starting material. Such denitration
also occurred in the case of the thermolysis of 1,3-
dinitropyrazole, as observed from the presence of 10-
15% of 3(5)-nitropyrazole on work-up of the reaction
mixture.

2a, Rs® = H; v = H 29,R35) = H; Rs = CHS3
b, R33 = CH3, R, = H h R¥®= H; R4=CH5
c, R = C(CH33; R4=H i,R3Y=H;R4 = CaH5
d, 35 = Cetb; R4 = H j, R — H; R4=NO:

e Rs:f) = p-NOX6H4 R4= H Kk R3s) = CsHs; R4= NO2
f, RB) —N02 R4=H

As expected, the thermal rearrangement of the 1-
nitropyrazoles unsubstituted in the 5 position, la-k,
in all cases afforded the corresponding 3(5)-nitropy-
razoles 2a-k. Structural assignments of the 3(5)-
ferf-butyl-, 3(5)-phenyl-, and 3(5)-p-nitrophenyl-5(3)-
nitropyrazoles (2c, 2d, and 2e) were based on compari-
son (tic, melting points, uvZ and ir spectra) with the
isomeric 4-nitropyrazoles 4c, 4d, and 4e, which were
synthesized by unambiguous routes, 4d being obtained
from 4e after selective reduction to 4-nitro-3(5)-

H
4a, R = H
b, R = CHs
c, R = C(CH3)3
d R = CsHs
e, R = p-N02CsH4

(p-aminophenyl)pyrazole followed by deamination.
For those compounds originally possessing a sub-
stituent in the 4 position, the identifications were based
on the presence of a C-nitro group in 4-methyl-3(5)-
nitropyrazole (2g) and of a second C-nitro group in
3(5),4-dinitro- and 3(5),4-dinitro-5(3)-phenylpyrazole
(2 and 2k) (ir spectra and tic and mass spectral

(23)
cussed in a separate paper.

Uv spectra of a number of nitropyrazoles will be presented and dis-
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or elemental analysis). Compound 2f, the isomeriza-
tion product of 1,3-dinitropyrazole, was found to be
a C-dinitropyrazole differing from the 3(5),4-dinitro
isomer 2j and was consequently assigned the structure
of 3,5-dinitropyrazole. All assignments were corrobo-
rated by the nmr spectra.

As mentioned before, 4-nitropyrazoles do not undergo
further C-nitration, whereas 1,4-disubstituted pyrazoles
can undergo dinitration to give 3,5-dinitro derivatives.
These findings of Coburn7were confirmed by the syn-
thesis of 4-ethyl-3,5-dinitropyrazole (7) on further
nitration in mixed acid of the mononitropyrazole
2h (Scheme 1V) (see Experimental Section). More-

Scheme IV

over, it appeared that the 3(5)-nitropyrazoles 2a and
2b on nitration with mixed acid afforded quite readily
and in good yields 3(5),4-dinitropyrazole (2j) and 3(5) ,4-

dinitro-5(3)-methylpyrazole (8) (Scheme V). No trace
Scheme V
2a,R = H 2,R=H
2b, R = CH3 8,R = CH;

of 3(5),4-dinitropyrazole (2j) could be detected when
4-nitropyrazole was subjected to the same dinitration
conditions of the 3(5)-nitropyrazoles. To our knowl-
edge only one other example of further nitration of a
3(5)-nitropyrazole has been described, namely that
of 3(5)-nitro-5(3)-(m-pyridyl)pyrazole giving the cor-
responding 3(5),4-dinitro derivative.24 Apparently,
and contrary to what is observed with 4-nitropyrazoles,
3(5)-nitropyrazoles can be C-nitrated further, and again
in the 4 position, as readily as other 3©-substituted
pyrazoles.

In conclusion, thermal rearrangement of V-nitro-
pyrazoles offers a convenient method to synthesize
3(5)-nitropyrazoles, which in turn may undergo elec-
trophilic substitution preferably in the 4 position, as
we observed for the nitration reaction.

Experimental Section®

General.—Nmr spectra (8 expressed in parts per million) were
recorded on a JEOL 60-MHz Minimar or on a JEOL PS-100
instrument; ir spectra (KBr technique) were recorded on a
Perkin-Elmer IR-137 spectrophotometer. Glc analyses were per-
formed on a Varian Aerograph 1400 instrument. Spraying with
Rhodamine B solution (0.05% in ethanol) was used for the de-
tection of nitropyrazoles on tic; in the case of V-nitropyrazoles

(24) H. Lund, J. Chem. Soc., 418 (1935).

(25) The following experiments were performed by J. Duyfjes and R.
Bosman: syntheses of compounds le, If, 2e, and2f; additional synthetic
help was obtained from R. Fransen, P. Cornelissen, and B. Poldermans.

Janssen, Koeners, Kruse, and Habraken

the purple-colored spots characteristic for all nitroazoles turned
into yellow or brownish yellow colored spots on standing. Ele-
mental analyses were performed by Mr. W. J. Buis, TNO Labo-
ratory of Organic Chemistry, Utrecht, The Netherlands; mass
spectra were recorded on a AE MS-902 spectrometer. All melt-
ing points are uncorrected.

Materials.—3(5)-Methylpyrazole, 3(5)-phenylpyrazole, and
4-nitropyrazole (4a) were synthesized by standard procedures.
The syntheses of 1-nitropyrazole (la), 5-methyl-I-nitropyrazole
(3), 4-ethyl-1-nitropyrazole (lh), 3(5)-methyl-5(3)-nitropyr-
azole (2b), and 4-ethyl-3(5)-nitropyrazole (2h) were described in
ref 11; the synthesis of I-nitro-4-phenylpyrazole (li) was de-
scribed in ref 8a. 4-Methylpyrazole was prepared by reaction
of 1,1,3,3-tetraethoxy-2-methylpropane with hydrazine hydro-
chloride; 3(5)-fert-butylpyrazole was prepared by condensing
pivaloyl acetaldehydeZ with hydrazine hydrate, yield 71%, bp
110-112° (10 mm) [lit.®bp 106° (9 mm)]. 3(5)-(p-Nitro-
phenyl)pyrazole was made by nitrating 3(5)-phenylpyrazole
with nitric acid (d 1.52) in sulfuric acid solution in the cold.D
I-Acetyl-3-methylpyrazole (5) was obtained by reaction of 3(5)-
methylpyrazole with an excess of acetyl chloride.B

Acetyl nitrate was prepared freshly before use by adding nitric
acid (d 1.52) to acetic anhydride.& All chemicals, being high-
grade commercial products, were used as such.

4-Nitro-3(5)-(p-nitrophenyl)pyrazole (4e).—While cooling, 7 g
of 3(5)-phenylpyrazole was added to 100 ml of nitric acid (d
1.52); after stirring at 50° for 2 hr the solution was poured onto
ice and the precipitated compound was collected by filtration.
Ether extraction of the filtrate provided an additional amount of
4e. Total yield after crystallization from ethanol was 7.5 g
(66%); mp 210-212° (lit.3dmp 212°); nmr (60 MHz, DMSO) 5
8.86 [s, 1, 5(3)-H], 8.37 and 7.97 (doublets, 4, 3 = 8 Hz, aro-
matic).

4-Nitro-3(5)-(p-aminophenyl)pyrazole—Hydrogen sulfide was
passed through a solution of 7.5 g of 4e containing 4.2 g of NaOH,
at a temperature of 80°; after a few minutes the temperature
increased to ca. 90° and an orange-colored solid precipitated.
H2S was passed through for an additional 1 hr. The solid, col-
lected by filtration, was washed with water: 4.9 g (75%); after
crystallization from water, mp 187-187.5°; ir 3350 (NH2), 3200
(NH), 1495 and 1320 cm“1(N02; nmr (60 MHz, acetone) 8
8.25 [s, 1, 5(3)-H], 7.51 and 6.81 (doublets, 4, 3 = 8 Hz, aro-

matic).
Anal. Calcd for CHgND 2 C, 52.94; H, 3.95; N, 27.44.
Found: C, 53.07; H, 3.76; N, 27.36.

4-Nitro-3(5)-phenylpyrazole (4d).—Sodium nitrite (1.4 Q)
was very slowly added to a cold solution (—5 to 0°) of 4-nitro-
3(5)-(p-aminophenyl)pyrazole (4.0 g) in 20% hydrochloric acid;
after stirring for 0.5 hr at 0°, 31.2 ml of cooled hypophosphoric
acid (50%) was added. The mixture was allowed to stand for 24
hr at room temperature; the reaction mixture was diluted with
ca. 50 ml of water and the solid was collected by filtration. Crys-
tallization from alarge amount of water yielded 3.1 g (84%) of 4d.
The compound was recrystallized from water to give an analyti-
cally pure sample: mp 185-185.5°; ir 3200 (NH), 1495 and 1320
cm“1 (N02; nmr (60 MHz, acetone) 8 8.44 [s, 1, 5(3)-H],
7.75-7.40 (m, 5, aromatic).

Anal. Calcd for CH,ND 2 C, 57.14; H, 3.73;
Found: C, 57.16; H, 3.63; N, 22.32.

4-Nitro-3(5)-ferf-butylpyrazole (4c).—A 1.5-g portion of 3(5)-
ferf-butylpyrazole was nitrated with “mixed acid” according to
the method of Morgan and Ackerman;3 the reaction mixture
was poured onto ice and extracted with ether; evaporation of the
solvent afforded 1.7 g (83%) of 4c. A pure sample was obtained
by crystallization from petroleum ether (bp 60-80°); mp 118.5-
119°; ir 3235 (NH), 1510 and 1385 (1311?) cm“1(N02; nmr
(60 MHz, CDCla) 58.37 [s, 1, 5(3)-H] and 1.44 [s, 9, C(CH33.

Anal. Calcd for CiHNN3 2 C, 49.69; H, 6.55; N, 24.84.
Found: C, 49.80; H, 6.62; N, 24.93.

3(5)-Nitropyrazole (2a). Rearrangement of 1-Nitropyrazole

N, 22.21.

(26) V. T. Klimko, T. V. Protopopova, and A. P. Skoldinov, J. Gen.
Chem. USSR, 31, 159 (1961).

(27) (a) J. T. Adams and C. R. Hauser, J. Amer. Chem. Soc., 66, 1220
(1944); (b) R. Levine, J. A. Conroy, J. T. Adams, and C. R. Hauser, ibid.,
67, 1510 (1945).

(28) 1. 1. Grandberg and A. N. Kost, J. Gen. Chem. USSR, 28, 3102
(1958).
(29) K. v. Amvers and W. Daniel, J. Prakt. Chem., 110, 235 (1925).

. 35, 37 (1902).

)
(30) E. Buchner and C. Hachumian, Chem. Ber
) J. T. Morgan and I. Ackerman, J. Chem. Soc., 123, 1308 (1923).
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Preparation of 3(5)-Nitropyrazoles

(la) .— A solution of 3.0 g of la in 30 ml of benzonitrile was heated
for 3 hr at 180°; after cooling and the addition of a threefold
guantity of hexane, compound 2a was collected by filtration.
The crude yield, after washing with hexane and drying, was 2.9 g
(97%), mp 173-174°; recrystallization from water gave mp 174-
175° (lit.9mp 175°). Additional experiments (up to 10-g scale)
afforded 95-99% vyields.

Nitration of 3(5)-Methylpyrazole with an Excess of Acetyl
Nitrate.— Acetyl nitrate (72 mmol, 3 ml of nitric acid in 7.5
ml of acetic anhydride) was added to a solution of 3(5)-methyl-
pyrazole (2.5 g, 32 mmol) in 3 ml of acetic acid at 0°. After 2 hr
the reaction mixture was poured onto ice; the resulting pre-
cipitate (0.7 g) appeared to be pure 3-methyl-I-nitropyrazole
(Ib) (glc, ir, nmr, and melting point); an additional 1.2-g portion
of Ib was obtained after neutralization of the filtrate with sodium
carbonate and extraction with ether; total yield was 49%.

Nitration of 3(5)-Methylpyrazole with an Equimolar Amount
of Acetyl Nitrate.—A 5.9-g (72 mmol) portion of 3(5)-methyl-
pyrazole was treated with 72 mmol of acetyl nitrate as described
above; after neutralization and extraction with ether the product
mixture was analyzed by glc and nmr; on comparison with
authentic samples, it was found to consist of 3, Ib, and 5 (7:1:2).

I-Nitro-3-teri-butylpyrazole (Ic).—A 3.0-g portion of 3(5)-
ieri-butylpyrazole was dissolved in 9.5 ml of acetic acid and N-
nitrated1 Bwith 2.2 ml of nitric acid (d 1.52) and 16 ml of acetic
anhydride. The crude product was crystallized from petroleum
ether to yield 2.6 g (64%) of compound Ic. The analytical
sample was obtained by recrystallization from petroleum ether:
mp 66°; ir 1600 and 1285 cm“1(NNO02; nmr (60 MHz, CDC13)
88.23 (d, 1, J = 2.8 Hz, 5-H), 6.37 (d, 1, J = 2.8 Hz, 4-H),
and 1.38 [s, 9, C(CH3)3.

Anal. Calcd for CVHNNsCh: C, 49.69; H, 6.55; N, 24.84.
Found: C, 49.66; H,6.45; N, 24.81.

I-Nitro-3-phenylpyrazole (1d) was obtained when 6.0 g of 3(5)-
phenylpyrazole, dissolved in 18 ml of acetic acid, was N-nitrated
with 3.6 ml of nitric acid and 18 ml of acetic anhydride. The
crude yield was 7.3 g (93%). Recrystallization from methanol
gave an analytically pure sample: mp 119° (lit.D mp 122°);
ir 1620 and 1290 cm“1(NNO02; nmr (60 MHz, CDC13) 88.20
(d, 1,3 = 3.0 Hz, 5-H), 6.67 (d, 1, J = 3.0 Hz, 4-H), 7.90-7.65
(m, 2), and 7.45-7.20 (m, 3, aromatic).

Anal. Calcd for CH,N02 C, 57.14; H, 3.73;
Found: C,57.21; H, 3.75; N, 22.26.

Reaction of 3(5)-Phenylpyrazole with an Equimolar amount of
Acetyl Nitrate.— Acetyl nitrate (14 mmol) was carefully added
to a solution of 2 g (14 mmol) of 3(5)-phenylpyrazole in 15 ml of
acetic acid at 0°. After 1.5 hr the reaction mixture was poured
onto ice; the formed precipitate (2.1 g) appeared to be l-acetyl-3-
phenylpyrazole (6). After crystallization from petroleum ether
6 had mp 63° (lit.2mp 64-65°); ir 1725cm-1 (C=0); nmr (100
MHz, CDCIj) 8 816 (d, 1, J = 2.8 Hz, 5-H), 6.64 (d, 1,
J = 2.8 Hz, 4-H), 7.9-7.7 (m, 2) and 7.4-7.3 (m, 3, aromatic),
2.70 (s, 3,CH3).

1-Nitro-3-(p-nitrophenyljpyrazole (le).Z—When 2.0 g of 3(5)-
(p-nitrophenyl)pyrazole was dissolved in 35 ml of acetic acid and
N-nitrated with 0.6 ml of nitric acid and 6 ml of acetic anhydride,
2.3 g (93%) of crude le was obtained. The compound was
recrystallized from methanol to give a pure sample. A melting
point was only observed when the temperature of the sample was
raised rapidly, mp 184-186°. When the temperature was in-
creased slowly, compound le rearranged into 2e without liquefy-
ing: ir 1625 and 1290 cm-1 (NNO2, 1515 and 1340 cm-1
(CNO02; nmr (60 MHz, DMSO) 88.86 (d, 1,J = 2.8 Hz, 5-H),
742 (d, 1, J = 2.8 Hz, 4-H), and 8.27 (symmetrical AA'BB’
spectrum, 4, aromatic).

Anal. Calcd for CHEN4L 4 C, 46.16;
Found: C, 46.15; H, 2.46; N, 23.86.

1,3-Dinitropyrazole (1f).Z—A 2.9-g portion of 2a was sus-
pended in 18 ml of acetic acid and N-nitrated with 2.4 ml of
nitric acid and 6 ml of acetic anhydride. After 2.5 hr the reac-
tion mixture was poured onto ice and the iV-nitro compound was
collected by filtration: 2.3 g (57%) of If; white crystals from
hexane; mp 67°; ir 1645 and 1285 cm-1 (NNO.), 1550 and 1350
cm“1(CNO02; nmr (60 MHz, CDC13) 88.45 (d, 1, J = 2.8 Hz,
5-H) and 7.17 (d, 1, J = 2.8 Hz, 4-H); mol wt, 158.0079 (calcd
for 0r"404,158.0075).

4-Methyl-I-nitropyrazole (lg).—A 4.0-g portion of 4-methyl-
pyrazole was dissolved in 15 ml of acetic acid and N-nitrated with3

N, 22.21.

H, 2.58; N, 23.93.

(32) K. v. Auwers and W. Schmidt, chem. Ber., 68, 528 (1925).
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3 ml of nitric acid and 9 ml of acetic anhydride. After 2 hr the
reaction mixture was poured on ice; 3.75 g (61%) of Ig pre-
cipitated from the solution after saturation with NaCl. Re-
crystallization from petroleum ether (bp 40-60°) gave an analyti-
cally pure sample: mp 42.5°; ir 1600 and 1290 cm-1 (NNO02);
nmr (60 MHz, CDC13) 88.11 (s, 1, 5-H), 7.48 (s, 1, 3-H), and
2.17 (s, 3, CH3).

Anal. Calcd for C4HIND 22 C, 37.80; H, 3.97; N, 33.06.
Found: C, 39.02; H, 3.85; N, 33.24.
1.4- Dinitropyrazole (lj).—4-Nitropyrazole (4a, 3.0 g) was

suspended in 15 ml of acetic acid and N-nitrated with 3.5 ml of
nitric acid and 5.5 ml of acetic anhydride; after 0.5 hr the re-
action mixture was poured onto ice, neutralized with sodium
carbonate, and repeatedly extracted with ether. The combined
extracts were dried on MgS04and evaporated to dryness: yield
3.4 g (81%) of crude Ij. The product was purified by column
chromatography1l (silica gel H according to Stahl, chloroform-
ethyl acetate, 3:1) and crystallization from hexane: mp 54°;
ir 1650 and 1280 cm“1 (NNO02), 1515 and 1320 cm“1 (CNO02);
nmr (60 MHz, CDC13) 8 9.00 (s, 1, 5-H) and 8.17 (s, 1, 3-H);
mol wt, 158.0079 (calcd for CsHi~Ch, 158.0075).

1.4- Dinitro-3-phenylpyrazole (1k).—Compound 4d (1.0
was dissolved in 10 ml of acetic acid and N-nitrated with 0.7
ml of nitric acid and 5 ml of acetic anhydride. After 1.5 hr the
reaction mixture was poured onto ice; the resulting solution was
saturated with NaCl; and the iV-nitro compound was collected
by filtration and washed with water. A crude yield of 1.2 g
(97%) of Ik was obtained. The analytical sample was obtained
after crystallization from methanol: mp 163° dec; ir 1650 and
1270 (NNO02), 1545 (?), 1510 and 1350 cmrl1 (CNO02; nmr (100
MHz, CDC13) 89.10 (s, 1, 5-H), 7.8-7.7 (m, 2), and 7.6-7.4 (m,
3, aromatic).

Anal. Calcd for CHEND 4 C, 46.16;
Found: C, 46.53; H, 2.74; N, 23.54.

3(5)-Nitro-5-(3)-tert-butylpyrazole (2c). Rearrangement of Ic.
—The reaction mixture obtained after rearrangement of Ic
(2.0 g in 25 ml of anisole) was diluted with hexane and extracted
with 1 N NaOH solution; the NaOH layers were acidified with
HC1 and extracted with ether. The crude product obtained
after evaporation of the solvent was crystallized from petroleum
ether (bp 80-100°): vyield 1.6 g (80%) of 2c; mp 190-190.5°;
ir 3150 (NH), 1530 and 1335 cm-1 (CNO02; nmr (60 MHz,
CDCb) 86.59 (s, 1, 4-H) and 1.21 [s, 9, C(CH3)3.

Anal. Calcd for CTHUN 2. C, 49.69; H, 6.55; N, 24.84.
Found: C, 49.74; H, 6.54; N, 25.00.

3(5)-Nitro-5(3)-phenylpyrazole (2d). Rearrangement of I1d.—
A 4.0-g portion of Id, dissolved in 40 ml of anisole, was ther-
molyzed at 130°; compound 2d precipitated from the chilled
reaction mixture and was collected by filtration (3.3 g, 83%).
An additional portion was obtained by extraction of the filtrate
with NaOH solution. Crystallization from methanol gave an
analytically pure sample: mp 198°; ir 3225 (NH), 1540 and
1335 cm-1 (CNO02; nmr (60 MHz, acetone) 8 7.9-7.7 (m, 2)
and 7.6-7.3 (m, 3, aromatic), 7.26 (s, 1,4-H).

Anal. Calcd for CH,ND 2 C, 57.14; H, 3.73;
Found: C, 57.33; H, 3.65; N, 22.35.

3(5)-Nitro-5(3)-(p-nitrophenyl)pyrazole (2c).5 Rearrange-
ment of le.—The solution obtained after rearrangement of le
(0.50 g dissolved in 5 ml of benzonitrile) was diluted with hexane;
compound 2e precipitated and was collected by filtration. The
crude yield was 0.41 g (82%). Recrystallization from methanol
gave an analytically pure sample: mp 260°; ir 3230 (NH),
1545, 1520, and 1335 cm'1(CNO02; nmr (60 MHz, DMSO) 8
8.23 (symmetrical AA'BB' spectrum, 4, aromatic) and 7.75 (s,

H, 2.58; N, 23.93.

N, 22.21.

1,4-H).
Anal. Calcd for CHND 4 C, 46.16; H, 2.58; N, 23.93.
Found: C, 46.13; H, 2.61; N, 24.10.

3.5-Dinitropyrazole (2f). Rearrangement of 1f.5—The reac-
tion mixture that was obtained after thermolysis of 1.0 g of If
in 20 ml of benzonitrile was worked up by dilution with hexane
and extraction with NaOH solution. The product (1 g) was
contaminated with 10-15% of 2a (nmr analysis). Crystalliza-
tion from benzene afforded pure 2f: mp 173-174°; ir3200(NH),
1570(?), 1530, 1365, and 1340 cm*“1 (CNO2; nmr (60 MHz,
acetone) 87.64 (s, 4-H).

Anal. Calcd for CsHJSbO,: C, 22.79;
Found: C,22.91; H, 1.42; N, 35.51.

4-Methyl-3(5)-nitropyrazole (2g). Rearrangement of Ig —
A 3.0-g portion of Ig, dissolved in 60 ml of benzonitrile, was

H, 1.28; N, 35.45.

9)
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thermolyzed at 160°. 2g was precipitated from the reaction
mixture by the addition of hexane; the compound (1.25 g) was
collected by filtration. An additional 0.60 g was obtained by
extraction of the filtrate with NaOH solution. The total crude
yield was 62%. Crystallization from water gave a pure sample:
mp 187°; ir 3175 (NH), 1525 and 1350 (1370?) cm“1 (CNO02);
nmr (60 MHz, CDC13) 7.80 [s, 1, 5(3)-H] and 2.47 (s, 3, CH,,).
Anal. Calcd for CHIND 2 C, 37.80; H, 3.97; N, 33.06.
Found: C, 37.92; H, 4.07; N, 32.97.
3(5),4-Dinitro-5(3)-phenylpyrazole (2Kk). Rearrangement of
Ik.—A 0.30-g portion of Ik was dissolved in 5 ml of benzonitrile
and thermolyzed at 140°; the resulting solution was worked up
by extraction with NaOH solution. The crude yield was 0.24 g

(80%). Crystallization from benzene gave an analytically pure
sample: mp 149-150°; ir 3280 (NH), 1535 (m), 1370 and 1330
cm-1 (CN02; nmr (100 MHz, acetone) 8 7.9-7.7 (m, 2) and

7.7-7.5 (m, 3, aromatic).

Anal. Calcd for CsHsN.O.: C, 46.16;
Found: 46.43; H, 2.72; N, 23.74.

Thermolysis of li.—A 2% solution of li in benzonitrile was
heated at 120°; the reaction was followed by tic. Among other
products, the rearrangement product 3(5)-nitro-4-phenylpyrazole
(2i)3Bcould be detected.

3(5),4-Dinitropyrazole (2j). Nitration of 2a with Mixed Acid.
—Compound 2a (1.5 g) was dissolved in 2.55 ml of concentrated
sulfuric acid and nitrated by the method of Morgan and Acker-
man3l with 1.65 ml of nitric acid and 5.1 ml of sulfuric acid.
The reaction mixture was poured on ice and, after saturation with
NacCl, extracted with ether. Removal of the solvent gave 1.9 g
(86%) of 2j as white crystals from benzene: mp 87.5-88.5°; ir
3280 (NH), 1550, 1520, 1370, and 1340 cm“1(NO02; nmr (60
MHz, acetone) 58.71 [s, 5(3)-H]; mol wt, 158.0078 (calcd for
CHND 4, 158.0075).

Thermolysis of |j.—The reaction mixture that was obtained
when a solution of Ij in benzonitrile (10%) was refluxed for 6 hr
was worked up by extraction with NaOH solution. The oily
liquid that was obtained appeared to be mainly a mixture of 2j
and 4a (8:2, nmr analysis). When a solution of Ij was heated
for alonger time at a lower temperature (130°), other (unknown)
products were formed.

3(5),4-Dinitro-5(3)-methylpyrazole (8).—Compound 2b (0.80
g) was nitrated by the method of Morgan and Ackerman.3L The
reaction mixture was poured onto ice, neutralized with sodium

H, 2.58; N, 23.93.

(33) We wish to thank Dr. W. E. Parham, University of Minnesota, for

providing a sample of this compound.
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carbonate, and extracted with ether, yield 0.78 g (72%). Crys-
tallization from benzene gave an analytically pure sample: mp
120-121°; ir 3280 (NH), 1550, 1505, 1360, and 1330 cm*“1
(NOj); nmr (60 MHz, acetone) 82.67 (s, CH3).

Anal. Calcd for C,HAN(O<: C, 27.91; H, 2.34;
Found: C, 28.33; H, 2.49; N, 32.30.

3,5-Dinitro-4-ethylpyrazole (7).—The reaction mixture that
was obtained after nitration of 1.5 g of 2h by the method of
Morgan and Ackerman3l was poured onto ice; the formed pre-
cipitate (unreacted 2h) was removed by filtration; the filtrate
was neutralized with sodium carbonate and extracted with ether
to yield 0.48 g (23%) of 7. The compound was purified by
column chromatography1l (silica gel H according to Stahl, chloro-
form-methanol-acetic acid, 80:20:0.5, as eluent) and crystal-
lization from water: mp 170-171°; ir 3245 (NH), 1590 (?),
1545 and 1340 cm-1 (N02; nmr (100 MHz, hexadeuterioacetone)
83.19 (g, 2, CH2 and 2.24 (t, 3, CHJ).

Anal. Calcd for CHEN4D 4 C, 32.26; H, 3.25;
Found: C, 32.71; H, 3.35; N, 30.26.

Nitration of 4-Nitropyrazole (4a).—This compound was treated
with mixed acid by the same method that was used for the further
nitration of 2a. Work-up of the reaction mixture afforded the
unreacted compound as the only product (tic analysis).

Registry No.—la, 7119-95-1; Ic, 38859-25-5; Id,
38859-26-6; le, 38859-27-7; If, 38858-81-0; Ig, 38858-
82-1; 1j, 35852-77-8; Ik, 38858-84-3; 2a, 26621-44-3;
2c, 38858-86-5; 2d, 38858-87-6; 2e, 38858-88-7; 2f,
38858-89-8; 2g, 38858-90-1; 2h, 31163-87-8; 2j,
38858- 92-3; 2k, 38858-93-4; 4a, 2075-46-9; 4c, 38858-
95-6; 4d, 38858-96-7; 4e, 38858-97-8; 6, 38858-98-9;
7, 38858-99-0; 8, 38859-00-6; 3(5)-phenylpyraz-
ole, 2458-26-6; 4-nitro-3(5)-(p-aminophenyl)pyrazole,
38859- 02-8; 3(5)-methylpyrazole, 1453-58-3; 3(5)-(p-
nitrophenyl)pyrazole, 20583-31-7; 4-methylpyrazole,
7554-65-6.

N, 32.56.

N, 30.10.
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3,5-Dihydroxy-4-phenylisoxazole reacts spontaneously with a variety of carbonyl compounds yielding with
aromatic aldehydes Ararylmethylidene-4-phenylisoxazol-5-onium-3-enolates and with acetone a 1:2 condensation

product.
isoxazolo[3,2-b][l,3]oxazine.

The latter undergoes reaction with alcohols giving e5-alkoxy-2-oxo-3-phenyl-5,7,7-trimethyl-2H,7H*
Crotonaldehyde, acrolein, and mesityl oxide reacted with the initial isoxazole.

Structures and properties of the various products are studied.

The unusual physical properties of 3,5-dihydroxy-4-
phenylisoxazole (1), prepared from ethyl a-phenyl-
malonate and hydroxylamine. have been described
recently.1 An interesting chemical property of this
compound which is studied here is its reactivity toward
carbonyl compounds. It reacts spontaneous” either
upon dissolution in the neat carbonyl compound or in
solution, at room temperature. The stable red products
which are obtained from aromatic aldehydes were

(1) G. Zvilichovsky, Israel 3. chem., 9, 659 (1971).

briefly described in a recent communication2and were
proved to be W-arylmethylidene-4-phenylisoxazol-5-
onium-3-enolates (2). Additional data about these
compounds are given in the Experimental Section
below. The formation of 2 is probably initiated by the
protonation of the aldehydic oxygen by the very acidicl
enol of 1, followed by the elimination of water. Another
possible approach is a cyclic concerted mechanism
(see Scheme 1). In the case of benzaldehyde the re-

(2) G. Zvilichovsky, Tetrahedron Lett., 2351 (1972).
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Table |

Nmr D ata of Products Derived from Acetone.

Compound no. Solvent (time)6 CHs
5 CDCls 2.92 s (1.6)
2.36 s (0.4)
Acetone-ds 2.38 s (2.0)
DMSO-ds (5 min) 2.55 s (2.0)
(10 mm)d 255 s (1.9)
(15 mia)d 2.55s5 (1.8)
(25 miny~ 2.55 s (1.6)
(70 miny 2.55 s (1.2)
(20 hr)-* 255s (0.8)
CDClIs + pyridine 2.92 s (2.0)
CDCls + Et&N 2.86 S (2.0)
7, R = Et CDCls 2.20 S (2.0)
7, R = Me CDCls 2.22 S(z.o)

“ The signals of the aromatic protons are not given in the table.

solvents a multiplet is observed. 7 gave a multiplet.
proton of tautomer 5c. d A vinylic proton signal is also observed:
actually two singlets.

Scheme |

action is reversible, and by addition of water it de-
composes to the parent compounds. These red crystal-
line products (2) are stabilized by conjugation of the
aldehydic component with the phenyl group at the 4
position, with a large number of resonance structures as
shown for the benzaldehyde derivative (3). The stabil-
ity of these zwitterionic compounds depends on the
nature of the aldehyde; extended conjugation or elec-
tron-donating groups enhance their stability.2 In the
case of acetone, acrolein, or crotonaldehyde there is a
more limited electron delocalization. Thus the zwit-
terionic analog of 2 becomes an active intermediate with

In CDC1s 5 gave s 7.20 s (4.0) and 7.20-7.60 m (1.0).
b The time after the sample was dissolved.
S5.98 with increasing integration from 0.05 to 0.6.

5Values and Relative Integration”

CH, (CHs)aC OH
2.14 s (2.4) 1.54 s (4.8) 4.36 s (0.8)«
1.79 s (0.6) 1.40 s (1.2) 7.2 (0.2)
1.79 s (3.0) 1.40 s (6.0) 7.2 (1.0)
1.85 s (3.0) 1.38 s (6.0) 8.4 s (1.0)
1.85 s (2.9) 1.38 5 (5.7) 8.5 s (1.05)
1.78 s (0.1) 1.87 d (0.3)«
1.85s (2.7) 1.38 s (5.4) 8.9 s (1.1)
1.78 s (0.3) 1.87 d (3.6)«

1.85 s (2.4) 1.38 s (4.8) 9.2 s (1.2)
1.78 s (0.6) 1.87 d (1.2)« 9.2 s (1.2)
1.85s (1.8) 1.38 s (3.6) 9.6 s (1.4)
1.78s (1.2) 1.87 d (2.4)«
1.85s (1.2) 1.38 s (2.4) 10.0 S (1 .e)
1.78 s (1.8) 1.87 d (3.6)« .
2.10 s (3.0) 1.48 s (6.0) 14.1 (NH)
2.05 s (3.0) 1.45 s (6.0) 10.2 (NH)
1.60 s (3.0) 1.40 s (3.0) 1.0 t (OEY)
1.34s (3.0) 3.5 q (OEY)
1.60 s (3.0) 1.40 s (3.0) 3.28 s (OMe)
1.37 s (3.0)

In all other
« This is the absorption of the methine
« This doublet is

a strongly electrophilic carbon, comparable to the
carbon in phosgene immoniuma3-5 or in the intermediate
cyclopropanone imminium salt.6

It was mentioned previouslylthat 3,5-dihydroxy-4-
phenylisoxazole (1) gives a yellow coloration with
acetone. Attempts to isolate the colored product were
unsuccessful. However, a new colorless product could
be obtained in about 50% yield (5). The product gave
analytical results of a condensation product of two
molecules of acetone per molecule of 1, with the elimina-
tion of a molecule of water and has probably structure 5
(Scheme I1). On hydrolysis it yields phenylacetic acid,
excluding combination of any acetone molecule to any
ring carbon, as phenylacetic acid is obtained via
phenylmalonic acid by decarboxylation.

It appears that the strongly electrophilic carbon in 4
attacks the carbon of the ketone even in the absence
of base. Evidence for the structure of 5 is also obtained
from its spectral and chemical properties. The ir in
the solid state shows a C =0 absorption only at 1700
cm-1 which is probably due to the side-chain carbonyl
group. The ring carbonyl absorption is absent similarly
to the case of the parent compound as a result of tau-
tomerism and hydrogen bonding.1 The low frequency
of the OH absorption (3210 cm-1) also indicates hy-
drogen bonding in the solid state. The tautomeric
equilibria of 5 are clearly seen in the nmr spectra
(Table 1).

The nmr absorption of the phenyl protons in the
parent compound (1) consists of a multiplet rather than
a singlet;1 however, by determining the nmr spectrum
of 5 in CDCU a mixture of tautomers is observed.
About 20% has a conjugated structure (5b), showing

(3) H. G. Viehe and Z. Janosek, Angew. Chem., Int. Ed. Engl., 10,2J>73
(1971); Angew. Chem., 83, 614 (1971).

(4) Z. Janosek and H. G. Viehe, Angew. Chem., Int. Ed. Engl., 10, 574
(1971); Angew. Chem., 83, 615 (1971).

(5) H. G. Viehe, Z. Janosek, and M.-A. DeFrenne, Angew. Chem., Int. Ed.
Engl., 10, 575 (1971); Angew. Chem., 83, 616 (1971).

(6) H. H. Wasserman and M. S. Baird, Tetrahedron Lett.,, 3/21 (1971).
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Scheme |1

the aromatic multiplet, whereas about 80% give a
singlet at 5 7.10 corresponding to structure 5c. In
addition there is a methine band at 8 4.35 which also
arises from structure 5c; this band is displaceable by
D2. The side-chain bands indicate CH2 CH3CO, and
(CH82C groups at 82.92, 2.14, and 1.54, respectively.
These bands are accompanied by bands of 20% in-
tensity at 8 2.36, 1.79, and 1.40, respectively. More-
over, if structure 5c is dominant in CDCI3 the absorp-
tion of the ring carbonyl in the ir should be observed
at higher frequencies, and, indeed, there are two car-
bonyl bands in chloroform at considerably higher
frequency (1810 and 1730-1700 cm-1) resembling
cyclic anhydrides. Upon the addition of an organic base
to the CDCI3solution, e.g., pyridine or triethylamine,
100% of the enolic form is obtained resulting in a com-
plete elimination of the aromatic singlet and in single
peaks for each kind of the aliphatic protons of the side
chain (see Table 1). The enolic form is also favorable
in acetone-c/6as observed in the nmr spectrum (Table 1),
probably because of hydrogen bonding with molecules
of the solvent. In DMSO-d6the conjugated enolic form
exists; furthermore, it causes also enolization of the side-
chain carbonyl. This enolization is slow and can be
followed by changes in the nmr; it reaches a maximum
of about 60% after 20 hr. In moist DMSO-d6 the
change is faster and there is also a shift upheld in the
band of the acidic proton. Similar to what is observed
in the semihydrate of the parent compound (1),1 both
the ring OH protons and the external OH protons give
a single peak. During the enolization process this peak
moves from 8 85 to 10.0 (in wet DMSO-d# it moves
rather upheld). This enolization of the side chain is
indicated by the decrease in the CH2 protons band at
82.55 and the formation of a vinylic proton which ab-
sorbs at 8 5.98. The terminal methyl protons signal
moves about 4 Hz upheld and the two geminal methyl
groups become nonequivalent yielding two bands at 8
2.00 and 1.98 instead of one peak at S 1.35. This is
probably due to hydrogen bonding as shown in structure

5a. Precipitation of 5a from its DMSO solution and
redissolution in CDCI3restores tautomer 5c. This fact
excludes any irreversible changes in DMSO and in-
dicates proton tautomerization.

On a short heating of 5 in alcohols, e.g., ethanol or
methanol, a new heterocyclic compound was obtained.
An attack of the alcoholic oxygen on the side-chain
carbonyl is followed by a ring closure to a derivative of
the unknown isoxazolo[3,2-5][l,3]oxazine bicyclic sys-
tem (7). The nmr spectrum of 7 shows, as expected, a
multiplet of the phenyl protons, indicating the con-
jugation of the phenyl group with the isoxazolone ring.
The two geminal methyl protons are not equivalent in
7, as they occur on either side of the plane of the ring
system and as a result their signals are separated by 4
Hz in the ethoxy derivative (R = CH®6 at 8 1.33 and
1.38, respectively, and by a smaller difference in the
methoxy derivative (R = CH3.

A final proof for the structure of 5 was provided by
the formation of an identical product by the reaction of
1 with mesityl oxide. The latter reaction represents
another possible reaction of 3,5-dihydroxy-4-phenylisox-
azole (1) with a carbonyl compound, e.g., a noncatalyzed
Michael addition (formulation 6, Scheme I1).

On the basis of the above findings it was easier to
understand the reaction of 3,5-dihydroxy-4-phenyl-
isoxazole (1) with crotonaldehyde or acrolein. Here
again the stabilization of the immonium enolate species
is too small and the aldehydic carbon becomes strongly
electrophilic. By introducing crotonaldehyde to the
solution of 1in dry ether the red color which is formed
initially disappears while a colorless precipitate de-
posits. This product was shown to have a polymeric
structure 9 (Scheme I111).

In the absence of an external active a carbon the
electrophilic carbon attacks the nucleophilic carbon in
intermediate 8. The polymer contains successive
saturated isoxazole-3,5-dione rings. This fact is well
observed in the ir spectra where we find two carbonyl
bands, one at as high frequency as 1825 cm-1 and a
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second at 1730 cm 1 (see Table I1), indicating the
omission of tautomerism which results in a cyclic

Tabre Il

Carbonyl and Hydroxyl Absorption (cm-1)

Compd Phase co OH

1 Nujol 1680 weak 2500-2580

3 Nujol 1780,1700

5 Nujol 1700 3220
CHCh 1810,1700-1730
DMSO 1730

7 Nujol 1735

9 Nujol 1825,1730

anhydride-like structure. The phenyl protons give a
singlet in the nmr as expected from the nonconjugated
structure of the polymer (9). The nmr spectra has
a kind of a diffused feature. This arises not only from
the polymeric nature of the compound but also from
the presence of free radicals. It is difficult to explain
the presence of two superimposed peaks at about g = 2
in the esr spectrum of 9. One explanation is the resem-
blance of the carbon in the 4 position to that in certain
malonic acid derivatives that undergo easy heterolytic
fission.7

Dimers (9, n = 2) could be obtained by carrying out
the reaction in alcohols (X = OR) or in wet solvents
(X = OH). Acrolein reacts with 1 similarly to croton-
aldehyde.

Upon treatment of 1 with citral a very stable red
product is obtained. This product could be obtained
in a pure crystalline form, but contrary to its analogs
of the aromatic series (2) it is soluble in aprotic non-
polar solvents. This was the only case in which it was
possible to determine the nmr spectrum of a red isox-
azolium enolate derivative. Citral consists of two
isomers geranial and neral. The signals of the +N=-CH
protons of the two geometric isomers are at $8.15 and
8.20, respectively, and are coupled with the vinylic
protons (J = 10 Hz). The aromatic protons of the
phenyl group are split into two multiplets.

The above variety of unusual reactions of 3,5-di-
hydroxy-4-phenylisoxazole with carbonyl compounds
and their synthetical applications are being investigated
further. It seems that the unique chemical reactivity
arises from the participation of the strongly acidic enol
and can be classified as neighboring group effect in a
nucleophilic reaction. The remarkably ready carbon-
carbon bond formation is a result of the combination
with the strong electron attraction of the isoxazolone

(7) H. A. P. de Jongh, C. R. H. I. de Jonge, H. J. M. Sinnige, W. J. de
Klein, W. G. B. Huysmans, and W. J. Mijs, J. Org. Chem., 37, 1960 (1972).

system which is responsible for its unusual physical
properties as well.

Experimental Section

Melting points are uncorrected. Nmr spectra were determined
with a Varian T-60 spectrometer. Visible and uv spectra with
a Unicam SP 800A recording spectrophotometer.

Reaction of 3,5-Dihydroxy-4-phenylisoxazole with Acetone.—
3,5-dihydroxy-4-phenylisoxazole (1) which was previously dried
on P25at 100° in vacuo (10 g) was dissolved with mild heating
in acetone (15 ml) and kept at room temperature. After 12 hr
an additional 15 ml of acetone was added and the precipitate was
suspended in the reaction mixture. This was kept overnight at
room temperature. The crystals were collected and recrystallized
by dissolving in chloroform, filtering, and reprecipitating with
petroleum ether (bp 40-60). The pure crystals of 5 are colorless
(7.6 g, 48% yield), mp 138°.

Anal. Calcd for CitHi™N 04 C, 65.44; H, 6.22; N, 5.09;
mol wt 275.3. Found: C, 65.56; H, 6.13; N, 5.03; mol wt 275
(mass spectrum).

5-Alkoxy-2-0x0-3-phenyl-5,7,7-trimethyl-2f/, 7H-isoxazolo-
[3,2-6] [l,3]oxazine (7).—The diacetone derivative (5) (1 g) was
heated to boiling in alcohol (20 ml). The clear solution which
resulted was concentrated in vacuo to a small volume. Beautiful
colorless crystals precipitated on cooling. The product (7) could
be recrystallized from a small amount of alcohol.

Both in ethanol and methanol the yield was ~1 g (90-95%).

The 5-ethoxy derivative (7, R = C:Hs) melted at 123°.

Anal. Calcd for CIH2NO4: C, 67.31; H, 6.98; N, 4.62;
mol wt 303.4. Found: C, 67.38; H, 6.80; N, 4.57; mol wt 303
(mass spectrum).

The 5-methoxy derivative (7, R = CH3) melted at 135°.

Anal. Calcd for CIBHIONO4 C, 66.42; H, 6.62; N, 4.84;
mol wt 289.3. Found: C, 66.30; H, 6.80; N, 4.81; mol wt 289
(mass spectrom.).

The Reaction of 3,5-Dihydrosy-4-phenylisoxazole (1) with
Crotonaldehyde.— Anhydrous 3,5-dihydroxyisoxazole (1) (5 g)
was dissolved in dry ether (100 ml) and crotonaldehyde (1.8 ml)
was added while shaking and cooling on ice. The red color which
was initially formed disappeared and a colorless precipitate was
formed. The polymer (9) was recrystallized from chloroform-
petroleum ether (bp 40-60). It melted with decomposition at
230-240° (3.5 g, 54%).

Anal. Calcd for (Ci.HuNOsk,: C, 68.11; H, 4.84; N, 6.11.
Found: C, 67.63; H, 4.43; N, 6.28.

On carrying the reaction in ethanol instead of ether a dimeric
product was obtained (9, n = 1, X = OC:Hs). It turns brownish
at 150° and decomposes at 230° (4.5 g, 70%).

Anal. Calcd for CjsHjsNiO,: C, 66.66; H, 5.59; N, 5.55;
CH®, 8.92. Found: C, 66.35; H, 5.45; N, 5.62; C2HD,
8.89.

In methanol, a similar compound was obtained in about the
same yield.

Anal. Calcd for CZHAN2D7: C, 66.11; H, 5.34; N, 5.71.
Found: C, 66.33; H, 5.20; N, 5.56.

An analogous compound but in a lower yield was obtained in
butanol.

Anal. Calcd for CaoHsiNiO,: C, 67.66; H, 6.06; N, 5.26.
Found: C, 68.37; H, 6.12; N, 5.01.

The Reaction of 3,5-Dihydroxy-4-phenylisoxazole (1) with
Acrolein—Anhydrous 1 was treated as above with acrolein in-
stead of crotonaldehyde. In this case the red coloration of the
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Table Il

M-Alkylidene- and V-Arylmethylidene-
APHENYLISOXAZOL-5-ONIUMI3-ENCOLATES (2)

Mp, Visabsorption,
Registry °c Yield, nm (e),1
R no. Method (dec) % in dioxane
CsHs 37118-32-4 B 215 45 480 (4,000)
CH=CHCH=C 38896-39-8 A 198 55 484 (4,300)
[N o M—
chbBch= ch 37125-34-1 A 235 95 525 (5,000)
2,3-(0Me)X«Ha 38896-41-2 A 220 60 468 (4,000)
2,4-(OMe)CsH3 38896-42-3 A 221 70 466 (4,300)
M-fOMehCsHj 38896-43-4 A 216 45 468 (2,000)
2-OHCtH, 38896-44-5 B 204-205 35 475 (1,000)
3-OMe-4-OHC«Hi 38896-45-6 B 208 40 460 (2,000)
4-OMeC6H4 38896-46-7 ce 218 85 466 (4,000)
(CH32C=CH (CH22 38896-47-8 c 104 80 485 (4,000)*
C(CH.,)=CH
4-NMe2X6H4 37118-33-5 A cc 233 100 408 (25,000)

“ Satisfactory analytical data (+0.3% for C, H, N) were re-
ported for all compounds in table. bThe visible spectra were
taken in dry dioxane; the values of the molar extinction coef-
ficient are approximate because of the instability of these solu-
tions, except the 4-dimethylaminobenzvlidene derivative which
is very slightly soluble in dioxane but the solution is stable in the
dark. cRequires protection against daylight during prepara-
tion and storing. dThis compound is considerably soluble in
organic aprotic solvents like dioxane, tetrahydrofuran, or chloro-
form and gives quite stable solutions.

Table

Nmr Data of the Reduction Product of 2 with

Registry no. Ar Solvent 5(C«HS
37125-35-2 p-NMeZX 6H4 CDCh 7.22 s (5)
Acetone-d6 7.26 s (5)
Acetone + DD 7.17 s (5)
38896-50-3 2,3-(OMe)ZXEH3 CDCh 7.05 s (5)
3S896-51-4 2,4-(OMe)ZHH3 Acetone-d6 7.16 s (5)

solution could not be observed, but the results were similar. The
polymeric product was obtained in a low yield (15%), but the
dimeric products were obtained in good yields (70-80%). Analyt-
ical results were satisfactory. Spectral properties were also
similar to the crotonaldehyde products. A similar signal in the
esr spectrum could be observed at g 2.

The Reaction of 3,5-Dihydroxy-4-phenylisoxazole (1) with
Mesityl Oxide.—3,5-Dihydroxy-4-phenylisoxazole (1) (1.77 Q)
was dissolved by heating for 5 min in boiling mesityl oxide (8 ml).
Alternatively 1was dissolved in THF (4 ml) and after the addition
of mesityl oxide (5 ml) the solution was boiled for 3min. In both
ways the reaction mixture was cooled in the freezer overnight,
and the precipitate which deposited was collected and recrystal-
lized from chloroform-petroleum ether (bp 40-60). The product
melted at 140-142° (2 g, 87% yield). Ir, nmr, and elementary
analysis were identical with the product which was obtained from
1with acetone (see above). This product could be also converted
into the isoxazolo[3,2-6] [I,3Joxazine derivative 7.

iV-Alkylidene- and iV-Arylmethylidene-4-phenylisoxazol-5-
onium-3-enolates (2). Method A.—3,5-Dihydroxy-4-phenylis-
oxazole (1) semihydrate (1.86 g, 0.01 mol) was dissolved in tetra-
hydrofuran (30 ml) and the aldehyde (0.01 mol) added in tetra-
hydrofuran (15 ml). The solution was shaken for a few seconds
and kept overnight at 4°. The crystals which separated were
collected and dried over P2 5at 100°. In the case of 4-dimethyl-
aminobenzaldehyde the reaction was carried out in the dark and
the product was dried and kept in the dark. The results are
summarized in Table I11.

Method B.—3,5-Dihydroxy-4-phenylisoxazole (1) semihy-
drate (1.86 g, 0.01 mol) was dissolved in tetrahydrofuran (30 ml)
and the aldehyde (0.01 mol) was added in ether (15 ml). The

ZviLICHOVSKY AND FOTADAR

red solution was shaken for a few seconds and petroleum ether
(bp 40-60) or n-hexane (15 ml) was added. Upon keeping at 4°
the red crystals separated. They were collected and treated as
above. The results are summarized in Table I11.

Method C.—3,5-Dihydroxy-4-phenylisoxazole (1) semihydrate
(1.86 g, 0.01 mol) is dissolved in absolute ethanol (30 ml) and the
aldehyde (0.01 mol) is added in absolute ethanol (30 ml). After
being shaken for a few seconds the red crystals are allowed to
settle for a few minutes and collected by filtration. Decomposi-
tion of the product occurs if the solution is kept too long. In the
case of anisaldéhyde and p-dimethylaminobenzaldehyde protec-
tion against daylight is essential during preparation and storing
of the red product. The results are summarized in Table I11.

Decomposition of A'-Benzylidene-4-phenylisoxazol-5-onium-3-
enolate by Water.—A-Benzylidene-d-phenylisoxazol-S-onium-S-
enolate (3) (0.53 g) was stirred in tetrahydrofuran (5 ml) at 40°
while water was added portionwise until the red solution turned
almost colorless (about 0.4 ml of water). Chloroform (35 ml)
was added and the mixture was cooled on ice for 3 hr. The white
crystals (0.32 g) which separated were found identical by mp and
ir with 3,5-dihydroxy-4-phenylisoxazole (1). The filtrate was
concentrated in vacuo to 10 ml; a solution of 2,4-dinitrophenyl-
hydrazine (0.5 g) in ethanol (25 ml), containing some drops of
concentrated hydrochloric acid, was added; and the solution was
cooled again for a few hours. 2,4-Dinitrophenylhydrazone of
benzaldehyde (0.15 g) precipitated and was identified by mp and
ir spectrum. A better yield of the 2,4-dinitrophenylhydrazone
(0.3 g) could be obtained by adding the 2,4-dinitrophenylhydra-

v

Zinc in Acetic Acid (CsHsCHsCONHCIRATY)

5(CH2CO) 5(NH) s(Ch 2N) 6(CH3J3

3.43 s (2) 5.5 dif. (1) 4.20d (2) 2.81s (6)

3.50 s (2) dif. 4.20 d (2) 2.80 s (6)

3.41 s (2) 4.08 s (2) 2.70s (6)

3.43 s (2) 5.6 dif. (1) 4.20 d (2) 3.65 s (3), 3.56 s (3)
3.43 s (2) 2.8 dif. 4.20 d (2) 3.65s (6)

zine to the decomposition mixture, before adding the chloroform,
without isolation of (1).

Reduction of A-(p-Dimethylaminobenzylidene)-4-phenylisoxa-
zol-5-onium-3-enolate with Zinc Powder in Acetic Acid.—N-(p-
Dimethylaminobenzylidene)-4-phenylisoxazol-5-onium-3-enolate
(2, R = p-NMeZeH4) (2.0 g) was stirred in boiling acetic acid
(70 ml) and zinc powder (4.5 g) was added portionwise until the
solution became colorless (25 min). The solution was cooled to
room temperature and filtered, and a solution of 5% sodium bi-
carbonate (500 ml) was added slowly while being cooled on ice.
The solution was shaken vigorously to expel excess C02and kept
24 hr at 4°. The solid which precipitated (1.6 g, 90%) was re-
crystallized twice from ethanol, mp 142°.

Anal. Calcd for CnHaZIN2: C, 76.09; H, 7.57; N, 10.44.
Found: C, 76.04; H, 7.80; N, 10.57.

Nmr data of this compound are summarized in Table 1V.

Other derivatives of 2 are unstable in boiling acetic acid and
therefore could not be reduced in the same way. Only in the
cases of 2,3- and 2,4-dimethoxybenzylidene derivatives could
poor yield of the same type of reduction product be obtained.
They were not completely pure but their spectral properties were
in agreement with their postulated structure (Table 1V).

Registry No.—1, 36190-14-4; 5,38896-53-6; 7 (R =
Et), 38896-54-7; 7 (R = Ale), 38896-55-8; 9, 38882-
67-6; 9 (n = 1, X = OEt), 38896-56-9; 9 (n = 1,
X = OMe), 38896-57-0; 9 (n = 1, X = OBu), 38896-
58-1; acetone, 67-64-1; crotonaldehyde, 4170-30-3;
mesityl oxide, 141-79-7.



2-Oxazoline Formation from Epoxides

J. Org. Chem., Vol. 38, No. 10, 1973 1787

The Stereochemistry of 2-Oxazoline Formation from Epoxides

Ronald A. WohiI* and Jay Cannie

School of Chemistry, Rutgers University, New Brunswick, New Jersey 08903

Received May 2, 1972

The stereochemistry of the ring-enlargement reaction of epoxides with nitriles in the presence of strong acids

to give 2-oxazolines has been investigated.

It is shown, mainly by nmr data, that the reaction proceeds with

inversion and is 100% stereospecific; e.g., cis- and trans-2,3-epoxybutane (4 and 5) with fcenzonitrile give ex-
clusively irans-4,5-dimethyl-2-phenyl-2-oxazoline (s b) and cfs-4,5-dimethyl-2-phenyl-2-oxazoline (7b), respec-

tively.
spectra are reported.

This paper deals with the acid-catalyzed ring open-

ing of epoxides with nitriles to give 2-oxazolinesl

according to the following scheme (eq 1). Oda and

. Ch_ Gtk
[\ + RC=N —) N3 .0
h2—ch:

C C V
R

coworkers were the first to report this reaction.2 Us-
ing ethylene oxide and benzonitrile with concentrated
sulfuric acid as catalyst they obtained 2-phenyl-2-
oxazoline (1) in 19% vyield. Using propylene oxide
and acetonitrile they obtained in 8% yield a mixture
of the two positional isomers, consisting of 70% 2,4-
dimethyl-2-oxazoline (2a) and 30% 2,5-dimethyl-2-
oxazoline (3a). Using benzonitrile and propylene
oxide a similar 70:30 mixture of 4-methyl-2-phenyl-2-
oxazoline (2b) and 5-methyl-2-phenyl-2-oxazoline (3b)

ch3 CH,
1 © o o
g ~ -~
C ¢ C
! 1 1
caH6 R R
1 2a, R=CHs 3a, R- CHs
b, R = CsHs b, R = CsHs

was obtained. Yields in all these and similar reactions
were low', between 5 and 21%.

Temnikova and coworkers performed additions to
substituted styrene oxides with benzonitrile and aceto-
nitrile using SnCh as a catalyst.3 Since none of these
workers had investigated the stereochemistry and
mechanism of this type of epoxide reaction, wE under-
took the present work.

Results

Acetonitrile and benzonitrile w-ere added to cis-
and trans-2,3-epoxybutane (4 and 5, respectively) in
the presence of concentrated sulfuric acid. In all
cases the corresponding 2-oxazolines according to

(1) For a recent review of oxazoline chemistry see J. A. Frump, Chem.
Rev., 71, 483 (1971).

(2) R. Oda, M. Okano, S. Tokiura, and F. Mismui, Bull. Chem. Soc.
Jap., 35, 1219 (1962).

(3) T. I. Temnikova and V. N. Yandovskii, zh. Org. Khim., 4, 178
(1968); Chem. Abstr., 68, 78176 (1968); T. I. Temnikova and T. E. Zhesko,
Zh. Obshch. Khim., 33, 3436 (1963); Chem. Abstr., 60, 1738c (1964).

A number of new 2-oxazolines have been prepared, and their physical constants, derivatives, and nmr
The mechanism of the formation of the 2-oxazolines is discussed.

Rd—rC— C—Re

N3 10

R

eq 1 were obtained, although generally in disappoint-
ingly low yield, as already found by Oda and coworkers.2
The results are summarized in Table 1.

Thus in the reaction of cfs-2,3-epoxybutane (4)
with acetonitrile, the oxazoline formed was trans-
2.4.5- trimethyl-2-oxazoline (6a) exclusively, trans-2,3-
Epoxybutane (5) on reaction with acetonitrile gave cis-
2.4.5- trimethyl-2-oxazoline (7a) as the sole oxazoline
isomer.

H-j --H
CHs aH
sa, R=CHs
h R= CeHs
H H
o j>aB
CH,J ~H V O
H CH3
R
7a, R=CH:
b, R = CsHs

The stereospecificity of the reaction was best dem-
onstrated by examination of the low'-field part of
the nmr spectra corresponding to the absorption bands
of the 4 and 5 protons. For the crude reaction prod-
uct from the cis epoxide 4, namely the trans 2-oxazoline
6a, absence of peaks in the region 4.16-4.75 ppm in-
dicated that the cis 2-oxazoline 7a was not present.
Similarly, for cis 2-oxazoline 7a, the product from the
trans epoxide 5, the absence of peaks in the region
3.18-3.68 ppm indicated that the trans 2-oxazoline 6a
was not present.

It was likewise shown that the cis epoxide 4,
when treated with benzonitrile, gave exclusively
/IrGms-4,5-dimethyl-2 -phenyl-2-oxazoline (6b). This
compound seems, on the basis of the melting point of
its picrate salt, to be identical with a compound pre-
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pared by Strauss.4 No mention of the stereochemical
aspects of the compound was made, however. Sim-
ilarly, the trans epoxide 5 gave the new compound cis-
4,5-dimethyl-2-phenyl-2-oxazoline (7b) as the exclu-
sive oxazoline.

Thus all reactions examined were found to proceed
100% stereospecifically with inversion to give the cor-
responding 2-oxazoline of inverted configuration.

Nmr Spectra.—All nmr data of the 2-oxazolines are
summarized in Table I.

Our original assignment of the 4- and 5-methyl groups
and protons was based on the use of the corresponding
monomethyl compounds, 2,4-dimethyl-2-oxazoline (2a)
and 2,5-dimethyl-2-oxazoline (3a). A 70:30 mixture
of these compounds was prepared, using the method
of Oda and coworkers,2 and separated by gas chro-
matography. The structure of these two compounds
was ascertained by independent synthesis.2 It was
found that the 4-methyl group in compound 2a
appeared clearly upheld in comparison with the 5-
methyl group of oxazoline 3a. Therefore, in the cases
of the 4,5-dimethyl-2-oxazolines 6a, 6b, 7a, and 7b
the upheld doublet was assigned to the 4-methyl group
and the lower held doublet to the 5-methyl group.
Similarly, the 4-methine proton absorbs at higher held
than the 5 proton in all cases. All coupling con-
stants are consistent with this assignment and the
assignment agrees with the data reported for other
2-oxazolines.8°8 All spectra were analyzed as X3ABY 3
systems with Jay = Jbx —O.

In all examples studied the coupling constant
I/ hh between the methyl group and the geminal proton
was somewhat larger for the 4 position than for the 5
position. It has been found for other compounds
that a neighboring t bond can decrease geminal cou-
pling constants.9 It is likely that the same effect,
in our case the C=N double bond, can also decrease
the doupling constant between geminal methyl group
and proton.

Assignment of the Cis or Trans Configuration.—The
assignment of the cis or trans configuration is based
mainly upon the 4-H,5-H coupling constant. From
Table 1 it is seen that the two cis compounds, 7a and
7b, have a 4-H,5-H coupling constant of 9.0 cps,
whereas the corresponding two trans compounds,
6a and 6b, have a coupling constant of 6.0 cps. These
values agree well with the values observed in other
cis and trans 2-oxazolines of established structure.
Generally, cis proton coupling is larger than trans
proton coupling in five-membered rings, which cannot
deviate appreciably from planarity as expected from
the Karplus rule.67'811,12

(4) E. Strauss, Chem. Ber., 33, 2825 (1900).

(5) R. F. Lambert and C. E. Kristofferson, J. Org. Chem., 30, 3938
(1965).

(6) T. Nishiguchi, H. Tochio, A. Nebeya, and Y. Iwakura, J. Amer.
Chem.sSoc., 91, 5835 (1969); J. R. Carson, G. |. Poos, and H. R. Almond,
J. Org. Chem., 30, 2225 (1965).

(7) T. A. Foglia, L. M. Gregory, and G. Maerker, J. Org. Chem., 35,
3779 (1970); T. A. Foglia and D. Swern, ibid., 34, 1680 (1969).

(8) M. A. Weinberger and R. Greenhalgh, Can. J. Chem., 41, 1038
(1963).

(9) Reference 10, p 273.

(10) L. M. Jackman and S. Sternhell, “Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry,” 2nd ed, Pergamon Press,
Elmsford, N. Y., 1969.

(11) T. A. Foglia, L. M. Gregory, G. Maerker, and S. F. Osman, J. Org.
Chem., 36, 1068 (1971).

(12) S. Sternhell, Quart. Rev., Chem. Soc., 23, 236 (1969); ref 10, p 286 fit
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Further support for the assignment of the cis and
trans configuration comes from a comparison of the
chemical shifts at the 4 and 5 positions. The 4- and
5-methyl groups in all compounds examined absorb

at ca 0.1 ppm higher field in the cis isomers
than in the corresponding trans isomers. On the
other hand, the 4- and 5-methine pretons absorb

at ca. 0.5 ppm lower field in the cis 2-oxazolines
than in the trans isomers. This effect can be attributed
mainly to the diamagnetic anisotropy of the C-methyl
bond and is found in many cis-trans isomer pairs of
planar three- to five-membered ring compounds.13
A methyl group has the tendency to shield a neigh-
boring substituent in the cis position and to deshield
a neighboring substituent in trans orientation. Thus,
trans 4,5-methyl groups will mutually aeshield each
other so as to shift both methyl bands to lower field.
At the same time the 4 and 5 protons will be shielded
by the neighboring methyl groups and therefore shift
upfield.13

Likewise, cis 4,5-methyl groups will mutually shield
each other, causing the methyl bands to appear at
higher field. The 4,5 protons will now be deshielded
and therefore move to lower field. A more accurate
treatment has to take into account the diamagnetic
anisotropy of the C-H bonds of the methine protons}4
and the C-H bonds of the methyl groups as well as
the rotation of the methyl groups.B5 This does not
substantially change, however, the above conclusions.

All 2-methyl-2-oxazolines show a long-range cou-
pling between the 2-methyl group and the 4 proton (s)
of ca. 1.5 Hz, as has been reported for other 2-methyl-
2-oxazolines and the similar 2-thiazolines.81617

Infrared Spectra.—All 2-oxazolines show the strong
band around 1665 cm-1 characteristic of the C=N
stretch6*81319 and a strong band around 1040 cm-1
which can be assigned to one of the C-O-C stretching
modes in agreement with Lundquist and Ruby.19

Discussion

The following general mechanism, illustrated by the
reaction of the cis epoxide 4 to give the trans 2-oxa-
zoline 6, seems to account best for the observed re-
sults.

Thus the reaction involves one inversion on open-
ing of the protonated epoxide ring by the nitrile to
give the corresponding nitrilium ion 8. This is followed
by rotation around the C-C bond of the former epoxide
ring and ring closure to give the 2-oxazoline of inverted
configuration.

The above mechanism is completely analogous to
the mechanism proposed by Helmkamp and coworkers®b
for the acid-catalyzed ring expansion of episulfides
with nitriles to give 2-thiazolines (scheme below, 0
replaced by S). Here also complete stereospecificity
Reference 10, p 234 ff.

Reference 10, p 78 ff.

J. Elguero and A. Fruchier, Bull. Soc. Chim. Fr., 496 (1970).

G. K. Helmkamp, P. J. Pettitt, J. R. Lowell, Jr., W. R. Inabey
and R. G. Wolcott, J. Amer. Chem. Soc., 88, 1030 (1966); J. R. Lowell,
Jr., and G. K. Helmkamp, ibid., 88, 768 (1966).

(17) J. Roggero and J. Metzger, Bull. Soc. Chim. Fr., 1715 (1964).

(18) A. R. Katritzky and A. P. Aubler, “Physical Methods in Hetero-
cyclic Chemistry,” Vol. 2, Academic Press, New York, N. Y., 1963, p 218;
J. R. Carson, G. I. Poos, and H. R. Almond, Jr., J. Org. Chem., 30, 2225
(1965); H. L. Wehrmeister, ibid., 26, 3821 (1961); Stadtler Standard

Infrared Spectra 21053-55.
(19) R. T. Lundquist and A. Ruby, Appl. Spectrosc., 20, 258 (1966).

(13)
(14)
(15)
(16)
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was found in all cases, with cis- and ;rans-2-butene
episulfide (4 and 5, with O replaced by S) giving ex-
clusively ;rans-2,4,5-trimethyl-2-thiazoline and cis-
2,4,5-trimethyl-2-thiazoline, respectively (6a and 7a,
O replaced by S), upon reaction with acetonitrile in
the presence of strong acids.

With respect to ring-expansion reactions of epoxides,
the example best investigated with respect to the stereo-
chemistry seems to be the reaction with xanthates
to give I,3-dithiolane-2-thiones (“cyclic trithiocar-
bonates”). Here Overberger and Drucker found also
complete stereospecificity with Walden inversion in all
examples studied.D All other ring expansions of
epoxides2l seem to proceed with predominant, if not
exclusive, inversion, as do practically all epoxide ring-
opening reactions.2

Experimental Section

General Procedures.— Infrared spectra were taken on a Perkin-
Elmer 137 sodium chloride spectrophotometer. Methylene
chloride was used as solvent.

Gas chromatography was done on a Yarian Model 90P gas
chromatograph. Most of the work was done with a 6-ft column
of 15% Carbowax 20M on Gas-Chrom R.

Nmr spectra were taken on a Varian A-60 nuclear magnetic
resonance spectrometer. Carbon tetrachloride was used as sol-
vent and tetramethylsilane as internal standard.

The microanalyses were performed by the Hoffmann-La
Roche Corp., Nutley, N. J., to whom we would like to extend
our thanks.

cis- and trans-2,3-epoxybutane, 4 and 5, respectively, were
prepared essentially according to the method of Winstein and
Lucas,B by addition of HOBr with A-bromosuccinimide to cis-
and irans-2-butene, respectively, and elimination of HBr with
aqueous NaOH, using, however, A-bromosuccinimide in place of
A-bromoacetamide. The epoxides were found to be >99% pure

(20) C. G. Overberger and A. Drucker, J. Org. Chem., 29, 360 (1964).

(21) S. M. Igbal and L. N, Owen, J. Chem. Soc., 1030 (1960); E. E. van
Tamelen, J. Amer. Chem. Soc., 73, 3444 (1951).

(22) A. Rosowsky in A. Weissberger, Ed., “Heterocyclic Compounds
with Three- and Four-Membered Rings,” Part 1, Interscience, New York,
N. Y., 1964; R. J. Gritter in S. Patai, Ed., “ The Chemistry of the Ether
Linkage,” Interscience, New York, N. Y., 1967, pp 381-411; R. E, Parker
and N. S. Isaacs, Chem. Rev., 59, 737 (1959).

(23) S. Winstein and H, J. Lucas, J. Amer. Chem. Soc., 61, 1576 (1939).
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on the base of ir and nmr data and gas chromatographic analysis
as originally assumed by Winstein and Lucas, cis- and trans-2,3-
epoxybutane, 4 and 5, each gave only one peak on gas chroma-
tography on a 6-ft 15% Carbowax 20M on Gas-Chrom R column.
A mixture of the two compounds was easily separated at 65°, the
compounds having retention times of 4.8 and 3.6 min, respec-
tively.

cis-2,3-Epoxybutane (4) had nmr X3AA'X3 system; Ha =
2.60-2.94 (two overlapping octets); Hx = 1.19 (multiplet with
predominating doublet); / ax = 5.4 Hz (first-order analysis).24

trans-2,3-Epoxybutane (5) had nmr X 3AA'X3 system; Ha =
2.32-2.66 (multiplet); Hx = 1.21 (doublet); / ax = 4.5 Hz
(first-order analysis).

General Procedure for Reaction of Epoxides with Nitriles
Similar to Procedure of Oda and Coworkers.}—A 30-ml portion
of nitrile (distilled over phosphorus pentoxide) was added to a
round-bottom flask and cooled in an ice bath; 15 ml of concen-
trated sulfuric acid was added slowly with stirring. A mixture
of ca. 0.15 mol of the epoxide in 30 ml of the nitrile was added
through the reflux condenser over a period of 1 hr. The mixture
was then stirred for a period of 3 hr with the ice bath being al-
lowed to melt at its own rate and then poured into 100 ml of ice
water. This mixture was then extracted three times with 100 ml
of ether and the ether was discarded. The aqueous phase was
then neutralized with concentrated NaOH and filtered. Next it
was made strongly basic with NaOH and extracted three times
with 100 ml of ether. The three ether fractions were combined,
dried over anhydrous magnesium sulfate, filtered, and distilled.
The oxazoline was isolated by distillation through a short
Vigreux column.

A number of attempts were made to seek conditions to improve
the yield. These include the use of 60% perchloric acid, trifluoro-
acetic acid, and p-toluenesulfonie acid in place of the concen-
trated sulfuric acid, as well as no acid at all. All attempts, in-
cluding the use of inverse addition, did not produce better yields.

2,4- and 2,5-Dimethyl-2-oxazolines (2a and 3a).—The general

procedure was followed using propylene oxide and acetonitrile.

(24) Compare ref 10, p 224,
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The mixture boiling at 112-114° was collected and separated by
gas chromatography using a 6-ft column of 15% Carbowax 20M
on Gas-Chrom R. Quantitative analysis showed the two isomers
2a and 3a to be in 70:30 proportion. The melting point of the
picrate of the 2,4 isomer 2a was 130° (lit.Z2mp 130-131°).

frana-2,4,5-Trimethyl-2-oxazoline (6a).—The general procedure
was followed using 12.0 g (0.166 mol) of cts-2,3-epoxybutane (4).
The reaction yielded 1.90 g (10%) of irans-2,4,5-trimethyl-2-
oxazoline (6a), bp 115-116°, mp of picrate 152-153°.

(ra?is-4,5-Dimethyl-2-phenyl-2-oxazoline (6b).—The general
procedure was followed using 12.0 g (0.166 mol) of the cis epoxide
4 and benzonitrile as solvent. The reaction yielded 0.95 g (5%)
of fnms-4,5-dimethyl-2-phenyl-2-oxazoline, bp 116-118° (11
mm), mp of picrate 133-134°. Anal. Calcd for CnH~AN/L:
C, 50.5; H, 3.99; N, 13.86. Found: C, 50.40; H, 4.18; N,
13.68.

CTs-2,4,5-Trimethyl-2-oxazoline (7a).— This compound was pre-
pared according to the general procedure using 12.0 g (0.166 mol)
of frons-2,3-epoxybutane (5).

Distillation of the product yielded 3.30 g (17%) of cis-2,4,5-
trimethyl-2-oxazone (7a), bp 120-122°, mp of picrate 136-137°.
Anal. Calcd for CWHuNY/).: C, 42.11; H, 4.14; N, 16.37.
Found: C, 42.19; H, 4.31; N, 16.29.

cis-4,5-Dimethyl-2-phenyl-2-oxazoline (7b).—The general pro-
cedure was followed using 12.0 g (0.166 mol) of fraras-2,3-epoxy-
butane (5) and benzonitrile as solvent. The reaction yielded
0.60 g (3%) of cis-4,5-dimethyl-2-phenyl-2-oxazoline (7b), bp
142-144° (29 mm), mp of picrate 205-207°.

Registry No.—2a, 6159-23-5; 3a, 6159-22-4; 4,
1758-33-4; 5, 21490-63-1; 6a, 23336-75-6; 6a picrate,
38898-94-1; 6b, 38898-95-2; 6b picrate, 38898-96-3;
7a, 23236-41-1; 7a picrate, 38898-98-5; 7b, 36746-57-3;
7b picrate, 38899-00-2; propylene oxide, 75-56-9.
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Triethyl phosphonoacetate anion reacted with (+ )-(2R,3R)-2,3-dimethyloxirane to give predominantly
(+)-(2S,3S)-2,3-dimethylcyclopropanecarboxylic acid and with cis-2,3-dimethyloxirane to give predominantly

cis-2,3-dimethylcyclopropane-inms-carboxylic acid.
carbon atoms to account for these products.
duced.

The reaction of Wittig type reagents with epoxides
to form cyclopropanecarboxylic acid derivatives has
been well documented. Both carboethoxymethylene-
phosphoranesl2 and phosphonate anions3-7 have been
successfully utilized. Although certain aspects of
the reaction pathway are well understood, there re-
mains some disagreement concerning the overall mech-
anistic scheme.

(1) D. B. Denney, J. J. Vill, and M. J. Boskin, J. Amer. Chem. Soc., 84,
3944 (1962).

(2) W. E. McEwen, A. Bladé-Font, and C. A. Vander Werf, J. Amer.
Chem. Soc., 84, 677 (1962).

(3) W. S. Wadsworth, Jr., and W. D. Emmons, J. Amer. Chem. Soc., 83,
1733 (1961).

(4) 1. Tomoskozi, Tetrahedron, 19, 1969 (1963).

(5) I. Tomoskozi, Tetrahedron, 22, 179 (1966).

(6) I. Tomoskozi, Chem. Ind. {London), 689 (1965).

(7) N. C. Deno, W. E. Billips, D. LaVietes, P. C. Scholl, and S. Schneider,
J. Amer. Chem. Soc., 92, 3700 (1970).

Inversion of configuration must have occurred at both
In each case minor amounts of stereoisomeric acids were pro-
The results are discussed in terms of the overall mechanistic scheme.

Denneyl postulated a stepwise decomposition of the
intermediate 4 (process Y in Scheme 1) to give 6 via
an intramolecular Sn2 displacement. This proposal
was based on the observation that carboethoxymethyl-
enetriphenylphosphorane reacted at 200° with cyclo-
hexene oxide to form ethyl 7-norcaraneearboxylate
and with optically active styrene oxide to form optically
active irans-2-phenylcyclopropanecarboxylate. Den-
ney’s inversion mechanism has been supported by
Tomoskozi® and Walborsky,8 who established the
absolute configuration of optically active trans-2-
phenylcyclopropanecarboxylic acid.

In addition to the inversion mechanism the pos-
sibility of a competitive direct collapse of 4 (process X)
either through a concerted process or through a zwit-

(8) Y. Inouye, T. Sugita, and H. M. Walborsky, Tetrahedron, 20, 1695

(1964).
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Scheme I®
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“ The phosphonate anion 2 is depicted here since it was used
in this investigation. The carboethoxymethylenephosphoranes
presumably react in an analogous manner.

terion intermediate to yield 7 has been suggested.4,810
Walborsky argued for the occurrence of the competi-
tive direct collapse based on the low optical yields
of ¢rans-2-phenylcyclopropaneearboxylic acid that had
been reported by other workers.8

In order to clarify the overall mechanistic scheme,
the reaction of triethyl phosphonoacetate anion (2)
with optically active fras-2,3-dimethyloxirane and
with m-2,3-dimethyloxirane was investigated. The
use of these two epoxides was advantageous in that
the product ratios of trans- to cfs-2,3-dimethylcyclo-
propanecarboxylic acids that were formed could be
directly related to the extent of occurrence of each of
the two competing processes.

Results

Triethyl phosphonoacetate anion (2) reacted slowly
with optically pure (+)-(2i2,3fi!)-2,3-dimethyloxirane
(8) to give after saponification a 16% yield of an opti-
cally active mixture of the isomeric 2,3-dimethylcyclo-
propanecarboxylic acids. Heating for 8 days at re-
flux was required. Also formed but not characterized
was a considerable quantity of polymeric products
which arose from self-condensation of 2 under the
reaction conditions. Similar results were obtained
with inactive 8.

Assignment of the 2S,3S configuration to the major
component 9a was based on thé high optical rotation@
of the product mixture, [a]Zd +19.5°, corrected to
+ 21.3° for the presence of the minor components.
Structures of the m-2,3-dimethyl-as-cyclopropane-
carboxylic acid 10 and the cis,trans isomer 11 were

(9) S. Trippett, Quart. Rev., Chem. Soc., 17, 406 (1963).

(10) A. Maercker, Org. React., 14, 387 (1965).

(11) J. M. Walbrick, J. W. Wilson, Jr.,, and W. M. Jones, J. Amer. Chem.
Soc., 90, 2895 (1968), prepared the enantiomer of 9a, [a]KD —10.0°, by
resolution of the inactive acid 9.
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assigned by comparing their gas chromatographic
retention times with those of authentic samples whose
preparation and characterization are discussed below.

The anion 2 reacted with cfs-2,3-dimethyloxirane
(12) under milder conditions (24 hr at room tempera-
ture) to give after saponification an 18% yield of an
isomeric mixture of 2,3-dimethylcyclopropanecarbox-
ylic acids and only a small amount of polymeric prod-
ucts. Heating the reaction mixture for 48 hr at re-
flux increased the yield to 21%.

On standing the major component partially sepa-
rated from the product mixture as a white solid, mp
79-80.5°. Spectroscopic methods proved less than
diagnostic in establishing its structure, but a com-
plete single-crystal X-ray analysis showed its stereo-
chemistry to be cis,trans.22 The racemic isomer 9
was identified by assuming its gas chromatographic
retention time to be equal to that of 9a. The all-
cis acid 10 could not be readily isolated, but its struc-
ture was inferred from the following evidence. A
fraction, bp 90.5-91.5° (7 mm), which contained 8%
10, 87% 11, and 5% 9 correctly analyzed for CeHi(D2
Its proton magnetic resonance spectrum was similar
to that of pure 11 and did not contain any signals in
the vinylic region. This ruled out the possibility of
any ring-opened product. The isomeric mixture was
converted to its ethyl ester, and then treated with
sodium ethoxide in ethanol for 43 hr followed by hy-
drolysis. Gas chromatographic analysis of the re-
sulting mixture showed the presence of 9 and 11 and
only a trace of 10. No additional components were
evident. In the proton magnetic resonance spectrum
the methyl doublet of 10 appeared 5 Hz upheld from
that of 11. These results, from at least three inde-
pendent experiments in each case, are summarized
in Table I.

Tabte |
Per Cent Composition of Product M ixtures from Reaction
of Oxides with Triethyl Phosphonoacetate Anion

,3-Dimethylcyclopropanecarboxylic acid—«

2,3-Dimethyl- Aeeeee trans----------- cis,cis cis,trans
oxirane (+)-9a (£)-9 10 h
2R,3R (8) 93 6 |
cis (12) 4 6 90
Discussion

The forementioned results are consistent with
Denney’s inversion mechanism, since the major product
formed in each case requires that its epoxide precursor
undergo an even number of inversions. The synthesis
of 9a from 8 and 2 as described herein is superior to
the previously reported preparationllin that the overall
yield is comparable, the *edious process of resolution
via diastereomers is eliminated, the optical purity is
higher, and the absolute configuration is known.

Convincing evidence that the direct collapse of 4
is competing to some extent was the identification
of the minor components formed in each of the two
reactions. These are the expected products when
the starting epoxides undergo ony one inversion, most
likely to have occurred in the opening of the oxide
ring. The virtually complete reversal of the relative
proportions of 10 to 11 produced in each of the two

(12) A. T. McPhail and P. A. Lillian, J. Chem. Soc., Perkin Trans. 2,
2372 (1972).
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reactions would appear to rule out the existence of an
intermediate common to the production of cis acids
in each as well as ruling out their origin in contamina-
tion of the active oxide by the cis isomer. It is thus
probable that the 10 and 11 produced from active
oxide 8 and the (x)-9 from the cis oxide 12 arose
through a concerted collapse of the corresponding
phosphonate esters 4.13

Two factors must be considered in explaining the
ratio of 10 to 11 produced via Scheme I1: the relative
amounts of 13a and 13b produced, and the relative
probabilities of processes X (collapse) and Y (phos-
phonate opening, then rear-side attack) for each.

Given the results obtained we must conclude either
that 13a is produced in substantially greater amount
than 13b, or that the portion which follows path X
(X/Y ratio) is substantially greater for the former
than for the latter. The ratio of 10 to 11 produced
from the cis oxide undoubtedly reflects steric control
after the phosphonate ring is opened.

Finally, mention should be made of the low reactivity
of 8 and 12 with the phosphonate anion 2. This
can be attributed to a steric effect, particularly in view
of the reported high yields and facile reactions of 2
with other epoxides.347 We have observed that 8
also reacts with other nucleophiles with difficulty.
Despite this shortcoming, 8 has the possibility of being
a useful precursor for the synthesis of other types of
optically active compounds. We are currently in-
vestigating this possibility.

Experimental Section1&

General Procedure for the Reaction of Triethyl Phosphono-
acetate Anion (2) with 2,3-Dimethyloxirane.—To a stirred mix-
ture of 9.65 g (0.23 mol) of 57% NaH in mineral oil and 25 ml of
dry diglyme was added dropwise a solution of 44.8 g (0.20 mol)
of triethyl phosphonoacetate in 25 ml of diglyme. After the
evolution of hydrogen had ceased, a solution of 18.0 g (0.25 mol)
of 2,3-dimethyloxirane was added. The mixture was stirred at
the appropriate temperature. Upon completion of the reaction,
a solution of 30 g of NaOH in 50 ml of water was added dropwise
with cooling. The mixture was heated at reflux for 22 hr, cooled
to room temperature, and diluted with 200 ml of water. The
solution was washed with three 150-ml portions of ether, acidified
with 50% H2Z04, and washed with four 75-ml portions of chloro-
form. The chloroform washings were dried (NazaS04) and evap-
orated under reduced pressure to give a liquid residue. The
residue was distilled to give a fraction, bp 75-95°, which was
dissolved in 40 ml of 10% Na2ZC03and washed with four 25-ml
portions of chloroform. The carbonate solution was acidified
with 50% H204and washed with four 20-ml portions of chloro-
form. The later chloroform washings were dried (Naz04) and
evaporated under reduced pressure to give a liquid mixture of
2,3-dimethyleyclopropanecarboxylic acids. The mixture could
be further purified by distillation to give an analytical sample.

Reaction of 2 with (+)-(2R,3R)-2,3-l)iinethyloxirane (8).—
The reaction of 0.185 mol of 2 with 18.0 g (0.25 mol) of 81656

(13) A zwitterionic intermediate has been proposed8 for the case where
the cationic center is benzylic, but would be less likely in the present case.

(14) Melting points and boiling points are uncorrected. Infrared spectra
were obtained with a Beckman Model 137 infrared spectrophotometer.
Nuclear magnetic resonance spectra were recorded on a Varian A-60 using
deuteriochloroform as a solvent and tetramethylsilane as an internal refer-
ence. Optical rotations were measured in a 0.1-dm cell with a Jasco Model
ORD/UV5 recording spectropolarimeter. Concentrations are given in
g/ml. Analytical gas-liquid partition chromatography was performed on
a Hewlett-Packard Model 700 gas chromatograph using a 6 ft X 0.125 in.
column containing 10% Carbowax 20M on 80-100 mesh Chromosorb W,
acid washed and DMCS treated. Peak areas were obtained with a disk
integrator. Elemental analyses were performed by Atlantic Microlab,
Inc., Atlanta, Ga.

(15) H. J. Lucas and H. K. Garner, J. Amer, Chem. Soc., 70, 990 (1948).

(16) S. Winstein and H. J. Lucas, J. Amer. Chem. Soc., 61, 1576 (1939).
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was carried out by heating at reflux over an 8-day period to give
3.65 g (16%) of an isomeric liquid mixture of 2,3-dimethyl-
cyclopropanecarboxylic acids. .Also isolated as the residue from
the distillation was a considerable quantity of polymeric material
which arose from self-condensation of 2. This was verified by a
separate experiment in which 2 was heated in the absence of 8
to give the same polymeric material. The isomeric mixture of
2,3-dimethylcyclopropanecarboxylic acids was distilled under
reduced pressure to give an analytical sample: bp 84-87° (3.6
mm); [«]2da +19.5° (c 0.2002, 95% ethanol); ir (neat) 2.9-4.3
(broad, -OH), 5.95 (C=0), 7.70, 8.14, 9.20, 9.37, and 10.7 m
(broad); nmr (CDC13) 612.06 (s, 1, COH), 1.18 (d, J = 5.8 Hz),
and 1.5-0.9 (m, 9).

Anal. Calcd for CaHi®D2: C, 63.14; H, 8.83.
62.92; H, 8.80.

Vpc analysis of the cyclopropanecarboxylic acid mixture at
175° showed the presence of three components in the ratio of
6:93:1 in the order of increasing retention time. The major
component was assigned as (+ )-(2S,3S)-fraras-2,3-dimethylcyclo-
propanecarboxylic acid (9a) on the basis of the high optical rota-
tion of the mixture.1l The two minor components were identified
as ds-2,3-dimethyl-cfs-cyclopropanecarboxylic acid (10) and
ds-2,3-dimethylcyclopropane-fra?is-carboxylic acid (11) on the
basis of their retention times.

Reaction of 2 with inactive 8 under the same reaction condi-
tions gave similar results.

Reaction of 2 with ds-2,3-Dimethyloxirane (12).—From the
reaction of 0.185 mol of 2 with 14.7 g (0.20 mol) of 12Is at room
temperature for 24 hr was obtained 3.8 g (18%) of an isomeric
liquid mixture of 2,3-dimethylcyclopropanecarboxylic acids.
Heating the reaction mixture at reflux for 38 hr increased the
yields to 21%. Distillation of the isomeric mixture under re-
duced pressure gave an analytical sample: bp 88.5-94.0° (7
mm); ir (neat) 2.9-4.3 (broad, -OH), 5.95 (C=0), 7.65, 7.70,
7.80, 8.14, 9.25, and 10.6 n (broad); nmr (CDC13) S11.62 (s, 1,
COMH), 1.12 (d, J = 5.0 Hz), 1.03 (d, J = 5.0 Hz), and 1.7-0.7
(m, 9).

Anal. Calcd for C6HidD 2 C, 63.14; H, 8.83.
63.00; H, 8.80.

Vpc analysis of the mixture at 175° showed the presence of
three components in the ratio of 6:4:90 in order of increasing
retention time. On standing, the major component partially
crystallized from the mixture as a white solid: mp 79-80.5°;
ir (Nujol) 2.9-4.3 (broad, -OH), 5.95 (C=0), 7.65, 7.70, 8.14,
9.25, and 10.6 n (broad); nmr (CDC13) 5 11.75 (s, 1, COH),
112 (d,J = 5.0Hz), 1.8-0.9 (m,9).

A complete single-crystal X-ray analysis determined its con-
figuration as 11.12 The minor component 9 (4% of mixture) was
assumed to display the same vpc retention time as the active
isomer. The minor component 10 (6% of mixture) was identi-
fied on the basis of the spectral, vpc, and elemental analysis data.

Found: C,

Found: C,
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Preparation of Ethyl 2,3-Dimethylcyclopropanecarboxylates
(Mixed Isomers) (14).—To 2.6 g (0.022 mol) of thionyl chloride
was added dropwise a solution of 2.0 g (0.017 mol) of a mixture of
2,3-dimethylcyclopropanecarboxylic acids consisting of 4% 9,
6% 10, and 90% 11 in 5 ml of benzene. The reaction mixture
was stirred at room temperature for 90 min and then heated at
reflux for 90 min.  After cooling to room temperature, 10 ml of
absolute ethanol was added dropwise. The solution was evap-
orated under reduced pressure to give a liquid residue. Dis-
tillation gave 1.60 g (67%) of isomeric ethyl 2,3-dimethylcyclo-
propanecarboxylate (14): bp 53-56° (7 mm); ir (neat) 5.82
(C=0), 7.65, and 850 y (COC); nmr (CDC1,) 54.03 (m, 2,
OCHZH3J = 7Hz), 1.7-0.8 (m, 12).

Anal. Calcd for C81iD2 C, 67.57; H, 9.92.
67.37; H, 9.99.

A solution containing 1.35 g of 14 and 0.015 mol of sodium
ethoxide in 40 ml of absolute ethanol was heated at reflux for 43
hr. A solution of 10 g of NaOH in 15 ml of water was added

Found: C,
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dropwise, and the reflux was continued for 4 hr. The ethanol was
removed under reduced pressure and the remaining aqueous
solution was washed with three 15-ml portions of chloroform,
acidified with 50% HZX04 and washed with three additional 15-
ml portions of chloroform. The latter chloroform washings were
dried (Nax04) and evaporated under reduced pressure to give
1.0 gof 2,3-dimethylcyclopropanecarboxylic acids. Vpc analysis

showed the presence of 9 and 11 and only a trace of 10. No addi-
tional component was evident.
Registry No.—2, 38868-10-9; 8, 1758-32-3; (*)-9,

20431-63-4; 9a, 20431-72-5; 10, 34669-52-8, 11,
34669-51-7; 12,1758-33-4; 14,17214-87-8.

Acknowledgment.—The authors are grateful to Dr.
A. T. McPhail and Mrs. P. A. Luhan for the X-ray
crystallographic analysis.
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Dimethylsulfoximine, prepared from dimethyl sulfoxide, was dialkylated to give (X,X-dimethylamino)- and

(A,A-diethylamino)dimethyloxosulfonium fluoroborate.
These ylides are effective as nucleophilic methylene transfer re-

variety of aprotic solvents gave methylides.

Reaction of these salts with sodium hydride in a

agents; reactions with electrophilic alkenes yield cyclopropanes, while aldehydes and ketones react to give ox-

iranes.

In the past decade the chemistry of sulfur ylides
has been an area of substantial interest.2 The di-
methylsulfonium and dimethyloxosulfonium methyl-
ides introduced by Corey and Chaykovsky are very
useful synthetic reagents.3 These ylides have been
used to transfer a methylene group in a stepwise
fashion across the double bond of a carbonyl or an
electrophilic olefin to yield an epoxide or a cyclo-
propane, respectively. The transfer of more complex
groups has also been achieved.4

The observation in this laboratory that ylides de-
rived from (dimethylamino)alkylaryloxosulfonium fluo-
roborates6were capable of transferring alkylidene groups
prompted us to undertake a study of the preparation
and chemistry of an ylide derived from dimethylsul-
foximine. This ylide would be accessible to the syn-
thetic organic chemist and could serve as a model
for ylides derived from other symmetrical dialkyl
sulfoximines.

The first goal of this work was to prepare an ylide
from dimethyl sulfoxide (DMSO) in as few steps as
possible. Dimethylsulfoximine (1) could be pre-

(1) (a) Part XX X 1X in the series “Chemistry of Sulfoxides and Related
Compounds.” We gratefully acknowledge support by the National Science
Foundation (GP 19623). (b) National Science Foundation Graduate
Trainee, 1968-1971.

(2) A. W. Johnson, “Ylid Chemistry,” Academic Press, London and New
York, 1966.

(3) (a) E. J. Corey and M. Chaykovsky, J. Amer. Chem. Soc., 84, 867
(1962); (b) ibid., 3782 (1962); (c) ibid., 86, 1640 (1964); (d) ibid., 87, 1353
(1965); (e) H. Konig, Fortschr. Chem. Forsch., 9, 487 (1968).

(4) (a) E. J. Corey and W. Oppolzer, 3. Amer. Chem. Soc., 86, 1899 (1964);
(b) E. J. Corey, M. Jau-~elat, and W. Oppolzer, Tetrahedron Lett., 2325
(1967)
(1968); (e) G. B. Payne and M. R. Johnson, ibid., 33, 1285 (1968); (f) G. B.
Payne, ibid., 33, 3517 (1968).

(5) (a) C. R. Johnson, E. R. Janiga, and M. Haake, J. Amer. Chem. Soc.,
90, 3890 (1968); (b) C. R. Johnson, M. Haake, and C. W. Schroeck, ibid.,
92, 6594 (1970).

; (c) G. B. Payne, J. Org. Chem., 32, 3351 (1967); (d) ibid., 33, 1284

pared in 85% vyield from DMSO using 1.1 equiv of
hydrazoic acid, generated in a chloroform slurry from
sodium azide and sulfuric acid.6 The A’j./\V'-diethyl
salt (2)7 was chosen as the model ylide precursor.
The choice of the .A,A-diethyl derivative was prompted
by the fact that triethyloxonium fluoroborate, the
alkylating agent of choice, requires one less step in
its preparation than trimethyloxonium fluoroborate.
The dialkylation of the crude sulfoximine was accom-
plished in one flask using excess sodium carbonate
as a base to give 2 in 81% vyield. A similar procedure
gave (dimethylamino)dimethyloxosulfonium fluorobo-
rate (3) in 85% vyield. Beth salts were stable, white,
crystalline solids.

(@] 0
Al NaN., H,SO, 1
CBjSCHg----===----—- ch3ch3
1
NH
1
| r3o+bf4
0 0
I+ [+
chaten? DN,\:'QO ch3+ch3 bfs
1 1
NR, NR,
4R=C3b 2R=CHr
5R=C3 3R=CH3

(Diethylamino) methyloxosulfonium methylide (4)
was readily prepared by dissolving the salt 2 in DMSO

(6) H.R. Bentley and J. K. Whitehead, J. Chem. Soc., 2081 (1950).

(7) H. Schmidbaur and G. Kammel, Chem. Ber., 104, 3241 (1971), have
recently described the preparation o; salts 2 and 3 and the corresponding
ylides 4 and 5. Their interest was largely in the preparation and study of
spectral properties.
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Tabte |

Cyclopropanes

Substrate Registry no.
Benzalacetophenone 94-41-7
Methyl cinnamate 103-26-4
Pulegone 89-82-7
Mesityl oxide
2-Cyclohexenone 930-68-7
irans-1,4-Diphenyl-2-butene-I,4-dione
Phenyl styryl sulfone 5418-11-1
Cinnamonitrile 4360-47-8
2-(I-Phenyl)vmyl-4,4,6-trimethyl-5,6-

dihydro-1,3-oxazine 38709-86-3
a-Bromoacetophenone 70-11-1

“ Composition:

(distilled from calcium hydride) and adding it to a
stirred slurry of sodium hydride in DMSO under a
cover of nitrogen. After 10-15 min a clear solution
of 4 was obtained. Ylide 4 was stable for extended
periods at room temperature; it was found that at
52° the ylide had a half-life of approximately 40 hr.
Solutions of the ylide were also prepared in dimethyl-
formamide (DMF) and tetrahydrofuran (THF). Gen-
eration of the ylide 4 in THF required several hours
owing to the heterogeneous nature of the reaction
mixture. After the ylide was prepared in THF the
fluoroborate salts could be filtered off and standard-
ized solutions of 4 could be stored under nitrogen for
several weeks in the refrigerator. In general, however,
the ylide was prepared shortly before use. (Dimethyl-
amino) methyloxosulfonium methylide (5) was pre-
pared in the same manner as 4.

DMSO was the solvent of choice in nearly all of the
methylene transfer reactions. A qualitative Kkinetic
study showed that the ylide reacted more rapidly in
DMSO than in DMF. However, the major advantage
of DAISO over other solvents lies in its greater solubility
in water, allowing most of it to be easily removed
by an aqueous wash. High water solubility also aided

Product Registry no. Yield,
Fh% 93
V. \ Ph 1145-92-2
0
ph. 82
'V \ OjMe 5861-31-4
ch3 52
38709-59-0 (trans)
38709-60-3 (cis)
ch3
62
CHj CCH3
1
0
0 60
5771-58-4
6>
0 62
1
PhC._
b
0
Ph, 80
V V p h 21309-15-9
Ph 5279-82-3 (cis) 49
..... Vs cN 5590-14-7 (trans)
75
A 38709-65-8
Ph
0“ 3481-02-5 25
Ph-C—<]|

21% cis and 79% trans; in addition, /3-methylcinnamonitrile (9%) was produced.

in the removal of the sulfinamide produced during the
reaction. Chromatography over a short column of
silica was found to be the most convenient method of
product purification. Distillations were carried out
when very volatile products were produced. Several
methylene transfer reactions were run using both
ylide 4 and ylide 5; there was no notable difference
in reactivity.

The ylide 4 was treated with a variety of a,0-un-
saturated ketones, esters, sulfones, nitriles, and amides
to give the corresponding cyclopropanes (Table 1).
These reactions are believed to occur stepwise via
addition of the ylide to the substrate to give betaine
6 followed by ring closure with displacement of sul-
finamide 7.

0 “CHX 0

4 rch= chx> CHS+— ChJHH — V \ + CH.jSNEt,

The rate of the ylide reactions with substrates of
this nature seems to be dependent largely on the ease
of betaine formation. Steric hindrance to attack by



(Dialkylamino)methyloxosulfonium M ethylides

the ylide 4 was observed to slow the rate of reaction
substantially; a rapid reaction occurred with 2-cy-
clohexenone while pulegone and mesityl oxide reacted
at much slower rates. The stability of the betaine
which is formed also seemed to influence the rate
of these reactions. Qualitatively, there is a good
correlation between the pRa of an aliphatic sulfone,
ketone, nitrile, or ester and the rate of reaction with
substrates in which these groups stabilize the betaine.
Phenyl styryl sulfone and benzalacetophenone reacted
rapidly, while cinnamonitrile and methyl cinnamate
required longer periods of time for complete reaction.
Attempts to add the ylide to methyl styryl sulfone
and cinnamide were not successful even after long
periods of time and use of large excesses of ylide. (In
the reaction medium these substrates may exist largely
as their anions.)

The reaction of the ylide with benzalacetophenone
was found to give a 93% yield of ;rons-l-benzoyl-2-
phenylcyclopropane. The observation of the exclu-
sive or predominant formation of trans cyclopropanes
during the course of this study points toward the ex-
istence of the proposed betaine intermediate 6.8 A
mixture of cis and trans cyclopropanes was obtained
from cinnamonitrile; this suggests that because the
cyano group is smaller than some of the other groups
(benzoyl, carbomethoxy, or phenyl sulfone) investi-
gated, the ring closure of the different betaine con-
formers can complete effectively.

During the course of this work Meyers and co-
workers9 reported the use of 4,4,6-trimethyl-5,6-
trimethyl-5,6-dihydro-1,3-oxazines as precursors to
a variety of aldehydes. It was found that the ylide
4 reacted smoothly with 2-(I-phenylvinyl)-4,4,6-tri-
methyl-5,6-dihydro-1,3-oxazine (8) to give a 75%
yield of the corresponding cyclopropane (Table ).
The cyclopropyl compound was reduced -with neutral
sodium borohydride and hydrolyzed with oxalic acid
to give an 81% vyield of 1-phenylcyclopropanecar-
boxaldehyde.

Ph
8 9

Several other vinvloxazines (9) (R = alkyl or aryl)
were prepared by dehydration of the corresponding
alcohols. All of these vinyloxazines failed to react
with the ylide 4. In related work it was observed that
the anion of dimethyl-A-p-toluenesulfonylsulfoximineD
and dimethyloxosulfonium methylide also Tailed to
add across the double bond of these oxazines. These
failures only serve to emphasize the importance of the
betaine stability in this type of ylide reaction. The
phenyl group in the betaine formed as an intermediate
in the addition of the ylide 4 and 8 afforded the sta-
bilizing effect which was needed but was not available
in the other systems.

(8) C. R. Johnson and C. W. Schroeck, J. Amer. Chem. soc., 93, 5303
(1971).

(9) (a) A. I. Meyers, A. Nabeya, H. W. Adickes, and I. R. Politzer, ibid.,
91, 763 (1969); (b) A. I. Meyers, H. W. Adickes, I. R. Politzer, and W. N.
Beverung, ibid., 91, 765 (1969).

(10) C. R.Johnson and G. F. Katekar, ibid., 92, 5753 (1970).
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Cyclopropyl phenyl ketone was prepared by the
reaction of 3.3 equiv of the ylide 4 with a-bromo-
acetophenone; DMF was used as a solvent owing to
the known affinity of DMSO to react with ce-halo
ketones to give glyoxals.l1 There was only a 25%
yield of isolated product, but the reaction did demon-
strate the ylide’s ability to introduce two methylene
groups by successive reactions; phenyl vinyl ketone
is presumed to be an intermediate in this reaction.
Earlier examples of this type of double methylene
insertion reactions with dimethyloxosulfonium methyl-
ide had been observed by Bravo and coworkers.12

A-p-Tolyl-2-pyrrolidone (11) was observed as the
major product from the reaction of the ylide 6 with
p-acrylotoluidide. Konig and Metzger13 reported a
similar result when the dimethyloxosulfonium meth-
ylide was treated with this substrate. A logical mech-
anism to explain this observation involves proton
transfer from nitrogen to carbon to give intermediate
10, which then undergoes ring closure to the pyrroli-
done 11.

0 0
I+ I -
CH3 CHXHXHXNCEH (CH3p
NEt2 CeHLH3p
10 n

It was found that epoxides were formed in the re-
action of the ylide with several aldehydes and ketones
(Table 11). As would be expected, aldehydes reacted

Tabre Il

Epoxides

Substrate Products Yield, %
0
Benzaldehyde CA=~" 57
0
p-Chlorobenzaldehyde P-CICA— N 62
4-ieri-Butylcyclohexanone O — 72
0—
0
Heptanal n-CeHB— " 37
0
Cycloheptanone a 42
4-Methylcyclohexanone oA 42

more rapidly than ketones. In general, best results
were obtained using a 30-100% excess of ylide coupled
with short reaction times.

When 4 reacted with 4-ferf-butylcyclohexanone
only the Z epoxide was produced. Dimethyloxo-
sulfonium methylide is reported to display a similar
stereospecificity, while dimethylsulfonium methylide
gave predominantly the E epoxide.3d

(11) N. Kornblum, W. J. Jones, and G. J. Anderson, ibid., 81, 4113 (1959).

(12) R. Bravo, G. Baudiano, C. Tieozzi, and A. Umani-Ronchi, Tetra-
hedron Lett., 4481 (1968).

(13) H. Konig, H. Metzger, and K. Seelert, chem. Ber., 98, 3712 (1965).
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Experimental Section

General.— Melting points were determined with a Thomas-
Hoover capillary melting-point apparatus and are uncorrected.
Boiling points are also uncorrected. The microanalyses were
performed by Midwest Microlabs, Inc., Indianapolis, Ind.
The ir spectra were recorded on Perkin-Elmer infrared spec-
trophotometers, Models 137B and 621. The nmr spectra were
taken on Varian spectrometers, Models A-60A and T-60, with a
sweep width of 500 Hz; tetramethylsilane was used as the internal
standard. Vapor phase chromatography was performed on F
& M Models 5750 and 720 (thermal conductivity) chromato-
graphs with 0.25-in. columns. The mass spectral data were ob-
tained on either an Atlas CH4 or an AEI MS9 spectrometer mass.
Many of the authentic samples used in comparisons had been
previously prepared in our laboratory by ylide reactions.6

Dimethylsulfoximine (1).6—In a 2-1. flask equipped with a
condenser, a mechanical stirrer, and an addition funnel, a mix-
ture of 50 g (0.64 mol) of dimethyl sulfoxide, 46 g (0.71 mol) of
sodium azide, and 570 ml of chloroform was cooled in an ice bath.
Concentrated sulfuric acid (160 ml) was added to this slurry
over a period of 1 hr. The mixture was slowly warmed to 42°
and stirred at this temperature for 24 hr. After cooling, all the
solids were dissolved in water, the chloroform layer was sepa-
rated, and the aqueous layer was washed with two 150-ml por-
tions of chloroform. The aqueous layer was made slightly alka-
line using a40% sodium hydroxide solution. The water was then
removed on a rotary evaporator and the resulting salts were
washed with 2 1 of warm ethanol. Removal of the ethanol and
washing the ethanol-soluble salts with 500 ml of methylene
chloride gave 51.5 g (87%) of the sulfoximine as a crystalline
solid, nmr (CDC13 63.10 (s, 6, CH3), 2.84 (s, 1, NH).

(Diethylamino)dimethyloxosulfomum Fluoroborate (2).—In a
1-1. erlenmeyer flask fitted with a drying tube, 20.5 g (0.22 mol)
of dimethylsulfoximine was dissolved in 300 ml of dry methylene
chloride and cooled in a water bath. To this solution 45 g (0.24
mol) of triethyloxonium fluoroboratel4 was added as the reac-
tion was stirred vigorously with a magnetic stirrer. After 15
min 110 g (1.04 mol) of anhydrous sodium carbonate was added
and the reaction was allowed to stir for 3 hr. Then another 45 g
of the triethyloxonium fluoroborate was added and the mixture
was allowed to stir for 1 hr. The inorganic salts were removed
and then washed with 3 1 of warm ethanol. The methylene
chloride was removed and that material was added to the ethanol
solution, which was reduced to about 2 3of its original volume.
At this point cooling gave 44 g of the crude sulfoximine salt.
Recrystallization from ethanol gave 42 g (81%), of salt 2. mp
107-108°; ir (Nujol) 1250, 1140-1000 cm*“1(BF4*); nmr (DM-
SO-d6) s 4.05 (s, 6, CHJ), 3.86-3.44 (g, 4, CH2), 1.42-1.18 (t, 6,
CH3).

Anal. Calcd for CAHIBBFANOS:
C, 30.55; H, 6.98.

(Dimethylamino)dimethyloxosulfonium Fluoroborate (3).—A
procedure, identical with that used to prepare 4 using trimethyl-
oxonium fluoroborate as the alkylating agent, was followed.
At the conclusion the carbonate salts were washed with 2 1. of
warm methanol. Recrystallization from methanol gave 39 g
(85%) of the salt3: mp 146-147°; ir (Nujol) 1240, 1140-1020
cm-' (BF4); nmr (DMSO-*) s 4.0 (s, 6, SMe), 3.06 (s, 6,
NMe).

Anal. Calcd for CHIBFANOS:
C, 23.25; H, 5.89.

(Diethylammo)methyloxosulfonium Methylide (4). A.
Preparation in DMSO.—In a 50-ml three-necked flask equipped
with a stirrer, an additional funnel, a gas inlet tube, and a serum
stopper was placed 11 mmol of sodium hydride (as a 59.4% dis-
persion in mineral oil), and 5 ml of DMSO (distilled from calcium
hydride) under a cover of nitrogen. To this, 2.60 g (11 mmol)
of (diethylamino)dimethyloxosulfonium fluoroborate (2) in 12
ml of DMSO was added through the addition funnel over a period
of 15 min with good stirring. There was a vigorous evolution
of hydrogen, and the mixture was kept at room temperature with
the aid of a water bath. After a few minutes a clear solution was
obtained. An identical procedure can be used to prepare (di-
methylamino)methyloxosulfonium methylide (5).

B. Preparation in THF —The same apparatus as described
above was used. The sodium hydride and the fluoroborate were
placed in the flask as dry solids. The THF (distilled from sodium

C, 30.40; H, 6.80. Found:

C, 22.98; H, 6.17. Found:

(14) (a) H. Meerwein, org. Syn., 46, 113 (1966); (b) ibid., 46, 120 (1966).
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dispersion) was then introduced into the reaction flask all at once,
and the heterogeneous mixture was stirred for several hours
while being kept in room temperature with a water bath. The
inorganic salts could be filtered off under nitrogen and a solution
of the ylide 4 could be stored in a refrigerator for several weeks.
In most cases no effort was made to remove the inorganic salts,
and the ylide solution was used soon after its preparation.

Methylene Transfer Reactions.—In general, the reaction mix-
tures were poured into 100 ml of water and the product was ex-
tracted three times with 50-ml portions of ether. The ether
solution was dried over magnesium sulfate and evaporated at
reduced pressure. Chromatography over an 18 X 0.5 in. column
of silica gel eluting first with 100 ml of pentane followed by ben-
zene gave the desired products in a high state of purity. In
several cases when the product was very volatile the crude
product was purified by ashort-path distillation.

iraws-1-Benzoyl-2-phenylcyclopropane.—To a stirring solution
of ylide 4 (11 mmol) in 17 ml of DMSO was added a solution of
2.08 g (10 mmol) of benzalacetophenone in 8 ml of DMSO over a
period of 10 min. The mixture was allowed to stir at room tem-
perature for 4 hr. Work-up and chromatography yielded 2.08 g
(94%) of an oil which solidified upon standing. The infrared
spectrum was identical with riiat of a known sample: ir (film)
1670 cm“1(C=0); nmr (CDC13) 58.27-7.1 (m, 10, aryl), 3.0-
2.45 (m, 2, COH and CH), 2.0-1.2 (twom, 2, CH2).

Methyl irans-2-Phenylcyclopropylcarboxylate.—Ylide 4 (12
mmol) was prepared in 17 ml of DMSO. A solution of 1.62 g
(10 mmol) of methyl cinnamate in 8 ml of DMSO was added
over a period of 30 min. The reaction mixture was allowed to
stir for 48 hr at room temperature. Work-up and chroma-
tography gave 1.45 g (82.5%) of the cyclopropyl ester. The
product was one component by glpc analysis on a 8 ft X 0.25in.,
20% DECS on C-W column at 180°: ir (film) 1730cm-1 (C=0);
nmr (CDC13) 6 7.5-6.0 (m, 5, aryl), 3.67 (s, OCHJ3), 2.7-2.3 (m,
1,CHCO02,2.1-1.1 (m, 3, CHCH2.

Anal. Calcd for CnHiD2 C, 74.98; H, 6.86.
74.70; H, 6.93.

Cyclopropyl Phenyl Ketone.—Ylide 4 (31 mmol) was prepared
in 28 ml of DMF at 0°. a-Bromoacetophenone (1.92 g, 9.65
mmol) in 20 ml of DMF was added over a period of 30 min. The
reaction was stirred in an ice bath for 12 hr and at room tem-
perature for 6 hr. Work-up and chromatography gave 0.35 g
(25%) of the cyclopropyl ketone. The infrared spectrum and
glpc behavior were identical with that of an authentic sample;
nmr (CDC13) 6 8.2-7.2 (2, m, 5, aryl), 2.9-2.4 (m, 1, OCCH),
1.4-8.0 (m, 4, cyclopropyl).

Reaction of the Ylide with Cinnamonitrile.—The ylide 4 (20
mmol) was prepared in 20 ml of DMSO. Cinnamonitrile (1.29
g, 10 mmol) was added and the reaction was stirred at 50° for 24
hr. The reaction mixture was poured into ice water and ex-
tracted with ether. The ether was dried with magnesium sul-
fate and evaporated. After work-up the crude product was
chromatographed over silica gel to give 0.83 g (58%) of product.
Glpc analysis (10 ft X 0.25 in., 15% DEGS on Diaport S at
210°) indicated the presence of three components, A, B, and C,
with retention times of 10.5, 13.2, and 18.7 min in a ratio of
16:66:18. These three components could be separated by
tedious chromatography on silica gel or by preparative glpc
using a6 ft X 0.75 in., 20% DEGS on Chromosorb W column.

Component A had ir (film) 2225, 1610, 1570, 790, 755 cm-1;
nmr (CDC13 58.35 (s, 5, aryl), 5.54 (q, 1,3 = 1.1 Hz, CH), 2.4
(d, 3,/ = 1.1 Hz, CH3. On the basis of the spectral evidence
component A was assumed to be (j-methylcinnamonitrile. A
(200 mg) was stirred in 10 ml of 2 N sodium hydroxide in an oil
bath at 100° for 24 hr. After cooling the mixture to room tem-
perature it was diluted with 15 ml of water and washed with ether.
The water layer was acidified and extracted with ether. The
ether was dried and evaporated to give 194 mg of a solid, mp
96-97°. This compares well with mp 98° for /3-methyleinnamic
acid.B

Component B could be obtained as a crystalline solid: mp
51-52° from ether-pentane; ir (film) 2250, 1610, 1500, 1460,
1400, 750, 690 cm“L nmr (CDC13) 5 7.5-6.9 (m, 5, aryl), 2.8-
24 (m, 1, CHCN), 1.7-2.4 (m, 3). Hydrolysis of B in 2 N
NaOH gave irares-2-phenylcydopropanecarboxylic acid, indicat-
ing that B is the corresponding nitrile.

Found: C,

(15) L. Kh. Vinograd and N. S. Vul'fson, J. Gen. Chem. USSR, 29, 2656
(1959).
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Component C could be obtained as a crystalline solid: mp
37° from ether-pentane; ir (film) 2250, 1610, 1500, 1460, 760,
730, 690 cm“1, nmr (CDC1,) 87.3 (s, 5, aryl), 3.3-2.8 (m, 1,
CHCN), 2.0-1.1 (m, 3). Basic hydrolysis of C in 2 N NaOH at
reflux for 48 hr gave as-2-phenylcyclopropanecarboxylic acid.
These data indicate that C is cis-2-phenylcyclopropanecarboni-
trile.

Reaction of Ylide 4 with p-Acrylotoluidide.—The ylide 4 was
prepared by stirring 4.40 g (186 mmol) of 2 and 0.446 g (186
mmol) of sodium hydride in 16 ml of DMSO. A solution of 2.0 g
(124 mmol) of p-acrylotoluidide in 8 ml of DMSO was added and
the reaction mixture was allowed to stir for 24 hr at room tem-
perature. After work-up the product was chromatographed
over alumina and eluted with benzene to give 1.07 g (50%) of
A-p-tolyl-2-pyrrolidone (11) and 190 mg (9%) of a material
assigned the structure 3-(3'-ATFp-tolyl-2-pyrrolidone)-Arp-tolyl-
propionamide. Both compounds were crystalline solids, mp
86-87° (lit.6 mp 88-89°) and 190-191°, respectively. N-p-
Tolyl-2-pyrrolidone had ir (CHC13) 1680, 1505, 1390, 1300 cm-1;
nmr (CDC13) 8 7.4-6.9 (2 d, 4, aryl), 3.86-3.50 (t, 2, OCH2),
2.77-1.67 (m, 4, ring), 2.36 (s, 3, CH,). 3-(3-A-p-Tolyl-2-
pyrrolidone)-A'-p-tolylpropionamide had ir (CHCh) 3430, 1660,
1520 cm-1; nmr (CDC13) 57.6-6.9 (m, 8, aryl), 4.5-4.1 (t, 2,
COCH2, 2.8-1.7 (m, 13).

Reaction of the Ylide 4 with Pulegone.—Ylide 4 (11.5 mmol)
was prepared in 15 ml of DMSO. A solution of 1.52 g (10
mmol) of pulegone in 10 ml of DMSO was added and the reac-
tion mixture was stirred at room temperature for 48 hr. Follow-
ing work-up, chromatography of the crude product over silica
gel gave 0.87 g (52%) of a 60:40 mixture of the diastereomeric
cyclopropanes, ir (film) 1710 cm-1.

Anal. CalcdforCuHNnO: C, 79.46; H, 10.91.
79.28; H, 10.99.

2-(1-Phenyl)cyclopropyl-4,4,6-trimethyl-5,6-dihydro-1,3-ox-
azine.—The ylide 4 (15 mmol) was prepared in 15 ml of DMSO.
A solution of 2.17 g (9.45 mmol) of 2-(I-phenyl)vinyl-4,4,6-tri-
methyl-5,6-dihydro-1,3-oxazinel7 in 10 ml of DMSO was added
and the reaction was allowed to stir at 50° for 60 hr. Work-up
gave 2.3 g of crude product which was distilled (76-84°, 0.3 mm)
using a short-path distillation apparatus to give 1.74 g (75% of
product which solidified on standing: ir (film) 1660 cm-1
(C=N); nmr (CDC13 8 7.45-7.0 (m, 5, aryl), 4.3-3.8 (m, 1,
OCH), 1.9-0.8 (m, 16).

Preparation of 1-Phenylcyclopropanecarboxaldehyde.—The
2-(1-phenyl)cyclopropyloxazine (1.72 g, 7.1 mmol) was dissolved
in 20 ml of 50:50 THF-ethanol and cooled in an acetonitrile-
Dry Ice bath at —45°, and 300 mg (7.95 mmol) of sodium boro-
hydride in 1.5 ml of basic water was added slowly with periodic
checks to maintain the pH as close to 7 as possible using 9 N
HC1. After the addition of the sodium borohydride the reac-
tion was allowed to stir for an additional 1 hr before the mixture
was poured into water. The water was made basic with 40%
NaOH and extracted with ether. The ether was washed with
saturated NacCl, dried over potassium carbonate, and evaporated
to give 2 g of crude product. Hydrated oxalic acid (11.8 g)
was dissolved in 30 ml of water, which was heated to a boil in a
small distillation apparatus equipped with an additional funnel.
The crude tetrahydrooxazine was dissolved in ether and added
slowly. The water was allowed to distil over until it was no
longer cloudy. The distillate was dissolved in pentane, the
solution was dried, and the pentane was evaporated to give 0.86 g
(81%) of the desired aldehyde, ir (film) 1705 cm-1 (C=0).

Irans-1-(Phenylsulfonyl)-2-phenylcyclopropane.—To a solution
of ylide 4 (6 mmol) in 15 ml of DM SO was added over a period of
30 min a solution of 1.22 g (5 mmol) of phenyl styryl sulfone in
10 ml of DMSO. The reaction was allowed to stir for 24 hr.
Work-up and chromatography yielded 1.06 g (82%) of a crystal-
line solid: mp 93-94° (lit..8mp 95-96°); ir (film) 1300, 1150
cm-1; nmr (CDC13) 88.1-6.9 (m, 10, aryl), 3.1-2.4 (m, 2), 2.05-
1.2 (m, 2).

3-Norcaranone.—Ylide 4 (11 mmol) was prepared in 18 ml of
DMSO. To this solution was added 0.96 g (10 mmol) of 2-&

Found: C,

(16) P. LippandF. Caapers, Ber., 58, 1011 (1925).

(17) A sample of the oxazine was kindly supplied by Professor A. I.
Meyers.

(18) W. E. Truce and V. R. Badiger, J. Org. Chem., 29, 3277 (1964).
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cyclohexenone in 7 ml of DMSO and the reaction was allowed to
stir for 3 hr at room temperature. Isolation of the crude product
in the standard manner followed by chromatography over a
short column of silica gel, eluting with pentane, followed by 50:50
methylene chloride-benzene, gave 0.63 g (57%) of 3-norcara-
none: ir (film) 1690 cm-1; nmr (CDC13 8 2.7-1.45 (m, 8,
cyclohexyl), 1.4r-0.8 (m, 2, cyclopropyl).

Anal. Calcd for CTHID: C, 76.33; H, 9.15.
76.39. H, 9.25.

I-Methylene-4-methylcyclohexane Oxide.—Ylide 4 (13 mmol)
was prepared in 17 ml of DMSO. To this solution was added
1.12 g (10 mmol) of 4-methylcyelohexanone in 5 ml of DMSO.
The reaction was stirred at 50° for 8 hr. Standard work-up
and chromatography gave 0.52 g (42%) of the epoxide: ir
(film) 920, 840, 770 cm“l, nmr (CDC13) 8 2.81 (s, 2, OCH2),
2.2-0.8 (m, 12).

Anal. Calcd for C&HidD:
76.21; H, 11.12.

1-Octene Oxide.—The ylide 4 (15 mmol) was prepared in 25
ml of DMSO. The ylide solution was warmed to 50° and 1.14
g (10 mmol) of heptanal in 20 ml of DMSO was added over a
period of 90 min. The reaction was allowed to stir for an addi-
tional 2 hr at 50°. Following work-up, the crude product was
chromatographed over silica gel eluting first with pentane and
then pentane-ether. Bulb-to-bulb distillation gave 0.462 ¢
(36.5%) of the epoxide. The infrared spectrum was identical
with that of an authentic sample: nmr (CDC13 83.2-2.4 (m, 3,
CHCH2), 1-8-0.7 (m, 15, alkyl).

Styrene Oxide.—Ylide 4 (13 mmol) was prepared in 17 ml of
DMSO. A solution of 1.06 g (10 mmol) of benzaldehyde in 8
ml of DMSO was added over a period of 30 min. The reaction
was allowed to stir for 1 hr at room temperature and 2 hr at 50°.
The reaction mixture was poured into ice water and extracted
with ether. The ether was dried over magnesium sulfate and
evaporated; the residue was distilled at 80° (5 mm) to give 0.684
g (57%) of colorless styrene oxide, whose infrared spectrum was
identical with that of an authentic sample.

p-Chlorostyrene Oxide.—Following a similar procedure to
that used for styrene oxide, p-chlorostyrene oxide was produced
in 62% vyield from p-chlorobenzaldehyde. Work-up and chro-
matography vyielded 0.96 g (62%) of p-chlorostyrene oxide.
The infrared spectrum of the product was identical with that of an
authentic sample.

(Z)-1-Methylene-4-ieri-butylcyclohexane Oxide.—A solution
of ylide 4 (13 mmol in 17 ml of DM SO) was warmed to 50° and
1.54 g (0.010 mol) of 4-iert-butylcyclohexanone in 8 ml of DMSO
was added over a period of 30 min. The reaction was stirred
at this temperature for 4 hr. The crude product was chro-
matographed over silica gel to give 1.24 g (72%) of the Z epoxide,
whose infrared spectrum was identical with that of an authentic
sample: ir (neat) 920, 855, and 800 cm-1; nmr (CDC13) 8 2.61
(s,2,CH2, 2.0-1.8 (m, 9, ring), 0.88 (s, 9, t-Bu).

Methylenecycloheptane Oxide.—Ylide 4 (26 mmol in 20 ml of
DMSO) was warmed to 50° and 1.46 g (0.013 mol) of cyclo-
heptanone in 10 ml of DMSO was added over a period of 20 min.
The reaction mixture was stirred overnight at 50°. Chro-
matography of the crude product over silica gel gave 0.69 ¢
(42%) of the oxirane. An infrared spectrum was identical with
that of an authentic sample; nmr (CDC13) 8 2.58 (s, 2, OCH2),
1.67 (s, 12, ring).

Found: C,

C, 76.14; H, 11.8. Found, C,

1520-31-6; 2, 36501-44-7; 3,
11, 3063-79-4; dimethyl

Registry No.—1,
36501-42-5; 4, 38421-38-4;

sulfoxide, 67-68-5; sodium azide, 26628-22-8; ftri-
ethyloxonium tetrafluoroborate, 368-39-8; trimethyl-
oxonium tetrafluoroborate, 420-37-1; /3-methylcin-

namonitrile, 14368-40-2; p-acrylotoluidide, 7766-36-1; 3-
(3"-N-p-tolyl-2-pyrrolidone)-N -p-tolylpropionamide,
38709-70-5; I-methylene-4-methylcyclohexene oxide,
38709-71-6; 4-methylcyclohexanone, 589-92-4; 1-oc-
tene oxide, 2984-50-1; heptanal, 111-71-7; (Z)-1-
methylene-4-feri-butylcyclohexane oxide, 7787-78-2;
4-feri-butylcyclohexanone, 98-53-3; methylenecyclo-
heptane oxide, 185-85-3; cycloheptanone, 502-42-1.
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(Dimethylamino)- and (diethylamino)oxosulfonium methylide were treated with acid chlorides, anhydrides,

and isocyanates to produce carbonyl-stabilized (dialkylamino)methyloxosulfonium methylides.

Stabilized

ylides were also prepared by reaction of the simple methylides with methanesulfonyl chloride and ethyl phenyl-

propiolate.

(Dimethylamino)methyloxosulfonium benzoylmethylide and (dimethylamino)methyloxosulfonium

acetylmethylide were alkylated at the carbonyl oxygen with trialkyloxonium salts to produce substituted (dialkyl-

amino)methyl(2-alkoxyvinyl)oxosulfonium fluoroborates;

bond was ascertained by nmr.

the stereochemistry about the carbon-carbon double

Acyl-stabilized methylides in this series were found to undergo a unique reaction,

catalyzed by cupric sulfate, to yield 5-substituted 1,3-oxathiole 3-oxides.

A wide variety of sulfonium ylides stabilized by
strong electron-withdrawing groups on the a carbon
have been prepared; the chemistry of these compounds
has been the subject of a number of studies.2 Al-
though these ylides transfer alkylidene groups to only
the most reactive of substrates, they have been ob-
served to undergo several interesting rearrangement
and decomposition reactions.

The preparation of ylides 1 and 2 are described in
the accompanying paper.3 Here we describe the prep-
aration of a number of stabilized ylides derived from
1 and 2 and compare their chemistry with that of other
stabilized sulfonium ylides.

0

CHaJ+—CHr
1

2
Me
Et

nmn s

n
1, R
2,R

Preparation of Ylides.—Table | outlines the differ-
ent stabilized ylides which were prepared; in most
of these cases no effort to maximize the yield was
made. In the preparation of these stabilized ylides
at least 2 equiv of methylide is required, since the
product is more acidic than the starting material. In
general, the stabilized ylides displayed a fair shelf
life; some decomposition was noted when stored for
several months at room temperature. The dimethyl-
amino ylide 1 was found to give products with superior
crystalline properties, and following this observation
only ylide 1 was used in the preparation of stabilized
ylides.

Stabilized ylides 3-14 were prepared by reaction of
the appropriate substrate with either 1 or 2 in THF
at 0°. In the case of the benzoyl ylides, use of the
less reactive anhydride as substrate rather than the
acid chloride yielded a more manageable product
mixture, at least when the diethylamino ylide was used.
Several attempts to prepare a formyl-stabilized deriva-
tive were unsuccessful. While 12 could be prepared

(1) (a) Part XL in the series “Chemistry of Sulfoxides and Related Com-
pounds.” We gratefully acknowledge support by the National Science
Foundation (GP 19623). (b) National Science Foundation Graduate
Trainee, 1968-1971.

(2) (a) A. W. Johnson and R. T. Amel, J. Org. Chem., 34, 1240 (1969);
(b) H. Nazaki, D. Tunemoto, S. Matubana, and K. Hondo, Tetrahedron, 23,
545 (1967); (c) K. W. Ratts and A. H. Yao, J. Org. Chem., 31, 1689 (1966);
(d) B. M. Trost, J. Amer. Chem. Soc., 89, 138 (1967); (e) W. E. Truce and
G. D. Madding, Tetrahedron Lett.,, 386 (1966); (f) G. B. Payne, J. Org.
Chem., 33, 3517 (1968).

(3) C. R. Johnson and P. E. Rogers, ibid., 38, 1793 (1973).

Tabie |

Stabilized Y lides

No. Yield,
Substrate Stabilized ylide %
0
-
Benzoic anhydride PhC—CHX 3 53
0
]
Phenyl isocyanate PANHC—CHX 4 83
0
.
Benzoyl chloride PhC—CHY 5 60
0
.
Phenyl isocyanate PhANHC—CHY 6 75
0
.
Acetic anhydride CHX—CHY 7 65
0
. ]
p-Chlorobenzoyl chloride p-CIPhC—CHY 8 65
0
. . .
p-Nitrobenzoyl chloride p-NOPhC—CHY 9 82
0
]
Trifluoroacetic anhydride CFe&C—CHY 10 31
0
]
Phenylacetyl chloride PhCHZX—CHY 1 52
Methanesulfonyl chloride CHZXBOZXHY 12 58

EtOZCH=CPhCHX 13 38
EtOZCH=CPhCHY 14 55

Ethyl phenylpropiolate
Ethyl phenylpripolate

0 0
X =l+—-ch3 Y = S+—CHS
NEt2 NMe,

by reaction of 1 with mesyl chloride, p-nitrobenzene-
sulfonyl chloride gave no identifiable product.

The formation of 13 and 14 parallels that of similar
reactivity observed when dimethyloxosulfonium meth-
ylide was used.4 Thus, in these systems proton trans-
fer of the initial adduct takes precedence over cyclo-
propene formation.5

O-Alkylation of Stabilized Ylides.—It has been
reported by Bestmann6 that carboethoxymethylene-
triphenylphosphorane could be successfully O-alkyl-
ated with thiethyloxonium fluoroborate. A variety
of stabilized sulfur ylides had previously been C-
alkylated with methyl iodide, and the O-alkylation
of dimethylsulfonium benzoylmethylide with trimethyl-

(4) C. Kaiser, B. M. Trost, J. Beeson, and J. Weinstock, ibid., 30, 3972
(1965).

(5) E.J. Corey and M. Jautelat, 3. Amer. Chem. Soc., 89, 3912 (1967).

(6) H. J. Bestmann, R. Saalfrank, and J. P. Snyder, Angew. Chem., Int.
Ed.Engl., 8, 216 (1969).
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oxonium fluoroborate has been reported.7 For these
reasons it seemed that it would be worthwhile to 0-
alkylate several of the aeylides prepared in this study.

Using trimethyl- and triethyloxonium fluoroborate
it was possible to O-alkalylate the benzoyl- and acetyl-
stabilized ylides 5 and 7. The reactions were per-
formed at 0° in methylene chloride in the presence
of excess sodium carbonate. In all the cases studied,

OR' (0]
rc=chJ+ch3

|
NMe2 BF4-

15, R = Ph; R' = Et
16, R = Ph; R' = Me
17, R = Me; R' = Et
18, R = Me; R' = Me

mixtures of diastereomeric vinyl salts were obtained;
in several cases these isomers could be separated by
fractional crystallization.

It seems valid to assume that the Z isomer of 15
and 16 should be the more favored thermodynamically,
because a phenyl group has a larger steric requirement
than either an ethoxy or a methoxy group. For sim-
ilar reasons the E isomer of 17 and 18 should be favored.

PhX H EtO. H
! Me I:y =K / Me .
EtO +S— NMe, H + S— NMej
I
0

bf4 0 BF4

157 diastereomer 17 E diastereomer

Using the values of Pascuel, Meier, and Simon,8
approximate shifts of the vinyl proton in each of these
systems were estimated. These calculations indicated
that the vinyl proton of the Z isomer of 15 and 16
would appear further downfield than that of the E
isomer, and that the vinyl proton of the E isomer of
17 and 18 appear at lower field than that of the Z
isomer (Table I1).

Tabre Il

Vinyl Ether Salts

R +$— NMe2

o BF4'

% Calcd Obsd

at vinyl vinyl

Compd Isomer R R’ equil shift shift
15 z Ph OEt 68 4.37 3.71
15 E OEt Ph 32 4.12 3.56
16 z Ph OMe 73 4.37 3.74
16 E OMe Ph 27 4.12 3.52
17 z Me OEt 12 3.74 3.36
17 E OEt Me 88 3.93 3.56
18 Zz Me OMe 10 3.74 3.42
18 E OMe Me 90 3.93 3.64

Pure isomers or mixtures of different composition
than that at equilibrium were stirred in methylene
chloride in the presence of sodium carbonate. In
all four systems it was found that after an extended

(7) S. H. Smallcombe, R. J. Holland, R. H. Fish, and M. C. Caserio,

Tetrahedron Lett., 5987 (1968).
(8) C. Pascual, J. Meier, and W. Simon, Helv. Chim. Acta, 49, 164 (1966).
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period of time the isomer with the least shielded vinyl
proton dominated. On this basis structural assign-
ments were made.

These vinyl ether salts were treated with the anions
of several active methylene compounds; it was hoped
that this would represent a route to substituted cyclo-
propyl ethers.910 Initial efforts were made using
diethyl and dimethyl malonate. Sodium alkoxides
were used as bases, and the reactions were first run
at room temperature and later at 50°. Nmr spectra
of the crude products offered no evidence for the exis-
tence of cyclopropanes. These spectra did indicate
that methyl benzoate was present when sodium meth-
oxide was used as a base in reactions with phenyl-
vinyl ethers. It was also noted that in the presence
of a sodium methoxide the salt 15 was converted to 16.

Salts 15 and 17 were found to react smoothly with
the anion of malononitrile to give, as expected, the
stabilized ylides 19 and 20, respectively, rather than

R 0
(NCO)X = X 1
CH=SNMe2
|
Me
19,R = Ph
20,R = Me

cyclopropane. A third allylide identified only on the
basis of its nmr spectrum was obtained from the reac-
tion of 15 and methyl cyanoacetate. Payne has ob-
served the formation of allylide 22 in the reaction of

Mo EtO CN
-/ \ 7/ CN
EtOjCCHS + + X S
/I \
Me CN e Me
22

(dimethylsulfuranylidene)acerate (21) with ethoxy-
methylenemalononitrile.Z There are obvious sim-
ilarities between Payne’'s system and the one under
study.

It appears that steric factors prevented the addition
of the anions of diethyl and dimethyl malonate to the
d carbon. Electron donation by the ether oxygen may
have also reduced the electrophilic nature of that car-
bon. The smaller anions derived from malononitrile
and methyl cyanoacetate were able to overcome these
obstacles, but the elimination of a molecule of alcohol
rather than sulfinamide was the reaction pathway
followed.

Conversion to 1,3-Oxathiole 1-Oxides.—In a study
of dimethylsulfonium phenacylide, Trosta observed
that it was stable in refluxing benzene, chloroform, or
cyclohexene. He found, however, that tribenzoyl-
cyclopropane (24) was obtained in high yield when

(9) (a) J. Gosselck, L. Beress, and H. Schenk, Angew. Chem., Int. Ed.
Engl., 5, 596 (1966); (b) J. Gosselck, H. Albrecht, F. Dost, H. Schenk, and
G. Schmidt, Tetrahedron Lett.,, 995 (1968); (c) J. Gosselck and G. Schmidt,
ibid., 2615 (1969); (d) G. Schmidt and J. Gosselck, ibid., 3445 (1969).

(10) C. R. Johnson and J. P. Lockard have reported [Tetrahedron Lett.,
4589 (1971)] that (dimethylamino)phenyl(2-phenylvinyl)oxosulfonium
fluoroborate undergoes reactions with active methylene compounds to give
cyclopropanes. Gosselck and coworkers9 had shown that simple vinyl
sulfonium salts reacted with the anions of active methylene compounds to
give cyclopropanes.

muovmirtmw
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0 COPh

- + CusO

PhC— CHSMe2 -(-)-r“h-\: -COPh

23 PhCO
24

a solution of the ylide was refluxed in cyclohexene in
the presence of excess anhydrous copper sulfate. This
cyclopropane was also obtained on irradiation of a
benzene solution of the ylide with an Hanovia high-
pressure mercury lamp using a Pyrex filter. On this
basis it was suggested that benzoylcarbene was a
common intermediate in both reactions.

A very different result was observed when the ben-
zoyl-stabilized ylide 5 was stirred with 2 equiv of
anhydrous cupricsulfatein cyclohexene or benzene. A
crystalline solididentified as 5-phenyl-l,3-oxathiole
3-oxide (2S) was obtained in high yield.

0 0
T cusoa O'~'S—o
PhC=CH %"'CHS borsana
NVE2 Ph
25

5

It was found that several other acylides also re-
arranged cleanly to the corresponding 1,3-oxathiole
3-oxides. In the examples studied, the stabilized ylides
were stirred in refluxing benzene, cyclohexene, or tolu-
ene for approximately 33 hr in the presence of 2 equiv
of cupric sulfate. The 1,3-oxathiole 3-oxides (25, 26,
27) could be isolated as crystalline solids, while 28 and
29 were isolated as oils. These sulfoxides were stable
at room temperature, but were decomposed quickly by
traces of acid (Table I111).

Table 1l
1,3-Oxathiole 3-Oxides

Yield, S NMr, ppm (3, H2z)

Compd R % Ha“ Hb* He8
25 Ph 84 5.63(11) 5.1(11) 6.75
26 p-CIPh. 80 5.54(12) 5.0(12) 6.65
27 p-NOiPh 79 5.65(12) 5.1(12) 6.95
28 ch3 80 5.35(12) 4.9(12) 6.05
29 PhCH2 64 5.25(12) 4.8(12) 6.00

° Doublets. bSinglets.

The infrared spectra of these compounds all displayed
a sulfoxide absorption in the 1020-1040-cm-1 region.
The nmr spectra of this ring system were very character-
istic. In all cases the vinyl proton appeared as a
singlet at approximately 8 6.0-6.8, while the diastereo-
topic protons on the carbon flanked by the sulfoxide
and ether appeared as AB quartets between 8 4.5 and
5.0. The doublet at lower field was assigned to the
proton cis to the sulfoxide oxygen.11 The mass
spectrum of 25 showed a parent ion of m/e 180 and dis-
played major peaks corresponding to the loss of oxygen
and formaldehyde. Peaks assumed to be the phen-

(11) R. G. D. Cooper, P. V. DeMarco, J. C. Cheng, and N. D, Jones, J.
Amer. Chem. Soc., 91, 1408 (1969).
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acylium ion, phenylacetylene, and the tropylium ion
were also observed. Similar mass spectral fragmenta-
tion patterns were shown by all the examples studied.
The role of the cupric ion may be that of coordination
with the dimethylamino group to improve its “leaving
group” ability. When the acyl group contained elec-
tron-withdrawing substituents, somewhat elevated
temperatures were required to effect the cyclization.
It is our present hypothesis that these reactions proceed
in concerted fashion to give an intermediate sulfur-
stabilized carbonium ion (30), which undergoes cycliza-

HV
(e} CH2 OH CH2
| ]
=0 0 S=0
K CcH | R/ ~A"ChT+%
NMe,
30
Cu

tion. Regardless of the mechanism, these reactions
show a characteristic of a Pummerer reaction—a sulfur
is reduced and an adjacent carbon is oxidized.12 In
Pummerer reactions, which are more typical at the
“sulfin” oxidation stage, carbonium ions stabilized by
an adjacent sulfur are believed to be key intermediates.
A close analogy to the present reaction is from the work
of Ratts and Yao13in which acyl-stabilized ylides (31)
were found to rearrange to enol ethers (32) in refluxing
water.

O Ar
HO 1
ArC—CHS+CH3 — > RSCH2DC=CH?2
1 a 32
R

31

In the case of 5, refluxing in aqueous solution resulted
principally in hydrolysis to benzoic acid, but traces of
oxathiole could be detected by nmr.

A survey of the literature revealed no previous exam-
ples of 1,3-oxathiole 3-oxides. Several examples of this
ring system at the sulfide and sulfone oxidation stages
have been reported.X4 Several attempts were made to
oxidize 25 using peracetic acid, hydrogen peroxide,
sodium metaperiodate, 1-chlorobenzotriazole,8 and
Collins reagent.’6 The media of the first three attempts
were acidic, and under these conditions the oxathiole
ring decomposed The Collins procedure yielded some
recovered starting material, but an nmr of the crude
product showed no peaks which might be assigned to the
sulfone. The nmr of the crude product from the at-
tempted oxidation with 1-chlorobenzotriazole in meth-
anol indicated that Cl and MeO had added across the
double bond. Sodium borohydride will reduce alkoxy-
sulfonium salts to sulfides.I7 Nowever, several at-
tempts to prepare the methoxysulfonium salt of the

(12) C. R. Johnson and W. G. Phillips, ibid., 91, 682 (1969).

(13) K. W. Ratts and A. N. Yao, J. Org. Chem., 33, 70 (1968).

(14) (a) K. Diekore, Justus Liebigs Ann Chem., 671, 139 (1964); (b)
K. Nozaki, M. Yakaku, and Y. Hayashi, Tetrahedron Lett., 2303 (1967);
(c) G. Ottmann, G. D. Vickers, and H. Hooks, J. Heterocycl. Chem., 4, 527
(1967); (d) K. Hirai, Tetrahedron Lett.,, 1137 (1971); (e) W. Drenth and
H.J. DeGruitjen, Red. Trav. Chim. Pays-Bas, 89, 379 (1970).

(15) W. D. Kingsbury and C. R. Johnson, Chem. Commun., 365 (1969).

(16) (a) J. C. Collins, W. W. Hess, and F. J. Frank, Tetrahedron Lett.,
3363 (1968); (b) R. Ratcliffe and R. Rodehurst, 3. org. chem., 36, 4000
(1970).

(17) C. R. Johnson and W. G. Phillips, ibid., 32, 3233 (1967).



(Dialkylamino)methyloxosulfoniutvi M ethylides

oxathiole failed because trace amounts of acid present
in the alkylating agents catalyzed the decomposition
of the ring.

Experimental Section18

(Diethylamino)methyloxosulfonium (.Y-Phenylcarbamoyl)-
methylide (4).—The ylide 2s (9.7 mmol) in 20 ml of THF was
cooled in an ice bath and 1.0 g (8.4 mmol) of phenyl isocyanate
was added in 5 ml of THF. The reaction was allowed to warm
to room temperature ar.d stir for 24 hr. The solvent was evap-
orated at reduced pressure and the residue was stirred with
methylene chloride. The salts were filtered off and the methylene
chloride was evaporated.9 The crude product was chroma-
tographed over a short column of alumina eluting with 50:50
benzene-chloroform to give 1.85 g (83%) of 4 as a crystalline
solid: mp 114° (benzene-pentane); ir (CHC13) 3420, 1630,
1580, 1320 cm*“L, nmr (CDC13) 57.7-7.0 (m, 6, aryl and NH),
3.8 (s, 1, CH), 3.65-3.2 (q, 4, NCH2), 3.31 (s, 3. SCHs), 1.45-
1.05 (t, 6, CH3J.

Anal. Calcd for CiHIN2XS: C, 58.18; H,7.51.
C, 58.45; H,7.72.

(Dimethylamino )methyloxosulfonium (JV-Phenylcarbamoyl )-
methylide (6).—The ylide 1 (18.5 mol) in 30 ml of THF was
cooled in an ice bath and 2.0 g (0.0168 mol) of phenyl isocyanate
in 10 ml of THF was added over a period of 30 min. The crude
product®was a crystalline solid, and recrystallization from ben-
zene-pentane gave 3.1 g (75%) of 6: mp 146-147°; ir (CHC13)
3430, 1630, 1590 cm-1; nmr (CDC13) 57.9-6.8 (m, 6, aryl and
NH), 3.64 (s, 1, CH), 3.28 (s, 3, SCH3J), 2.88 (s, 6, NCHS).

Anal. Calcd for CnHIBND S: C, 54.98; H, 6.71. Found:
C, 55.03; H, 6.99.

(Diethylamino)methyloxosulfonium Benzoylmethylide (3).—
The ylide 2 (0.044 mol) in 100 ml of THF in a 250-ml three-
necked flask equipped with a mechanical stirrer was cooled
in an ice bath and 4.52 g (0.02 mol) of benzoic anhydride in 30
ml of THF was added over the period of 1 hr. The reaction was
allowed to warm to room temperature and stirred for 4 hr. The
crude product®was stirred with 500 ml of ether, which was de-
canted from a small amount of insoluble material and reduced to
V 2its volume, and on cooling 2.7 g (53%) of a crystalline solid,
mp 90.5-91°, was obtained: ir (CHC13) 1590, 1550, 1370 cm*“1;
nmr (CDC13) 3 8.0-7.2 (2 m, 5, aryl), 4.9 (s, 1, CH), 3.6-3.15
(q, 4, NCH2), 3.54 (s, 3, SCHJ3), 1.35-1.05 (t, 6, CCH3J).

Anal. Calcd for CiHINOZXS: C, 61.63; H, 7.56.
C, 61.68; H, 7.64.

The ylide 3 was also prepared from 2 (15 mmol) and benzoyl
chloride (7 mmol) in THF at 0°. The product (66% as a yellow
oil) had spectral properties identical with those of 3 (above) and
could be obtained in crystalline form from ether-pentane.

(Dimethylamino )methyloxosulfonium Benzoylmethylide (5).
—The ylide 1in 120 ml of THF was cooled in an ice bath and 8.0 g
(0.0592 mol) of benzoyl chloride in 20 ml of THF was added over
the period of 30 min. The reaction was allowed to warm to room
temperature and was stirred for a total of 5 hr. The crude
productl was stirred with 1 1 of ether, which was decanted
from a small amount of insoluble material, and then reduced to
'/2its volume. On cooling, 8.0 g (60%) of a crystalline solid,
mp 80-81°, was obtained: ir (CHC13) 1585, 1540, 1370 cm-';
nmr (CDC13) 58.0-7.2 (2 m, 5, aryl), 4.83 (s, 1, CH), 3.44 (s, 3,
SCH3), 2.77 (s, 6, NCH3),

Anal. Calcd for CnHiaNOIS: C, 58.64; H, 6.71.
C, 58.62; H,6.93.

(Dimethylamino)methyloxosulfonium Acetylmethylide (7).—
The ylide 1 (65 mmol) in 80 ml of THF was cooled in an ice bath
and 3 g (0.0296 mol) of acetic anhydride in 20 ml of THF was
added over the period of 1 hr. The crude product9was stirred
with 300 ml of ether which was decanted from a small amount of
insoluble material and then on cooling yielded 3.2 g (65%) of
crystalline product: mp 46-46.5°; ir (CHC13) 1575, 1375 cm*“1;
nmr (CDC13) 54.52 (s, 1, CH), 3.4 (s, 3, SCH3), 2.92 (s, 6,
NCH3J), 1.97 (s, 3, CCH3J).

Found:

Found:

Found:

Anal. Calcd for CAHHBNO0ZXS: C, 44.15; H, 8.03. Found:
C, 43.87; H,8.31.
The ylide 1 was also created with acetyl chloride. The crude

product was chromatographed over alumina eluting first with

(18) For general details see Experimental Section of ref3.
(19) In the preparation of stabilized ylides, all of the crude products
were isolated in the manner described for 4.
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methylene chloride and then chloroform to give 58% of a yellow
oil which gave spectra identical with those of ylide 7 (above).
The use of acetic anhydride is preferred, since it seems to give a
cleaner product.

(Dimethylamino)methyloxosulfonium p-Chlorobenzoylmethyl-
ide (8).—The ylide 1 (68.5 mmol) in 80 ml of THF was cooled
in an ice bath and p-chlorobenzoyl chloride (5.4 g, 31 mmol)
in 20 ml of THF was added over a period of 30 min. The re-
action was stirred for 6 hr at 0° and then allowed to warm to room
temperature overnight. The crude product?® was dissolved in
200 ml of ether, filtered, and cooled to give, with periodic addi-
tions of pentane, 5.2 g (65%) of a crystalline solid: mp 61-62°;
ir (KBr) 1590, 1545, 1390, 1350, 1170, 1070, and 835 cm*“l;
nmr (CDC13) S7.9-7.3 (q, 4, aryl), 4.85 (s, 1, CH), 3.54 (s, 3,
SCH3J), 2.99 (s, 6, NCH3J.

Anal. Calcd for CUH,,C1INO0XS: C, 50.86; H, 5.43.
C, 50.67; H, 5.55.

(Dimethylamino)methyloxosulfonium p-Nitrobenzoylmethylide
(9) —The ylide 1was treated with p-nitrobenzoyl chloride in the
manner described above for 8. The crude product was recrystal-
lized from benzene-pentane to give 82% of a yellow solid: mp
108-109.5°; ir (KBr) 1550, 1520, 1340, 1170, 1080, and 890
cm-1; nmr (CDC13) 5 8.2-7.8 (q, 4, aryl), 49 (s, 1, CH), 3.6
(s 3, SCH3), 2.95 (s, 6, NCH?3).

Anal. Calcd for CnH~ChS:
C. 48.67; H, 5.34.

(Dimethylamino )methyloxosulfonium Trifluoroacetylmethylide
(10) .—The 1 (68.5 mmol) was treated with trifluoroacetic an-
hydride (30 mmol). The crude product was dissolved in ether
and on cooling and the addition of pentane 1.9 g (31%) of 10
as a crystalline solid, mp 41.5-43°, was obtained: ir (KBr)
1600, 1250, 1180, 1090, 935, ar.d 890 cm“1 nmr (CDCIs) 8
4.8 (s, 1, CH), 3.54 (s, 3, SCH3J), 3.0 (s, 6, NCH3J).

Anal. Calcd for CAHIFINOXS: C, 33.18; H, 4.64.
C, 33.07; H, 4.71.

(Dimethylamino )methyloxosulfonium Phenacetylmethylide
(11) —A solution of the ylide 1 (68.5 mmol) was treated with
phenylacetyl chloride (4.8 g, 31 mmol) at 0°. The crude prod-
uctOwas taken up in ether and with periodic additions of pentane
3.8 g (52%) of a crystalline solid, mp 60-61°, was obtained:
ir (KBr) 1570, 1370, 1180, 1090. and 930 cm“l nmr (CDC13)
873 (s, 5 aryl), 41 (s, 1, CH', 3.48 (s, 2, CH2, 3.37 (s, 3,
SCH3), 2.82 (s, 6, NCH?3).

Anal. Calcd for CIHNNO0ZXS: C, 60.22;
C, 60.44; H, 7.16.

(Dimethylamino)methyloxosulfonium Methanesulfonylmethyl-
ide (12).— A solution of the ylide 1in 80 ml of THF solution was
cooled in an ice bath, and 2.6 g (0.226 mol) of methanesulfonyl
chloride in 15 ml of THF was added. The reaction was allowed
to stir at 0° for 5 hr and then warmed to room temperature over-
night. A crystalline solid (2.6 g, 58%), mp 80.5-81.5°, "was ob-
tained from benzene-pentane: ir (KBr) 1280, 1200, 1110, 1020,
and 950 cm-1; nmr (CDCls) 83.83 (s, 1, CH), 3.18 (s, 3, SCHJ3),
3.08 (s, SOZLH?DJ), 3.0 (s, 6, NCH?J).

Anal. Calcd for CAHHIIN03BS2 C, 30.13;
C, 30.34; H, 6.82.

(Diethylamino)methyloxosulfonium (3-Carboethoxy-2-phenyl)-
allylide (13).—The ylide 2 in 10 ml of THF was cooled to 0° and
ethyl phenylpropiolate (1.0 g, 5.6 mmol) in 4 ml of THF was
added over a period of 10 min. The reaction mixture was stirred
overnight. The crude productl®was chromatographed on silica
gel eluting first with benzene and then with chloroform to give
0.720 g (38%) of a yellow oil. A crystalline solid, mp 98-99°,
was obtained from chloroform-hexane: ir (CHCIs) 1665, 1520,
1150, 1100, 995 cm*“1; nmr (CDC13 5 7.67-7.15 (m, 5, aryl),
5.93 (s, 1, CH), 4.82 (s, 1, CH). 4.4-3.97 (q, 2, OCH2), 3.43-
2.75 (m, 4, NCH2), 1.46-1.08 (t, 3, CHJ3, 0.96-0.70 (t, 6, CH3J).

Anal. Calcd for C,HBNO03XS: C, 63.13; H, 7.97. Found:
C, 63.47; H, 7.95.

(Dimethylamino )methyloxosulfonium (3-Carboethoxy-2-phe-
nylallylide (14).—The ylide 1 was treated with ethyl phenyl-
propiolate. Recrystallization from ether-pentane yielded 55%
of a solid: mp 89-91°; ir (CHC13) 1650, 1525, 1240 cm *
nmr (CDC13) 8 7.6-7.16 (m, 5, aryl), 5.8 (s, 1, CH), 4.78 (s, 1,
CH), 4.34-3.92 (q, 2, OCH2), 2.94 (s, 3, SCHJ3), 1.4-1.1 (t, 3,
CH3).

Anal. Calcd for CEH2N03: C, 60.99;
C, 60.97; H, 7.08.

Reaction of Ylide 5 with Triethyloxonium Fluoroborate.—A
solution of 3.0 g (13.3 mmol) of the benzoyl-stabilized ylide 5

Found:

C, 48.88; H, 522. Found,

Found:

H, 7.16. Found:

Found:

H, 6.58.

H, 7.16. Found:
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was dissolved in 100 ml of methylene chloride and stirred in an
ice bath under a cover of nitrogen. Triethyloxonium fluoro-
borate (7.5 g, 0.037 mol) was added and the reaction was allowed
to stir. After 30 min, tic indicated that some starting material
was present. The reaction was kept alkaline by the addition of
4.0 g (0.037 mol) of sodium carbonate. One hour later, 2.5 g
of triethyloxonium fluoroborate was added, and the reaction was
allowed to stir for 3 hr. The reaction mixture was poured into
100 ml of water, which was extracted with 250 ml of methylene
chloride. The methylene chloride was dried and removed at
reduced pressure to give 4.1 g (90%) of crude product. A mix-
ture of two isomers was obtained from this reaction, but the ratio
of the two isomers varied from reaction to reaction. These two
isomers could be separated by fractional crystallization, and on
the basis of nmr spectra, structural assignments were made.
(K)-(Dimethylamino)methyl(2 - ethoxy - 2 - phenylvinyl)oxosulfo-
nium fluoroborate (15-Z) had mp 108.5-110°; ir (Nujol) 1705
(w), 1690 (w), 1650 (s), 1140-1020 cm-1(BF4_); nmr (CDCL,)
875 (s, 5, aryl), 6.18 (s, 1, vinyl), 4.64-4.18 (q, 2, CH2), 3.5
(s, 3, SCH3J), 2.8 (s, 6, NCH?3), 1.66-1.30 (t, 3, CH,,).

Anal. Calcd for CIHZBFANOXS: C, 45.77; H, 5.91. Found:

C, 45.54; H, 6.13.
(f?)-(Dimethylamino)methyl(2-ethoxy-2-phenylvinyl)oxosul-
fonium fluoroborate (15-E) had mp 63-64°; ir (Nujol) 1700
(w), 1690 (m), 1655 (m), 1140-1020 cm' 1 (BF4~); nmr (CDC19
87.6 (s, 5 aryl), 594 (s, 1, vinyl), 4.4-4.0 (g, 2, CH2), 3.77
(s, 3, SCHJ3), 3.12 (s, 6, NCH3J), 1.58-1.07 (t, 3, CH3J.

Anal. Calcd for CiHZBFANOZXS: C, 45.77; H, 5.91.
C, 46.01; H, 5.95.

Reaction of Ylide 5 with Trimethyloxonium Fluoroborate.—
Ylide 5 was treated with trimethyloxonium fluoroborate in a
manner similar to that described above using triethyloxonium
fluoroborate to give 1.25 g (85%) of a mixture of two vinyl ether
fluoroborate salts. This mixture could not be separated, but it
was possible on the basis of later work to assign a structure to each
isomer. (Z) - (Dimethylamino)methyl(2 - methoxy - 2 - phenylvi-
nyl)oxosulfonium fluoroborate (-16Z) had nmr (CDC13 8
7.5 (s, 5, aryl), 6.24 (s, 1, vinyl), 4.17 (s, 3, OCHJ3), 3.57 (s, 3,
SCH3J), 2.74 (s, 6, NCHa).

(K)-(Dimethylamino)methyl(2-methoxy-2-phenylvinyl)oxosul-
fonium fluoroborate (16-E) had nmr (CDC13) 8 7.53 (s, 5,
aryl), 5.93 (s, 1, vinyl), 3.95 (s, 3, OCH3J3), 3.78 (s, 3, SCHJ), 3.1
(s, 6, NCH3J).

Anal, (as mixture) Calcd for CiHIBFANO02
5.54. Found: C, 43.82; H.5.50.

Reaction of Ylide 7 with Triethyloxonium Fluoroborate.—A
mixture (50% yield) of two isomeric vinyl ether fluoroborate salts
was obtained. This mixture could never be completely sepa-
rated, but on the basis of the nmr spectrum, structural assign-
ments could be made. (Z)-(Dimethylamino)methyl(2-ethoxy-2-
methylvinyl)oxosulfonium fluoroborate (17-Z) had nmr (CDCL13)
85.77 (s, 1, vinyl), 4.64-4.27 (q, 2, OCH2), 3.60 (s, 3, SCH3),
3.07 (s,6,NCH3J3), 2.32 (s, 3, CCHJ3), 1.6-1.3 (t, 3, CHXH3J).

(F)-(Dimethylamino)methyl(2-ethoxy-2-methylvinyl)oxosul-
fonium fluoroborate (17-E) had nmr (CDC13 8 5.98 (s, 1,
vinyl), 4.4-4.0 (g, 2, OCH2), 3.62 (s, 3, SCH3), 3.10 (s, 6, NCH3J3
2.32 (s, 3, CCHDJ), 1.6-1.3 (t, 3, CHXH3. The mixture was
converted to the tetraphenylborate salt by exchange with sodium
tetraphenylborate.

Anal, (as mixture of monohydrated tetraphenylborate salts).
Calcd for C3H4BNO3: C, 72.58; H, 7.61. Fcund: C,
72.56; H, 7.87.

Reaction of Ylide 7 with Trimethyloxonium Fluoroborate.— The
components of this mixture could never be completely separated.
(2)-(Dimethylamino)methyl(2-methoxy-2- methylvinyl)oxosulfo-
nium fluoroborate (18-Z) had nmr (CDC13 5 567 (s, 1,
vinyl), 4.04 (s, 3, OCHs), 3.60 (s, 3, SCH3J3), 3.04 (s, 6, NCH?3),
2.32 (s, 1, CCHY3. (K)-(Dimethylamino)methyl(2-methoxy-2-
methylvinyl)oxosulfonium fluoroborate (18-E) had nmr (CDC13)
85.94 (s, 1, vinyl), 3.97 (s, 3, OCH?J), 3.64 (s, 3, SCHJ), 3.10 (s, 6,
NCH23), 2.32 (s, 3, CCHJ).

Anal, (as mixture of tetraphenylboroate salts). Calcd for C3-
H3BNOXS: C,74.84; H,7.29. Found: C, 74.36; H, 7.44.

(Dimethylamino)methyloxosulfonium (3,3-Dicyano-2-phenyl)-
allylide (19).— A solution of 100 mg (1.47 mmol) of malononitrile
was stirred in 7 ml of methanol under a cover of nitrogen; 1.5
ml (1.5 mmol) of 1 AT sodium methoxide was added. Over a
period of 10 min, 480 mg (1.46 mmol) of salt 16 dissolved in 10 ml
of methanol was added. The reaction mixture was allowed to
stir at room temperature for 5 hr, and then was worked up by

Found:

C, 44.06; H,

Johnson and R ogers

pouring it into water and extracting with methylene chloride.
The methylene chloride was dried and evaporated to give 390 mg
of crude product. The ylide 19 (300 mg, 75%) as a crystalline
solid, mp 180-184° dec, was obtained from methylene chloride-
pentane: ir (CHC13) 2200, 1460, 1430, 980, 830 cm-1; nmr
(CDC1,) 87.43 (s, 5, aryl), 5.0 (s, 1, CH), 3.48 (s, 3, SCH?J), 2.58
(s, 6, NCH3).

Anal. Calcd for CidHiN3DS:
C, 61.25; H, 5.67.

(Dimethylamino )methyloxosulfonium (3,3-Dicyano-2-methyl)-
allylide (20).—In a similar manner malononitrile anion and salt
17 gave 20 (59%): mp 146-147°;, ir (CHC13) 2170, 1480, 990
cm“l, nmr (CDC13) 84.74 (s, 1, CH); 3.11 (s, 3, SCH3), 2.97 (s,
6,NCH?3), 2.3 (s, 3, CCHJ).

Anal. Calcd for CHBN3S:
C, 50.94; H, 6.34.

(Dimethylamino )methyloxosulfonium (3-Carbomethoxy-3-cy-
ano-2-phenyl)allylide.—A solution of 150 mg (1.5 mmol) of
methyl cyanoacetate was stirred in 10 ml of methanol with 1.6
mmol of sodium methoxide. The vinyl salt 15 (500 mg, 1.5
mmol) was dissolved in 3 ml of methanol and added. The
reaction mixture immediately darkened and was allowed to stir
at room temperature for 24 hr. The reaction mixture was
poured into water and extracted with methylene chloride. The
methylene chloride was dried and evaporated. The residue was
taken up in a small amount of methylene chloride and 140 mg
(30%) of a crystalline solid, mp 205-206°, was obtained follow-
ing the addition of pentane: ir (KBr) 2200, 1660, 1450, and
1120 cm"L nmr (CDC13) 87.45 (s, 5, aryl), 6.6 (s, 1, CH), 3.85
(s, 3, OCHJ), 3.0 (s, 3, SCHJ3), 2.6 (5, 6, NCH3).

Equilibration of Salts \5-Z and 15-/i.— A solution of 100 mg
(0.294 mmol) of pure 15-E was stirred in 5 ml of methylene
chloride with 100 mg (0.95 mmol) of sodium carbonate at room
temperature for 5 days. The reaction mixture was poured into
water and extracted with methylene chloride. Nmr analysis of
the product indicated that 32% of the product was 15-E and
68% was 15-Z. When a pure sample of 15-Z was subjected to
similar equilibrating conditions, an identical product mixture was
obtained.

Equilibration of Other Salts.—In a manner similar to that
described above for 15 the equilibrium composition for other salts
were found to be as follows: 16, 27% E and 73% Z; 17, 88% E
and 12% Z; 18,90% E and 10% Z.

5-Phenyl-1,3-oxathiole 3-Oxide (25).— Anhydrous cupric sul-
fate (2.8 g, 0.0175 mol) was added to a solution of 2.0 g (8.9
mmol) of the benzoyl-stabilized ylide 5 in 60 ml of benzene. The
reaction mixture was stirred at 80° for 30 hr. The copper salts
were filtered off and washed with 75 ml of methylene chloride.
The solvent was evaporated and 1.34 g (84%) of 25 as a crystal-
line solid, mp 108-109°, was obtained from benzene-pentane:
ir (KBr) 1605, 1565, 1060, and 1020 cm”1 (s); nmr (CDC13 8
8.0-7.3 (m, 5, aryl), 6.75 (s, 1, vinyl), 5.63 (d, 1, J = 11 Hz,
CHSO0), 5.1 (d, 1,J = 11 Hz, CHSO).

Anal. Calcd for CH® 5S: C, 59.98; H, 4.47.
59.71; H, 4.58.

5-p-Chlorophenyl-1,3-oxathiole 3-Oxide (26).—The p-chloro-
benzoyl stabilized ylide 8, 1.0 g (3.85 mmol), was stirred with
1.23 g (7.7 mmol) of anhydrous cupric sulfate in 50 ml of toluene
at 110° for 30 hr. At this time the copper salts were filtered off
and washed with 100 ml of dichloromethane. The solvent was
evaporated to give 0.69 g (80%) of 26 as a crystalline solid: mp
122-123° (benzene-pentane); ir (KBr) 1590, 1550, 1470, 1390,
1320, and 1070-1020 cm-1 (s); nmr (CDC13) 8 7.9-7.3 (q, 4,
aryl), 6.65 (s, 1, vinyl), 5.54 (d, 1, J = 12 Hz, CHSO), 5.0 (d, 1,
J = 12Hz, CHSO).

Anal. Calcd for CH,C105: C, 50.36;
C, 50.59; H, 3.52.

5-p-Nitrophenyl-1,3-oxathiole 3-Oxide (27).—A solution of
1.0 g (3.7 mmol) of the p-nitrobenzoyl stabilized ylide 9 in 50 ml
of toluene was stirred with 1.2 g (7.4 mmol) of anhydrous cupric
sulfate. After 30 hr at 110° the copper salts were filtered off
and washed with 100 ml of methylene chloride. The solvent was
evaporated and 0.66 g (79%) of 27 was obtained as a crystalline
solid: mp 169-170° (methylene chloride-pentane); ir (KBr)
1580, 1540, 1340, and 1050 cm-1; nmr (CDC13) 88.5-7.8 (q, 4,
aryl), 6.95 (s, 1, vinjd), 5.65 (d, 1,/ = 11 Hz, CHSO), 5.10 (d, 1,
J = 11 Hz, CHSO).

Anal. Calcd for CH,N04S: C, 48.00;
C,48.29; H,3.33.

C, 61.51; H, 5.53. Found:

C, 51.16; H, 6.20. Found:

Found: C,

Found:

H, 3.29.

H, 3.13. Found:
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5-Methy1-1,3-oxathiole 3-Oxide (28).—A solution of 0.5 g
(3.06 mmol) of the acetyl-stabilized ylide 7 was stirred with 0.98
g (6 mmol) of anhydrous copper sulfate at 70° for 36 hr. The
insoluble salts were filtered off and washed with methylene chlo-
ride to give 300 mg (80%) of 28: ir (film) 1620, 1050-1030
cm-1; nmr (CDC13) b 6.05 (s, 1, vinyl), 5.35 (d, 1, J = 12 Hz,
CHSO), 49 (d, 1, J = 12 Hz, CHSO), 2.2 (s, 3, CH3. This
product displayed a mass spectrum in accord with the assigned
structure.

Registry No.—1, 38709-75-0; 2, 38421-38-4; 3,
38709-77-2; 4, 38709-78-3; 5, 38709-79-4; 6, 38709-
80-7; 7, 38709-81-8; 8, 38709-82-9; 9, 38709-83-0;
10, 38709-84-1; 11, 38709-85-2; 12, 38709-87-4; 13,
38709-88-5; 14, 38709-89-6; 15-#, 38708-52-0; 15-#,
38708-53-1; 16-#, 38708-54-2; 16-#, 38708-55-3; 17-#,
38780-33-5; 17-#, 38708-56-4; 17-# tetraphenylborate
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salt, 38811-40-4; 17-# tetraphenylborate salt, 38704-
60-8; 18-#, 38708-57-5; 18-#, 38708-58-6; 18-#
tetraphenylborate salt, 38704-61-9; 18-# tetraphenyl-
borate salt, 38704-62-0; 19, 38709-90-9; 20, 38709-
91-0; 25, 38709-92-1; 26, 38709-93-2; 27, 38709-94-3;
28, 38709-95-4; 29, 38709-96-5; phenyl isocyanate,
103-71-9; benzoic anhydride, 93-97-0; benzoyl chlo-
ride, 98-88-4; acetic anhydride, 108-24-7; acetyl
chloride, 75-36-5; p-chlorobenzoyl chloride, 122-01-0;
trifluoroacetic anhydride, 407-25-0; phenylacetyl chlo-
ride, 103-80-0; methanesulfonyl chloride, 124-63-0;
ethyl phenylpropiolate, 2216-94-6; triethyloxonium tet-
rafluoroborate, 368-39-8; trimethyloxonium tetra-
fluoroborate, 420-37-1; sodium tetraphenylborate, 143-
66-8; (dimethylamino)methyloxosulfonium (3-cyano-
3-carbomethoxy-2-phenyl) allylide, 38709-99-8.

Conformationally Rigid Organosulfur Molecules.

Derivatives of 4-Thiatricyclo[4.2.1.037nonane and 4-Thiatricyclo[4.3.1.037]decanel
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The reaction of sodium sulfide with the epoxy brosylates 4 and 12 provided exo-2-hydroxy-4-thiatricyclo-

[4.2.1.037nonane (5) and exo-2-hydroxy-4-thiatricyclo[4.3.1.037decane (13), respectively.

Compound 5 has

been oxidized to the corresponding hydroxy sulfone 14, to sulfoxides 15a and 15b, and to keto sulfide 17. Re-

duction of the latter compound with sodium borohydride gave the endo hydroxy sulfide 16.
Compound 13 was converted to the keto sulfide 19, which upon reduction

hydrazine and base yielded sulfide 18.
with sodium borohydride gave the epimeric alcohol 20.

Conformationally rigid organosulfur molecules pro-
vide substrates which are useful in studies pertaining to
stereochemistry and intramolecular interactions.23
Examples of systems presently available for such
studies are sulfides 146and 2.6 We now report sev-

1 2

eral additions, namely ea:0-2-hydroxy-4-thiatricyclo-
[4.2.1.037] nonane (5) and exo-2-hydroxy-4-thiatricyclo-
[4.3.1.037] decane (13) along with several derivatives.
The synthesis of compound 5 is outlined in Scheme I.
The reaction of sodium sulfide with epoxy brosylate 4 is
thought to lead to intermediate 6 by initial displace-
ment of the brosyl group. This postulate is supported
by experiments of Gray and Heitmeier,6 which demon-
strated that exo norbornyl epoxides are resistant to
opening on treatment with lithium aluminum hydride.
From intermediate 6 C-0 cleavage could occur at
either C2or C4 leading to either sulfide alcohol 5 or 7,

(1) Part XL in the series “Chemistry of Sulfoxides and Related Com-
pounds.” We gratefully acknowledge support by the National Science
Foundation (GP 19623).

(2) For reviews of this subject, see N. J. Leonard, Rec. Chem. Progr.,
17, 24, (1956); L. N. Ferguson and J. C. Nadi, J. Chem. Educ., 42, 529
(1965).

(3) L. A. Paquette and L. D, Wise, J. Amer. Chem. Soc., 89, 6659 (1967);
L. A. Paquette, G. V. Meehan, and L. D. Wise, ibid., 91, 3231 (1969).

(4) E.J. Corey and E. Block, J. Org. Chem., 31, 1662 (1966).

(5) C.R.Johnson, J. E. Reiser, and J. C. Sharp, ibid., 34, 860 (1969).

(6) A. Gray and D. Heitmeier, ibid., 34, 3253 (1969).

Reduction of 17 by

Scheme |

Synthesis of
exO-2-HYDEOXY-4-THIATRICYCLO[4.2. 1. 037INONANE (5)¢

m-chloro-
perbenzoic
acid

CH2Bs

respectively. Studies of Dreiding models indicated
that attack at C2would involve more strain than attack
at C4; therefore, a priori, sulfide alcohol 5 was expected
to be the product of this reaction. In fact, a stable,
waxy solid was obtained in 60% yield, which, upon
acetylation followed by desulfurization, afforded exo-2-
acetoxy-5-endo-methylbicyclo [2.2.1 [heptane (8). Sul-
fide alcohol 7 would have led to exo-2-a.cetoxy-endo-Q-
methylbicyclo[2.2.1]heptane (9).
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andl/or Hq

10

Further evidence supporting structure 5 was fur-
nished by mass spectral data. A strong ion (52%) at
m/e 85 assumed to be 10 indicates that the sulfur is
bound in a five-membered ring, whereas the sulfur
atom is contained in a six-membered ring, and would
not be expected to fragment in such a way that would
produce the m/e 85ion.7

The preparation of compound 13 is outlined in
Scheme 1l. Treatment of epoxy brosylate 12 with

Scheme Il

Preparation of

oxo-2-Hydroxy-4-thiatricyclo [4.3.1.037decane (13)

1 CH,= CHCOEt 1Bd
2 LiAIH, 2 mchloroper-
benzoic acid
CH,0H
u
Na2s, DMSO
=9

HO

sodium sulfide also furnished a waxy, crystalline solid
(35%). The ir and nmr spectra were very similar to
those of 5 and the mass spectrum displayed an intense
ion (51%) at m/e 85. Similar ring closures involving
nucleophilic attack by carbon,8 oxygen,®B or nitrogen®
produced products corresponding to “frontal” closure.

(7) For another example see C. R. Johnson and F. Billman, 3. Org. Chem .,
36, 855 (1971).

(8) R. R. Sauers, R. A. Parrent, and S. B. Demale, 3. Amer. Chem. Soc.,
88, 2257 (1966); R. R. Sauers, R. M. Hawthorne, and B. I. Dentz, J. Org.
Chem., 32, 4071 (1967).

(9) (a) P. O. Hoch, G. Stratton, and J. Coulson, ibid., 34, 1912 (1969);
(b) R. E. Banks, L. E. Birks, and R. N. Haszeldine, J. Chem. Soc. C, 201
(1970).
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Summaries of chemical transformations achieved

starting with the target compounds 5 and 13 are found
in Schemes 111 and IV, respectively.

Scheme |11

Transformations of Compound 5

1 NH,NH,

2 KO1i-Bu,
DMSO (24%9

Scheme IV

Transformations of Compound 13

20

The oxidation of 5 to sulfone 14 was found to proceed
readily with hydrogen peroxide in acetic acid. The use
of other reagents, such as m-chloroperbenzoic acid,
ozone, or hydrogen peroxide in acetone, resulted in in-
complete oxidation, yielding mixtures of sulfoxides and
sulfone. Sulfide alcohol 5 was oxidized to an isomeric
mixture of sulfoxide alcohols 15 by treatment with a
variety of oxidizing agents (see Experimental Section).
Separation of this isomeric mixture into the endo (15a)
and exo (15b) isomers was accomplished by preparative
gas chromatography after prior silyation® of the hy-
droxyl group; all attempts to separate these isomers by
tic or elution chromatography failed. The stereo-
chemical assignments were made on the basis of the
syn-axial effect,1 which summarily states that, if a pair
of isomeric sulfoxides exists in which a proton is syn-
axial with the electron pair in one isomer and with the
SO bond in the other isomer, the proton that is syn

(10) C. C. Sweeley, R. Bentley, M. Makita, and W. W. Wells, 3. Amer.
Chem. Soc., 86, 2497 (1963).

(11) K. W. Buck, A. B. Foster, W. D. Pardoe, M. H. Qadir, and J. M.
Webber, Chem. Commun., 759 (1966); A. B. Foster, J. M. Duxbury, T. D.
Inch, and J. M. Webber, ibid., 881 (1967); A. B. Foster, T. D. Inch, H. M.
Qadir, and J. M. Webber, ibid., 1086 (1968); C. R. Johnson and W. O. Siegl,
Tetrahedron Lett., 1879 (1969).
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axial with the SO bond is invariably downfield. Hence,
the assignment of stereochemistry of isomeric sulfoxides
15a and 15b is possible by observing the chemical shift
of the CHOH proton.

The first isomer eluted from glpc, after hydrolysis
back to the alcohol sulfoxide, displayed a broadened
singlet at 54.60 for the CHOH proton. This peak was
not affected by sample dilution, eliminating the pos-
sible absorption of the hydroxyl proton at this position.
The second isomer eluted was found to have the CHOH
absorption more upfield and contained under the en-
velope of ring protons. The chemical shift of the
CHOH proton in 5is 53.64. Thus, the first isomer to
be eluted is assigned the structure 15a and the second
15b. This result could be rationalized by assuming
that the exo sulfoxide 15b would bind to the column
more strongly than would 15a owing to diminished
steric hindrance of the exo sulfoxide isomer.12

Sulfide ketone 19 was prepared from 13 in moderate
yield by treatment with “activated” manganese di-
oxide13 in hexane-pentane (1:1, v/v). Conversely,
sulfide alcohol 5 was resistant to oxidation by these
conditions for reaction times of up to 3 weeks. The
problem became one of selective oxidation of the hy-
droxyl group without concomitant oxidation at sulfur.
Jones’ reagent and chromium trioxide in pyridine were
found to be unsatisfactory. Keto sulfide 17 was pre-
pared in moderate yield (35%), however, by oxidation
via the Pfitzner-Moffatt method. &

Reduction of keto sulfides 17 and 19 furnished ex-
clusively endo-hydroxyl derivatives 16 and 20. The ir
(CC14 showed hydroxyl absorption at 3400 cm-1 which
was not shifted to higher frequency upon dilution.
The exo alcohols 5 and 13 each possess two absorptions
appearing at 3600 and 3450 cm-1. The 3450-cm~1ab-
sorption is found to decrease upon dilution relative to
the 3600-cm* labsorption. The alcohol sulfides 16 and
20 are, therefore, assumed to contain fairly strong intra-
molecular hydrogen bonding to sulfur.

Conversion of the sulfide ketone 17 to sulfide 18 was
achieved by reduction via the Cram modification of the
Wolff-Kishner reduction.b

Experimental Section

Melting points were determined with a Thomas-Hoover capil-
lary apparatus and were uncorrected. Infrared spectra were
measured with a Perkin-Elmer Model 21 grating spectrometer.
Nuclear magnetic resonance spectra were obtained on a Yarian
A-60A spectrometer. Analytical vapor phase chromatography
was performed on an F & M 5750 using 0.25-in. columns. Pre-
parative glpc was conducted on an F & M 776 Prepmaster Jr.
Microanalyses were performed by Midwest Microlabs, Inc.,
Indianapolis, Ind. The mass spectra were measured on Atlas
CH4 or AEIM S9 mass spectrometers.

5-(p-Bromobenzenesulfonoxymethyl)bicyclo [2.2.1] hept-2-ene
(3).—To 50 g (0.40 mol) of a mixture of exo and endo alcohols'6
of 5-(hydroxymethyl)norbornene in an ice bath was added 110 g
(0.43 mol) of brosyl chloride. After the solution was stirred at
0° for 0.5 hr the temperature was allowed to rise to room tem-
perature; stirring was continued for 17 hr. The solution was
then poured into 2 1 of water previously cooled to 0° and the
heterogeneous mixture was stirred for 5 hr. The resulting mix-

(12) W. O. Siegland C. R. Johnson, J. Org. Chem., 35, 3657 (1970).

(13) J. Attenburrow, A. F. B. Camerson, J. H. Chapman, R. M. Evans,
B. A. Hems, A. B. A. Jones, and T. Walker, J. Chem. Soc., 1094 (1952).

(14) K. E. Pfitzner and J. G. Moffatt, J. Amer. Chem. Soc., 87, 5661
(1965).

(15) D.J.Cram, M. Sayhun, and G. Knox, ibid., 84, 1734 (1962).

(16) K. Alder and E. Windemuth, Ber., 71, 1939 (1938).
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ture was extracted with ethyl ether (3 X 250 ml), and the extracts
were combined and washed with a 10% aqueous solution of
hydrochloric acid (3 X 100 ml) and a saturated sodium bicarbon-
ate solution (3 X 100 ml) and dried (MgSO«). Evaporation of
the ether gave a clear oil which crystallized on standing to pro-
duce 1009 (73%) of awhite solid, mp 62-68°.

Anal. Calcd for CnHiI8Br03x: C, 48.98; H, 4.40.
C,49.13; H, 4.62.

6-(p-Bromobenzenesulfonoxymethyl)-3-oxatricyclo[3.2.1,024]-
octane (4).—A solution of 20 g (0.059 mol) of 3 dissolved in 50
ml of benzene was added dropwise over a 20-min period to 14 g
(0.07 mol) of m-chloroperbenzoic acid dissolved in 500 ml of
benzene and cooled to 0°. The reaction mixture was stirred for
14 hr, during which time the mixture was allowed to warm to room
temperature. The reaction mixture was washed with a 10%
sodium hydroxide solution and water, and after drying (MgSO,)
the solvent was evaporated to give 19.9 g (95.6%) of a white,
crystalline solid, mp 89-90°. This material was used without
further purification in the following reaction.

exo-2-Hydroxy-4-thiatricyclo[4.2.1,037 nonane  (5).—A 2-1.
three-necked flask was equipped with a mechanical stirrer and a
Y joint to which was connected a condenser and an addition
funnel; the remaining neck was fitted with a second addition
funnel. Gas inlet-outlet equipment was assembled and the
system was purged with nitrogen. Dimethyl sulfoxide (200 ml)
was added to the reaction vessel and the solution was heated to
60°. Then 19 g (0.053 mol) of 4 dissolved in 200 ml of dimethyl
sulfoxide and 16.8 g (0.07 mol) of sodium sulfide nonahydrate
dissolved in dimethyl sulfoxide-water (500:30 ml, v/v) were
simultaneously added over a 3-hr period. The reaction was
allowed to stir for 24 hr at a temperature between 60 and 70°,
after which time the reaction mixture was concentrated to 100
ml, diluted with 500 ml of water, and extracted with methylene
chloride (5 X 200 ml), and the combined extracts were washed
with water (5 X 200 ml) and dried (MgSO,). Evaporation of the
methylene chloride yielded an oily gum which was purified by
chromatography over silica gel (0.05-0.20 mm, E. Merck, Darm-
stadt) using ethyl ether as the eluent. The yield was 4.9 g (60%)
of a waxy solid, mp 136-137°. The mass spectrum showed a
parent ion at the calculated molecular weight of 156.

Anal. Caled for CgHiiOS: C, 61.49; H, 7.74.
0,61.34; H, 7.64.

fi20-2-Hydroxy-4-thiatricyclo[4.2.1.03@] nonane 4-Oxides (15).
— Oxidation of sulfide 5with ierl-butyl hypochloriteZZin anhydrous
methanol at —78° gave a 62% yield of a mixture, mp 182-195°,
composed of 15a (15%) and 15b (85%). A sample of the mix-
ture was purified for analysis by vacuum sublimation at 110°
(O.ITorr).

Anal. Calcd for C/11™M0OjS:
C, 56.04; H, 7.23.

Oxidation of 5 with sodium metaperiodatei8in aqueous meth-
anol at 0° gave 44% of a mixture, mp 188-194°, which contained
34% of 15a and 66% of 15b. Oxidation of 5 with 1-chlorobenzo-
triazole19 in anhydrous methanol at —78° gave 66% of a solid,
mp 188-194°, composed of 33% 15aand 67% 15b.

Separation of Sulfoxide Isomers 15a and 15b.—The silyl ethers
were prepared according to the method of Sweeley, Bentley,
Makita, and Wells.10 Thus, 0.10 g of isomeric sulfoxide mixture
15 was dissolved in 2 ml of dry pyridine to which was added 0.4
ml of hexamethyldisilazane followed by 0.2 ml of trimethylsilyl
chloride. A white precipitate immediately formed and was
allowed to settle. Injections were made on an F & M Prepmaster
Jr. 776 using a 6 ft X 0.75 in. 15% FFAP column operating at
210° with a nitrogen flow rate of 300 mI/min. The first isomer,
the trimethylsilyl ether of 15a, had a retention time of 9 min; the
retention time of the second isomer, the trimethylsilyl ether of
15b, was 16 min. The compound were washed from their traps
with methanol and stirred overnight in an aqueous rnethanolic
solution. Extraction with methylene chloride, drying (MgSO,),
and evaporation produced 0.01 g of 15a, mp 205-208°, and 0.04 g
of 15b, mp 198-200°. The ir spectra of each isomer was un-
distinguishable from the ir spectrum of the isomeric mixture 15.

ezo-2-Hydroxy-4-thiatricyclo[4.2.1,037]Jnonane  4,4-Dioxide
(14).—To 0.312 g (2 mmol) of 5 dissolved in 25 ml of glacial acetic
acid was added 1.36 g (12 mmol) of hydrogen peroxide (30%).

Found:

Found:

C, 55.78; H, 7.02. Found:

(17) C. R. Johnson and D. McCants, Jr., J. Amer. Chem. Soc., 87, 1109
(1965).

(18) N.J. Leonard and C. R. Johnson, J. Org. Chem ., 27, 282 (1962).

(19) W. D. Kingsbury and C. R. Johnson, Chem. Commun., 365 (1969).
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The reaction mixture was stirred for 12 hr, then diluted with 40
ml of water and extracted with methylene chloride. Evapora-
tion afforded 0.30 g (80%) of a white solid: mp 190-192°; ir
(CHCU) 1300, 1120cm-1(S02).

Anal. Calcd for CsHiiChS: C, 51.05;
0,50.85; H, 6.67.

4-Thiatricyclo[4.2.1.037nonan-2-one (17).—To 0.93 g (4.3
mmol) of dicyclohexylcarbodiimide in a 25-ml round-bottom
flask was added a solution of 5 prepared as follows. A 0.174-g
(1.1 mmol) portion of 5was dissolved in 3 ml of dimethyl sulfoxide
and added to another solution containing 3 ml of benzene, 0.14 ml
of dry pyridine, and 0.06 ml of trifluoroacetic acid. The reaction
mixture was stirred for 3 days, after which time 15 ml of benzene
was added and the salts were filtered. The benzene solution
was thoroughly washed with water and dried (MgSO,). Evapo-
ration of the benzene produced an oil which was purified by chro-
matography over silica gel (0.05-0.20 mm, E. Merck, Darmstadt)
using methylene chloride as the eluent. The resulting white solid,
0.061 g (35%), had mp 128-129°; ir (CHC13) 1745 cm"1(CO);
mass spectrum parent ion at m/e 154 (calcd, 154). An analytical
sample was prepared by sublimation at 35° (0.05 Torr).

Anal. Calcd for CaHioOS: C, 62.30; H, 6.54.
C, 62.21; H, 6.63.

4-Thiatricyclo[4.2.1.037Jnonane (18).—To 0.57 g (3.7 mmol)
of sulfide ketone 17 was added 10 ml of 85% hydrazine hydrate
and the resulting solution was refluxed for 20 hr. Extraction
with ethyl ether, drying (MgSO(), and evaporation of the solvent
afforded 0.38 g (61.5%) of the hydrazone as a white solid, mp
84-86°. The ir indicated that all of the ketone had reacted.
Without further purification this solid was added to a solution of
1.14 g (7.6 mmol) of potassium ierf-butoxide in 3 ml of dimethyl
sulfoxide over a period of 2 hr.6 Nitrogen gas was evolved
immediately and the solution turned reddish orange. After
addition was complete the reaction mixture was allowed to stir
for an additional 1hr; 20 ml of water was added; and the resulting
solution was extracted with ethyl ether and dried (MgSCh).
Evaporation of the ethyl ether produced a yellow oil from which
0.20 g (39%) of a white solid, mp 109-111°, could be isolated by
sublimation (40°, 0.5 mm). High-resolution mass spectroscopy
showed the molecular weight to be 140.063736 compared to the
calculated molecular weight of 140.065957.

6-(p-Bromobenzenesulfonoxymethyl )-3-oxatricyclo[3.2.1.024)-
nonane (12).—To 54 g (0.389 mol) of the alcohol 11D 2dissolved
in 200 ml of pyridine and cooled to 0° was added 110 g (0.43 mol)
of brosyl chloride. After the solution was stirred at 0° for 30
min the temperature was allowed to reach room temperature and
the reaction mixture was stirred for 17 hr. The solution was
then poured into 2 1 of water at 0° and stirred for 5 hr. The
resulting heterogeneous mixture was extracted with ethyl ether
(3 X 250 ml), and the ether extracts were combined and washed
with a 10% hydrochloric acid solution (3 X 100 ml) and a satu-
rated sodium bicarbonate solution (3 X 100 ml), and dried
(MgS0,). Evaporation of the ethyl ether afforded 124 g (88.5%)
of the brosylate as a white solid, mp 76-77°.

This product was epoxidized using the identical conditions as
previously outlined for the epoxidation of 3. Thus from 20 g
(0.056 mol) of the starting brosylate 12, 20.7 g (97%) of a white
solid was isolated, mp 85-90°. This product was used in the
following reaction without further purification.

ez0-2-Hydroxy-4-thiatricyclo[4.3.1.037decane (13).—The ap-

H, 6.43. Found:

Found:

(20) N. Nomura, P. v. R. Schleyer, and A. A. Arz, J. Amer. Chem. Soc.,
89, 3657 (1967).
(21) H. W. Whitlock, Jr., and M. W. Siefken, ibid., 90, 4929 (1968).
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paratus was arranged as described in the preparation of 5. Thus
20.7 g (0.0554 mol) of epoxy brosylate 12 dissolved in 150 ml of
dimethyl sulfoxide was treated with 18.0 g (0.075 mol) of sodium
sulfide nonahydrate dissolved in dimethyl sulfoxide-water
(200:50, v/v) to give 3.0 g (31.6%) of a white solid, mp 165-
168°. Sublimation at 110° (0.1 mm) produced an analytical
sample. The mass spectrum had a parent ion at m/e 170 which
corresponds to the calculated molecular weight.

Anal. Calcd for C3H,0S: C, 63.48; H, 8.29.
C, 63.30; H, 8.30.

4-Thiatricyclo[4.3.1.037decan-2-one (19).—To 0.3 g (1.75
mmol) of 13 dissolved in 100 ml of a 1:1 (v/v) pentane-hexane
solution was added 6.0 g “active” manganese dioxidel3and this
mixture was allowed to stir for 1 week. The manganese dioxide
was then filtered and the hexane-pentane was evaporated, leaving
0.14 g (50%) of a white solid, mp 110- 112°, ir (CHCla) 1710 cm-1

Found:

(CO). Sublimation (110°, 0.5 Torr) produced an analytical
sample. The mass spectrum showed a parent ion at m/e 168
(calcd 168).

Anal. Calcd for CHIZDS: C, 64.35; H, 7.19. Found:

C, 64.53; H,7.36.

Sodium Borohydride Reductions of Ketones 17 and 19.—To
1.0 mmol of ketone dissolved in 20 ml of anhydrous methanol
cooled to 0° was added 0.038 g (1.0 mmol) of sodium borohydride.
Stirring for 12 hr followed by evaporation of the methanol gave
a solid which was stirred in methylene chloride for 1 hr and fil-
tered. Evaporation of the methylene chloride afforded a white
solid in each case. Compound 16, mp 181-184°, was produced
in 91% yield; compound 20, mp 171-173°, was obtained in 95%
yield.

ezo-2-Acetoxy-4-thiatricyclo[4.2.1,037lnonane,—To 0.312 ¢
(2.0 mmol) of 5 dissolved in 6 ml of benzene, 4 ml of hexane, and
0.2 ml of pyridine at 0° was added 0.180 ml (2.7 mmol) of acetyl
chloride. This solution was stirred at 0° for 5 hr and then placed
in the refrigerator (—5°) overnight. The mixture was then
poured over ice-water and stirred for 2 hr. The aqueous solution
was extracted with ethyl ether (3 X 50 ml), and the ether extracts
were combined and washed with a 10% aqueous hydrochloric acid
solution (3 X 20 ml), a saturated aqueous sodium hydrogen car-
bonate solution (3 X 50 ml), and water (3 X 50 ml) and dried
(MgSO0,). Evaporation of the ether furnished 0.28 g (90%) of a
clear liquid, ir (film) 1740, 1240-1220, 1020, 1000 cm-1. The
acetate was used without further purification in the next step.

Desulfurization of Acetate of 5.—To the acetate prepared above
was added 10 ml of absolute ethyl alcohol and ca. 3 g (one tea-
spoon) of 5-day-old Raney nickel (W-2). This mixture was
stirred for 15 hr and filtered. Evaporation of the ethanol gave
0.12 g (43% based on crude acetate) of a clear liquid. The ir of
this liquid is identical with that of authentic exo-2-acetoxy-endo-
5-methylbicyclo[2.2.1] heptane (8).2

Registry No.—3, 4802-32-8; 4, 38858-17-2; 5, 38906-
64-8; 5 acetate, 38974-09-3; 11, 15181-03-0; 12, 38858-
19-4; 13, 38858-20-7; 14, 38858-21-8; 15a, 38858-22-9;
15b, 38858-23-0; 16, 38858-24-1; 17, 38868-12-1;
18, 29625-41-0; 19, 38868-14-3; 20, 38858-25-2; exo-
5-(hydroxymethyl)-2-norbornene, 13360-81-1; endo-5-
(hydroxymethyl)-2-norbornene, 15507-06-9; m-chloro-
perbenzoic acid, 937-14-4.

(22) The authors thank Professor J, A. Berson for the ir spectra of com-
pounds 8 and 9.
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The s-cis and s-trans carbonyl stretching frequencies of a series of fro?is-1-phenyl-3-(5-aryl-2-furyl)propenones
(1) and irons-l-phenyl-3-(5-aryl-2-thienyl)propenones (11) have been measured in carbon tetrachloride and

chloroform solutions.

Statistically significant linear free-energy relationships were obtained between r(C =0)
and tr+ constants; poorer correlations using < values were obtained in all cases.

The data were also treated

using the Swain-Lupton F and R constants, and poorer correlations than noted with <+ were obtained. The
influence of the conformation on the transmission of electronic effects is discussed and compared with that in

analogous systems.

The parameters of the linear free-energy relationships for series I and Il were compared
with those for a series of frans-lI-phenyl-3-arylpropenones (111).

Using the slopes of r(C =0) vs. <+ correlations

in series 1411 the transmissive factors for the furan and thiophene rings were calculated and related to data

published earlier.
benzene.

In preceding work2-6 we have investigated, using
linear free-energy relationships between the carbonyl
stretching frequencies and substituent constants, the
transmission of electronic effects and the influence of
conformation on this transmission in a series of sub-
stituted chalcones and other a,/3-unsaturated ketones.
Furthermore, we used7-10 the correlations between
the carbonyl stretching frequencies and substituent
constants for quantitative study of the transmission
of electronic effects by the furan and thiophene bridges
in several systems.

Continuing our investigations of linear free-energy
relationships of a,/3-unsaturated ketones and of trans-
mission of electronic effects by various intervening
groups, we have measured the carbonyl stretching
frequencies of a series of (rans-l-phenyl-3-(5-aryl-2-
furyl)propenones (I) and irons-l-phenyl-3-(5-ary1-2-
thienyl)propenones (I1) and compared the results with

CH=CHCO0—

n

CH=CHCO

(1) To whom correspondence should be addressed: A. P. at Komensky
University or D. W. B. at Georgia State University.

(2) A. Perjéssy, Chem. Zvesti, 23, 905 (1969).

(3) N. S. Silver and D. W. Boykin, Jr., 3. Org. Chem.,

(4) A. Perjéssy, Chem. zvesti, 23, 441 (1969).

(5) W. F. Winecoff, Ill, and D. W. Boykin, Jr., 3. Org. Chem., 37, 674
(1972).

(6) P. J. Duke and D. W. Boykin, Jr., ibid., 37, 1436 (1972).

(7) A. Perjéssy, P. Hrnciar, and A. KrutoSikova, Tetrahedron, 28, 1025
(1972).

(8) A. Perjéssy, P. Hrnciar, and R. Frimm, Collect. Czech. Chem. Commun.,
28, 3781 (1972).

(9) A. Perjéssy, P. Hrnciar, and R. Sokolova, ibid., in press.

(10) A. Perjéssy, P. Hrnciar, R. Frimm, and L. Fiéera, Tetrahedron, 28,
3781 (1972).

35, 759 (1970).

The determined order of transmission for the intervening groups was furan > thiophene >

those for a series of trans-l-phenyl-3-arylpropenones
(111) (chalcones) reported earlier.1-2

Results and Discussion

Carbonyl Stretching Frequencies.—The carbonyl
stretching frequencies measured in CC14 and CHCI3
solutions for a series of irons-lI-phenyl-3-(5-aryl-2-
furyl)propenones (I) and irans-l-phenyl-3-(5-aryl-2-
thienyl)propenones (I1) are listed in Tables 1 and
11, respectively. The carbonyl region of the spectra

Tabie |

1-Phenyl-3-(5-aryl-2-furyl)propenones (I)°

min CCL - | In CHCIi
Compd X Fids Pstas Psda

1 4-OCHs 1666.0 1642.5 1660.0
2 4-CH3 1667.5 1644.5 1661.0
3 4-H 1668.5 1645.5 1662.0
4 4-C1 1668.5 1646.5 1662.5
5 4-Br 1669.0 1647.0 1662.5
6 3-C1 1669.5 1647.0 1663.5
7 3-Br 1670.3 1648.0 1663.5
8 3-NO, 1670.5 1649.5 1664.0
9 4-NO, 1671.5 b 1665.0

“ Frequencies are given in cm b bNot available because of
low solubility of compound in CCh.

Tabire |l
I-PHENYL-3-(5-ARYL-2-THIENYL)propenones (Il1)*
Bt L N oo IR ——In CHCIr
Compd X >Ver Ptraa Rads Ratrae
10 4-OCH3 1664.5 1645.0 1658.0 1633.0
4-CH3 1665.0 1646.0 1658.5 1634.5
12 3-CH3 1666.0 1647.0 1659.5 1636.0
4-H 1666.0 1647.0 1660.0 1636.0
14 4-C1 1666.5 1647.0 1660.0 1636.5
15 4-Br 1667.0 1647.5 1660.5 1636.5
16 3-C1 1667.5 1648.0 1661.0 1638.0
17 4-N02 1668.0 1649.5 1662.0 1639.0

a Frequencies are given in cm b

of these compounds is similar in shape to that of the
analogous region of the spectra of substituted chal-
cones.23 'On the basis of this analogy and the solvent
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sensitivity of the bands (see below) we assign the intense,
higher frequency band to the C =0 stretching mode
of the s-cis conformer (w.dg and the lower frequency
band of much weaker intensity to the C=0
stretching mode of the s-trans conformer (ivtrans)
(see Tables I and Il). As was the case for chal-
cones,2'311 the s-cis conformation, as assessed from band
intensities, predominates in the equilibrium mixture.
Since the s-trans carbonyl stretching frequencies of
chalcones measured in CHC13 have not been reported
previously, we include them in Table Ill for the sake

Tabite 111
1-Phenyl-3-arylpropenones (IIl) in CHC13

iatras>

Compd X cm 1
18 4-N(CH?J3)2 1627.0
19 4-OCHS3 1635.0
20 4-CH3 1639.5
21 4-H 1643.5
22 4-F 1643.0
23 4-C1 1644.0
24 3C1 1645.0
25 4-CN 1646.0
26 3-N02 1646.0
27 4-NO2 1648.0

of comparison with data of compounds of series | and
Il. In the spectra of I-phenyl-3-(5-aryl-2-thienyl)-
propenones (Il) in CHCh both the pscs and ~s-trans
bands appear. However, in the case of I-phenyl-3-
(5-aryl-2-furyl)propenones (1) in CHCI3 only the s-cis
band is clearly observable. In some cases on the
lower frequency side of the pscis band a small pro-
nounced shoulder occurs, probably corresponding to
the carbonyl band of the s-trans conformer. This
may be due to a low concentration of the s-trans con-
former in the equilibrium mixture or to the overlapping
of the weak w.tnns band with the higher frequency
wing of an intense p(C=C) band in the 1600 cm-1
region. For these reasons this report describes for
series | in CHCI3 only the s-cis carbonyl stretching
frequencies.

Comparison of the psds frequencies of compounds
in series | with those of series Il (see Tables I and I1)
shows that exchange of the furan ring for the thiophene
ring causes a frequency decrease of 1.5-3.5 cm-1 in
both solvents. This is similar to the case of 1-phenyl-
3-(2-furyl)propenones and I-phenyl-3-(2-thienyl)-pro-
penes12 as well as of other unsaturated carbonyl com-
pounds7-10 containing furan and thiophene rings, re-
spectively. On the other hand, the pstrars frequencies
of compounds of series Il are 0.5-2.5 cm-1 higher than
those of series I.

When comparing the data from Tables I and Il with
that for chalcones 11123 (see Table I111), we found that
the insertion of the furan or thiophene intervening
group in the chalcone system produces a significant
decrease in both the pscis and rstras frequency similar
to the other previously described cases.7-10

In passing from CC14 to CHCIs we observe a de-
crease of 6.0-6.5 cm-1 in the JVds frequency of com-
pounds in both series | and Il. However, in the case

(11) W. P. Hayes and C. J. Timmons, Spectrochim. Acta, Part A, 24, 323
(1968).

(12) S. V. Tsukerman, V. M. Nikitchenko, J. S. Rozum, and V. F.
Lavrushin, Khim. Geterotsikl. Soedin., 452 (1967).

Perjessy, Boykin, Fisera, Krutosikova, and Kovac

of the ~s.trans frequency the same decrease is 10.0-12.0
cm-1. This is similar to the chalcones 111,23 where
the CCl14-CHCI3 solvent effect is roughly two times
more efficient for frequency than for ivecis
frequency. Hayes and Timmons1l found that the
carbonyl bands of s-trans conformers of several a,(3
unsaturated ketones were more solvent sensitive than
those of corresponding s-cis conformers.

Linear Free-Energy Relationships. —In earlier work2s
we have treated statistically the linear free-energy
relationships between the carbonyl stretching fre-
guencies and < as well as <+ constants for chalcones
I11. It was found3that the statistically most signifi-
cant relationships were obtained using Brown and
Okamoto’s or+ values.

As expected, the vscis as well as the rs tras frequen-
cies of compounds in series I and Il correlate well
with substituent constants (see Table IV). For com-
parison we have included in Table IV the results of
the statistical treatments for the chalcones Il1l. Treat-
ment of each of the 11 data sets with < resulted in a
poorer correlation than was obtained with a+. The
correlation with <r+ implies that in compounds of
series | and Il there operates a significant resonance
interaction between the substituent and the carbonyl
group even though it is separated by a large interven-
ing group containing a double bond and a heterocyclic
ring. The correlations for the ivtrans frequencies are
in each case statistically more significant than those
for the corresponding “scis frequencies.

The data were also treated employing the two-
parameter approach described by Swain and Lupton.13
We have previously noted that generally carbonyl
stretching frequency data were correlated less satis-
factorily by the two-parameter approach than by the
use of (7+ with the Hammett expression.38 In each
of the 11 data sets listed in the tables, correlations
with <A are superior to those employing the two-
parameter method.¥4 The values of % R for the 11
data sets do not vary within the calculated error.l4
The significance of % fi613 as well as the theoretical
significance of the two-parameter approach has been
questioned.’5 The results of the correlations of the
11 data sets recorded here lend support to the ques-
tioning of the utility of the Swain-Lupton approach.B
In view of the poor correlations obtained in this work
and the questions that have been raised about the
approach, it seems inappropriate at this time to at-
tempt to draw conclusions based upon the two-param-
eter linear free-energy relationship.

Influence of Conformation on Transmission.—
Previous work has suggested that the effect of con-
formation on transmission in a,/3-unsaturated ketones
is largely a function of the relative coplanarity of the
system.25 It is expected that the steric requirements
of 141l and consequently the relative coplanarity
of the s-cis and s-trans isomers do not differ greatly
from those previously studied. The observed ps.cis/p-
s-trans ratios for I—l1 are generally in accord with
those observed previously and support the expected
view that steric factors are not particularly important.

rs.trans

(13) C. G. Swain and E. C. Lupton, Jr., J. Amer. Chem. Soc., 90, 4328
(1968).

(14) The results of the correlations with the Swain—Lupton approach
are included in the microfilm edition of this journal.

(15) G. R. Wiley and S. I. Miller, J. org. chem., 37, 767 (1972).
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Table IV
Results of Statistical Treatment Using <+ Constants”
Con-
Series former Solvent n P D i g s r T
| s-cis CClI, 9 3.32 0.19 1668.5 0.1 0.3 0.989 0.980
| s-trans CCi4 8 4.74 0.27 1646.0 0.1 0.3 0.990 0.990
| s-cis CHCb 9 3.13 0.17 1662.2 0.1 0.2 0.990 0.987
1 s-cis CCi4 8 2.49 0.25 1666.2 0.0 0.3 0.970 0.971
1 s-trans CC14 8 2.82 0.18 1647.0 0.0 0.2 0.989 0.990
1 s-cis CHCb 8 2.72 0.23 1659.8 0.0 0.3 0.980 0.982
1 s-trans CHC13 8 3.99 0.19 1636.0 0.0 0.2 0.993 0.989
1P s-cis CCi4 10 5.62 0.48 1673.7 0.3 1.1 0.972
1P s-trans CCi4 10 7.20 0.34 1654.2 0.2 0.8 0.991
1P s-cis CHCb 21 6.18 0.25 1666.7 0.0 0.6 0.985
11 s-trans CHCb 10 8.23 0.50 1641.9 0.0 1.2 0.985
“n —number of points; P = slope; sp = standard deviation of [ i = intercept; s, = standard deviation of i; S = standard
deviation; r = correlation coefficient; r = arithmetic mean of the correlation coefficients for series I and 111 and series Il and |11,

respectively. 6Data taken from ref 2.
The one exception in these ratios, for which there is no
obvious explanation, is that of Il obtained from the
data arising from measurements in carbon tetrachlo-
ride solution.

Transmissive Factors for the Furan and Thiophene
Rings.—As it was shown7D the r(C=0) vs. < and v-
(C=0) vs. at linear free-energy relationships with
compounds containing a heterocyclic bridge between a
substituted benzene ring and carbonyl group can be
used in a quantitative study of the transmission of
electronic effects by the given heterocyclic bridges.
Similar to our earlier approach,7 we have selected
here the most significant free-energy relationships
for calculation of transmissive factors. This selection
was carried out on the basis of the highest value of
the arithmetic means of the correlation coefficients
f=(i-frm)/2and: — (rn + rm)/2 for the series
of compounds 1, Il, and 111, respectively. Following
this procedure j\cis vs. ¥+ and rstras vs. a+ correla-
tions were chosen, since the : values in these cases are
higher than those for rscs vs. a and rstras vs. a re-
lationships (see Table 1V).

Using data in Table 1V we calculated the transmis-
sive factors of the electronic effects for the 2,5-furylene
and 2,5-thienylene bridges [V(Fu)and 7r'(Thi)] from
the equations

X'(Fu) = pn/pixi 1)
jr'(Thi) = pii/lpm 2)

where pi, pn, and pm are the slopes of the selected
psciS vs. €+ or Pstras vs. <A+ linear free-energy rela-
tionships for the series of compounds I, Il, and III,
respectively. The transmissive factors t'(Fu) and
ir'(Thi) in both solvents, CCff and CHC13 have been
calculated using eq 1 and 2. The values obtained here
are in agreement with those published earlier.7-10
Since the transmissive factors determined from the
linear free-energy relationships for the five various
systems (this work and that previously reported798)
are in good mutual agreement they are expressed as
mean transmissive factors, ~(Fu) and «(Thi).56

(16) The microfilm edition of this journal contains the x'(Fu) and x'-

(Thi) values calculated from each data set together with x'(Fu) and x'(Thi)
values reported in our previous papers7"1 which were used to calculate
x values recorded here. These will appear following these pages in the
microfilm edition of this volume of the journal. Single copies may be
obtained from the Business Operations Office, Books and Journals Division,
American Chemical Society, 1155 Sixteenth St.,, N.W., Washington, D. C.
20036. Remit check or money order for $3.00 for photocopy or $2.00 for
microfiche, referring to code number JOC-73-1807.

c Data taken from ref 3.

CC14ir'(Fu) 0.64 =b 0.10 Sr'CThi) 0.44 =b 0.08
CHCI3f'(Fu) 0.47 d= 0.06 7*(Thi) 0.42 = 0.06

It follows from the comparison of the if* values that
the transmission by the furan ring is significantly
sensitive to the solvent used. However, the trans-
mission by the thiophene ring is practically indepen-
dent of the CCI4CHCI3 solvent change. The cause
of this was suggested earlier7-10 as hydrogen bonding
interaction between the furan ring oxygen atom and
the chloroform molecules. Comparing the T1'CFu)
and 7r'(Thi) wvalues in nonhydrogen-bonding CC14
solvent with the value of 7f'(Ph) = 0.27 £ 0.03 (trans-
missive factor for 1,4-phenylene bridge),I7 we observe,
as noted in our previous work,Dthat the transmission
by the intervening groups decreases in the order furan,
thiophene, benzene. Interestingly, this is the order
in which the delocalization energies of the systems
increase.

Experimental Section

Infrared Frequencies.—The ir stretching frequencies for all
compounds of series -1l were determined on a Zeiss UR 20
three-prism spectrometer operated in the expanded scale mode
at scan rates of 10 cm-1 min. The wavenumber scale of the
instrument was calibrated using the spectra of a standard mix-
ture of indene, camphor, and cyclohexanone.l8 The solvents
CCI, and CHCb, both spectral grade, were purified and dried in
the manner used before.18 The concentrations of solutions were
chosen to give absorption between 70 and 75%. NaCl cells
with path lengths of 0.5, 1.0, and 2.5 mm were used. The
carbonyl stretching bands of the s-trans conformers of compounds
of series | and 11, similar to the chalcones,23usually appeared as
a shoulder on the lower frequency side of the intense rBcis bands.
Therefore, similar to the approach2 previously reported, the
frequency determination was done after graphic resolution of the
overlapping bands. All frequencies reported were obtained
from averaging three different scans, the maximum scattering of
which was 0.5 cm-1.

Calculations.—The Hammett correlations were made with <«
constants reported by McDaniel and Brown,19 and <+ constants
published by Brown and Okamoto® were used. The least-
squares treatments were computed on a Regnezentralen Gier
digital computer using standard statistical relations.2l The two-

(17) J. A. Zhdanov and V. I. Minkin, “ Korrelanionii Analiz v Organi-
cheskoi Khimii,” lzdatelstvo Rosiovskovo Universiteta, Rostov, 1966,
p 63.

(18) R. N. Jones, P. K. Fauer, and W. Zacharias, Rev. Universelle Mines
Met. Mec., 15, 417 (1959).

(19) D. M. McDaniel and H. C. Brown, J. Org. Chem., 23, 420 (1958).

(20) H. C. Brown and Y. Okamoto, 3. Amer. Chem. Soc., 80, 4979 (1958).

(21) J. Eichler, chem. Listy, 60, 1203 (1966).
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parameter relationships were computed using an IBM 7094 com-
puter (c/. ref 6).

Compounds Studied.—The I-phenyl-3-(5-aryl-2-furyl)prope-
nones (1) and I-phenyl-3-(5-aryl-2-thienyl)propenones (11) were
prepared by condensation of acetophenone with 5-aryl-2-furfural-
dehydes and 5-aryl-2-thiophenecarboxaldehydes, respectively,
following the procedure described earlier.22 All compounds
were recrystallized from appropriate solvents2Z2 2 until constant
melting point was obtained. The I-phenyl-3-arylpropenones
(111) were obtained by condensation of acetophenone with sub-
stituted benzaldehydes according to previous reports. 245 The
chalcones were recrystallized from ethanol and the purity was

(22) J. Kovae, L. Fidera, and R. Frimm, chem. zvesti, in press.
(23) R. Frimm, A. KrutoSikova, and J. Kovao, ibid., in press.
(24) S. Toma, ibid., 19, 703 (1965).

(25) S. Toma, Collect. Czech. Chem. Commun., 34, 2771 (1969).
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checked by tic on A12D0 3or Si02(Silufol). The melting points of
all compounds agreed well with those described.22-25

Registry No.—1, 38899-16-0; 2, 38899-17-1; 3,
38899-18-2; 4, 38899-19-3; 5, 38899-20-6; 6, 38898-73-6;
7, 38898-74-7; 8, 38898-75-8; 9, 38898-76-9; 10, 38898-
77-0; 11, 38898-78-1; 12, 38898-79-2; 13, 38898-80-5;
14, 38898-81-6; 15, 38898-82-7; 16, 38898-83-8; 17,
38898-84-9; 18, 22965-98-6; 19, 22252-15-9; 20, 22252-
14-8; 21, 614-47-1; 22, 22966-07-0; 23, 22252-16-0;
24, 22966-13-8; 25, 22966-17-2; 26, 24721-24-2; 27,
2960-55-6; furan, 110-00-9; thiophene, 110-02-1.
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N-Sulfated and/or O-sulfated amino alcohols and 2-deoxy-2-sulfoamino-D-glucose were synthesized and their
nmr and ir spectra were measured for the analysis and structural elucidation of sulfated polysaccharides. N-
Sulfation of alkylamines and amino alcohols results in a downfield shift of the signal of the proton attached to the
carbon atom bearing the amino group by 0.21-0.48 ppm, while O-sulfation results in a downfield shift of the pro-

ton attached to the carbon atom bearing O-sulfate by 0.36-0.65 ppm.
N-sulfation of 2-deoxy-2-amino-D-glucose on H-1 and H-2.

Some discussions are made on the effect of
Comparison of ir spectra of these sulfate esters re-

vealed two characteristic absorptions (1420-1450 and 1200-1220 cm-1) in A-sulfates.

In recent years, some reports have appeared on the
structural elucidation of natural mucopolysaccha-
rides1l-3 and synthetic sulfated polysaccharides4 by
using nmr spectra. In general, nmr spectra of these
compounds are fairly complicated even by using a high-
resolution nmr spectrograph, but the chemical shift
of the proton attached to the carbon atom bearing
the O-sulfate and A-sulfate group, and that on the
adjacent carbon atom, give important clues for spec-
tral analyses of these compounds. As a model com-
pound for sulfated sugars, we synthesized N-sulfated
and/or O-sulfated cyclic and acyclic amino alcohols,
and their nmr spectra were measured to examine the
effect of N- or O-sulfation on the chemical shift of
the proton attached to the carbon atom bearing the
sulfate group and that on the adjacent carbon.

Although ir spectra of O-sulfates have been reported,6
those due to A-sulfate have hardly been documented.67
Therefore, ir spectra of the synthesized compounds
were also measured to examine the absorptions char-
acteristic of the A-sulfate group.

Results and Discussion

Cyclic and acyclic alkylamine and amino alcohol
sulfates were synthesized systematically. Analytical
data for amino alcohol sulfates are given in Table 1.

(1) (a) L. B. Jaques, L. W. Kavanagh, M. Mazurek, and A. S. Perlin,
24, 447 (1966); (b) A. S. Perlin, M. Ma-
zurek, L. B. Jaques, and L. W. Kavanagh, carbohyd. Res., 7, 369 (1968).

(2) S. Inoue and Y. Inoue, Biochem. 23, 513
(1966).

(3) A. S. Perlin, B. Casu, G. R. Sanderson, and L. F. Johnson, can. J.
Chem ., 48, 2260 (1970).

(4) W. M. Pasikaand L. H. Cragg, can.J. Chem., 41, 777 (1963).

(5) A. G. Lloyd, N. Tudball, and K. S. Dodgson, Biochem. Biophys. Acta,
52, 413 (1961).

(6) K. S. Dodgson, Biochem. J., 92, 68 (1964).

(7) A. B. Foster, E. F. Martlew, M. Stacey, P. J. M. Taylor, and J. M.
Weber, 3. chem. Soc., 1204 (1961).

Biochem. Biophys. Res. Commun.,

Biophys. Res. Commun.,

Since it is difficult to avoid contamination of O-
monosulfate in acyclic A,O-disulfates by the method
of Reitz and others,8 we modified the method of Wol-
from and Juliano9 to synthesize A,A,O-trisulfates,
and their mild acid hydrolysis afforded A,O-disulfates
in a comparatively good yield. On the other hand,
cyclic A,O-disulfates are invariably accompanied with
O-monosulfates, and trisulfate is not formed even on
modification of the reaction conditions. Trans and cis
cyclic A,O-disulfates were isolated by repeated re-
crystallization in 19.5 and 22.1% yield, respectively.

The starting 2-aminocyclohexanol was obtained by
low-pressure hydrogenation of 2-acetaminophenol over
rhodium catalyst, which was used in hydrogenation of
alkoxyaniline,10 separation of trans and cis compounds
from the resultant product by chromatography over
silica gel, and acid hydrolysis. These trans and cis
compounds were identified by nmr spectra. This
is simpler and gives a better yield than by the known
deflnl ive synthesis of trans1land cjs12com |{)0unds

gsonG obtained the p?tassmm salt of 2-deqxy-
2-sulfoaming-D-glucose by suI ation of 2-deox 2am|no
D-glucose with %g/rldme sultur trioxide. We used the

sa e reagents ‘and obtained 2-geoxy-2-sulfoamino-D-
9 00se. s %ts sodium salt as needle crystals by recrys-
Ization from methanol-water.

Nmr spectra of acyclic alkylamine and amino al-
cohol sulfates are summarized in Table Il. As will

® H C Reitz R E Fard, H S Aoott, ad H Faenkel-Covat, 5
Amer. Chem. Soc., 68, 1031

(@ M L \AdﬁunadB O lean J. Amer. Chem. Soc.,

24&10%M|:rafelcbr,¥ H ng ade. E Hlgen s,
11) N. A. B\Mlma’d\]mij Chem. Soc. m(l%)
GEI\Ma’dRK Gwl a’dHEWJ Amer. Chem.
Soc.,11, &7(1%9)

82, 2588

Oorg. Chem., 30,
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Table |

Constants op Amino Alcohol Sulfates

Yield," Mp, °C " -N »r -S
Registry no. Compd % Obsd Lit. Caled Found Caled Found
38911-08-9 HOCHZHXNHSONa 22.3 136-137 8.59 8.21 19.60 19.38
-0 BOCHZHNH3+ 44.7 274-277 277-279*
NaOBOCHZHNHSONa 54.4 212-215 220-221¢
38974"M12-8 NaOBS0CHZIZHMN (SONa)2 72.3 212-215 3.81 3.81 26.19 25.87
HOCHZHZHNHSONa 18.2 141-142 d
-0 BOCH2CHZXHNH3+ 76.6 234-236 226-227.5*
38911-09-0 NaOBSOCHZHZHNHSONa 27.1 234-236 5.02 4.92 22.97 23.23
38911-10-3 NaOBOCHXHZHN(SONa)2 51.1 198-201 3.67 3.71 25.23 25.76
L(CH24HORICHNHR?2
Ri R2
38899-01-3 H SONa trans 41.5 232 dec 6.45 6.56 14.75 14.57
S03~ H2+ trans 27.2 300 dec 300 dec*
38899-02-4 SONa SO0Na trans 195 211 dec 4.39 4.26 20.09 19.63
38899-03-5 H SO0Na cis 39.9 251 dec 6.45 6.35 14.75 14.71
S03 H2+ cis 25.6 295 dec 289-290'
dec
38899-04-6 SO0Na SO0Na cis 22.1 186-187 4.39 4.17 20.09 19.84
38899-05-7 2-Deoxy-2-sulfoamino-D-glucose 34.1 235 dec 4.98 4.60 11.40 11.30
(Na)/

“ From the starting amino alcohol or 2-deoxy-2-amino-D-glucose.
cTrihydrate, ref 9. dReference 14.
monohydrate, mp 171° dec:

' T. Taguchi, M. Kojima, and T. Muro, J. Amer. Chem. Soc., 81, 4322 (1959).
A. G. Lloyd, F. S. Wusteman, N. Tudball, and K. S. Dodgson, Biochem. J., 92, 68 (1964).

*C. S. Dewey and R. A. Bafiord, J. Org. Chem., 30, 491 (1965)-
1 Potassium salt

Table Il

Chemical Shifts (S Scale) for Acyclic Alkylamine and Amino Alcohol Sulfates

Registry no. Compd
38911-11-4 CHIXHNDSONa
38911-12-5 HOCHZHXND?2
38911-13-6 HOCHICHINDs+CI-
38974-13-9 HOCHICH”~DSOsNa
14849-14-0 -okochZxZhad3+
38960-84-8 NaOBOCHZXHND2
38911-15-8 NaOBOCHZXZHNDSONa
38911-16-9 CHXHZHNDSONa
38911-17-0 HOCHZHZHXND?2
38911-18-1 HOCHZHZHXND3+C1-
38911-19-2 HOCHZXHZXHNDSONa
38911-20-5 -o¥FochZhZhad3+
38911-07-8 NaO,SOCHZHZHIND2
38960-85-9 NaOBOCHLXZHZXZHNDSONa

be seen in this table, N-sulfation produces a chemical
shift of the proton attached to the carbon atom bear-
ing the amino group downfield by 0.21-0.36 ppm com-
pared to that of the corresponding proton in nonsulfated
free amines. The same shift is also seen in conjugated
amines. The chemical shift of the proton attached to
the carbon atom bearing O-sulfate moves to a lower
magnetic field by 0.36-0.47 ppm by O-sulfation, and
this proton, in both cyclic and acyclic amino alcohols,
resonates at ca. 1 ppm lower field than that attached to
the carbon atom bearing A-sulfate. This approxi-
mately corresponds to the difference between the cor-
responding nonsulfated compounds and is considered to
be the difference in the electronegativity of N and O.
See Table I11.

The coupling constants of CHNDR and CHOR in
¢rems-2-aminocyclohexanol and its sulfate ester are JIM =
9and./&e = 4.5 cps, and one of its conformers, in which
both amino and hydroxyl groups are diequatorial, is con-
sidered to be fixed. The chemical shift of the proton at-
tached to the carbon atom bearing the amino group is at
a lower field by 0.23 ppm by N-sulfation compared to
that of the corresponding proton in nonsulfated free

CHNDR CHCHINDR CHCHICHINDR
2.97 111
2.87 3.67
3.12 3.80
3.09 3.69
3.30 4.27
2.86 4.03
3.24 4.15
2.89 1.52 0.89
2.70 1.68 3.66
3.15 1.89 3.74
3.06 1.80 3.70
3.18 2.08 4.19
2.72 1.80 4.13
3.09 1.93 4.15

amines, and the downfield shift is 0.33 ppm in con-
jugated amines. A similar effect of O-sulfation on the
corresponding proton is a downfield shift of 0.65 ppm,
indicating that the effect of O-sulfation is greater.

In the case of cis-2-aminocyclohexanol, there must be
a rapid inversion between two chair conformers, since
the CHNDR and CHOR of cfs-2-aminocyclohexanol are
broad and there is only a relatively sharp single peak of
methylene.

The effect of N-sulfation of 2-deoxy-2-amino-D-
glucose is a downfield shift of the C-2 proton by 0.57
ppm for the a anomer and by 0.47 ppm for the A
anomer compared to the chemical shift of the corre-
sponding proton in nonsulfated free amine (a anomer,
5 2.63; /8 anomer, s 2.51). The downfield shifts for
anomeric protons are 0.23 ppm for the equatorial proton
and 0.14 ppm for the axial proton. Of more signifi-
cance is the fact that almost the same downfield shift is
also seen in conjugated amine.

Dodgson and others6 studied the ir spectra of O-
sulfate esters of alcohols, amino alcohols, and hydroxy-
lated amino acids and reported that absorptions due to
S-0 vibration appear at 1150-1230 and 1350-1450



1812 J. Org. Chem., Vol. 38, No. 10, 1973 Inoue and Nagasawa
Tabite I
Chemical Shifts (SScale) fob CiS- and irans-2-AMiNOCYCLOHEXANOL Sulfates and
a- and |3-2-Deoxy-2-sulfoamino-d-glucose
Compd

HCH24--1 oo Tirans-—------------ -Cis . AA (cis-trans)-——-n
ICHORI-CHNDR?2 Registry no. CHORi CHNDR2 Registry no. CHORI CHNDR2 CHORI CHNDH
Ri R2
H D 38899-06-8 3.33 2.67 38899-07-9 3.82 (17) 2.80 (23%) 0.49 0.13
H d2+ci- 38899-08-0 3.56 3.00 38899-09-1 4.10 (16) 3.37 (23) 0.54 0.37
H SOsNa 3.34 2.90 4.03 (17) 3.26 (25) 0.69 0.36
s03 d 2+ 38898-64-5 4.28 3.23 38898-65-6 4.665 3.46 (24) 0.38 0.23
SONa D 38898-66-7 3.98 2.63 38898-67-8 4.47 (18) 2.89 (22) 0.49 0.26
SO0:Na SOaNa 4.13 3.13 4.706 3.31 (25) 0.57 0.13

a (38904-97-1) 0 (38904-98-2)

H-1 (Ja) H-2 32 H-1 (1.) H-2 (J3.)
2-Deoxy-2-sulfoamino-D-glucose 5.42 (3.5) 3.20 (10.0) 4.70 (8.0) 2.98 (10.0)

“ Peak width (cps). 6Overlapping with the peak of water.

cm-1 and that due to C-O-S vibration at 770-810 cm "1
in covalent sulfates, while only the absorption due to
S-0 vibration appears at 1210-1250 cm-1 in acid
sulfates. Ir spectra of heparin and 2-deoxy-2-sulfo-
amino-D-glucose have been reported,67 but those of
simple JV-sulfate esters are very few.6 We therefore
measured the ir spectra of N-sulfated and/or O-sulfated
amino alcohols used in the present work, and found that
they exhibited absorptions due to S-0 vibration within
the prescribed limits 1170-1250 and 1420-1450 cm "1

The characteristic absorptions of the iV-sulfate group
can be divided into the following two kinds.

(1) »as(SO*) 1420-1450 cm "1 The starting amine and
0- sulfates do not show any absorption in this region or
exhibit a sharp absorption of weak intensity in the
region of 1390-1410 cm "1, while the IV-sulfate shows
absorption of relatively broad width and median inten-
sity at 1420-1450cm "1

(2) »a(S02 1200-1220 cm-1. Both iV-sulfates and 0-
sulfates have several absorptions of strong intensity or
one broad absorption, and absorption of the W-sulfates
is in a lower wavenumber side by 10-48 ¢cm "1than that
of the corresponding O-sulfates.

Absorption due to C-N-S vibration appears in the
same region in the starting amine and there is no char-
acteristic absorption for N- and/or O-sulfates.

Nmr and ir spectral data of sulfated esters measured
in the present work should give important information
for nmr and ir analyses of natural N-sulfated and/or O-
sulfated polysaccharides.

Experimental Section

Nmr spectra were measured at 35° with a Varian T-60 nmr
spectrometer operated at 60 MHz (for alkylamine and amino
alcohol sulfates) or measured at 32° with a Varian HA-100 nmr
spectrometer operated at 100 MHz (for 2-deoxy-2-sulfoamino-
D-glucose) in DD containing sodium 4,4-dimethyl-4-silapentane-
1- sulfonate as an internal standard.
in KBr pellets with a Shimadzu IR-27G spectrophotometer.

The sodium salts of ethylsulfamic acid and propylsulfamic acid
were prepared according to the usual procedure.13 Selective N-
sulfation of amino alcohol was carried out by the method of
Warner and Coleman,¥ and selective O-sulfation by the method
of Reeves and Guthrie.’5

Disodium 2-Sulfatoethylsulfamate.—To the solid complex
prepared from S03 (11 ml) and dry pyridine (44 ml), distilled®

(13) L. F. Audrieth and M. Sveda, J. Org. Chem., 9, 93 (1944).

(14) D. T. Warner and L. L. Coleman, J. Org. Chem., 23, 1133 (1958).

(15) W. A. Reeves and J. D. Guthrie, J. Amer. Chem. Soc., 75, 4102
(1953).

Ir spectra were measured

2-aminoethanol (5 ml) was added dropwise, with sitrring, over
a period of 4 hr. The reaction mixture was heated at 60° for 1
hr and kept at room temperature overnight. The pyridine
supernatant was decanted and the solid residue was neutralized,
under vigorous stirring and cooling, with 1N methanolic MeONa.
The precipitate formed was collected by filtration, dissolved in
water, and added with 10% barium acetate solution. After
BaSO, was filtered off, the filtrate was passed through a column of
Dowex 50W X8 (Na+ form, 20-50 mesh). The eluate was
evaporated to dryness, the residue was crystallized from meth-
anol-water, and recrystallization was repeated with the same
solvent, yield 22.0 g (72.3%) of trisodium 2-sulfatoethylimido-
disulfonate.

Trisodium 2-sulfatoethylimidodisulfonate (5 g) dissolved in
water (50 ml) was adjusted to pH 1.2 with Dowex 50W X8 (H+
form, 20-50 mesh), stirred at room temperature for 1 hr, and
filtered. After the filtrate was neutralized with 2 N NaOH solu-
tion and added to 10% barium acetate solution, BaSO, was fil-
tered off and the filtrate was passed through a column of Dowex
50W X8 (Na+ form, 20-50 mesh). The eluate was evaporated
to dryness, and the residue was crystallized from methanol-
water, yield 2.72 g (75.2%) of disodium 2-sulfatoethylsulfamate.

Disodium 3-Sulfatopropylsulfamate.—Mild acid hydrolysis of
trisodium 3-sulfatopropylimidodisulfonate (4.83 g) at pH 1.2
for 2 hr, prepared by a method virtually identical with that de-
scribed for trisodium 2-sulfatoethylimidodisulfonate, gave di-
sodium 3-sulfatopropylsulfamate, yield 1.91 g (53.0%).

(t)-trans- and (t)-cts-2-Aminocyclohexanol.—Anhydrous 2-
acetaminophenol (15.1 g, 0.1 mol) suspended in 120 ml of anhy-
drous ethanol was hydrogenated in the presence of 5% Rh on
Al203 (6.6 g) under 42 psi at 64°. Treatment of the reaction
mixture gave a crystalline product which contained two com-
ponents, as observed by silica gel thin layer chromatography.
The rhombic crystals, mp 144-145°, were obtained by fractional
crystallization from methanol and prismatic crystals, mp 123-
124° by fractional crystallization of the mother liquor from
acetone. The residual mixture was chromatographed over silica
gel and separated into two components by elution with chloro-
form-acetone (1:1), yield of rhombic crystals 5.93 g, prismatic
crystals 7.65 g (total yield 86.4%).

After each compound was refluxed for 2 hr with 6 N HC1, each
reaction mixture was evaporated to dryness and the residue was
washed with acetone and crystallized from ethanol-benzene.
The hydrolysate of the rhombic crystals gave (t)-cfs-2-amino-
cyclohexanol hydrochloride, mp 190-191°, and that of prismatic
crystals gave (* )-<rcms-2-aminocyclohexanol hydrochloride, mp
175-176°.

Treatment of each aminocyclohexanol hydrochloride by the
usual procedure gave (+)-eis-2-aminocyclohexanol, mp 70-71°,
bp 111° (35 mm), and (t)-inms-2-aminocyclohexanol, mp 61-
62°, bp 121° (30mm).

Sodium irans-2-Sulfoaminocyclohexanol.—To a solution of
¢nms-2-aminocyclohexanol (7.0 g) in water (90 ml), pyridine-
S03(10.1 g) was added in small portions over a period of 2 hr,
with sufficient 10% NaOH added gradually to maintain the pH
at about 11.2-11.4. At the end of the reaction time, the reac-
tion mixture was concentrated in vacuo to 50 ml, and added to
ethanol (160 ml). After the resulting precipitate was removed
by centrifugation, acetone (630 ml) was added to the supernatant.
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The precipitate was collected and crystallized from 95% ethanol,
giving 5.70 g of long, hexagonal crystals (41.5%).

;rans-2-Aminocyclohexyl Sulfate.—To a suspension of tram-2-
aminocyclohexanol (1.15 g) in dry CHCh, chlorosulfonic acid
(0.67 ml) in CCh (2 ml) was added dropwise below 0° during 1
hr. After stirring for 2 hr at room temperature, the reaction
mixture was evaporated to dryness and freed from HC1 in vacuo
over KOH pellets. The residue was dissolved in ice water, and
the solution was neutralized with solid BaC03 and then with
Ba(OH)2 solution. The precipitate was filtered off, and the
filtrate was concentrated to a small volume and passed through a
column of Dowex 50W X8 (H+ form, 20-50 mesh) to remove the
starting material. The eluate was neutralized with Dowex 1 X2
(OH- form, 100-200 mesh) and concentrated, and the residue
was crystallized from water, giving 0.53 g (27.2%) of prismatic
crystals.

Disodium frons-2-Sulfoaminocyclohexyl Sulfate.— (t)-trans-
2-Aminocyclohexanol (1.52 g) was sulfated by a method virtually
identical with that described for disodium 2-sulfatoethylsulfa-
mate, giving 0.829(19.5% )of needle crystals.

All the sulfated cis-2-aminocyclohexanols were prepared by
the method used to prepare the corresponding trans derivatives
described above.

Sodium 2-Deoxy-2-sulfoamino-D-glucose.—2-Deoxy-2-amino-
D-glucose (12.9 g) was dissolved in water (180 ml) and the pH
of the solution was adjusted to 9.6 by the addition of 10% NaOH.
Pyridine-SC=3(11.5 g) was added to the well-stirred solution over
a period of 9.5 hr at room temperature. During this addition,
the pH of the mixture was maintained between 9.6 and 10 by the
addition of 10% NaOH. After stirring overnight at room tem-
perature, the solution was concentrated to ca. 40 ml and added
to 10% barium acetate solution. Precipitated BaSO< was

Radicals and Scavengers. 1l.
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filtered off through Radiolite 100 and the filtrate was adjusted to
pH 4.6 by the addition of acetic acid and passed slowly through a
column of Dowex 50W X8 (Na+ form, 20-50 mesh). The eluate
was immediately neutralized with NaOH and concentrated to
ca. 20 ml. The product was precipitated by the addition of
ethanol (400 ml), and the precipitate was collected by centrifuga-
tion and washed with ethanol. Solid AgZ 03 was added to the
solution of the product dissolved in water (50 ml). Precipitated
AgCI and excess Ag2C 03were centrifuged off and the supernatant
was neutralized with Dowex 50W X8 (H+ form, 20-50 mesh).
The solution was concentrated to ca. 10 ml and the product was
precipitated by the addition of ethanol (200 ml). The crude
product, a white powder (6.47 g, 34.1%), was twice crystallized
from methanol and water after treatment with activated char-
coal, giving colorless crystals (3.70 g, 19.5%), [a]ZD + 48°
(c 1, HD), mp 235° dec.

Registry No. —S03 7446-11-9; 2-acetaminophenol,
614-80-2; (x)-m-2-aminocyclohexanol hydrochloride,
38898-68-9; (z )-irans-2-aminocyclohexanol hydrochlo-
ride, 33092-83-0; (+)-m-2-aminocyclohexanol, 38898-
70-3; (z)-hans-2-aminocyclohexanol, 33092-82-9; 2-
aminoethanol, 141-43-5; 3-amino-l-propanol, 156-87-6;
2-deoxy-2-amino-D-glucose, 3416-24-8.
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Radical scavengers have been used to study the thermal Meisenheimer rearrangement of A™-benzyl-A-methyl-

aniline 1V-oxide (I) in alkaline 80% aqueous ethanol at 70°.
oxy-X-methylaniline (11) to a minimum of 36%, while the yield under pure N2is 89%.
The three scavengers lead to benzaldehyde, toluene, and
In the viscous solvent cyclohexanol at 70°, the “minimum” yield of 11
Rearrangement in chloroform at 60° gives CIDNP.

higher concentrations, also reduce the yield of II.
chloroform, not found in their absence.
under 02is 69% of that under Ns.

Oxygen at >1 atm reduces the yield of V-benzyl-
A thiol and CC14 at

These results support

operation of a 40% cage effect as an important component of the homolytic dissociation-recombination mech-

anism previously proposed.

Many cases of inefficiency in the production of free
radicals have been convincingly interpreted in terms of
the “cage effect,” band this phenomenon is now well
enough understood to possess predictive value. The
organic systems studied have but rarely involved either
(a) a stable radical,266 or (b) dissociation of only one
bond,Zr-9 the geminate radicals thus being in contact.

The thermal “Meisenheimer” rearrangement of

(1) Taken in part from the A.M. theses of R. W. G. (1968), P. A. S.
(1969), and E. M. C. (1971), and from the Ph.D. thesis of R. W. W. (1973,
in preparation) at Boston University.

(2) Partl: J.P. Lorand, R. W. Grant, P. A. Samuel, E. M. O’'Connell,
and J. Zaro, Tetrahedron Lett., 4087 (1969).

(3) Department of Chemistry, Central Michigan University, Mount
Pleasant, Mich. 48858.

(4) J. P. Lorand in “Inorganic Reaction Mechanisms,”” PartIl, J. O. Ed-
wards, Ed., Wiley-Interscience, New York, N. Y., 1972.

(5) W. A. Pryor and K. Smith, J. Amer. Chem. Soc.,
92, 5403 (1970).

(6) J.P. Lorand and P. D. Bartlett, ibid., 88, 3294 (1966).

(7) N.A.Porter, M. E. Landis, and L.J. Marnett, ibid., 93, 795 (1971).

(8) J.C. Martin and J. H. Hargis, ibid., 91, 5399 (1969).

(9) H. Kieferand T. G. Traylor, ibid., 89, 6667 (1967).

89, 1741 (1967);

tertiary amine oxides,Dexemplified by that of W-benzyl-
W-methylaniline IV-oxide (I) (eq 1), must have both
these characteristics if, as proposed by Schéllkopf,1112 it
proceeds via a homolytic dissociation-recombination
mechanism (eq 2, 3).

We have recently demonstrated2 that the rearrange-
ment of | in 80% ethanol-20% water at 70° proceeds
with a 37% cage effect. Our evidence was that
molecular oxygen at 1 atm, a scavenger of carbon
radicals, reduced the yield from 89% (observed under
nitrogen) to 33%. Oxygen did not, however, prevent
the formation of Il altogether; such behavior is diag-
nostic of a cage effect.

(10) (a) J. Meisenheimer, Ber., 52, 1667 (1919); (b) J. Meisenheimer,
H. Greeske, and A. Willmersdorf, ibid., 55, 513 (1922); (c) R. F. Klein-
schmidt and A. C. Cope, J. Amer. Chem. Soc., 66, 1929 (1944); (d) R. A. W.
Johnstone in “Mechanisms of Molecular Migrations,” Vol. 2, B. S. Thya-

garagan, Ed., Interscience, New York, N. Y., 1969, pp 257-265.

(11) U. Schéllkopf and H. Schafer Justus Liebigs Ann. Chem., 683, 42
(1965).

(12) U. Schéllkopf, M.
(1964).

Patsch, and H. Schéafer, Tetrahedron Lett.,, 2515
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We were at that time unaware of a series of “cross-
over” experiments by Schollkopf, et al.,13 implying a
cage effect of 75-95% in water or aqueous methanol at
40-80°, markedly incompatible with our estimate.
We have now extended our investigation to a much
higher pressure of oxygen, to other scavengers, to
aqueous methanol at 40° (the conditions used by
Schollkopf, et al.), and finally to the viscous solvent
cyclohexanol. We now present these results, which
support our earlier estimate of the cage effect. We
shall explain the disagreement between our estimate
and that from the crossover experiment, relate the
cage effect to the mechanism of rearrangement, and
comment on some puzzling observations.

=

Results

Reaction Products.—The rearrangement of I, pre-
pared and stored as its hydrochloride, I HC1, was
originally conducted in aqueous ethanol in the presence
of avariety of bases, most frequently sodium hydroxide
and the primary amine, tris(hydroxymethyl)amino-
methane (Tris). Whenever Tris was used, the prod-
uct Il was accompanied by a basic by-product, 1V,
at first thought to be an isomer, which showed nmr
absorption characteristic of a methyl and a benzyl

group, as well as aromatic absorption not resolved
from that of Il. Much to our embarrassment, IV
proved to be the reduction product, V-bcnzyl-V-

methylaniline, from which the oxide had originally
been prepared. This was shown by extracting IV
from the mixture with mineral acid and converting it
to the picrate, which was identical by melting point and
mixture melting point with a sample prepared from our
starting material. Although 1V had also arisen in
runs using sodium hydroxide, it subsequently became
clear that, in the presence of a slight excess of base, no
detectable amount of IV was produced. We thus
abruptly abandoned the use of Tris in favor of
NaOH. Although thermal reactions of amine oxides
have invariably produced the corresponding amine, the
mechanism of this reduction appears not to be under-
stood. We found that ca. 50% reduction product
arose from | HC1 in concentrated aqueous pyridine,
but a careful search for pyridine N-oxide as the oxi-
dation product netted only a 5% vyield.

A search was made for bibenzyl and toluene as
reaction products. Both compounds were detected by
glpc analysis of the crude reaction products: bibenzyl
in ca. 0.1% yield from rearrangement of 0.028 M | HC1

(13) U. Schollkopf, U. Ludwig, M. Patsch, and W. Franken, Justus Liebigs
Ann. Chem., 703, 77 (1967).

Lorand, et al.

in 80% aqueous ethanol at 70°; toluene was found
only when I HC1 was initially 0.007 M (cf. Table I1).
Schollkopf has reported the identification of bibenzyl
by tic.13 No other products were identified under
these reaction conditions, although the maximum
yield of Il under nitrogen was only 89%.

A few observations were made using chloroform as
the reaction solvent, with the thought that its low
polarity might accelerate the reaction, which involves
the dissipation of opposite charges. Addition of
DABCO (1,4-diazabicyclo [2.2.2 [octane), or triethylene-
diamine, to a chloroform solution of I HC1 led to
precipitation of some DABCO hydrochloride and
shifts in the nmr spectrum of the solution attributable to
formation of at least some free oxide. The solution
seemed stable enough at room temperature, but re-
arrangement took place at slightly higher tempera-
tures, so that, even at 60°, CIDNP X4 was observed for
both methyl and benzyl protons of Il. The half-time
at this temperature must not have exceeded a few
minutes, while that in 80% ethanol at 70° is about 2 hr.
Further work has not been done using chloroform, but
we conclude that the rate in chloroform is at least ten
times, and possibly more than one hundred times,
greater than in ethanol.

Kinetics.—The rate of rearrangement of | under
nitrogen and under oxygen was measured at 70.3° with
the same techniques used to determine products (cf.
Experimental Section). Because of the small size of
aliquots, the yields probably entail larger errors than
the “one-point” runs conducted with 200 ml or more of
solution. Table | shows typical series of yields of Il

Tabire |
Kinetics of Rearrangement of 1‘ at 70.3° under N2and 02

Yield of Il, m Yield of II, m

Time, min under N2 Time, min under O2
0 0 0 0
20 0.00294 20 0.00064
30 0.00434 70 0.00408
60 0.00844 170 0.00552
90 0.00969 220 0.00774
185 0.01196 280 (0.00968)
435 0.01786 400 0.00896
715 0.01932 1355 0.00976
755 0.02032

“ Initial concentration of I HC1 =
0.0282 M, in 80% aqueous ethanol.

0.02804 M; of NaOH,

at various times. Plots of log [IIf/ (I1If — lit) ] against
time were linear, and data for both N2 and 0 2 fit the
same plot. The first-order rate constant was found
to be 1.0 £ 0.1 X 10~4sec-1, corresponding to a half-
life of 110 min.

Oxygen as Scavenger.—Rearrangement of I HC1 in
the presence of excess sodium hydroxide in 80% aqueous
ethanol at 70° was conducted while bubbling into the
solution nitrogen, air, or pure oxygen, as previously
reported.2 The reaction has subsequently been con-
ducted in a Parr bottle under 5 atm of pure oxygen,
using vigorous magnetic stirring. The results are
collected in Table Il. The high-pressure run, per-
formed, like the others, in duplicate, gave the same
yield of Il as the run under 1 atm of oxygen. Thus,

(14)
(1967);

(@) H. R. Ward and R. G. Lawler, J. Amer. Chem. Soc., 89, 5518
(b) H. Fischer and J. Bargon, z. Naturforsch., 229, 1556 (1967).
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Table |l

Product Yields in Rearrangement of |l at 70.3°
in 80% Ethanot

-Yield,” % —-eoremmeoeee s .
Bibenzyl,
PhCH 2
Scavenger (o, M 1 Toluene PhCHO CH2Ph
None 0.007 67.3 0.66 b
None 0.028 88.6 b b 0.08
None 0.112 41.9e b 8
Air 0.028 41.2 b Trace
02(1L atm) 0.028  36.0 b 17
02(5atm)  0.028 35.3 43

“ After 13 hr (ca. 6 half-lives); averages of duplicate results.
bNone detected. cAlso 23% IV and some tar.

oxygen at 1 atm has in fact reduced the yield of Il to a
minimum.

We originally reported2 that benzaldehyde was
produced in 4% vyield in the oxygen experiments (and
a trace amount under air). However, using a milder
means of evaporating the pentane used to extract the
product, we found benzaldehyde in 17% yield and at
5 atm, 37 and 49%,, by integrating the formyl proton
resonance relative to those of the product, Il. The
formation of benzaldehyde supports the notion of
scavenging of benzyl radicals by oxygen, according to
eq 4 and 5. It is puzzling, however, that a compound

SH
PhCH2- + 02— > PhCH2D0 «— > PhCH2DO0H (4)

OH -
PhCHDOH — > PhCHO + HD (5)

S0 sensitive to autoxidation survives in the presence of
peroxy radicals, and that attempts to detect its oxi-
dation product, benzoic acid, were negative.
fcrf-Dodecanethiol as Scavenger.—The rearrange-
ment was conducted under N2 under the same con-
ditions, except with the addition of various amounts
of feri-dodecanethiol, a good scavenger of carbon
radicals, but expected to be less effective than oxygen.®
The yields of 11 appear in Table 111, and indeed a rather
high concentration of the thiol was required to reduce
the yield of Il to the level attained by the very small

PhCH2- + RSH — >mPhCH3+ RS- (6)

concentration of dissolved oxygen in equilibrium with
the gas at 1 atm. No attempt was made to ascertain
whether higher thiol concentrations would further
reduce the yield of Il. The yields of toluene deter-
mined by glpc are also included in Table Ill, and
roughly account for the deficit in the yield of rearrange-
ment product. Control experiments showed sub-
stantial losses of toluene during work-up, and the cor-
rection factor which is included in the data of Table 111
is undoubtedly not constant, in reality.

A possible complication in these experiments would
be hydrogen-bond formation between | and the thiol.
Amine oxides are known to be strong acceptors;b
thiols will form hydrogen bonds to strong acceptors
such as sulfoxides, but S-H stretching frequency shifts
in the infrared are only one-fourth those for the corre-
sponding O-H analogs,I7 and formation constants are

(15) C. Walling, “Free Radicals in Solution,” Wiley, New York, N. Y.,
1957, pp 152, 153.

(16) G. C. Pimentel and A. L. McClellan, “The Hydrogen Bond,” W. H.
Freeman, San Francisco, Calif., 1960.

(17) A. Wagner, H. J. Becher, and K. G. Kottenhahn, Ber.,
(1956).

89, 1708
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Tabte Il

Y ields of Products in Rearrangement of | with

Other Scavengers

Scavenger e Yield, % ------mmmmmmmmmmmemeeeeeee .
Scavenger concn, M I Toluene® Il + toluene

RSH 0.00 86.4 86.4
RSH 0.021 84.5 b 84,5
RSH 0.042 75.4 4.3 79.7
RSH 0.084 69.9 12.2 82.1
RSH 0.105 66.1 21.8 87.9
RSH 0.525 33.9 (95)e (129)
CCl14 0.040 82.3

SEH 0.124 76.9
1.30 59.0
“ Corrected on basis of 31% recovery in control work-ups.

6Trace only. cEstimate must be high; recovery during work-up
probably >31%.

not reported. The presence of a thiol molecule at the
birth of the geminate radical pair might cause some
scavenging of caged nitroxyl radicals as in reaction 7;

RSH + -ONR2— > RS- + HONR2 )

reaction 6, however, is too slow to allow this possibility,
the reported rate constant for a-toluenethiol and benzyl
radical being 5 X 104 M ~1 sec-1.18 Were reaction 7
able to compete with diffusion, then bulk scavenging
should have diminished the yield of 1l at much lower
thiol concentrations than actually observed. There-
fore, hydrogen bond formation between | and thiol is
probably without consequence in this system.
Tetrahalomethanes as Scavengers.—Carbon tetra-
bromide, bromotrichloromethane, and carbon tetra-
chloride were expected to be fair to excellent scavengers
for the benzyl radical, as per reaction 8. The tetra-

PhCH2- + CX, — > PhCHX + CX3- 8)

bromide in particular is known to be as good a chain
transfer agent as n-butanethiol in styrene polymeriza-
tion,5 and bromotrichloromethane is an excellent re-
agent for chain bromination of alkanes and aralkanes.®
Unfortunately, CBr4 and BrCCI3 could not be used as
scavengers, since they caused the pH of reaction
mixtures to decrease markedly, in accord with litera-
ture reports that they undergo chain reactions with
ethanol, producing acid, haloforms, and acetaldehyde.2
In the presence of CBr4or BrCCI3 considerable 1V ap-
peared, even if base was in moderate excess; BrCClI3in
ethanol was even found to consume dilute alkali rapidly.
It is, of course, possible that CBr4and BrCCI3might be
used in chloroform as solvent.

Only CC14 a relatively poor chain-transfer agent in
styrene polymerization, could be used as a scavenger
in the rearrangement of I, and the results at various
CC1l4 concentrations are presented in Table I1l. Even
at 1.3 1 CC14 the yield of Il decreased only to 59%;
a small amount of chloroform was detected by glpc in
this run, but not the others, arising presumably from
reaction 9. It may be doubted that attack on CC14

CCU- + CHXHXOH — > HCCU + CHXHOH 9)

(18) R. D. Burkhart, 3. Amer. Chem. Soc.. 90, 273 (1968).

(19) (a) E. S. Huyser, ibid., 82, 391 (1960); (b) G. J. Gleicher, J. Org.
Chem ., 33, 332 (1968).

(20) J. W. Heberling, Jr., and W. B. McCormack, J. Amer. Chem. Soc.,

78, 5433 (1956).
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actually took place, in view of Walling and Lepley’s
detection2l of less than 1% of benzyl chloride in
thermolysis of phenylacetyl peroxide in CCU at 40°.
In the latter study, however, the concentration of
benzyl radicals was probably many times greater than
in the present work, a factor which favors coupling.

Methanol as Solvent.—In order to eliminate the
solvent as a variable and reconcile our results with those
of the Schollkopf group,13 we performed two experi-
ments in 97% methanol-3% water at 45°, one under
nitrogen and one under oxygen. The yield of 1l
under nitrogen was 68%; under oxygen, 34%. Since
a rough estimate of the uncertainty of these yields is
+4%, the cage effect might range from 40 to 60%, i.e.,
50 + 10%.

Cyclohexanol as Solvent.—Cage effects in homolytic
dissociation reactions are well known to increase with
viscosity, as the separation by diffusion of geminate
radical pairs becomes more difficult.4392 In search
of a strong operational testZ of a cage effect, we con-
ducted the rearrangement of | in the viscous solvent
cyclohexanol, which even at 70° is ca. ten times more
viscous than ethanol.2d It was at first hoped that
product yields could be determined by the uv spectro-
photometric method previously used for measuring
rates of appearance of Il and its substituted analogs.13
In this way, we obtained the rate constant 4.7 + 0.1 X
10-4 sec-1 under either nitrogen or oxygen. This
technique could not, however, be used to measure
yields, because the absorbance after several half-lives
was the same under oxygen as under nitrogen. Since
the yield was expected to be less under oxygen, this
result was ambiguous and indicated that the by-
products, which must also have contained trigonal
nitrogen bonded to phenyl, had essentially the same
absorbance as Il. The vyield of Il was measured
instead using the nmr technique previously employed,
with the results shown in Table 1V, which also gives the

Table IV
Yield of Rearrangementof |l in Ethanol and Cyclohexanol

% vyield of Il under Cage effect,

Solvent N2 Oz (1 atm) %
78% ethanol 29.5° 101
97% cyclohexanol 84 58 69

“ Average of duplicate runs; all runs used the same batch of
of I HC1 and were performed by the same worker. 6Cf. text.

yield in aqueous ethanol under oxygen as determined
by the same worker during the same period, with the
same sample of 1 HC1. The yield of Il under oxygen
in cyclohexanol is thus evidently doubled compared to
the yield in ethanol.

Discussion

The Meisenheimer rearrangement presents several
intriguing mechanistic problems, which have been
discussed by Johnstoneld and by Schollkopf.13 That

(21) C. Walling and A. E. Lepley, 3. Amer. Chem. Soc., 94, 2007 (1972).

(22) W. Braun, L. Rajbenbach, and F. R. Eirich, 3. Phys. Chem., 66,
1591 (1962).

(23) F. E. Herkes, J. Friedman, and P. D. Bartlett, Int. J. Chem. Kinet.,
1, 193 (1969).

(24) “Chemical Engineers’ Handbook,” J. H. Perry, Ed., McGraw-Hill,
New York, N. Y., 1950, pp 372, 373; the viscosities of cyclohexanol and 70%
ethanol at 70° are, respectively, 6.2 and 0.59 cP (the latter interpolated be-
tween values for 40 and 100% ethanol).
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of the operation of a cage effect and its magnitude
under certain conditions has, we believe, been solved
through the experiments described herein. It is best
to discuss the evidence for the cage effect in the context
of existing evidence for mechanism.

Dissociation mechanisms are supported by a variety
of data, despite the early thought® that an Srn mech-
anism might operate.

(1) The entropy of activation for rearrangement of |
in 97% methanol is +33 eu,13 consistent with for-
mation of two particles, but highly inconsistent with an
intramolecular migration, which must involve decrease
of rotational entropy. A complication is the probably
concomitant loss of water hydrogen bonded to the
oxygen.

(2) Optically active A-benzyl-a-di-dimethylamine
oxide, in which the benzyl a carbon is asymmetric,
produces the dimethyl analog of Il with 61-78% race-
mization, i.e., 22-39% retention of configuration.2 A
dissociation mechanism explains this result, but a
concerted, intramolecular mechanism is expected to be
completely stereospecific. In the cage part of the
rearrangement, one expects coupling to compete with
rotation4 of the benzyl radical; some net retention of
configuration should result.

Additional data are consistent with dissociation
mechanisms in general and support or require a radical
mechanism in particular.

(3) CIDNPHU4 (chemically induced dynamic nuclear
polarization, now more correctly called chemically
induced nuclear spin sorting) has been observed in at
least two examples of the Meisenheimer rearrangement,
that of 12 and that of benzyldimethylamine oxide
hydrate (neat).Zb That is, when the rearrangement
has been conducted in an nmr spectrometer at a
temperature such that it is rapid, the products have
shown emission with greatly enhanced intensity,
rather than absorption of normal intensity. This is
compelling evidence that a major part of the reaction
follows a radical cleavage-recombination mechanism.
That both methyl and benzyl protons of I and the
dimethyl analog have shown emission is in accord with
prediction for geminate radicals.ZZ The kinetics ob-
served under both 02and N2 (cf. discussion, vide infra)
are consistent with a single cleavage mechanism, only
part of which produces trappable radicals.

(4) Methylphenyl nitroxide radical has been detected
during rearrangement of I in methanol, via esr spec-
troscopy.13 The amount of radical produced was very
small, however, and it might arise from a minor com-
peting process. We believe otherwise, but the mere
observation of the radical by no means proves that all
the rearrangement involves it.

(5) The yield of toluene from rearrangement of 1 in
aqueous ethanol is vanishingly small. A carbanion
mechanism should produce a large quantity of toluene
by diffusion-controlled proton transfer from the protic
solvent (eq 10).

PhCH2 + ROH — PhCHs + RO~ (10)
(25) (a) G. M. Bennett and A. W. Chapman, Ann. Rep., 122 (1930);
(b) C. R. Hauser and S. W. Kantor, J. Amer. Chem. Soc., 73, 1437 (1951).
(26) (a) G. Ostermann and U. Schollkopf, Justus Liebigs Ann. Chem., 737,
170 (1970); (b) A. R. Lepley, 3. Amer. Chem. Soc., 92, 1101 (1970).
(27) R. Kaptein, chem. Commun., 732 (1971); we assume the a-proton
hfc for benzyl radical to be negative, for the /3 (CH3s) protons of the nitroxyl
radical, positive, and the latter has the larger g value.
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(6) Polar substituents affect the rate of rearrange- 40-fold acceleration due to two p-nitro groups in di-

ment of | much less than expected if dissociation
produced a carbanion. Thus, substitution in the
migrating benzyl group gives p +0.9,13x while sub-
stitution in IV-phenyl gives p +0.9 also.1» In con-
trast, the base-catalyzed hydrogen isotope exchange of
substituted toluenes has p +4.0.8 The sign of p for
the rearrangement is inconsistent with formation of
benzyl cation; benzyl radical is therefore implicated.
The sign of pis the opposite of that usually found for
radical reactions, e.g., radical chain halogénations of
substituted toluenes; bromination by Br2or NBS has
p —1.4.29 The usual explanation has been contribution
of charge-transfer resonance structures to the tran-
sition state, as depicted for bromination and Meisen-
heimer rearrangement in eq 11 and 12. Zavitsas has

[PhCH2— H--~Br PhCH2-— H— Br-] — »

PhCH2 + HBr (11)
cT -0

PhCH2— -N+CH3 PhCHU— #N— CH,

Ph Ph
0

PhCHZ — n+ch3 Radicals (12)

Ph

recently questioned this idea,® and shown that sub-
stituent effects in certain systems correlate remarkably
closely with differences in bond energies. Either
interpretation of substituent effects focuses attention
on the covalent bond scission. Schéllkopf, however,
has neglected this approach in attributing the p values
to dissolution of the oxide-water hydrogen bond. In
support, he notes that the dissociation constants of the
conjugate acids of the amine oxides give p +1.3.
While this factor may contribute in the proper direction,
it is unlikely that dissociation of hydrogen bonds, in
which the proton is less than 20% transferred to the
basic atom,3lL can have a p value as large as that for
BrOnsted acidity and, even less likely, a AH* value in
excess of 30 kcal/mol.

The charge-transfer hypothesis is supported by
published rate data® (Table V). Most striking is the

Tabte V
Effect on Migrating Group Structure on
Rearrangement R ate

—103k, sec“1, for stationary groups—.

-(CILD-
Migrating group (CHaZ -(CH 26 O(CHZZ-
Diphenylmethyl 4.4 3.5 1.8
9-Fluorenyl 5.3 5.1 3.5
Phenyl-o- 11.8 10.0 5.2
tolylmethyl
p,jo'-Dmitrodi- 200

phenylmethyl

(28) D. J. Cram, “Fundamentals of Carbanion Chemistry,” Academic
Press, New York, N. Y., 1965, p 29.

(29) R. E. Pearson and J. C. Martin, J. Amer. Chem. Soc.,
(1963).

(30) A. A. Zavitsas, ibid., 94, 7390 (1972).

(31) D. Gurka, R. W. Taft, L. Joris, and P. v. R. Schleyer, ibid., 89,
5957(1967).

(32) A. H. Wragg, T. S. Stevens, and D. M. Ostle, 3. Chem. Soc., 4057
(1958).

85, 3142

phenylmethyldimethylamine oxide. The failure of the
9-fluorenyl analogs to rearrange significantly faster than
diphenylmethyl must be due to compensation by an
opposing effect, the absence of steric strain in the
9-fluorenyl oxide. The 2.5-fold greater rate of the
o-tolyl compound suggests that relief of steric strain is
important. Alternatively, the data of Table V could
be explained according to Zavitsas, that is, in terms of
the ability of substituents to decrease bond energies by
delocalizing the unpaired electron.

Reversibility of Radical Cleavage.—The initial
cleavage, 2, is probably irreversible, because optically
active | in which the chiral center is nitrogen does not
racemize during rearrangement.13 Reversibility should
lead to a detectable, if small, degree of racemization.

The fact that the rate of rearrangement of | is the
same under oxygen as under nitrogen further supports
this conclusion. If the scission were reversible, bulk
radicals should also couple to regenerate I, as well as to
form Il. Oxygen would eliminate this and raise the
observed rearrangement rate. A classic case in which
this occurs is the thermal rearrangement of N-(1-
cyanocyclohexyl)pentamethyleneketenimine to I,I'-di-
cyanobicyclohexyl, which proceeds by dissociation into
pairs of 1-cyanocyclohexyl radicals.3

Effect of Solvent on Rate.—The Meisenheimer re-
arrangement appears to be accelerated by decreases
in solvent polarity, although the available data are
limited. The rate for | increases by over two orders of
magnitude when the solvent is changed from 97%
methanol to 3% water-97% tetrahydrofuran.13 We
have concluded (vide supra) that the reaction is some
two orders of magnitude more rapid in chloroform than
in aqueous ethanol. These observations deserve fur-
ther investigation, in order to determine whether the
rate variations are due to (a) favoring of the dissipation
of charge at the transition state by less polar solvents,
or (b) weakening of hydrogen bonding, i.e., solvation,
of the oxide, raising its energy and increasing its rate of
dissociation.

The Cage Effect. —The effect of radical scavengers on
the outcome of the Meisenheimer rearrangement has
not previously been taken into account. We have
found the scavenger oxygen, known to react very
rapidly with carbon radicals,55to reduce the yield of 11
from | to a limiting value which is 40% of that in its
absence. In addition, terf-dodecanethiol and possibly
carbon tetrachloride also diminished the yield of II,
although limiting yields were not established in these
cases. The role of all three of these must be to react
with free benzyl radicals according to eq 4, 6, and 8,
preventing them from reacting with free nitroxide
radicals; the products benzaldehyde, toluene, and
chloroform are indicative of these reactions. Oper-
ation of a cage effect explains the existence of a
limiting yield, the inability of the scavenger to react
with 100% of the radicals which form. Previous
studies of cage effects have shown that, even when the
radical-scavenger reaction is diffusion controlled, more
than 0.1 M scavenger concentration is required to
interfere with a cage effect.3 In our experiments the

(33) C-H. S.Wu, G. S. Hammond, and J. M. Wright, J. Amer. Chem. Soc.,
82, 5386 (1960).
(34) H. P.Waits and G. S. Hammond, ibid., 86, 1911(1964).
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concentration of oxygen in solution never exceeded
0.01 M, and was usually much less. The thiol used and
CC14 were expected to be less reactive than oxygen
toward benzyl radicals, and accordingly much higher
concentrations were required to depress the yield of Il.
Thus, even at the concentrations of 0.5 and 1.3 M,
respectively, these compounds could not have sup-
pressed the cage effect itself. CCl4at 1.3 M decreased
the yield only to 59%. The cage effect in 80% ethanol
at 70° is thus regarded as being 40%, and that in 97%
methanol at 45°, ca. 50%. If the latter is significantly
greater than the former, it is consistent with the known
tendency of cage effects to increase at lower tempera-
tures, as viscosity increases.4

It might be argued that a different mechanism is
responsible for the 36% yield of Il not eliminated by
oxygen. This is the Achilles’ heel of the cage effect
hypothesis, which may be defended in the following four
ways.

(1) The phase of the CIDNP effect (in the case of |
and its dimethyl analog, emission) agrees with theory
for geminate radicals. Existing theory3 is powerful
and has succeeded in accounting for enhancement
factors, phase, the multiplet effect, and other aspects
of CIDNP. The most convincing experiment in the
present context would be observation of CIDNP in the
presence of an efficient scavenger to prevent coupling
of any but geminate radicals. This might be done
using CBr4or BrCClI3in chloroform solution.38

(2) If the rearrangement could be conducted in the
vapor phase, in the presence of a scavenger, the yield
should fall to zero, since at low pressures there are no
cages. Although this experiment has provided elegant
support for other cage effects, e.g., that which forms
methyl acetate in the thermal decomposition of acetyl
peroxide,® it is probably not applicable here because
of the low or nil volatility of amine oxides.

(3) The rate constant for the rearrangement of I is
the same under oxygen as under nitrogen. Were
another mechanism involved, a different rate constant
should apply to the nonscavengeable part of the re-
action. The rate constant under nitrogen would be
the sum of that rate constant and the rate constant
characteristic of the production of free radicals. Since
the cage effect is roughly one-third of the total, the
rate should be one-third under oxygen what it is under
nitrogen, if two mechanisms were involved. For the
cage-effect mechanism, the rate-limiting step, cleavage
of I into two radicals, is the same whether caged or free
radicals are considered. Following, as we have done,
the formation of product, one in effect neglects two-
thirds of the reaction, but, since the kinetics are first
order, the rate constant is the same. We are not
aware of the application of this criterion in any previous
case, nor, more important, are we aware of any case
which does involve two mechanisms, one nonradical,
the other producing radicals with almost no cage
effect, and both producing the same product.

(4) The limiting yield of rearrangement product is
greater in a more viscous solvent. This criterion has

(35) G. L. Closs, J. Amer. Chem. Soc., 91, 4552 (1969); R. Kaptein and
L. J. Oosterhoff, chem. Phys. Lett., 4, 195, 214 (1969).

(35a) Note Added in Proof.— A. R. Lepley has recently reported to the
senior author very strong emission from Il in a mull of IHC1, DABCO,
and BrCCh.

(36) L. Herk, M. Feld, and M. Szwarc. J. Amer. Chem. Soc., 83, 2998
(1961).
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been applied often, like no. 2; it depends on the antic-
ipated decrease in rate of diffusion of radicals from
their cage as the viscosity increases. We find the
limiting yield in cyclohexanol to be 58%, which is
69% of the yield under nitrogen. A cage effect of
69% is nearly double that found in ethanol, an increase
which is consistent with increases observed in other
systems. It is noteworthy that viscous alcohols, in-
cluding also glycerol and other glycols, have been used
only twice previously¥ 38for investigating cage effects.
Although this has provided us some anxious moments,
the burden of proof is on the one who dares to suggest
that a viscous solvent will not increase a cage effect.
We prefer the thought that this observation and the
previous ones extend the range of viscous solvents use-
ful for investigating cage effects.

It might be argued that the alleged increase in cage
effect in cyclohexanol is an illusion, actually due to
decreased efficiency of oxygen as scavenger. That is,
if the scavenging reaction is diffusion controlled, its
rate must decrease considerably with a tenfold increase
in viscosity, and a significant amount of coupling of
bulk radicals to Il might compete with scavenging.
While an experiment conducted at 5 atm would settle
the matter, we can present two additional observations
which strongly refute this objection. First, the
solubility of oxygen must be greater in cyclohexanol
than in aqueous ethanol, both at 70°, by Henry’'s law,
since the former is much less volatile; i.e., the partial
pressure of oxygen over cyclohexanol is more nearly 1
atm. Second, the decrease in rate of scavenging due
to viscosity increase would be comparable to that due
to decreasing the partial pressure of oxygen, as by
changing from pure oxygen to air. In the ethanol
experiments, this increased the yield of Il from 36%
to only 41%, an increase of less than one-fifth.

Discrepancy between the Present Results and Those
of Schollkopf, et al.—The Schollkopf group has argued13
that the rearrangement in methanol or water is intra-
molecular, i.e., has a cage effect, to the extent of 75-
95%, depending on solvent and temperature, in serious
conflict with our estimate using the scavenger method.
Their crossover experiment, decomposition of equal
mixtures of | and 1-d2 and mass spectrometric analysis

of the product for Il, Il-di, and 11-d2 is capable of
I+ D~ _CH N+~ g~ D (13)
CH3
1-d2

bulk J N~cage

I+ ndj + 1-A2 11 + n-d2only

affording an accurate estimate of cage effect. An
analogous experiment3®with the thermal decomposition
of azo-l-phenylethane at 105° gave a result in excellent
agreement with that of a scavenger experiment.d
Evidently, however, the amine oxide solutions were
not degassed; so most of the product isolated, in un-
stated yield, must have been cage product. This
W. N.White, H. S. White, and A. Fentiman, ibid., 92, 4477 (1970).

W. K. Robbins and R. H. Eastman, ibid., 92, 6076, 6077 (1970).

)
)
) S. Seltzer and E. J. Hamilton, ibid., 88, 3775 (1966).
)

(37
(38
(39
(40) F. D. Greene, M. A. Berwick, and J. C. Stowell, ibid., 92, 867 (1970).
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explains the fact that the product was predominantly
Il and 11-d2 with very little 11-<% Our experiments
with methanol underscore this interpretation.

Stereochemistry of the Rearrangement of I.—We
have noted in our communication2 that the cage effect
of 1 and the extent of retention of configuration in
migrating benzyl-a-di in the dimethyl analog of | are
similar, although, owing to low rotation values, the
latter value is not accurately known. Nevertheless,
since the bulk reaction must lead to quantitative
racemization, the retention occurs entirely in the cage
process, and is very high, 62-100%. A second case,
also involving the cleavage of only one bond, has been
studied by Porter, et al.,7 the photodissociation of
optically active phenylazo-2-phenylbutane. In hexa-
decane, only about 10% racemization of azo compound
took place, while about 50% of the remaining azo
compound had undergone dissociation (inferred from
the dependence of the quantum yield on viscosity in a
series of paraffins).

The behavior of a typical two-bond initiator, azo-1-
phenylethane, contrasts strongly with the pattern set
by the Meisenheimer rearrangement and Porter’'s azo
compound. Thermal decomposition of the optically
active azoethane gave 2,3-diphenylbutane which was
nearly a statistical mixture of d, I, and meso forms,
even for the cage process (in the presence of the scaven-
ger 2-methyl-2-nitrosopropane).d In this case a
nitrogen molecule intervenes between the geminate
radicals, and this may increase the probability that a
1-phenylethyl radical will rotate by 180° from its
original orientation. Since, however, these experi-
ments were performed at 105°, one should await a
study of the photolysis at ambient temperature before
pinning the blame on the nitrogen molecule.

Why is the yield of the Meisenheimer rearrangement
nearly quantitative? In other words, why isn't more
bibenzyl formed, if part of the reaction involves free
radicals? Those radicals which diffuse into the bulk
would normally give three coupling products in ratio
1:2:1, one of which should be bibenzyl. The clue is
that one radical, methylphenyl nitroxide, is observable, 13
while the other, benzyl, is not. The nitroxide cannot
couple with itself, but it can scavenge benzyl radicals.
A similar situation obtains in the thermal decom-
position of ;erf-butyl triphenylperacetate, Ph3C C03
C(CH33 in cumene, in that triphenylmethyl radical
builds up and scavenges terf-butoxy and cumyl radicals;
dicumyl cannot be detected.6

The way in which the nitroxide radical attains its
high concentration has already been suggested by
Schollkopf: dimerization early in the reaction destroys
benzyl radicals, converting them to bibenzyl. For-
mation of 0.05% bibenzyl from 0.01 M 1| allows the
formation of 10_5 M nitroxide, easily detected by esr.
The rapid rate of scavenging of benzyl radicals by
nitroxide—inferred from the existence of a cage effect
involving both—keeps the concentration of benzyl
below observable limits. Schollkopf did not believe
that the detectable nitroxide radicals played a major
role in the reaction, while our postulated cage effect
of ca. 40% indicates that they produce more than half
the product. Johnstoneld considered the kinetic and
esr results to conflict, in that intermolecularity implied
to him a departure from first-order Kkinetics. If,
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however, bond scission is rate determining, no amount
of complications after this step can affect the Kinetics,
provided that there is no attack of radicals on amine
oxide.

Experimental Section

General.—Nmr spectra were recorded and integrated on a
Varian A-60 instrument; for later work a Jeolco C-60HL was
utilized. For gquantitative analyses of Il, benzaldehyde, and
toluene, the sample was dissolved in a known volume of CC14
containing a known concentration of anisole (Sfor methyl protons,
3.55 ppm, remote from peaks of any products), and the methyl
and/or methylene or formyl singlets integrated. Synthetic
mixtures of 11, toluene, and anisole were likewise integrated, and
corrections applied.

Glpc analyses were performed with an F & M Model 700
chromatograph, the recorder equipped with a disc integrator.
Quantitative analysis of toluene and bibenzyl was achieved with
reference to synthetic mixtures.

Monoperphthalic Acid.— The method of Payne4lwas used with
slight modification. A solution of sodium carbonate monohy-
drate (62 g, 0.5 mol) in 250 ml of water in a 1-1. beaker was
cooled to —3 to —5° in brine, stirred magnetically, and chilled
30% hydrogen peroxide (68 ml, 0.6 mol) was added; the tem-
perature remained below 0°. Phthalic anhydride, well pulver-
ized (75 g, 0.5 mol), was added and the solution was stirred
vigorously for 30 min, when all the anhydride had usually dis-
solved. Ether (350 ml) was added, then slowly 30 ml of con-
centrated sulfuric acid in 150 ml of water; gas was evolved; and a
slushy white precipitate of phthalic acid formed. After filtration
through glass wool into a 2-1. separatory funnel, the aqueous layer
was further extracted with three 250-ml portions of ether. The
combined ether extracts were washed with cold 40% ammonium
sulfate solution and dried over magnesium sulfate in the refrigera-
tor. Analysis by iodimetry, treatment of 2 ml of ethereal solu-
tion with 15 ml of 20% aqueous potassium iodide, followed by
titration with 0.100 N sodium thiosulfate solution, indicated a
yield of 88%; yields ranged from 69 to 99% in other runs.

Af-Benzyl-IV-methylaniline A'-Oxide Hydrochloride (I HC1).—
A modification of the method of Stevens, et al.,2 was used. A
chilled solution of W-benzyl-AAmethylaniline (Eastman) (70 g,
0.35 mol) in anhydrous ether was treated with ethereal mono-
perphthalic acid solution in 10% excess, at 0°, in a resin kettle
equipped with a thermometer and stirring bar, immersed in an
ice-salt bath. After stirring for 16-20 hr at —2 to 0°, the ether
was decanted, the pale yellow-green cake on the kettle walls was
dissolved in methylene chloride, and dry hydrogen chloride was
bubbled through for 0.5 hr. The solution turned deep rose and
phthalic acid precipitated. This was filtered off and the solvent
was stripped under vacuum. The clear brown, viscous syrup
which remained was dissolved in 100 ml of warm acetone, when a
copious crop of white crystals appeared, which were collected
under suction and dried. The material was stable indefinitely if
stored under hydrogen chloride gas. The yield was 44.0 g
(50.6% of theory); mp 126-127° with slow heating, 134-135°
with rapid heating (lit. mp 124-126°,£2131°,3o0r 135°43); nmr S
4.22 (3 H, singlet, methyl) and 5.46 ppm (2 H, AB quartet,
methylene), in chloroform; aromatic absorption hidden by sol-
vent. Anal. Calcdfor ChH~ANOCI (mol wt, 249.7): C, 67.20;
H, 6.44; N, 5.60; CI, 14.20. Found: C, 67.32; H, 6.48; N,
6.09; Cl, 14.34.

Oxygen Scrubber.—Prepurified nitrogen was passed through a
scrubber, prepared as follows, on its way to the reaction vessel.
Zinc amalgam was prepared by adding mossy zinc to mercury in a
beaker. To this was added 3 N hydrochloric acid to clean the
zinc and hasten its amalgamation. The amalgam, washed several
times with distilled water, was transferred to a 0.5-1. gas washing
bottle. An aqueous solution of 60 ml of perchloric acid and 20.5
g of chromic perchlorate hydrate in 500 ml of water was added to
the bottle. The resulting blue-black solution turned bright
peacock blue as nitrogen passed through it for several hours.
When the amalgam becomes exhausted, the green color of chromic
ion appears.

(41) M. Payne, J. Org. Chem., 24, 1354 (1959).

(42) J. Meisenheimer and J. HofFneinz, Justus Liebigs Ann. Chem., 385,
117 (1919).

(43) J. Meisenheimer, ibid., 449, 188 (1926).
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General Procedure for Rearrangement of I.—The reaction
vessel was typically a 1-1., three-necked, round-bottomed flask
fitted with two 1.5-ft condensers in series, a calibrated thermom-
eter graduated in 0.1°, and a glass tube for bubbling oxygen or
nitrogen through the solution. For runs conducted under nitro-
gen, a four-necked flask was used, the fourth neck being attached
via flexible tubing (latex or Tygon) to a second, two-necked flask
in which a solution of base was purged of air before being poured
under slight nitrogen pressure into the solution of | HC1. Both
flasks were thermally equilibrated in alarge constant-temperature
water bath for ca. 1 hr or more before mixing.

For a typical run under nitrogen, I HC1 (0.495 g, 1.99 mmol),
in 200 ml of 80% ethanol in the four-necked flask, and NaOH,
(0.150 g, ca. 3.7 mmol) in 200 ml of 80% ethanol in the two-
necked flask, were purged with scrubbed nitrogen and equilibrated
at 70.3°. The base solution was poured into the | solution
through the tubing and the mixture was allowed to stand under
a slow nitrogen stream for 20 hr. The reaction mixture was
poured into 800 ml of ice-cold saturated salt solution and ex-
tracted with five 150-ml portions of pentane. The pentane was
stripped through a 1-ft glass helices packed column by means of
a warm water bath. The residue, 2.5 ml, was analyzed by nmr
(vide supra) after addition of 1.0 ml of 1.98 M anisole in CCh.
The yield of Il was 67%; no IV was detected.

Runs under air or oxygen were carried out similarly, except
that purging prior to mixing was usually omitted.

The two runs at 5 atm oxygen employed a 500-ml Parr pressure
bottle connected by copper tubing and compression fittings to
the outlet of a reducing valve on an oxygen cylinder. Stirring
was done with an oval Teflon-covered stirring bar and a magnet,
attached to a speedometer cable, immersed in the water bath
and driven by a stirring motor. The reducing valve was set at
60 psig after the vapor space had been purged briefly with oxygen,
the flask was immersed in the bath, and stirring was begun.
After ca. 13 hr, more than 6 half-lives, the pressure was released
and the solution was worked up as described above. In these and
I atm oxygen or air runs, benzaldehyde was detected and de-
termined by nmr (formyl resonance at 10.0 ppm), as well as by
odor. The yield of benzaldehyde was high only if the stripping
of pentane was done with tepid water; use of hot water or steam
resulted in low yields.

When tert-dodecanethiol was used as scavenger, it was added
via a disposable syringe after mixing of the amine oxide and base
solutions. CCl4when used as scavenger was added to the base
solution before mixing.

Kinetics of the Rearrangement of | HC1.—Kinetic runs were
carried out with slight modifications of the above techniques.
In place of the thermometer there was a long Teflon syringe
needle, to withdraw aliquots, 100 ml at first, decreasing to 50 ml
at the end, as the concentration of product increased. The ali-
quots were quenched in ice water and worked up and analyzed for
Il as above. Rate constants were calculated from slopes of plots
of log [IIf/(11f —lit)] vs. time. The length of time required for
one-point experiments was chosen according to the results (c/.
text).

Recovery of Toluene.—Synthetic mixtures containing ca. 0.5
mmol of toluene and some Il in 80% ethanol were prepared and
subjected to the standard work-up procedure. The recovery of
toluene averaged 31% while that of Il was quantitative. The
observed yields of toluene were corrected by dividing by 0.31.
No control was run for the largest amount of toluene observed,
1.13 mmol; in this case the correction factor should probably be
smaller than 1/0.31.

Reaction of Tetrahalomethanes with Ethanolic Base—A0.10M
solution of bromotrichloromethane in 80% ethanol was allowed
to stand overnight at room temperature. The apparent pH as
measured with a meter was 1.8; a 5-ml aliquot diluted to 45 ml
had pH 2.5. Standard aqueous 0.1 N NaOH was added; 5.0 ml
brought the pH to 3.00, 6.5 ml to 4.70, and 10.0 ml to 11.80.
Ten minutes later, the pH had drifted to 3.4.

A 0.10 M solution of carbon tetrabromide in 80% ethanol had
pH 1.3 after standing overnight. Standard aqueous 0.1 N base,
3.0 ml, brought the pH to 11.60; 10 min later the pH was 10.0.

A 0.10 M solution of carbon tetrachloride in 80% ethanol, after
standing for 40 min, had pH 7.3; dilution with 40 ml of ethanol
brought the pH to 5.4. Only 0.5 ml cf 0.1 N base was required
to bring the pH to 12.3, where it remained for at least 10 min.

Rearrangement of | in Chloroform.— 1 HC1 (3.0 g, 12 mmol)
was dissolved in 200 ml of chloroform, and ammonia was bubbled
in for 0.5 hr at 0°. The white precipitate of ammonium chloride

Lorand, et al.

was removed by filtration, and the chloroform was stripped on a
rotary evaporator over a steam bath. CC14 (25 ml) was added
and evaporated to remove traces of chloroform. The residue, a
golden yellow liquid, bp 90° (0.1 mm), weighed 2.28 g (10.7
mmol) (maximum), 89% of theory: nmr S2.90 (3 H, singlet,
methyl) and 4.76 ppm (2 H, singlet, methylene), in the aliphatic
region, identical with the spectrum of the product from re-
arrangements in 80% aqueous ethanol. There was no absorption
due to 1V, which absorbs at 52.84 (3 H, methyl) and 4.35 (2 H,
methylene) ppm, both singlets. Anal. Calcd for c14H15NO
(mol wt, 213.27): C, 78.84; H, 7.08; N, 6.56. Found: C,
78.42; H, 6.88; N, 6.74.

CIDNP from Rearrangement of | in Chloroform.—1 HC1 (ca.
125 mg, 0.5 mmol) was dissolved in 1 ml of chloroform in an nmr
tube. The spectrum showed a methyl singlet at S4.22 and a
methylene AB quartet at 5.46 ppm. After addition of DABCO
(lI,4-diazabicyclo[2.2.2]oetane), ca. 100 mg (0.9 mmol), stopper-
ing, and shaking, some precipitate remained. It was previously
shown that DABCO hydrochloride is insoluble in chloroform.
The nmr spectrum now showed, besides the singlet at 3.0 ppm due
to DABCO, both methyl and methylene signals of I at higher
field by ca. 0.3 ppm. Addition of more DABCO caused slight
further shifts to higher field. The solvent shifted simultaneously
to lower field by ca. 0.3 ppm, attributed to hydrogen bonding to
both DABCO and the free amine oxide. (A solution of pyridine
V-oxide in chloroform showed a similar low-field shift of the
solvent resonance.)

The probe of the A-56-60 spectrometer was heated to 60° and
the tube containing the chloroform solution of I and DABCO was
reinserted. Scans of the spectrum within the first 2 min showed
negative emission singlets at 2.9 and 4.7 ppm, characteristic
chemical shifts of the methyl and methylene protons of I11.
Within 10 min, these became positive absorption peaks.

A'-Benzyl-iV-methylaniline—1 HC1 (12.1 g, 0.0485 mol) was
allowed to rearrange for 19 hr at 72° in 350 ml of 80% ethanol
in the presence of tris(hydroxymethyl)aminomethane (Tris)
(29.0 g, 0.24 mol) under nitrogen. The work-up proceeded as
above, affording 7.7 g of orange-yellow oil, the nmr spectrum of
which showed singlets in the aliphatic region characteristic of
both Il and IV. The product was partitioned between pentane
and aqueous 0.1 N HC1, the aqueous phase was made basic with
dilute NaOH solution, and the oil which separated was extracted
into pentane, which was stripped, leaving IV (3.2 g, 0.015 mol)
(31%), bp 85° (0.15 mm), nmr as given above for IV. Addition
of authentic 1V (Eastman) enhanced existing nmr peaks. For
picrates, the reaction product (from MeOH) had mp 101-102°;
authentic IV (from MeOH) had mp 101-102°; the mixture had
mp 101-102°; authentic material (from EtOH) had mp 101-
104°; the mixture of picrates of an authentic sample (from MeOH
and EtOH) had mp 101-104° (lit. mp 103°,44 128°I0y the lat-
ter melting point reported for material from EtOH, combustion
analysis reported to agree with formula CZH 18N 407).

Anal, (of authentic material from EtOH). Calcd for
CAHIBN47 (mol wt, 426.37): C, 56.47; H, 4.03; N, 13.17.
Found: C, 56.20; H, 4.21; N, 13.30.

We conclude that the reportl of mp 128° for IV picrate is in
error.

Reactions of Amines with Amine Oxides. A. 1 HC1 and Tri-
ethylamine.—1 HCL1 (1.0 g) and triethylamine (4.1 g) in 50 ml of
90% ethanol were heated at 70° for 4 hr, and the standard
work-up was applied. The products showed no evidence of IV
in the nmr. Repetition of the experiment at 80° for 10 hr with
the same, and then threefold, amount of triethylamine gave
traces of IV.

B. Trimethylamine Oxide and ArBenzyl-A -methylaniline—
A solution of these compounds, 4.0 and 1.8 g, respectively, in 50
ml of 90% ethanol was refluxed for 19 hr. Following standard
work-up, the nmr of the product showed no evidence of I1.

C. | HC1 and Pyridine.—A solution of these compounds (1.0
and 5 g, respectively) in 50 ml of 90% ethanol was refluxed for 4
hr under nitrogen. Standard work-up gave a product consisting
of IV and Il in approximate ratio 2:1. Pilot experiments were
undertaken to develop a method of determining pyridine Ar-oxide:
the reaction mixture was to be diluted with several hundred
milliters of water and the pyridine removed by distillation;
pyridine W-oxide would remain in the residue and be determined

(44) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, "The Systematic
Identification of Organic Compounds, A Laboratory Manual,” 5th ed,
Wiley, New York, N. Y., 1964, p 336.
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by uv absorption. Pyridine has Xmex256 nm (log €3.5); pyridine
IV-oxide has Xmax 255 nm (log e 4.1). Distillation of a dilute
solution of pyridine caused eventual disappearance of the 256-nm
maximum, but end absorption persisted off scale at low wave-
length; evidently an impurity had been concentrated. Distilla-
tion had no effect on the absorbance of dilute pyridine JV-oxide
solution [A-oxide from Aldrich was recrystallized from CC14;
colorless plates, mp 68-69° (lit.4mp 65-66°), were used]. Distil-
lation of a solution of pyridine and pyridine A-oxide gave a uv
spectrum lacking the fine structure characteristic of pyridine, but
with Xmex 255 nm, and going off scale as characteristic of the im-
purity in pyridine. The reaction mixture, after pentane extrac-
tion of Il and 1V, gave after distillation a residue with the uv
maximum typical of pyridine A-oxide and the impurity; ab-
sorbance of 2.11. of solution was 0.60; concentration of oxide was
therefore 4.3 X 10~6M, total 9.1 X 10_5mol; theoretical yield
of oxide assuming 65% yield of IV was 2.7 X 10~3mol; actual
yield was 3.3% of theory.

(45) H. S. Mosher, L. Turner, and A. Carlsmith, “Organic Syntheses,”
Collect. Vol. IV, Wiley, New York, N.Y., 1963, p 828.
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The mechanism corresponding to the base-induced decomposition of A-nitroso-A-methylurea is discussed.
Evidence is presented for the decomposition which is consistent with initial abstraction of a urea proton, but
not with a mechanism involving initial nucleophilic addition to the nitroso or carbonyl groups.

The base-induced decomposition of V-nitrosoam-
ides, -carbamates, and -ureas to diazoalkanes has been
the subject of many synthetic and mechanistic in-
vestigations. The mechanistic considerations, in par-
ticular, have stimulated -considerable debate. In
1894, von Pechmann established that the hydroxide-
induced decomposition of nitrosocarbamates afforded
diazoalkanes.8 Hantzsch and Lehmann3isolated the
methyl and benzyl diazotates (1) and demonstrated
that treatment of 1 with water afforded the corre-
sponding diazoalkanes.

N =0
coned _
RCHNCOEt — >msRCHAN=NOK +
| KOH 1
jmo
rchn?2
R = H, C&H6

An investigation by Gutsche and Johnson3 of the
methoxide-induced decomposition of several V-nitroso-
V-benzylcarbamates expanded this scheme (Scheme
1) and the subsequent isolation of methyl ethyl carbon-
ate4 from the base-induced conversion of V-nitroso-
V-cyclohexylurethane (2a) provided convincing evi-
dence for a mechanism initiated by methoxide attack
on the carbonyl carbon. This scheme has also been
established as operative for the decomposition of N-

(1) H.von Pechmann, chem. Ber., 27, 1888 (1894).

(2) A. Hantzch and M. Lehmann, chem. Ber., 35, 897 (1902).

(3) C. D. Gutsche and H. E. Johnson, J. Amer. Chem. Soc., 77, 109
(1955).

(4) F. W. Bollinger, F. N. Hayes, and S. Siegel, 3. Amer. Chem. Soc., 72,
5592 (1950).

Scheme |

U2 N=0 R2 o
R iic—~NCRs R,CN=NO + RO”Rs
2 | 3 T

R2 R2
RiéN2-< ---------------- R,(I?N=NOH
!

a, R, = H; R2= Cdl,; R3= OEt
b, RiR2= (CH23 R3— NH2

nitrosoamides.6'7 Similarly, by indicating the for-
mation of alkyl carbamate, Applequist and McGreer8
implied that the alkoxide-induced decomposition of
V-nitroso-V-cyclobutylurea (2b) to diazocyclobutane
was initiated by attack on the carbonyl moiety.

In 1966, however, Jones, Muck, and Tandy9 de-
scribed experiments which appeared to exclude the
Applequist and McGreer scheme as a possible mech-
anism for the conversion of V-nitroso-iV-(2,2-diphenyl-
cyclopropyl)urea to 2,2-diphenyldiazocyclopropane.
They provided an alternate mechanism involving alk-
oxide attack on the nitroso moiety of the urea (Scheme
11). A third mechanism which involved proton ab-
straction as the first step (Scheme I11) was also ex-
cluded on the basis of several observations. Jones,
et al.,9 were careful to limit their discussion to the
decomposition of  A-nitroso-W-(2,2-diphenylcyclo-

(5) R. Huisgen and J. Reinertshofer, Justus Liebigs Ann. Chem., 575,
174 (1952).

(6) R. Huisgen, Justus Liebigs Ann. Chem., 673, 173 (1951).

(7) C. D. Gutsche and I. Y. C. Tao, J. Org. Chem., 28, 883 (1963).

(8) D. E. Applequist and D. E. McGreer, J. Amer. Chem. Soc., 82, 1965
(1960).

(9) W. M. Jones, D. L. Muck, and T. K. Tandy, Jr., 3. Amer. Chem.
Soc., 88, 68 (1966).
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Scheme |l
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propyl)urea. A subsequent review has, unfortunately,
indicated the validity of the mechanistic conclusions
for “several nitrosoureas.” 0 We therefore wish to
discuss our findings for the base-induced decomposi-
tion of A-nitroso-A-methylurea.

During the course of a study on the generation and
utilization of diazomethane, it became apparent that
the mechanism outlined in Scheme Il was inconsistent
with the alkoxide-induced decomposition of A-nitroso-
A-methylurea, a transformation which might better
be rationalized by the mechanism outlined in Scheme
I1l. The experiments which led to this conclusion

Scheme |11

N=0 N=g*

RCHN. RCHJICNH, RCH.N~C~SH

-NCO + RCH N=NOH -*— RCHIiIN=NO-~ + HNCO

have been described briefly in a previous report.1l
A more detailed description of these experiments,
with additional evidence in favor of the proton ab-
straction mechanism, is now presented.

Results and Discussion

Published evidence excluding the carbonyl addition
mechanism (Scheme 1) for the base-induced decom-
position of A-nitroso-A-(2,2-diphenylcyclopropyl)urea
is substantial. Jones, et al,,9found less than 1% ethyl
carbamate resulting from the lithium ethoxide induced
decomposition of A-nitroso-A-(2,2-diphenylcyclopro-
pyllurea. They also determined that ethyl carbamate,
had it been formed, would have been stable to thereaction
conditions, a finding which has been corroborated in this
laboratory. Also,decomposition viathe mechanism out-
lined in Scheme | would require the presence of at
least a catalytic amount of ethanol. Alcohol-free
lithium ethoxide was found to effect the decomposi-
tion of A-nitroso-A-(2,2-diphenyleyclopropyl)urea in
anhydrous ether in 20 min at 0°. A similar result has
been obtained in this laboratory for A-nitroso-A-
methylurea. These two lines of evidence are suffi-
cient to exclude the carbonyl addition mechanism for

(10) G. W. Cowell and A. Ledwith, Quart. Rev., Chem. Soc., 24, 1191
(1970).
(11) S. M. Hecht and J. W. Kozarich, Tetrahedron Lett.,, 5147 (1972).

Hecht and Kozarich

the decomposition of A-nitroso-A-(2,2-diphenylcyclo-
propyl)urea or N-nitroso-A-methylurea.

In addition, the finding that lithium 2,2-diphenyl-
cyclopropyl diazotate was stable to lithium ethoxide-
ethanol and to isocyanic acid strongly suggested that
the mechanism outlined in Scheme 11l could not be
operative for the decomposition of A-nitroso-A-
(2,2-diphenylcyclopropyl)urea, since it contained the
diazotate as an obligatory intermediate. In this
regard the chemistry of methyl diazotate appears to
differ from that of lithium 2,2-diphenylcyclopropyl
diazotate. Specifically, treatment of CHN=NO~K+
with excess isocyanic acid in tetrahydrofuran at 0°,
under rigorously anhydrous conditions, afforded potas-
sium cyanate and nitrogen liberation, corresponding
to the formation of diazomethane. When decom-
position was effected in the presence of isocyanic acid
and a less acidic carboxylic acid, the methyl carboxyl-
ate was formed. Similar results were obtained when
a single equivalent of isocyanic acid was employed or
when excess diazotate was present. Thus, there exists
at least one diazotate whose reactivity with isocyanic
acid is consistent with the mechanism outlined in
Scheme I11.

Clearly, this finding suggests that the proton-ab-
straction mechanism should not be dismissed a priori
as incorrect for all A-nitroso-A-alkylureas. Simple
considerations of acid-base equilibria make a rapid,
guantitative proton transfer (urea, pK &= 16; eth-
anol, pK &= 17) an attractive first step in the decom-
position. Moreover, several experiments suggest that
the proton-abstraction mechanism (Scheme 111) is
actually operative in the decomposition of A-nitroso-
A-methylurea. For example, treatment of A-nitroso-
A-methylurea with sodium hydride in dry 1,2-di-
methoxyethane under anhydrous conditions resulted
in the decomposition of the urea to diazomethanel?
in quantitative yield, according to the following equa-
tion.

N =0

ChJTCNH7 + 2NaH =
NaOHi + 2HZT+ CH:N: + NaCNCH

The strongly basic nature of sodium hydride (pAa
= 40) undoubtedly precludes nucleophilic addition
to the nitroso group in the presence of the relatively
acidic urea protons (pKa = 16).13 A similar result
was obtained from the addition -of 1 equiv of anhy-
drous n-butyllithium to a solution of A-nitroso-A-
methylurea in dry 1,2-dimethoxyethane. Immediate
decomposition of the urea to diazomethane was ob-
served; this material could be used in the conversion
of 1 equiv of a carboxylic acid to its methyl ester (87%
yield). If the decomposition was run in the presence
of a second equivalent of n-butyllithium, lithium
methyl diazotate was formed.

The decomposition of A-nitroso-A-methylurea with
hindered bases also supports this mechanism. Treat-
ment of the urea with excess triethylamine in 1,2-
dimethoxyethane effected decomposition to diazo-

(12) iV-Nitroso-iV-methylurea is stable to a suspension of sodium hy-
droxide in dry 1,2-dimethoxyethane, under the reaction conditions.

(13) W. P. Jencks and J. Regenstein in “CRC Handbook of Biochemis-
try,” 2nd ed, H. A. Sober, Ed., Chemical Rubber Company, Cleveland,
Ohio, 1970, pp J-187-J-226.
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nium products. Since triethylamine is a very hindered
base, which exhibits poor nucleophilic properties as a
result of this steric hindrance, the proton-abstraction
mechanism (Scheme 111) would seem more consistent
with the observed results. Treatment of A-nitroso-
A-methylurea with 1 equiv of potassium terf-butoxide
also resulted in the rapid formation of diazomethane.
Treatment with a twofold excess of potassium tert-
butoxide resulted in the formation of potassium methyl
diazotate, which rapidly decomposed to diazomethane
upon addition of water. ¥4

Additional supporting evidence may be obtained
from the decomposition of A-nitroso-A'-methylurea
with anions of widely varying base strength and nucleo-
philic character. The mechanism outlined in Scheme
Il can only be operative in the presence of a strong
base. In this context, it is significant that the half-
life of A-nitroso-Ar-methylurea in the presence of
phenoxide and thiophenoxide anions was ~75 and 210
sec, respectively, in the sense that phenoxide is a
stronger base than thiophenoxide (although a far
weaker nucleophile). Under the same conditions,
the decomposition of A-nitroso-A-methylurea by
hydroxide ion was too fast to measure. Further
verification of base control in the decomposition was
provided by the smaller amount of A-nitroso-A-
methylurea decomposed by a given amount of thio-
phenoxide, relative to the phenoxide anion (Figure 1).

The results of decomposition obtained for A-ni-
troso-A-(2,2-diphenylcyclopropyl)urea and A-nitroso-
A-methylurea might be considered compatible if the
apparent stability of 2,2-diphenylcyclopropyldiazotate
to moderately strong acids could be explained. A
reasonable approach to this problem might be the
initial assumption that the reaction pathway from the
individual diazotates to their respective final products
was achieved via transition states of rather different
energies. For example, early work in this field®
established the difference in reactivities of syn and
anti aryl diazotates. While the syn diazotates (6)
rapidly afforded diazonium ions, their anti isomers
(7) yielded these products slowly, the rate-determining
step in the latter case apparently involving isomeriza-
tion to the syn diazotate or formation of the conjugate
acid (8). Although alkyl diazotates have not been

.0 N oh2

N=N N=isr N=N
Ar CT Ar Ar

6 7 8

noted to isomerize, ostensibly owing to the instability
of each of the geometrical isomers,I7 2,2-diphenyl-
cyclopropyldiazotate might be thought to exist largely
as the less reactive anti isomer owing to steric con-
straints and to possess a higher energy barrier to de-
composition than other alkyl diazotates on the basis
of steric or electronic effects associated with the
2,2-diphenylcyclopropyl moiety. Alternatively, 2,2-di-

(14) For Scheme Il to be operative here, it would be necessary to postd-
ate that deprotonation of the diazohydroxide occurred faster than its decom-
position while protonation of the diazotate was slow.

(15) H. Zolling, “Diazo and Azo Chemistry, Aliphatic and Aromatic Com-
pounds,” Interscience, New York, N. Y., 1961.

(16) B. A. Porai-Koshits, zh. Org. Khim., 2, 1125 (1966).

(17) E. H. White, T. J. Ryan, and K. W. Field, 3. AME. chem. soc.,
94, 1360 (1972).

J. Org. Chem., Vol. 88, No. 10, 1978 1823

Figure 1.—Decomposition curves for Af-nitroso-A-methylurea
in the presence of thiophenoxide (A) and phenoxide (*) anions,
respectively.

phenylcyclopropyl diazotate might be thought to
form the observed ring-opened product via some species
other than a diazoalkane, e.g., a carbene.B

Experimental Section

Ultraviolet spectra were recorded on a Cary 15 spectropho-
tometer. Infrared spectra were determined on a Perkin-Elmer
457A spectrophotometer, through the courtesy of Professor Diet-
mar Seyferth.

Treatment of Potassium Methyl Diazotate with Isocyanic Acid
in Tetrahydrofuran.— Isocyanic acid was generated by thermoly-
sis of cyanuric acid at 380-400° and introduced into tetrahydro-
furan which had been precoolec to 0°. The normality of the
solution was determined by titration of an aliquot with a stan-
dardized sodium hydroxide solution. Potassium methyl di-
azotate (0.10 g, ~1.0 mmol) was suspended in 10 ml of THF at
0°. Isocyanic acid (~0.6 mmcl) in 50 ml of THF was added
and the mixture was stirred at 0° under anhydrous conditions
for 3 hr, during which time gas evolution was observed. The
reaction mixture was then concentrated and an infrared spectrum
of the residue revealed the presence of cyanate ion (2275 cm*1).

This reaction was repeated utilizing an isocyanic acid solution
which contained excess p-nitrobenzoic acid. At the conclusion
of the reaction the solution was concentrated and treated with
ether. The ethereal layer was extracted with water and sodium
bicarbonate solution and dried. Concentration afforded methyl
p-nitrobenzoate in 90% yield, based on limiting diazomethane.

Decomposition of A'-Nitroso-A-methylurea with Sodium Hy-
dride in 1,2-Dimethoxyethane.—To a suspension of sodium
hydride (1.00 g, 41.7 mmol) in 20 ml of 1,2-dimethoxyethane at 0°
was added IV-nitroso-A-methylurea (2.15 g, 20.8 mmol) in 15
ml of 1,2-dimethoxyethane. The suspension was maintained
under anhydrous conditions. Gas evolution began immediately
and the mixture was stirred at 0° for 3 hr. The solution slowly
turned yellow owing to the generation of diazomethane. The
diazomethane solution was decanted and utilized in the methyla-
tion of an excess of p-nitrobenzoic acid (3.43 g of ester isolated,
corresponding to 91% diazomethane formation.) No IV-nitroso-
A-methylurea remained at the conclusion of the reaction, as
judged by ultraviolet spectroscopy.

Decomposition of jV-Nitroso-l1Y-methylurea with n-Butyllithium
in 1,2-Dimethoxyethane. One Equivalent of n-Butyllithium.—
To a solution of N-nitroso-Y-methylurea (220 mg, ~2.2 mmol)
in 10 ml of 1,2-dimethoxyethane was added n-butyllithium (1 ml,
2.2 M in pentane, 2.2 mmol). Lithium cyanate (98 mg, 91%,
identified by infrared spectroscopy) precipitated from solution,
which assumed the yellow color indicative of diazomethane for-
mation. The diazomethane solution was utilized in the esterifi-

(18) For a thorough discussion of possible intermediates see (a) W. M.
Jones and M. H. Grasley, Tetrahedron Lett., 927 (1962); (b) ref9; (c) W. M.
Jones and J. hi. Walbrick, 3. org. chem., 34, 2217 (1969).



1824 J. Org. Chem., Vol. 38, No. 10, 1973

cation of p-nitrobenzoic acid (346 mg of methyl p-nitrobenzoate
isolated, 87% yield, based on limiting CH2N 2.

Two Equivalents of n-Butyllithium.—To a sodium of JV-nitroso-
A-methylurea (220 mg, ~2.2 mmol) in 10 ml of 1,2-dimethoxy-
ethane under N2 was added ra-butyllithium (2 ml, 22 M in
pentane, 4.4 mmol). A precipitate (202 mg) formed and no
diazomethane generation was observed. Quenching of the iso-
lated precipitate with H2D afforded rapid gas liberation and
diazomethane, suggesting that the precipitate was a mixture of
lithium cyanate and the methyl diazotate. This was supported
by the infrared spectrum of the solid, which had bands at 2275
(cyanate) and 2180 cm“1(diazotate).

Decomposition of A'-Nitroso-A'-methylurea with Triethylamine
in 1,2-Dimethoxyethane.—To a solution of A-nitroso-iV-methyl-
urea (0.50 g, 5 mmol) in 15 ml of 1,2-dimethoxyethane at 0°
was added triethylamine (2.7 ml, 25 mmol). Gas evolution be-
gan immediately and the decomposition of the urea was followed
spectrophotometrically. The reaction was complete in 45 min.
The final solution contained cyanate ion, as judged by infrared
spectroscopy. The diazomethane generated by this procedure
could be trapped by the addition of p-nitrobenzoic acid to the
initial reaction mixture.

Decomposition of iV-Nitroso-A’-methylurea with Potassium
f«rf-Butoxide in ierf-Butyl Alcohol.—To a solution of potassium
terf-butoxide (2.17 g, 19.4 mmol) in 50 ml of ferf-butyl alcohol at
20° was added iV-nitroso-A-methylurea (1.0 g, 9.7 mmol). The
suspension was maintained under nitrogen and stirred for 20 min.
Essentially no diazomethane was observed to have been formed.
The suspension of potassium cyanate was filtered, yield 0.73 g
(96%), identification by infrared spectroscopy. The filtrate was
concentrated under diminished pressure to afford potassium
methyl diazotate as a yellow solid, yield 0.76 g (~80%, identifica-
tion by infrared spectroscopy), which rapidly decomposed (gas
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evolution) upon addition of water. Decomposition of the urea
with 1 equiv of potassium ferf-butoxide resulted in the rapid
formation of diazomethane. The diazomethane could be utilized
in the conversion of p-nitrobenzoic acid to its methyl ester. The
yield of diazomethane (based on methyl p-nitrobenzoate formed
in the presence of excess p-nitrobenzoic acid) was about 90%.
Work-up of the initial reaction mixture indicated the presence of
potassium cyanate (93%) and methyl diazotate (18%).

Rate of Decomposition of A'-Nitroso-A'-methylurea by Sodium
Phenoxide and Sodium Thiophenoxide.—A-Nitroso-JV-methyl-
urea (67 mg, 0.65 mmol) was dissolved in 20 ml of 1,2-dimethoxy-
ethane. The solution was cooled to 0° and sodium phenoxide
(75 mg, 0.65 mmol) was added quickly. At 30-sec intervals,
20 /Aof the solution was added to 2 ml of EtOH and acidified with
2 drops of 1 N hydrochloric acid solution, which quenched the
reaction. The ultraviolet absorbance spectrum (A230) was re-
corded for each aliquot and then 4 N sodium hydroxide solution
was added to decompose the unreacted urea. The solution was
reacidified and AZDwas again recorded. The difference in each
set of two spectra was employed as a measure of unreacted N-
nitroso-A-methylurea. A control experiment demonstrated that
all A-nitroso-A-methylurea absorbance was eliminated by the
acid-base treatment and did not affect the other reactants.

Data for the phenoxide- and thiophenoxide-induced decom-
positions of A-nitroso-A-methylurea indicated half-lives of de-
composition of 275 and 210 sec, respectively.

Registry No.—W-Nitroso-W-melhylurea, 684-93-5.
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The potassium enolate of ethyl 2-methoxy-5-nitro-4-pyridinepyruvate was C-alkylated and C-acylated with
methyl iodide, ethyl iodide, «-propyl iodide, ethyl bromoacetate, ethyl chloroformate, and benzyl chloroformate
and the corresponding ethyl 2-oxobutyrate, 2-oxocaproate, 2-oxoglutarate, and the oxalacetates were obtained.
The same procedure afforded the 2-benzyloxy and 2-anisyloxy oxalacetates. Reductive cyclization of the a-keto
monoesters afforded the corresponding ethyl 5-methoxy-6-azaindole-2-carboxylates and in several cases also
the 1,2,3,4-tetrahydro-3-oxy-6-methoxy-l,7-naphthyridin-2-ones. The 6-azaindoles were transformed with
hydrobromic acid into the corresponding 6-azaindanones, which were reduced to the corresponding 2-carboxy-
3-alkylpyrrole lactams. The latter were transformed into the corresponding 4-alkyl-3-carboxymethyl-2-
aminomethylpyrroles. The catalytic hydrogenation of the oxalacetates, followed by cyclization of the result-
ing 5-aminopyridines, afforded 2,3-dicarbethoxy-6-azaindoles and 2,3-dicarbethoxy-6-azaindanone. The latter
were transformed by catalytic hydrogenation into diethyl 5-oxo0-3a,4,5,6-tetrahydro-li7-pyrrolo[2,3-c] pyridine-

2,3-dicarboxylate which could not be saponified to a 2-aminomethylpyrrole.

The synthesis of 2-aminomethyl-3-carboxymethyl-
pyrroles was a task of particular interest in pyrrole
chemistry ever since it was conclusively establishedl
that the natural metabolite porphobilinogen was a
2-aminomethyl-3-carboxymethyM-carboxyethylpyrrole
1. This unique compound has no other metabolic

ho,cchZh,x NchZoh

X

n™ chZthh2

1

analogs and, since it is the precursor of all the natural

porphyrins, chlorins, and corrin derivatives,2 it was

tempting to develop a synthetic method which should
(1) G. H. Cookson and C. Rimington, Bicchem. J., 57, 476 (1954).

(2) J. Lascelles, “ Tetrapyrrole Biosynthesis and its Regulation,” W. A.
Benjamin, New York, N. Y., 1964, p 47.

afford not only porphobilinogen but also analogous 2-
aminomethylpyrroles to study their chemical and bio-
logical behavior. 2-Aminomethylpyrroles proved also
to be very suitable intermediates for dipyrrylmethane
synthesis,3 being in many senses more advantageous
than the classical 2-bromomethyl or 2-acetoxymethyl-
pyrrole derivatives.

In our previous work4we approached the problem of
the synthesis of porphobilinogen 1 by considering it to
be a derivative of a 5-0x0-4,5,6,7-tetrahydro-6-azaindole
(pyrrole lactam) structure. The synthesis of the 6-
azaindole ring was then achieved4 by a sequence mod-
eled on the Reissert-type synthesis of indoles, which
was based on the synthesis of the ethyl o-nitro-4-pyr-

(3) B. Frydman, S. Reil, A. Valasinas, R. B. Frydman, and H. Rapo-
port, 3. Amer. Chem. Soc., 93, 2738 (1971).

(4) B. Frydman, M. E. Despuy, and H. Rapoport, J. Amer. Chem. Soc.,

87, 3530 (1965); B. Frydman, S. Reil, M. E. Despuy, and H. Rapoport,
ibid., 91, 2338 (1969).
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idinepyruvates 2 and 3, and its catalytic hydrogenation
and subsequent cyclization to give the corresponding
ethyl 6-azaindole-2-carboxylates. The easily available
potassium enolates of 2 and 3 offered the possibility of
obtaining different 4-alkyl-2-aminomethyl-3-carboxy-
methylpyrroles by a C-alkylation of the pyruvate car-
bon atom followed by subsequent synthetic sequence
analogous to that used in our previous porphobilinogen
synthesis.4 The C-alkylation on the same carbon
atom could also open the possibility of obtaining 2-
aminomethylpyrroles with (3-unsaturated residues. An
additional ethyl pyridinepyruvate was obtained by
preparing 2-anisyloxy-5-nitro-4-methylpyridine 4 and
condensing it with ethyl oxalate in the presence of po-
tassium ethoxide. The resulting ethyl 2-anisyloxy-5-
nitro-4-pyridinepyruvate 5 had the potential synthetic

CH,
NO2

p-CHaOCeHACO

2,R = CH3
3, R = CH2C6H5
5 R = CH2C8H4p -OCH3

advantage of the lability of the anisyloxy group to
treatment with mild acids.

By treating the potassium enolate of 2 with alkyl
iodides or ethyl bromoacetate the corresponding a-
keto esters 6, 7, 8, and 9 were obtained. The attempted
alkylation of the potassium enolate with ethyl /3-iodo-
propionate was unsuccessful and led to the recovery of
the ethyl pyridinepyruvate 2 and to formation of ethyl
acrylate by a ~-elimination reaction. The C-acylation
of 2 with ethyl chloroformate and benzyl chloroformate
afforded the corresponding oxalacetates: diethyl 3-
(2,-methoxy-5'-nitro-4'-pyridyl)oxalacetate (10) and
the benzyl ethyl oxalacetate 11.

In a similar manner, treatment with ethyl chloro-
formate of the potassium enolates of 3 and 5 allowed the
synthesis of the oxalacetates 12 and 13 (Scheme | and
Table ).

Tabre |

Ethyl 3-(5-Nitro-4'-pyridyl)-2-keto Esters™

Mp, Yield,
Compd "C %
6 83-84 40
7 35-36 326
8 48-50 14&
9 c 24+
10 64-65 65
11 84-86 50d
12 83-84 60d
13 64-65 40d

“ Satisfactory analytical data (x0.3% for C, H, and N) were
reported for all compounds: Ed. 6Prepared with the same
procedure used for the synthesis of 6. c¢Bp 188-190° (0.005
mm). dPrepared with the same procedure used for the syn-
thesis of 10.

The catalytic hydrogenation of 6 over palladium
afforded exclusively the ethyl 3-methyl-5-methoxy-6-
azaindole-2-carboxylate 14, formed by the spontaneous
cyclization of the intermediate 5-aminopyridine.
When the same reductive cyclization was applied to
the a-ketovalerate 7 two compounds were obtained:
the ethyl 3-ethyl-5-methoxy-6-azaindole-2-carboxylate
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Scheme |

6,R = CH3
7, R = CH5
8, R = n-C3H7
9, R = CH2XC02CH5
RO
CCCOXEt
NO02
HCO N

10,R = CO2CH5
1'R = CO2CH2CEH5

CO2CH5
cico2c2hb CHCOCOZEt
THF NO2
RO’
3,R = CeH5CH2 12R = CRAB,;
(potassium salt) 13, R =p-CH30C6H4CH2
5,R =p-CH30CaH4CH2
(potassium salt)
X = halogen

15 (23%) and the 1,2,3,4-tetrahydro-3-oxy-4-ethyl-6-
methoxy-l,7-naphthyridin-2-one 16 (47%) (Scheme
11). Both substances could be easily separated due to

Scheme Il

h3Xxo
N ~ACOXHS5
15,R = CH5
17,R = CH2C02C2H6
R
HXor ~ X .OH
N: A H
9,R = CH2C02C2H5 ﬂ o
16,R = CH5
18R = CH2C02C2H5
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their different basicities, since the naphthyridinone
16 gave a water-soluble hydrochloride while the 6-
azaindole 15 did not. The catalytic hydrogenation of
the a-ketoglutarate 9 afforded the 3-ethoxycarbonyl-
methyl-6-azaindole 17 (73%), together with some 3-
oxynaphthyridinone 18 (11%), and they were also
separated by making use of their different basicities.
The catalytic hydrogenation of the a-ketocaproate 8,
resulted in the exclusive formation of the 3-oxy-4-
propyltetrahydronaphthyridinone 19.

The formation of both types of ring systems, 6-
azaindoles and 1,7-naphthyridinones, can be rational-
ized on the basis of the keto-enol equilibrium of the
a-keto esters. As can be seen in Table Il the 4'-

Table 11

Keto-E nol Equilibrium of Ethyl
3-(5'-Nitro-4'-pyridyl)-2-keto Esters"

RO R R, R OH
V=\ |
n” y — CHCOCOAH5 nn V -C=CCOXHS5
NO, NO,
Compd H, C=C(OH)
6 5.2, q, 1 1.6,d,3(3 = 7.0)
(3 =7.0)
7 55,105 732,505  1.4,t 4.5;
(3 = 8.0) 4.3, m, 3
8 72,8 1 0.9,t 3(J = 6.0)

1.67, g, 2(J = 6.0)
39,12 = 6.0)

9 55 ¢t1 3.05,d,2(J = 8.0)

(J = 8.0)

10 7.25, s H
11 7.2, 1
12 77,5 1
13 7.65, s 1

“ Nmr spectra: (Svalues, multiplicity, integral value (J in Hz).
61r spectra 3500 (OH), 1790, 1750 (CO esters), 1670 cm"1(CO
keto).

pyridyl-2-keto esters exist in a keto-enol equilibrium.
The shift of the hydroxylic proton in the latter (5 7.2)
suggest that it exists in an intramolecular hydrogen
bond, probably bridged with the oxygen of the vicinal
ester carbonyl group. When the simultaneous hydro-
genation of the enol form and the nitro group took place,
the formation of the six-membered ring was the only
choice and a 3-oxynaphthyridin-2-one was obtained.
In the case of 6, where the steric effect of the methyl
group and the ethoxycarbonyl group repressed entirely
the enol formation, only a 6-azaindole was obtained,
since the formation of a five-membered ring could be
expected to prevail as long as the a-keto group is avail-
able. This was also the predominant compound during
the reductive cyclization of 9, while 8 afforded only a
naphthyridinone and 7 a mixture of both types of com-
pounds, as could be expected from the equilibrium be-
tween the keto and enol forms (Table I1).

The catalytic hydrogenation of the oxalacetates 10-
13 took a different course. The benzyl ethyl oxalace-
tate 11, when reduced with hydrogen either over pal-
ladium or over platinum under mild conditions, was
unexpectedly transformed into the ethyl 5-methoxy-6-
azaindole-2-carboxylate 20. The loss of the benzyl-
oxycarbonyl group could originate in a previous hydro-
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20

genolysis of the benzyl group followed by a decarboxyla-
tion during the cyclization process.

The catalytic hydrogenation of the diethyl oxalace-
tate 10, however, afforded the 5-aminopyridine deriva-
tive 21 together with a small amount of its reduced de-
rivative, the diethyl malate 22 (Scheme I1l1). The 5-
aminopyridine 21 existed entirely in its enolic form (see
Experimental Section) and the nonformation of a 3-
oxynaphthyridinone derivative must be attributed to
the steric effect across the double bond, with the ethoxy-
carbonyl and aminopyridyl groups lying trans to each
other. Its cyclization could not be achieved by thermal
means (boiling butanol or decaline) or by treatment
with p-toluenesulfonyl chloride in pyridine. An effi-
cient cyclization method was achieved by treatment
with phosphorus pentoxide in xylene, which resulted in
the exclusive formation of the diethyl 6-azaindole-
2,3-dicarboxylate 23. In an analogous manner, the
catalytic hydrogenation of the 2'-benzyloxy diethyl
oxalacetate 12 afforded the 5-aminopyridine derivative
24, which was cyclized by treatment with phosphorus
pentachloride in dry chloroform to the 5-benzyloxy-6-
azaindole derivative 25.

The catalytic hydrogenation of the 2'-anisyloxy-4'-
pyridyloxalacetate 13 took place with a simultaneous
hydrogenolysis of the anisyloxy group which could
also be cleaved with trifluoroacetic acid first, and the
resulting 2,-hydroxy-5,-nitro-4'-pyridyl oxalacetate 26
could then be hydrogenated to the 5-aminopyridine
derivative 27. The ir and nmr data indicated that
both 26 and 27 had the a-pyridone structure. The
ester 27 could also be obtained directly from 12 by
catalytic hydrogenation, as mentioned above, but the
overall yields were lower than in the two-step proce-
dure. The diethyl 5-aminopyridone oxalacetate 27,
was then cyclized by means of the phosphorus pentox-
ide-xylene procedure and the 6-azaindanone 28 was
obtained. The structure of 28 was assigned on the
basis of its spectral data. The cyclic amide carbonyl
adsorbed at 1675 and 1640 cm-1, the nmr spectra indi-
cated the presence of a methylene group and an aro-
matic proton in the ring, and the fragmentation in the
mass spectrum showed the loss of a ring carbonyl group.
The 6-azaindoles 14, 15, and 17 were then transformed
into the corresponding 2-aminomethylpyrroles. The
synthesis of 17 by a multistep procedure and its trans-
formation into 3,4-dicarboxymethyl-2-aminomethyl-
pyrrole has already been described.4 The present
simplified synthesis of 17 makes the aforementioned
pyrrole easily accessible. The two azaindoles 14 and
15 were treated with hydrobromic acid, the ether group
was cleaved and the 6-azaindanones 29 and 30 were
obtained (Scheme 1V).

The ir and nmr spectra confirmed the assigned struc-
tures, isomeric with the formerly described 6-azainda-
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Scheme Il

An = anisyl

none 28. By catalytic hydrogenation of 29 and 30,
the 2-carboxypyrrole lactams 31 and 32 were obtained.
They were decarboxylated by heating at 100° in water.
The obtained lactams 33 and 34 were very stable to
oxidation by air and to heat (they were easily sublimed),
unlike the open-chain alkylpyrroles. In trifluoroacetic
acid they existed entirely in the conjugated a-pyr-
rolenine form (see Experimental Section).

H H

They were saponified at room temperature to the
corresponding 2-aminomethylpyrroles 35 and 36
(Scheme 1V). These pyrroles were very unstable and
started to polymerize at 37° forming porphyrins, as was
discussed in detail elsewhere.5

The available intermediates also allowed a simple
synthesis of the interesting 2-aminomethyl-3-carboxy-
methylpyrrole 37. The catalytic hydrogenation of the
anisyloxy pyridinepyruvate 5 afforded directly the 2-
ethoxycarbonylpyrrole lactam 38 in good Vvyield.
(Scheme 1V). The intermediate 6-azaindanone deriv-
ative was not isolated and must be reduced “in situ"”

(5) R. B. Frydman,
(1971).

S. Reil, and B. Frydman, Biochemistry, 10, 1154

during the hydrogenation. The lactam 38 was trans-
esterified to the benzyl ester 39 and the latter was
transformed by hydrogenolysis into the 2-carboxy-
pyrrole 40. The transformation of 40 into 37 has al-
ready been described elsewhere.4

The sequence of reactions depicted in Scheme 1V was
now applied to the 2,3-dicarbethoxy-6-azaindoles in the
hope of obtaining the lactam 42. When the azaindole
23 was treated with hydrobromic acid, the carboxy
group at C-3 was unexpectedly cleaved and the 2-
carboxy-6-azaindanone 41 was obtained. Hydro-
genolysis of the diethyl 5-benzyloxy-6-azaindole-2,3-
carboxylate 25 afforded the 3a,4,5,6-tetrahydro-6-
azaindole 43, instead of the expected pyrrole lactam 42
(Scheme V).

This was also an unexpected result since the ethyl
5-benzyloxy-6-azaindole-2-carboxylate was transformed
directly by hydrogenolysis into the 2-ethoxycarbonyl-
pyrrole lactam 38.4 Catalytic hydrogenation of 28
under the usual conditions (45 psi) afforded a fully
reduced compound whose mass spectrum (M + 284)
and nmr spectrum were consistent with structure 44.
Catalytic hydrogenation of 28 at low pressure stopped
at the tetrahydro stage and the lactam 43 was obtained.
Treatment of 43 with base or acids did not isomerize it
to the desired pyrrole lactam 42. Saponification at-
tempts of 43 failed to give definite products, probably
due to secondary transformations in the open-ring
enamine structure.
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Scheme IV

14,R = CH3 29,R = CH3
15R = CH5 30,R = C2H5
4,R = H
Ynr g —Roa hear HN. 31 KOHF
1 1
H H
3L,R = CH3 33,R = CH3
32,R = CH5 34,R = C2H5
40,R = H
HOX A ]i - f
1
H
35 R = CH3
36,R = C2H5
37,R = H
CH2ZC0CO0,C,H,
NO,
Aano N H
38,R = CH5
39, R = CH2CeH5
An = anisyl
Scheme V

The synthesis of pyrrole lactam 42 was thus frus-
trated. The existence of the 4,5-dihydro structure in
28, instead of the 5,6-dihydro structure present in 29,
30, and 41 must be due to the presence of an electro-
negative substituent at C-3. It lead to the formation
of the pyrrole lactam 43, which could not be trans-
formed any more in a 2-aminomethylpyrrole. The
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usefulness of 6-azaindoles as starting materials for 2-
aminomethylpyrrole synthesis seems thus limited to
the preparation of pyrroles with d-alkyl residues.

Experimental Section6

2-Anisyloxy-4-methyl-5-nitropyridine (4).—2-Chloro-4-methyl-
5-mtropyridme4 (25 g, 0.14 mol) was added to a solution of 3.5
g (0.15 g-atom) of sodium in 925 ml of anisyl alcohol. The mix-
ture was kept at 37° for 18 hr, and the reaction was completed
by heating at 100° for 2 hr. The excess of anisyl alcohol was
distilled off in vacuo [130° (0.25 mm)], and the crystalline residue
washed with water (2 X 200 ml) and recrystallized from ethanol:
62 g (80%); mp 110-111°; uv,K 282 nm (e 9800).

Anal. Calcd for C,HM4N2 C, 61.3; H, 5.1; N, 10.2.
Found; C, 61.1; H, 5.2; N, 10.1.

Ethyl 2-Anisyloxy-5-nitro-4-pyridmepyruvate (5).—To a solu-
tion of 300 ml of ether and 25 ml of absolute ethanol was added
4.3 g (0.11 g-atom) of potassium, and the mixture was stirred
under anhydrous conditions until all the potassium dissolved.
Diethyl oxalate (16 ml, 0.12 mol) was then added, followed after
5 min by 30.2 g (0.11 mol) of 2-anisyloxy-5-nitro-4-methyl-
pyridine 4, and the red mixture was stirred for 36 hr. The pre-
cipitated potassium enolate was removed by filtration, washed
with ether, dried, suspended in 500 ml of water, and decomposed
by adjusting the solution to pH 5 with acetic acid. After cooling
at 5° during 30 min, the formed precipitate was filtered, dried,
and recrystallized from ethanol when 37.9 g (92%) of pyruvate
were obtained: mp 115-116°; uvnmaE 224 nm (e 24,300), 282
(9700); nmr (CDC13)51.5 (t, CHJ), 3.8 (s, OCHSs), 4.4 (q, CH2),
4.5 (s, CHZXO), 5.4 (s, 2, CAHEHD), 6.9 (d, 2, H2 and HEO,
7.4 (d, 2, H3 and Hs.), 7.2 [s, 1, CH=C(OH)], 7.6 (s, 1, H3),
9.1 (s, 1, H6).

Anal. Calcd for CiHIB N2
Found: C, 57.8; H, 4.8; N, 7.4.

Ethyl 2-Oxo0-3-(2'-methoxy-5"-nitro-4'-pyridyl)butyrate (6).—
The potassium enolate of ethyl 2-methoxy-5-nitro-4-pyridine-
pyruvate 2 (15.3 g, 0.05 mol) was dissolved in 1000 ml of N,N'-
dimethylformamide, 7 ml of methyl iodide was added, and the
mixture was heated at 100° for 90 min with occasional stirring.
Two additional portions (7 ml each) of methyl iodide were added
every 30 min during the heating period. The solvent was then
evaporated to dryness in vacuo, the residue dissolved in water
(250 ml), and the aqueous layer extracted with chloroform (3 X
150 ml). The pooled extracts were washed with a small volume
of water, dried (Na2504), and evaporated to dryness. The oily
residue was dissolved in a small volume of a chloroform-benzene
mixture (1:1), adsorbed on asilica gel column (6 cm X 30 cm),
and the product was eluted by using the same solvent. The ob-
tained ester was distilled at 129° (0.002 mm): 5.7 g, (40%); mp
83-84°; uvmM 282 nm (e 12,500); nmr (CDC13) 8 1.35 (t, CHJ),
16 (d, 3, J = 7 Hz, CHCHj), 4.05 (s, OCHJ), 4.37 (q, CH2),
52 (g, 1, J = 7 Hz, CHCHJ), 6.73 (s, 1, H3), 9.00 (s, 1, H6);
Rf 0.35 (tic, chloroform-benzene, 1:1).

C, 57.7; H, 48; N, 7.5.

Anal. Calcd for CiH®WEAEN2 C, 51.5; H, 4.9; N, 9.9.
Found: C, 51.2; H, 5.0; N, 9.8.
Diethyl 3-(2'-Methoxy-5'-nitro-4'-pyridyl)oxalactate (10).—

The potassium salt of ethyl 2-methoxy-5-nitro-4-pyridinepyru-
vate 2 (15 g) was suspended 2000 ml of dry tetrahydrofuran, 20
ml of ethyl chloroformate was added, and the mixture was heated
under reflux for 30 min. The heating was then discontinued,
a second portion of 30 ml of ethyl chloroformate was added, and
the heating was resumed for an additional hour. The solvent
was evaporated to dryness in vacuo, the residue dissolved in 250
ml of chloroform, the chloroform washed with water (2 X 50 ml),
dried (NaZzs04), and evaporated to dryness. The residue was
dissolved in 10 ml of a mixture of benzene and chloroform (1:1
v/v), adsorbed on a silica gel column (30 X 5 cm) prewashed
with the same solvent, and the desired product eluted with 2000

(6) All melting points were taken on the Kofler block; uv absorptions
were measured in ethanol; ir spectra were obtained on potassium bromide
wafers, and nmr spectra were taken as noted. Microanalyses were per-
formed by the Alfred Bernhardt Mikroanalytisches Laboratorium (Mul-
heim). Mass spectra were performed by the Morgan and Schaffer Corp.
(Montreal). When tic on cellulose was run, the upper layer of a butanol-
acetic acid-water mixture (4:1:5) was used as solvent. The a-keto esters
were spotted by spraying the tic plates with piperidine, which gave red to
orange spots with the former. The silica gel used for column chromatogra-
phy was Kieselgel G (Fluka AG).
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ml of the same solvent. Evaporation to dryness of the eluate,
followed by crystallization of the residue from benzene-petroleum
ether, afforded the diethyl oxalacetate 10: 11 g (65%); mp 64-
64°; Rt 0.35 (tic, benzene-chloroform, 1:1 v/v); uvnmex 245 nm
(« 33,600), 304 (sh); nmr (CDC13) 8 1.34. 1.36 (t, 6, CHJ3),
4.1 (s, 3, OCHJ), 4.35 (m, 4, CH2), 6.92 (s, 1, H3), 7.25 (s, 1,
COC=COH), 9.0 (s, 1, H6).

Anal. Calcd for CHMHIBSN2
Found: C, 49.3; H, 4.8; N, 8.4.

Ethyl 3-Methyl-5-methoxy-6-azaindole-2-carboxylate (14).—
The ethyl 2-oxobutyrate 6 (7.2 g of chromatographically pure but
nondistilled product were used) was dissolved in 100 ml of
ethanol and reduced at 25 psi with hydrogen over 2 g of 10%
palladium on charcoal during 45 min. The catalyst was removed
and washed with ethanol, the combined filtrates and washings
were concentrated in vacuo to 5 ml, and the product was pre-
cipitated by addition of water. The product was filtered and re-
crystallized from ethanol-water: 3.5 g (59%); mp 135-136°
[sublimed at 130° (0.010)]; m w 285 nm (e 10,000), 293 (11,600),
346 (6100); nmr (TFA) 8 1.6 (t, 3, CHJ3), 2.78 (s, 3, CHJ3), 4.3
(s, 3, OCHDJ), 4.78 (g, 2, CH2), 7.6 (s, 1, H4), 8.6 (b, 1, H,).

Anal. Calcd for CiHiON2 C, 61.5; H, 6.0; N, 11.9.
Found: C, 61.3; H, 6.0; N, 11.9.

Ethyl 3-Ethyl-5-methoxy-6-azaindole-2-carboxylate (15) and
1,2,3,4-T etrahydro-3-oxy-4-ethyl-6-methoxy-I,7 -naphthyridin - 2-
one (16).—Ethyl 2-ox0-3-(2'-methoxy-5'-nitro-4'-pyridyl)valer-
ate 7 (7.4 g) was reduced with hydrogen with the same procedure
used for the ethyl 2-oxobutyrate 16. The crude product ob-
tained on evaporation of the solvent (4.4 g) was dissolved in 150
ml of water; the solution was adjusted to pH 2 with concentrated
hydrochloric acid and kept at 5° for 15 hr. The precipitate was
filtered, dried, and crystallized from ethanol-water affording 1.4
g (23%) of 6-azaindole 15: mp 110-112° [sublimed at 100°
(0.1 mm)]; uvnex 285 nm (11,300), 294 (13,000), 358 (3500);
nmr (CDC13) 8 1.3 (t, 3, COXHZXH3J3, 14 (t, J = 7 Hz, 3,
CHZH3), 3.1 (g, / = 7 Hz, 2, CHZXH3), 4.0 (s, 3, OCHJ),
4.5 (g, 2, COXHZHD), 6.97 (s, 1, H4, 8.5 (s, 1, H,).

Anal. Calcd for CiHIi®@ N2 C, 62.9; H, 6.4; N, 11.3.
Found: C, 62.9; H, 6.4; N, 11.2.

The acidic mother liquors were adjusted to pH 10 with solid
sodium carbonate and extracted with chloroform (4 X 30 ml).
The chloroform extracts were dried (Na2504) and evaporated to
dryness in vacuo, the residue was crystallized from ethanol, and
2.6 g (47%) of the naphthyridone was obtained: mp 173°
(sublimed); uvmex 246 nm (17,800), 298 (6200); nmr (CDC13) 8
125 (t,J = 7 Hz, 3, CHJ3), 3.05 (s, 1, OH), 3.17 (b, 1, C-4 H),
3.65-4.15 (m, 3, CHZH3 and CHOH), 3.9 (s, 3, OCH3J), 6.6
(s, 1, HH, 7.7 (b, 1, H8).

Anal. Calcd for CnHIQD N2
Found: C, 59.3; H, 6.5; N, 12.7.

1,2,3,4-Tetrahydro-3-oxy-4-?i-propyl-6-methoxy-1,7-naphthyri-
din-2-one (19).—The ethyl 2-oxoeaproate 8 (1.5 g) was reduced
with hydrogen over palladium as described above, and the ob-
tained product was crystallized from ethanol affording 400 mg
(34%) of the naphthyridinone 19: mp 136°; nmr (TFA) 8 1.0
(t, 3, CH3, 1.8 (q, J = 8Hz, 2, CHZXHZH?J), 3.62 (s, 1, COH),
3.7 (b, 1, C-4 H), 3.8 (m, 2, RCHXHZXHJ), 4.15 (s, 3, OCH3),
4.27 (m, 1, C-3 H).

C, 49.4; H, 4.7; N, 8.2.

C, 59.4; H, 6.3; N, 126.

Anal. Calcd for CiHi®N2 C, 61.0; H, 6.8; N, 11.9.
Found: C, 61.1; H, 6.7; N, 11.8.
Ethyl 5-Methoxy-3-ethoxycarbonylmethyl-6-azaindole-2-car-

boxylate (17) and 1,2,3,4-Tetrahydro-3-oxy-4-ethoxycarbonyl-
methyl-6-methoxy-l,7-naphthyridin-2-one (18).—The diethyl 2-
oxoglutarate 9 (7 g of ester purified by chromatography) was
reduced with hydrogen over palladium following the usual pro-
cedure. The product was dissolved at 50° in 100 ml of water
adjusted to pH 3.5 with hydrochloric acid, the solution was kept
for 12 hr at 5° and filtered, and the filtrates were kept for further
work-up. The obtained product was recrystallized from ethanol-
water affording 2.2 g (73%) of the 6-azaindole 17: mp 125-126°;
uvimex 283 nm (e 13,000), 292 (16,000), 348 (4100); nmr (TFA) 8
14 (t, 3, CHZ0ZXH3), 1.6 (t, 3, COXTHZH?J), 4.3 (s, 3, OCH3J),
4.4 (s, 2, CH2, 45 (g, 2, CHXOXHXH3J), 4.8 (g, 2, COXH2
CH3J), 7.7 (s, 1, H4), 8.95 (s, 1, Ha).

Anal. Calcd for C HI®O SN2
Found: C, 58.7; H, 6.0; N, 9.0.

The substance was identical (mp, ir, tic) with a sample pre-
pared by the action of diazoethane on the 2-carboxy-5-methoxy-
6-azaindole-3-acetic acid.4

The aqueous acidic filtrates obtained after filtering the 6-

C, 58.8; H, 59; N, 9.1.
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azaindole were adjusted to pH 10 with sodium carbonate and
extracted with chloroform (4 X 25 ml). The chloroform ex-
tracts were dried (NaZ04) and evaporated to dryness in vacuo.
The residue was crystallized from ethanol affording 0.5 g (11%)
of 1,7-naphthyridinone: mp 136-138°; uvnmax248 nm (e 15,000);
nmr (TFA) 8 1.4 (t, 3, CHZXH3, 3.7 (s, 1, COH), 3.8 (b, 1,
C-4 H), 4.35 (s, 3, OCH3), 4.27 (b, 1, C-3 H), 4.6 (b, 2, CHZX 02,
7.6 (s, 1, HeE), 8.2 (s, 1, HY).
Anal. Calcd for CiHB® N2
Found: C, 55.6; H, 5.8; N, 10.1.
Diethyl 3-(2'-Methoxy-5'-amino-4'-pyridyl)oxalacetate (21) and
Diethyl3-(2'-Methoxy-5'-amino-4'-pyridyl)malate (22).— Diethyl
oxalacetate 10 (2 g) dissolved in 100 ml of ethanol was reduced
with hydrogen over 0.5 g of 10% palladium on charcoal at 25 psi
during 45 min. The catalyst was removed and the solvent was
evaporated to dryness; the residue was dissolved in a small
volume of a benzene-methanol (9:1 v/v) solution and adsorbed
on a silica gel column (30 cm X 3 cm) prewashed with the same
solvent. Elution was carried out with the same solvent. The
first 100 ml of eluate were collected and discarded. Fifty fractions
of 2 ml each were then collected. Fractions 15-30 were pooled
and evaporated to dryness in vacuo affording 820 mg (45%) of the
diethyl oxalacetate 21: mp 93-95° (from benzene-cyclohexane);
ri 0.60 (tic, benzene-methanol, 9:1 v/v); uvnmex 236 nm (e
17,000), 299 (4300); ir 3500 cm"1(OH); nmr (CDC13 8 1.25,
1.35 (t, 6, CH3); 3.35 (b, 2, NE2), 3.9 (s, 3, OCHDJ), 4.3 (9, 4,
CHZXZH3J), 4.8 (b, 1, C=COH), 6.6 (s, 1, H3), 8.3 (b, 1, HE);
mass spectrum m/e (rel intensity) 310 (M +, 35) 237 (M — C02

C, 55.7; H, 5.7; N, 10.0.

CZH5 90), 209 (M - COCOHS5 30), 191 (237 - CZHZH, 80),
163 (209 - HOCXHS5 base peak), 135 (163 - CO, 22).

Anal. Calcd for CidHiND 6 C, 54.2; H, 5.8; N, 9.0.
Found: C, 54.4; H, 5.8; N, 9.2.

Fractions 41-47 were pooled and evaporated to dryness in vacuo
affording 51 mg (6%) of the diethyl malate 22: mp 79-81°
(benzene-petroleum ether); Rt 0.48 (tic, benzene-methanol,
9:1 v/v); uvnmex 232 nm (e 27,600), 285 (4000); ir 3350 cm-1
(OH); nmr (CDC13) 8 1.25, 1.28 (t, 6, CH3), 3.0 (m, NH2), 3.9
(s, 3, OCHJ); 4.0-4.5 (m, 6, CHZH3 CHOH), 6.5 (s, 1, H3),
7.5 (b, 1, PyCHCO02), 8.3 (s, 1, H6); mass spectrum m/e (rel
intensity) 312 (M+, 12), 266 (M - HOCZXH®6, base peak), 193

(266 - CO2ZH5 50), 165 (266 - COZ2HECO0, 90).
Anal. Calcd for CidHDND 6. C, 53.8; H, 6.4; N, 8.9.
Found: C, 53.7; H, 6.4; N, 9.1.

When the benzyl ethyl oxalacetate 11 was reduced using the
same procedure it afforded ethyl 5-methoxy-6-azaindole-2-
carboxylate 20: 440 mg (80%); mp 103-106°; identical with a
sample prepared as described4 (by tic, ir, and mmp).

Diethyl 5-Methoxy-6-azaindole-2,3-dicarboxylate (23).—The
diethyl oxalacetate 21 (300 mg) was dissolved in 200 ml of dry
xylene, 400 mg of phosphorus pentoxide were added, and the
mixture was heated with continuous stirring at 130° for 3 hr.
The solvent was then evaporated to dryness at reduced pressure,
the residue was dissolved in 30 ml of water adjusted to pH 10
with sodium carbonate, and the solution was extracted with
chloroform (3 X 10 ml). The chloroform extracts were pooled,
dried (NaZ04), and evaporated to dryness. The residue was
filtered through a silica gel column (20 cm X 2 cm) using a 3%
methanol in benzene solution as eluent. The eluates were evapo-
rated to dryness affording 122 mg (42%): mp 55-57° (ethanol-
water); ri 0.80 (tic, benzene-3% methanol); uvnmex 242 nm
(e 12,800), 263 (11,100), 316 (5600); nmr (CDC13) 8 1.3 (m, 6,
CH3); 3.9 (s, 3, OCHDJ), 4.3 (m, 4, CH2), 6.8 (b, 1, H4), 8.9 (b,
1, H7); mass spectrum m/e (rel intensity) 292 (M+, 95), 247
(M - OCHS5 30), 219 (M - COZXZH5 90), 174 (219 - OCH5
base peak), 146 (174 — CO, 90).

Anal. Calcd for CidHi65N2:
Found: C, 57.3; H, 5.5; N, 9.7.

Diethyl 3-(2'-Benzyloxy-5'-amino-4'-pyridyl)oxalacetate (24).—
Diethyl oxalacetate 12 (700 mg) was dissolved in 100 ml of
ethanol and reduced with hydrogen over 70 mg of platinum oxide
at 15 psi during 45 min. The catalyst was filtered and the sol-
vent was evaporated to dryness; the residue was dissolved in a
small volume of benzene containing 7% methanol and adsorbed
on a silica gel column (30 cm X 3 cm) prewashed with the same
solvent. The substance was eluted with the same solvent af-
fording after evaporation 344 mg (53%): mp 82-84° (benzene-
cyclohexane); uvnex240 nm (e 21,600), 296 (5100); nmr (CDC13)
8 1.3 (m, 6, CHJ3), 3.3 (m, 2, NH2, 4.3 (m, 4, CHZXH3J), 4.8
(b, 1, OH), 5.3 (s, 2, CHZX@&H5), 5.65 (s, 1, H3), 7.4 (b, 5, C&H5H),
8.4 (b, 1, He).

C, 57.5; H, 5.4; N, 9.6.
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Anal. Calcd for CZHZN2D6 C, 62.2;
Found: C, 62.3; H, 5.9; N, 7.4.

Diethyl 5-Benzyloxy-6-azaindole-2,3-dicarboxylate (25).—The
diethyl oxalacetate 24 (300 mg) was dissolved in 50 ml of dry
chloroform, and 300 mg of finely powdered phosphorus chloride
was added in small portions with continuous stirring a* 5°. The
solution was kept at room temperature for 24 hr and then washed
with a 1 N sodium hydroxide solution. The excess of alkali was
washed out with water and the chloroform layer dried (NaZ04)
and evaporated to dryness. The residue was crystallized from

H, 5.7; N, 7.2.

ethanol-water: 200 mg (70%); mp 54-55°; 235 nm (e
14,700), 263 (10,800), 318 (5500).

Anal. Calcd for CaHWN”Os: C, 65.2; H, 5.4; N, 7.6.
Found: C, 65.0; H, 5.6; N, 7.4.

Diethyl 3-(2'-Hydroxy-5'-nitro-4'-pyridyl)oxalacetate (26).—
The anisyl derivative 13 (1 g) was dissolved in 10 ml of trifluoro-
acetic acid, and the mixture was kept for 24 hr at room tempera-
ture. The solution was then poured in a large excess of ice-water
and the formed precipitate filtered and crystallized from ethanol:
584 mg (80%); Rs 0.70 (tic, benzene-10% methanol); uvnex237
nm (e 16,300); ir 1780, 1750 (CO esters), 1675, 1640 cm-1
(bands I and 11, CO amide); nmr (TFA) 51.4, 1.5 (t, 6, CHJ3),
45 (m, 4, CH2, 71 (s, 1, H3, 7.8 (s, 1, COC=COH), 8.9
(s, 1, H,).

Anal. Calcd for CIBHIDN2
Found: C, 47.8; H, 4.3; N, 8.7.

Diethyl 3-(2'-Hydroxy-5'-amino-4'-pyridyl)oxalacetate (27).—
Diethyl oxalacetate 26 (1 g) was dissolved in 100 ml of ethanol
and reduced with hydrogen over 500 mg of 10% palladium on
charcoal at 15 psi during 45 min. The catalyst was filtered, the
solvent evaporated to dryness in vacuo, and the residue filtered
through a column of silica gel (20 cm X 2 ¢cm) using a 10% metha-
nol in benzene solution as eluent: 568 mg (58%); mp 217-218°
(methanol-ether); R{ 0.43 (tic, benzene-10% methanol);
uvimex 245 nm (e 14,800), 330 (4200); ir 3200 (broad, OH),
1630, 1600 cm-1 (CO amide, bands I and I1); nmr (TFA) 1.2
(m, 6, CH3), 3.8 (m, 2, NH2, 4.6 (m, 4, CH2, 7.4 (s, 1, H3),
8.3 (b, 1, H6); mass spectrum m/e (rel intensity) 296 (M+, 66),

C, 47.8; H, 43; N, 8.6.

223 (M - COZAH5 90), 195 (223 - CO, 80), 177 (M - CO02
CHHHOCHEG 95), 150 (M - 2COZXH5, base peak).

Anal. Calcd for CiH®B®AGN2 C, 52.7; H, 5.4; N, 9.5.
Found: C, 52.6; H, 5.4; N, 10.0.

The amino derivative 27 was also obtained by direct hydrogena-
tion at 45 psi (2 hr) of the anisyl derivative 13 in 21%, yield.

Diethyl 5-Oxo0-4,5-dihydro-li7-pyrrolo[2,3-e]pyridine-2,3-dicar-
boxylate (28).— Diethyl oxalacetate 27 (500 mg) was suspended
in 50 ml of dry xylene, 500 mg of finely divided phosphorus
pentoxide were added, and the mixture was heated under reflux
with continuous stirring during 2.5 hr. The mixture was cooled,
the solvent decanted, and the residue dissolved in water adjusted
to pH 7 with sodium hydroxide. The aqueous solution was
evaporated to dryness, and the residue was extracted with boiling
absolute ethanol (3 X 100 ml). The ethanolic solution was
evaporated to dryness in vacuo, and the residue was dissolved in
10 ml of chloroform containing 10% methanol and adsorbed on a
silica gel column (20 cm X 2 cm) previously washed with the
same solvent. The 6-azaindanone 28 developed on the column
as afluorescent yellow band and was eluted using the same solvent
affording 282 mg (60%); mp 144-146° (benzene-cyclohexane);
Rt 0.54 (tic, chloroform-10% methanol); uvne* 227 nm (e
25,300), 257 (15,300), 366 (6900); ir, 1780, 1740 (CO ester),
1675, 1640 cm*“1(CO lactam, bands | and I1); nmr (C1XD) 8
1.35, 1.39 (t, 6 CH3), 4.35, 4.40 (q, 4, CH2), 6.7 (s, 2, CHXO),
8.3 (s, 1, H7); mass spectrum m/e (rel intensity) 278 (M+, 25),
233 (M - OCHS5 15), 206 (M - COZXH4 80), 160 (206 -
HOCMXHS5 base peak), 132 (160 - CO, 85), 104 (132 - CO, 26).

Anal. Calcd for CiHiANND5: C, 56.1; H, 5.0; N, 10.1.
Found: C, 56.2; H, 5.0; N, 10.1.

5-Ox0-3-methyl-5,6-dihydro-17/-pyrrolo [2,3-e] pyridine-2-car-

boxylic Acid (29).—6-Azaindole 14 (3 g) was dissolved in 90 ml
of 48% hydrobromic acid, and the mixture was heated under
reflux for 4 hr. The dark solution was evaporated to dryness;
the residue was dissolved in a small volume of a concentrated
ammonium hydroxide solution, adsorbed on a neutral alumina
column (25 X 2 cm) prewashed with a normal ammonium hy-
droxide solution, and eluted with the same solvent collecting
fractions of 10 ml. The eluates were acidified to pH 4; the
precipitated acid of the pure fractions was collected by filtration,
dried, and washed with boiling methanol (56 X 10 ml): 12 g

Frydman, Btjldain, and R epetto

(50%); mp dec above 300°;
(8600), 302 (7500).
Anal. Calcd for CHND3: C, 56.2;
Found: C, 56.1; H, 4.3; N, 14.7.
5-0Ox0-3-ethyl-5,6-dihydro-177-pyrrolo[2,3-c] pyridine-2-carbox-
ylic acid (30) was obtained following the same procedure used for
the 3-methyl derivative 29. From 2.2 g of the 6-azaindole 15,
990 mg (55%) of 30 were obtained: mp dec above 300°; uvmal
235 nm (e 22,000), 298 (9500), 302 (8700).
Anal. Calcd for CKHINZ23: C, 58.2;
Found: C, 58.3; H, 4.5; N, 13.5.
5-Ox0-3-methyl-4,5,6,7-tetrahydro-177-pyrrolo[2,3-c] pyridine-
2-carboxylic Acid (31).—6-Azaindanone 29 (1 g) was dissolved in
30 ml of a sodium carbonate solution at pH 8-9 and reduced with
hydrogen at 50 psi over 0.5 g of 10% palladium on charcoal for
2 hr. The catalyst was removed and the solution was adjusted
to pH 4 with acetic acid, cooled at 5°, and filtered: 720 mg
(72%); mp dec above 315°; uvmal 272 nm (e 11,700).
Anal. Calcd for COHIdND 3 C, 55.7; H, 5.1; N, 14.4.
Found: C, 55.6; H, 5.2; N, 14.5.
5-Oxo0-3-ethyl-4,5,6,7-tetrahydro-177-pyrrolo[2,3-c] pyridine-2-
carboxylic acid (32) was prepared following the procedure de-
scribed for the 3-methyl analog 31. From 1 g of the 6-azainda-
none 30 was obtained 520 mg (52%) of 32: mp 270° dec; uvnal
274 nm (e 16,000).
Anal. Calcd for Ci,HiND3: C, 57.7;
Found: C, 57.6; H, 5.7; N, 13.4.
5-Ox0-3-methyl-4,5,6,7-tetrahydro-177-pyrrolo [2,3-c] pyridine
(33).—The acid 31 (1.8 g) was suspended in 250 ml of water and
heated under reflux for 1 hr. The solution was evaporated to
dryness and the residue sublimed at 200° (0.010 mm) to afford
700 mg (50%) of lactam 33: mp dec above 260°; Rt 0.65
(tic, ethyl acetate-methanol, 2:1 v/v); ir 1655, 1625 cm-1 (CO
lactam); nmr (TFA) 82.5 (s, 3, CHJ3), 3.9 (b, 2, CHZXO), 5.1
(b, 4, CHNH, =N +HCH?2); Ehrlich’'s reaction was positive in
the cold.
Anal. Calcdfor C8HidND: C, 64.0; H,6.7; N, 18.7. Found:
C, 64.1; H, 6.7; N, 18.6.
5-Ox0-3-ethyl-4,5,6,7-tetranydro-177-pyrrolo [2,3-c] pyridine (34)
was prepared following the same procedure used for the synthesis
of the 3-methyl homolog 33, except for the heating period which
was extended to 90 min. The lactam 34 was obtained in 70%
yield: mp dec above 250° [sublimed at 180° (0.010 mm)];
nmr (TFA) 80.8 (t, J = 7 Hz, 3, CH3, 23 (q, J =7 Hz, 2,
CHZXH?3J), 3.7 (b, 2, CHXCO), 4.6 (b, 4, CHNH, =NH+CH2);
Ehrlich’s reaction positive in the cold.
Anal. Calcd for CHIND: C, 65.9;
Found: C, 65.9; H, 7.3; N, 17.0.
2-Aminomethyl-4-methyl-3-pyrroleacetic Acid (35).— The sub-
limed lactam 33 (600 mg) was suspended in 8 ml of 4 Alsodium
hydroxide, 8 ml of ethanol was added, and the mixture was
heated under reflux for 1 hr. The solution was adjusted to pH 5
with acetic acid, and a 15% aqueous mercuric acetate solution
was added until no more precipitate formed. The solid was
centrifuged, the precipitate suspended in water, and hydrogen
sulfide passed through the suspension until all the mercuric salt
was decomposed. The mercuric sulfide was centrifuged and
washed with water, and the pooled supernatant and wash were
evaporated to dryness at 30° in vacuo. The crystalline residue
was recrystallized by dissolving it in water and adding methanol:
230 mg (30%); mp 150° dec; Rt 0.82 (tic, on cellulose); nmr
(DD) 52.0 (s, 3, CHJ), 3.25 (b, 2, CHZ02); 3.6 (b, 2, CHNH2),
6.3 (s, 1, HY.
Anal. Calcd for CHID N2HD: C, 51.6; H, 7.5; N, 15.0.
Found: C, 51.6; H, 7.4; N, 15.1.
2-Aminomethyl-4-ethyl-3-pyrroleacetic acid (36) was obtained
in 52% vyield following the same procedure described for the 4-
methyl homolog 35. The pyrrole was recrystallized by dissolving
it in water and adding acetone: mp 142-144° dec; Rt 0.78
(tic, on cellulose); nmr (D®D) 1.1 (t,/ = 7 Hz, 3, CHJ3, 2.4
(q, J = 7 Hz, 2, CHZHJ), 3.3 (b, 2, CHXCO), 3.6 (b, 2, CH2
NH2), 6.5 (s, 1, H5.

uvmex 242 nm (c 22,000), 298

H, 4.2; N, 14.6.

H, 4.8, N, 13.6.

H, 5.8; N, 135.

H, 7.3; N, 17.1.

Anal. Calcd for CHID N2-HD: C, 54.0; H, 8.0; N, 14.0.
Found: C, 54.3; H, 8.2; N, 14.0.
Ethyl 5-Oxo0-4,5,6,7-tetrahydro-IH-pyrrolo[2,3-c] pyridine-2-

carboxylate (38).—Ethyl pyridinepyruvate 5 (2 g) was dissolved
in 100 ml of ethanol, and the solution was shaken with hydrogen
at 50 psi for 90 min over 600 mg of 10% palladium on charcoal.
The catalyst was filtered, the solution evaporated to dryness, and
the residue crystallized from ethanol: 770 mg (70%); mp 272-
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274° (lit.4mp 272-274°;; identical by ir, nmr, and tic with a
sample prepared by reduction of ethyl 5-benzyloxy-6-azaindole-
2-carboxylate.4

Benzyl S-Oxo0-4,5,6,7-tetrahydro-lif-pyrrolo[2,3-c]pyridine-2-
carboxylate (39).—The 5-carbethoxylactam 38 (2 g) was dis-
solved in 20 ml of benzyl alcohol and 50 mg of sodium was added.
The mixture was heated at 100° for 2 hr; 5 ml of the solvent was
then distilled in vacuo at the same temperature. An equal
volume of benzyl alcohol was added to the mixture and the heat-
ing was continued for an additional 4 hr. The benzyl alcohol was
then evaporated to dryness in vacuo and the residue crystallized
from a large volume of ethanol: 2.2 g (80%); mp 286-287°;
ir 1690 (CO ester), 1667 (CO lactam), 695 cm-1 (CEH5).

Ami. Calcd for CiH,03N2 C, 66.7; H, 5.2; N, 10.4.
Found: C, 66.6; H, 5.2; N, 10.3.

5-0x0-4,5,6,7-tetrahydro-lif-pyrrolo [2,3-c] pyridine-2-carbox-
ylic Acid (40).—The benzyl ester lactam 39 (1 g) was dissolved
in 50 ml of glacial acetic acid and hydrogenated at 50 psi for 2
hr over 300 mg of 10% palladium on charcoal. The catalyst was
filtered, the solution evaporated to dryness in vacuo at 50°, and
the residue crystallized by dissolving in a 1 A sodium hydroxide
solution and precipitating with concentrated acetic acid: 530
mg (80%); mp dec above 300°; iff 0.58 (tic, on cellulose);
uvimex 270 nm (e 15,000).

Anal. Calcd for CBH€OIN2: C, 58.88; H, 4.44; N, 15.55.

The product was identical by tic, ir, and uv with a sample
prepared by reduction of 5-o0x0-5,6-dihydro-lif-pyrrolo[2,3-c]-
pyridine-2-carboxylic acid.4

Diethyl 5-Oxo-3a,4,5,6-tetrahydro-lii-pyrrolo[2,3-c]pyridine-
2,3-dicarboxylate (43).—The 6-azaindanone 28 (300 mg) was
dissolved in 20 ml of ethanol and was reduced with hydrogen over
100 mg of 10% palladium on charcoal at 10 psi for 90 min. The
catalyst was filtered, the solvent was evaporated to dryness
in vacuo, and the residue was crystallized from ethanol: 130 mg
(43%); mp 216-218°; ir 1635, 1610 cm-1 (CO lactam); nmr
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(TFA) 8 1.35 (t, 6, cH,), 3.6 (m, 2, cHxO), 6.4 (q, 4,
CH2CH3), 5.25 (m, 1, CHCH2cCO0), 7.1 (s, 1, H7); mass spectrum
m/e rel intensity) 280 (M+, 90), 235 (M — oc2s5, 20), 207

(M - COOCHs, base peak), 163 (207 - oc24, 30), 135
(163 - co, 90), 107 (135 - co, 80).

Ami. Calcd for CiIHBNDS C, 55.7; H, 5.7; N, 10.0.
Found: C, 55.6; H, 5.7; N, 10.2.

The same product was obtained by reducing diethyl 5-benzyl-
oxy-6-azaindole-2,3-dicarboxylate 25 at 50 psi for 2 hr under the
described conditions.

Registry No.—2 potassium salt, 38312-68-4; 4,
38312-69-5; 5, 38312-70-8; 6, 38312-71-9; 7, 38312-
72-0; 8, 38312-73-1; 9, 38312-74-2; 10, 38312-75-3;
11, 38312-76-4; 12, 38312-77-5; 13, 38312-78-6; 14,
38312-79-7; 15, 38312-80-0; 16, 38312-81-1; 17,
38312-82-2; 18, 38309-19-2; 19, 38309-20-5; 21,
38309-21-6; 22, 38309-22-7; 23, 38309-23-8; 24,
38309-24-9; 25, 38309-25-0; 26, 38309-26-1; 27,
38309-27-2; 28, 38309-28-3; 29, 38309-29-4; 30,
38309-30-7; 31, 33034-45-6; 32, 38309-32-9; 33,
32794-21-1; 34, 38309-34-1; 35, 32794-17-5; 36,
38309-36-3; 38, 22772-51-6; 39, 38309-38-5; 40,
32794-19-7; 43,38309-40-9; 2-chloro-4-methyl-5-nitro-
pyridine, 23056-33-9.
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0-2-Acetamido-2-deoxy-/3-D-glucopyranosyl-(I—-4)-5-3/ 7-2-acetamido-2-deoxy-D-xylopyranose

(1) was pre-

pared from the /3(I->-4blinked A-acetylglucosamine dimer (2) by formation of the diethyl dithioacetal (3),

glycol cleavage with periodate, reduction with 3#-NaBH4 and dithioacetal hydrolysis.
A by-product, 0-2-acetamido-2-deoxy-/3-D-glucopyranosyl-(l—4)-

charcoal-Celite column chromatography.

5-W-2-acetamido-2-deoxy-n-arabinopyranose, was isolated as well.

1 was isolated by

1 was also isolated from the lysozyme-

catalyzed reaction of the A-acetylglucosamine tetramer with 5-3f-2-acetamido-2-deoxy-a-D-xylopyranose (10),
demonstrating the structure of 1 and supporting a/3(l-*-4) linkage for the higher oligomers containing A-acetyl-
xylosamine and two or three A-acetylglucosamine residues, which were also produced in the enzymic reaction.

In the past six years, more and more evidence has
accumulated for the fascinating, but by no means new,2
theory that the structure of an enzyme active site is
“designed” to fit a conformation of the substrate close
to the reaction transition state better than it fits the
substrate’s ground-state conformation.3 The synthesis
of organic molecules designed to test this theory is a
challenging task for the chemist.

In the particular case of lysozyme, Phillips has
proposed, on the basis of crystallographic studies of the
hen egg white enzyme, that the catalytic region of the

(1) (a) Taken in part from the Ph.D. Thesis of P. v. E. (MIT, 1971), who
thanks the A. D. Little Company for a fellowship; and the M.S. Thesis of
W. A. W. (MIT, 1970), who thanks the NSF for a traineeship. Research
support from the U. S. National Institutes of Health (Grant AM-13590)
and the Merck Co. Foundation are gratefully acknowledged, (b) Depart-
ment of Biology, University of the Negev, Beer Sheva, Israel.

(2) J. H. Quastel, Biochem. J., 20, 166 (1926); L. Pauling, Ckem. Eng.
News, 24, 1375 (1946).

(3) For recent discussions, see D. M. Blow and T. A. Steitz, Ann. Rev.
Biochem., 39, 63 (1970); R. Wolfenden, Accounts Chem. Res., 5, 10 (1972).

active site (“subsite «-) can bind an N-acetylglucosa-
mine residue in the “half chair” conformation, but
cannot bind such a hexopyranose unit in its ground-
state “chair” conformation because of steric hindrance
to the hydroxymethyl group at C-5 in the latter con-
formation.4 The preparation of substrate analogs con-
taining N-acetylxylosamine (2-acetamido-2-deoxy-D-
xylose), i.e., in which a single C-5 hydroxymethyl
group has been removed from an vV-acetylglucosamine
oligomer, would obviously be valuable in the further
testing of Phillips’ hypothesis. We have briefly
reported elsewhere studies of such compounds which
support this hypothesis.6 In this paper we report the

(4) C. C. F. Blake, L. N. Johnson, G. A. Mair, A. C. T. North, D. C.
Phillips, and V. R. Sarma, Proc. Roy. Soc., Ser. B, 167, 378 (1967); L. N.
Johnson, D. C. Phillips, and J. A. Rupley, Brookhaven Symp. Biol., 21, 120
(1968).

(5) P. van Eikeren and D. M. Chipman, J. Amer. Chem. Soc.. 94. 4788
(1972).



1832 J. Org. Chem., Vol. 38, No. 10, 1973

2 o G20H,0

details of the synthesis of Aracctylglucosamine-/3-
(I->4)-iV-acetylxylosamine (1, 0-2-acetamido-2-deoxy-
/3-D-glucopyranosyl-(l-*4)-2-acetamido - 2- deoxy - d- Xy-
lopyranose), and some related compounds, by both
chemical and enzymic techniques.

The standard technique for the synthesis of oligo-
saccharides is, of course, to form new glycosidic bonds
between the monosaccharide moieties in question,
usually by the Koenigs-Knorr condensation.6 Since
xylosamine itself apparently does not occur naturally,
and is not readily available synthetically,7 and since a
facile route to a xylosamine derivative protected
everywhere but 0-4 is not obvious, such an approach
appeared unattractive to us. We chose instead to
attempt the synthesis of 1 from the readily available
iV-acetylglucosamme dimer (2) by the route outlined in
Scheme 1. Although degradative routes to oligosac-
charides have been fairly widely used in the past to
produce oligosaccharides with glycosidic linkages of
known configuration,8 to our knowledge this is the
first example of such a degradation which does not
involve loss of the reducing terminal carbon.

A third alternative for preparing the desired oligo-
saccharides is to use an enzyme to form one or more new
glycosidic linkages between saccharides. Lysozyme is
known to -catalyze transglycosylation reactions of
chitin oligomers9 and bacterial cell wall oligosac-
charides,0 and to demonstrate considerable specificity
toward acceptors,11 but this specificity is not absolute.
For instance, Sharon and Pollock showed that the
products of the incubation of the bacterial cell wall
tetrasaccharide and D-xylose with lysozyme included
compounds with |3(I-*-2), /3(1—-3), and j3(I-*-4) linkages
to xylose.22 Use of the enzymic route with an acceptor
other than A-acetylglucosamine or an oligomer thereof
thus requires a proof of the structure of the new
linkage. The synthesis of 1 by both the degradative

(6) W. Koenigs and E. Knorr, Ber., 34, 957 (1901).

(7) M. L. Wolfrom and M. W. Winkley, J. org. chem., 31, 1169 (1966).

(8) J. Stanek, M. Cerny, and J. Pac&k, “ The Oligosaccharides,” Academic
Press, New York, N. Y., 1965, pp 95-100.

(9) N. A. Kravchenko and Y. I. Maksimov, IZV. Akad. Nauk SSR, Ser.
Khim ., 584 (1964).

(10) N. Sharon and S. Seifter, J. Biol. Chem., 239, 2398 (1964).

(11) J. J. Pollock, D. M. Chipman, and N. Sharon, Biochem. Biophys.
, 28, 779 (1967); J. J. Pollock, Ph.D. Thesis, Weizmann
Institute of Science, Rehovot, Israel, 1969.

(12) J. J. Pollock and N. Sharon, Biochem. Biophys. Res. Commun., 34,
673 (1969).
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chemical route and the enzymic route, and the demon-
stration of the identity of the two products, provides a
rigorous proof of the structure of 1, as well as informa-
tion which is useful for the preparation of further com-
pounds in the series.

All the compounds that we report were synthesized
with radiochemical labels. While the original reason for
introducing tritium into these compounds was to make
possible certain biochemical experiments, the labels
turned out to be extremely useful for following the re-
actions and supporting the structures proposed for the
products.

Results and Discussion

The diethyl dithioacetal 3 was produced from 213
by the usual method with concentrated hydrochloric
acid and ethanethiol.4 No evidence for deacetylation
was observed, and cleavage of the glycosidic bond oc-
curred to avery small extent.

The crucial and most difficult step in the synthesis is
the specific glycol cleavage of 3 to 4, since 3 contains
both acyclic and trans-diequatorial vicinal glycols,
as well as the readily oxidizable sulfur atoms.® Fol-
lowing Wolfrom’s synthesis of 2-amino-2-deoxyxylose,7
we examined the reaction of 3 with lead tetraacetate.
Immediate reduction, hydrolysis, trimethylsilylation,
and vpc analysis of the reaction mixture indicated that
apparently exclusive cleavage of the trans-diequatorial
glycol had occurred. Examination of the reaction with
periodate by the same method indicated that the glycol
cleavage was exclusively at the open chain, but other
evidence suggested that extensive oxidation of sulfur
was taking place as well. Since no direct method
(tic, spectra) could be found for following the reaction,
indirect methods were used to determine the optimum
conditions for the oxidation. The disappearance of
periodate was followed spectrophotometrically by the
method of Dixon and Lipkin.® With a 50% excess of
periodate at 0°, 1 mol of periodate per mole of 3 was
consumed in about 2 min, and consumption of the re-
maining reagent occurred with a half-life of about 7

(13) J. A. Rupley, Biochim. Biophys. Acta, 83, 245 (1964).

(14) J. Stanek, M. Cerny, J. Kocourek, and J. Pacdk, “The Mono-
saccharides,” Academic Press, New York, N. Y., 1963, pp 589—605.

(15) D. Horton and D. M. Hutson, Advan. Carbohyd. Chem., 18, 123

(1963), contains a discussion of thioacetal sulfur oxidation.
(16) J. S. Dixon and D. Lipkin, Anal. Chem., 26, 1092 (1954).
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Figure |.—First chromatography of crude 1 on charcoal-
Celite column (1 X 43 cm, eluted with 0-20% ethanol gradient
over 21.): solid line, optical density; broken line, radioactivity.
Fractions marked by bar pooled for further resolution.

min. The incorporation of tritium into the sugar upon
reduction with Iff-borohydride was also examined.
Comparison with a control reduction (A-acetyl-D-
glucosamine) indicated that, under the final conditions
chosen (30% mole excess of periodate, 5 min at 0°),
oxidation of the glycol had proceeded to about 60%
completion.

The glycol cleavage product 4 was reduced with
tritiated sodium borohydride, and the dithioacetal
was hydrolyzed with mercuric chloride and lead
carbonate without intermediate work-up. The nmr
spectrum of the crude product indicated that one
quarter of the ethyl groups were not removed even
after prolonged treatment; presumably oxidation at
sulfur rendered the dithioacetal refractive to hydrolysis.
The extent of glycol cleavage and sulfur oxidation seem
to be in accord with the notion that the open-chain
glycol is only a factor of two-fivefold more reactive
toward periodate than is the dithioacetal sulfur, as
indicated by the studies of periodate disappearance.

The product was isolated and purified by column
chromatography on charcoal-Celite columns13Z7in two
stages. These columns proved to be extremely power-
ful separation tools when used with sufficiently gradual
gradients of aqueous ethanol. The first column
(Figure 1) served to separate the tritiated disac-
charides from fragmented and deacetylated impurities,
the bulk of the recovered 2, and unhydrolyzed dithio-
acetals (not eluted with 20% ethanol). The second
column (Figure 2) resolved two tritiated disaccharides,
1 and 0-2-acetamido-2-deoxy-/3-D-glucopyranosyl-
(1—-4)-2- acetamido - 2- deoxy - 1 -arabinopyranose (5).
Epimerization of the D-xylo residue to the L-arabino
configuration presumably occurred at the aldehyde
stage (Scheme I1).

1 was obtained in 17% vyield from 3, or 14% overall
from the A-acetylglucosamine dimer 2. The product
was shown to be a radiochemically pure compound on
several chromatographic systems. Upon hydrolysis,
D-glucosamine and D-xylosamine were obtained in
equimolar quantities; only the latter was radio-
chemically labeled, demonstrating that the sequence
of reactions had occurred as outlined in Scheme |I.
Hydrolysis of 5 yielded D-glucosamine and a tritium-
labeled amino sugar which was assumed to be 1-

(17) S. A. Barker, A. B. Foster, M, Stacey, and NEYE Webber, J. Chem.
Soc., 2218 (1958).
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Figure 2.—Chromatographic resolution of 1and 5 (1 X 58 em
charcoal-Celite column, eluted with 1-10% ethanol gradient
over 21.): solid line, optical density; broken line, radioactivity.
Fractions marked A pooled to isolate 5, fractions B pooled to
isolate 1.

Scheme Il
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arabinosamine on the basis of chromatographic prop-
ertiesBand the method of preparation.

A sequence of reactions identical with those used to
synthesize 1was carried out on the iV-acetylglucosamine
trimer (6) in an attempt to produce the next homolog
of 1, the trisaccharide 0-2-a.cetamido-2-deoxy-"-D-glu-
copyranosyl-(1->4)-0-2-acetamido-2-deoxy - 3- d- gluco-
pyranosyl-(I-*4)-2-acetamido-2-deoxy-D-xylopyranose
(7). The dithioacetal 8 was produced in 73% yield
from 6, and its oxidation, reduction, and dithioacetal
hydrolysis were followed with results similar to those
reported for the disaccharide insofar as could be deter-
mined by tritium incorporation, nmr, etc. However,
all attempts to resolve the expected tritiated D-xylos-
amine- and L-arabinosamine-containing trisaccharides
failed, even though the behavior of the product in
binding experiments with lysozyme showred clearly that
it was a mixture of at least two labeled compounds.

In order to further support the assigned structure of
1, and to produce the homologous trisaccharide 7 and
tetrasaccharide 9, enzymic preparation of these N-
acetylxylosamine-containing saccharides whs also
carried out. Tritium-labeled 2-acetamido-2-deoxy-a-
D-xylopyranose (10) was prepared by the sequence of
Scheme I1l. The ethylthiofuranoside of iV-acetyl-
xylosamine (11) was produced by the method of
Wolfrom and Winkley,7with the introduction of tritium
at C-5 from labeled borohydride, and hydrolyzed to
10 by a variation of Wolfrom and Anno’s procedure.’9

(18) R. Kuhn and G. Baschang, Justus Liebigs Ann. Chem., 628, 193

(1959).
(19) M. L. Wolfrom and K. Anno, J. Amer. Chem. Soc., 75, 1038 (1953).
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Figure 3.-~Chromatographic separation of lysozyme-catalyzed
reaction of iV-acetylglucosamine tetramer (12) with labeled N-
acetylxylosamine (10) (1 X 30 cm chareoal-Celite column, eluted
with 0-40% ethanol gradient over 2 1.): solid line, optical
density; broken line, radioactivity. Fractions A, B, and C
pooled to isolate 1, 7, and 9, respectively.

Scheme |11

1 0

Incubation of 10 and the iV-acetylglucosamine tetramer
12 with lysozyme produced a mixture of iV-acetyl-
glucosamine oligomers and compounds containing
tritium-labeled iV-acetylxylosamine, which could be at
least partly resolved on a charcoal-Celite column
(Figure 3).

On the basis of the known transglycosylation re-
actions of lysozyme,D all the tritium-labeled oligomers
must contain IV-acetylxylosamine at their reducing
termini. Although the linkage to A-acetylxylosamine
is very probably 8, there is no a priori reason to believe
that these linkages are exclusively to 0-4.122 The
identity of the A-acetylxylosamine-containing disac-
charide produced synthetically and enzymically was
demonstrated by perfect cochromatography on systems
including a charcoal-Celite column. The fact that
binding constants with lysozyme determined by the
dialysis equilibrium technique were identical for
the two products and independent of saccharide and
protein concentrations6 further demonstrates both the
identity and purity of the samples. On the basis of
the two alternative methods of preparation and the
analysis of synthetic product, the structure of the com-
pound obtained can only be the desired A-acetyl-
glucosamine-/3(l—-4)-iV-acetylxylosamino (1). Given
that the disaccharide formed by lysozyme-catalyzed
transglycosylation is exclusively the jS(I-*4) linked
compound, it is reasonable to assume that the higher
oligosaccharides 7 and 9 so produced have analogous

(20) D. M. Chipman, J. J. Pollock, and N. Sharon, J. Biol. Chem,, 243,
487 (1968); D. M. Chipman and N. Sharon, Science, 166, 454 (1969).
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structures.2L They are also expected to be radio-
chemically pure, although neither 7 nor 9 could be freed
of the respective nonradioactive iV-acetylglucosamine
oligomer of similar size.

The syntheses described here provide important com-
pounds for testing hypotheses concerning the mecha-
nism of lysozyme action, and starting materials and
references for the preparation of more complex com-
pounds for the further study of enzyme mechanisms.
It is also likely that the synthetic scheme used here can
be extended to the modification of other oligosac-
charides. The introduction of a radiochemical label
in the course of the synthesis tinned out to be in-
valuable for following reactions, for verifying the course
of the synthesis, and for analysis of the product. We
feel that this technique will turn out to be generally
useful for a wide variety of synthetic manipulations.

Experimental Section

General.—Tritiated sodium borohydride was obtained from
New England Nuclear Corp. Rexyn 300, a mixed bed ion ex-
change resin which could be used to remove free reducing sugars22
as well as ions in product work-ups, was obtained from Fisher
Scientific Co. Unlabeled 2-amino-2-deoxy-D-xylose was prepared
by the method of Wolfrom and Winkley.7

Optical rotations were measured with a Perkin-Elmer Model
141 polarimeter in 10-cm microcells of 1-ml capacity.

Charcoal-Celite columns were prepared by the method of
Rupley3from equal weights of Darco G-60 and Celite 535, and
used only once before discarding. Linear gradients of increasing
ethanol concentration were used for elution. Acetamido sugars
were detected in the effluent by their end absorption in the uv
(223 nm was generally used).

Several analytical chromatographic systems were used: sys-
tem 1, “Baker-flex” silica gel 1B plates developed with n-butyl
alcohol-ethanol-water (5:3:3 v/v) and visualized with a spray of
0.5 g of KMnO, and 40 g of NaOH in 100 ml of water; system I1,
Analtech “Avicell” cellulose glass plates developed with n-butyl
alcohol-acetic acid-water (4:2:3 v/v) and visualized with silver
nitrate-base34 or the chlorine-starch iodide method of Powning
and Irzkiewiecz;Z system 111, Analtech cellulose 300 MN glass
plates developed with n-butyl alcohol-ethanol-water (4:1:2 v/v)
and visualized as for I1; system IV, Cellulose 300 MN developed
with pyridine-ethyl acetate-acetic acid-water (5:5:1:3 v/v) and
visualized with 0.2% ninhydrin in ethanol; and system V, de-
scending paper chromatography on Whatman No. 1 paper with
the eluent as in 1V in a chamber saturated with pyridine-ethyl-
acetate-water (11:40:60 v/v), developed with ninhydrin.
Radiochromatograms were analyzed by scraping or slicing sec-
tions into scintillation vials, adding 1 ml of water, and allowing
the vials to stand overnight. “Aquasol” liquid scintillation
fluid (New England Nuclear) was then added and the vials were
counted in a Packard 3375 counter.

Amino Sugar Analysis.—Samples of 1-2 mg of saccharide were
hydrolyzed by heating on a steam bath for 2 hr in 2 ml of 6 A
HCL1 in a sealed tube. The solvent was removed in vacuo and the
residue was dried by repeated evaporations with absolute ethanol.
For qualitative analysis, chromatography in systems IV and V
was used.

For quantitative analysis, the sample dissolved in 0.5 ml of
0.3 N HC1 was chromatographed on a 1 X 20 cm column of
Dowex 50-x8 resin (Cl- form, 200-400 mesh) equilibrated and
eluted with 0.3 N HC1, and 1-ml fractions were collected.B

(21) The disaccharide itself is undoubtedly produced by fragmentation
of larger iV-acetylglucosamine-containing saccharides, rather than direct
transfer of an iV-acetylglucosaminyl residue to iV-acetylxylosamine.2 The
specificity of JV-acetylxylosamine as an acceptor as compared to D-xylosel2
is not surprising after the fact, in view of the apparent presence of a strong
binding site for the acetamido group in the lysozyme acceptor subsite E .K

(22) D. M. Chipman. Biochemistry, 10, 1714 (1971).

(23) S. Roseman, R. H. Abeles, and A. Dorfman, Arch. Biochem. Biophys.,
36, 232 (1952).

(24) J. Trevelyan, Nature {London), 166, 444 (1950).

(25) R. F. Powning and H. Irzkiewiecz, J. Chromatogr., 17, 621 (1965).

(26) S. Gardell, Acta Chem. Scand., 7, 207 (1953).
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Under these conditions, glucosamine was eluted in an effluent
volume of about 76 ml and xylosamine in 100 ml. The fractions
were analyzed by the Elson-Morgan color test for amino sugarsZ
as extended by Crumpton.22 Standard xylosamine produced 1.21
times the absorption at 530 nm produced by an equal weight of
glucosamine.

0-2-Acetamido-2-deoxy-/S-D-glucopyranosyl-(I-*4)-2-acetamido-
2-deoxy-D-glucopyranose (2) and higher chitin oligosaccharides
were prepared by the method of Rupley,13 except that a longer
chareoal-Celite column (4.5 X 60 cm) eluted with a very slow
gradient (water to 20% ethanol over 41.) was used to obtain com-
plete separation. From 13 g of chitin, 1.3 g of the dimer 1,
[«]2d +15.8° (lit.13[a]3d +16°), 1.1 gof trimer6, [a]ZD +3.25°
(lit.13 [a]9D +2.5°), and 0.67 g of tetramer 12, [<]2Zd —1.4°
(lit.13[a]3D —2.9°) (all rotations c 2, water, final), were obtained.

0-2-Acetamido-2-deoxy+-D-glucopyranosyl-(I—>-4)-2-acetamido-
2-deoxy-D-glucose Diethyl Dithioacetal (3).—2 (850 mg) was
dissolved in 13 ml of concentrated hydrochloric acid at 0°, ethane-
thiol (22 ml) was added, and the mixture was stirred with a
5000-rpm mechanical stirrer for 12 hr at 0-3°. This time sufficed
for all 2 to disappear (tic, system 1). The ethanethiol was de-
canted and the aqueous layer, which contained all of the desired
product, was diluted to 125 ml and neutralized with basic lead
carbonate with cooling. The suspension was filtered and the
filtrate was passed through a 1.5 X 7.0 cm column of Rexyn 300
mixed bed resin.Z The effluent (250 ml) was lyophilized, dis-
solved in ethanol, and filtered, and the filtrate was evaporated
to yield 930 mg (82%) of white powder, which on tic (system 1)
showed a major spot of Rt 0.64 and a trace of .V-acetylglucosamine
dithioacetal. Crystallization from water afforded pure 3: mp
152-159°; M 24 -13.4° (c 0.82, ethanol); nmr (D) 6 1.75 (t,
6,3 = 8 Hz, CHXHX), 2.6 (s, 6, acetamido CH?J3), and 3.2 (q,
4, J = 8 Hz, CHXHX); ir (KBr) 1670 and 1630 (amide 1),
1572 and 1532 cm-1 (amide I1).

Anal. Calcd for CZHEN Di0S2-HD: C, 43.78; H, 7.35; N,
5.11; S, 11.69. Found: C, 43.56; H, 7.59; N, 4.85; S, 11.59.

0-2-Acetamido-2-deoxy-+j>glucopyranosyl-(I—-4)-5-37-2-acet-
amido-2-deoxy-D-xylopyranose (1).— 3 (500 mg, 0.905 mmol) was
dissolved in 30 ml of water. The solution was cooled to 0° and to
it was added a solution of 251 mg (1.18 mmol) of sodium periodate
(1:1.3 molar ratio) in 30 ml of water cooled to 0°. The mixture
was shaken vigorously, and then stirred at 0° for 5 min, after
which 100 mg (0.58 mmol) of barium hydroxide in water was
added. The reaction mixture was filtered and immediately
lyophilized. The resulting white residue (presumably 4) was
dissolved in 100 ml of ethanol, and the solution was filtered
through Celite and concentrated under vacuum to 40 ml.

A 60-ml portion of a 0.1 M solution of H-NaBH4 (1.7 mCi/
mmol) in isopropyl alcohol was added immediately to the above
solution, and the mixture was stirred for 3 hr at room tempera-
ture. The solvent was removed by evaporation, and the residue
was dissolved in 100 ml of water and neutralized to pH 6 with 1
N HC1. The solution was stirred with 5 g of Rexyn 300 and
filtered, and the resin was washed with water. Lyophilization of
the combined filtrate and washings yielded 500 mg of white
powder, presumably 13.

The powder was dissolved in 30 ml of water, and 3 g of lead
carbonate and 1.05 g of mercuric chloride were added. The re-
action was stirred for 9 hr at room temperature and filtered.
Then 3 ml of pyridine and 400 mg of lead carbonate were added
to the filtrate, which was allowed to stand in an ice bath for 30
min. The resulting suspension was filtered several times and
lyophilized to yield 525 mg of crude 1. The nmr (DD) showed
acetamido :ethylthio methyl groups in a 4.3:1 ratio.

Vpc Analysis of Oxidation Course.— After oxidation of 50 mg
of 3 with periodate as described above, or oxidation of a similar
guantity with 1 equiv of lead tetraacetate in 2 ml of pyridine, the
samples were treated with Rexyn 300, dried, and reduced with a
10-20-fold excess of cold NaBH, in ethanol. After repeated
addition of methanol and evaporation, the residue was hydrolyzed
in 3 ml of 8 N HCI at 95° for 1 hr and dried in vacuo. The
residue was then trimethylsilylated by the method of Sweeley,
et al.,'a using “Tri-Sil” reagent (Pierce Chemical Co.), and the
pyridine was removed. The samples were taken up in hexane and
analyzed by vpc on a 5 ft X 0.125 in. column of 5% QF-1 on
60/80 Chromosorb W, using flame ionization detection. The

(27) L. Elson and W. Morgan, Biochem. J., 27, 1824 (1933).
(28) M. J. Crumpton, Biochem. J., 72, 479 (1959).
(29) C. C. Sweeley, R. Bentley, M. Makita, and W. W. wells, 3. Amer

Chem. Soc., 85, 2497 (1963).
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sample from lead tetraacetate oxidation showed peaks due to the
TMS derivatives of glucosamine and glycerol, as identified by
retention times and coinjection of authentic mixtures, but little
or no material identifiable as xylosamine derivatives. The
periodate oxidation product showed peaks due to the a and &
derivatives of glucosamine, and xylosamine in about ‘/3the theo-
retical amount, as well as two unidentified peaks (arabinos-
amine?).

Chromatographic Purification of 1.—Crude 1 (250 mg) was
applied to a 1 X 43 cm charcoal-Celite column and eluted with
a gradient of water to 20% ethanol over 2 1L Fractions cf 15 ml
were collected at a flow rate of 0.3 ml/min. After analysis
(Figure 1) fractions 33-55 were pooled and lyophilized to yield
91 mg of a white powder. A portion of this material (65 mg) was
rechromatographed on a 1 X 58 cm charcoal-Celite column eluted
with a gradient from water to 10% ethanol over 2 1. Fractions
«of 15 ml were collected at a flow rate of 0.75 ml/min. After
analysis (Figure 2) fractions 89-102 (B) were pooled and lyoph-
ilized to yield 24.0 mg of 1 (calcd overall yield 17% from 3).
Rechromatography on a similar column and rejection of the
front of the peak yielded material of specific activity 1.38 X 106
dpm/mg (0.29 mCi/mmol), [«]2d —24.0° (c 2, water, final).
Acid hydrolysis and analysis on chromatographic systems IV or
V showed spots equivalent to authentic glucosamine and xylos-
amine (Rf glucosamine 1.3 in system V), only the latter of which
contained radioactive label.

Anal. Calcd for CIHB®IN2-3H2: C, 40.18; H, 7.18; N,
6.25. Found: C, 39.69; H, 6.65; N, 6.24.

0-2-Acetamido-2-deoxy-/3-D-glucopyranosyl-(I—»4)-5-3V-2-de-
oxy-L-arabinopyranose (5).—Fractions 76-83 from the second
chromatography of crude 1 (A, Figure 2) were pooled and
lyophilized to yield 15.3 mg (calcd 10% from 3) of 5. Rechroma-
tography on a similar column and rejection of the tail of the peak
yielded material of specific activity 1.27 X 106 dpm/mg (0.27
mCi/mmol), [a] Zd —13.5° (c 0.63, water, final). Amino sugar
analysis with system V revealed a spot equivalent to authentic
glucosamine and a spot of Rt glucosamine 1.18, slower than xylos-
amine (lit.8B Rt glucosamine 1.1 for D-arabinosamine). Only the
latter spot was radioactively labeled.

Anal. Calcd for Ci5SHBIN2-3HZ2: C, 40.18; H, 7.18; N,
6.25. Found: C, 39.70; H, 6.59; N, 6.09.

0-2-Acetamido-2-deoxy-/3-D-glucopyranosyl-(I—-4)-0-2-acet-
amido-2-deoxy-+D-glucopyranosyl-(l-—»-4)-2-acetamido-2-deoxy-D-
glucose Diethyl Dithioacetal (8).—The trimer 6 (1.0 g) was
treated with ethanethiol and hydrochloric acid under conditions
identical with those used for synthesis of the dimer dithioacetal
(3) and worked up similarly to yield 850 mg (72%) of a white
product. On tic (system 1) the product had Rt 0.54, and con-
tained traces of monomer and dimer dithioacetals as contami-
nants: nmr (DD) 51.75 (t, 6, 3 = 8 Hz, CHXHX), 2.55 (s, 9,
acetamido CH3), 3.25 (g, 4, ./ =8 Hz, CHXHX).

Anal. Calcd for CBH5iN®iIsS2-3HD: C, 43.68; H, 7.20; N,
5.46; S, 8.33. Found: C, 43.36; H, 6.96; N, 5.44; S, 7.59.

Ethyl-5-3i-2-acetamido-2-deoxy-I-thio-a:-D-xylofuranoside (11).
—Ethyl 2-acetamido-3,5,6-tri-0-acetyl-2-deoxy-I-thio-a-D-gluco-
furanoside (15), mp 124-125°, M Zd +133° (lit.7mp 122-123°,
[a] “d +139 = 3°), was prepared by the method of Wolfrom and
Winkley.7 The O-deacetylated compound 14 was prepared from
1.95 g (5.0 mmol) of 15 and oxidized with sodium periodate, as
described.7 After the addition of barium chloride and removal of
precipitated barium iodate, the solution was immediately
lyophilized. The resulting residue was dissolved in 50 ml of
absolute methanol, and 10 ml of a 0.05 M solution of 3H-sodium
borohydride in isopropyl alcohol (14 mCi/mmol) was added.
After 30 min of stirring at room temperature, a further 226 mg
(5.0 mmol) of sodium borohydride in 10 ml of methanol was
added, and the mixture was stirred for 30 min more. The solvent
was removed under reduced pressure, and the residue was taken
up in water, neutralized to pH 7, and passed down a 15 X 2.5
cm column of Rexyn 300. The effluent (200 ml) was evaporated
under high vacuum, and the solid was recrystallized from ethanol
to yield two crops of solid 11, 94 mg, mp 155-156°, and 110 mg,
mp 152-154° (total yield 19%) (lit. mp 153-155°,7 157-158°10
for unlabeled compound).

5-3/-2-Acetamido-2-deoxy-«-D-xylose (10).— 11 (200 mg) was
dissolved in 4 ml of water and a suspension of 1.4 g of lead car-
bonate and 500 mg of mercuric chloride in 12 ml of water was
added. The mixture was stirred at room temperature for 4 hr
and filtered. After addition of 2 ml of pyridine the solution was
allowed to stand at 4° overnight. The precipitated pyridine



1836 J. Org. Chem., Vol. 88, No. 10, 1973

complex oi mercury was filtered oft, and the filtrate was lyo-
philized. The solid was repeatedly dissolved in methanol, the
solvent was evaporated, and the white powder resulting was
finally recrystallized from methanol-acetone-ether to afford 107
mg (ss %) of white needles, mp 180-182° dec, [a]zD +8.4° (c
0.74, water, final) [lit..o mp 184-187° dec, [a]ZD + s ° (c 1, water,
final) for unlabeled compound]. This material was identical in
several tic systems with an authentic sample of IV-acetyl-a-D-
xylosamine provided by the late Professor Wolfrom. It was re-
crystallized to a constant specific activity of 3.10 X 10s dpm/mg
(0.29 mCi/mmol).

Enzymic Synthesis of Oligosaccharides Containing Xylosamine.
—1In a typical experiment, 17 mg (0.020 mmol) of the 0(1—*4)-
linked tetramer of 2-acetamido-2-deoxy-D-glucose (12) and 17 mg
(0.085 mmol) of 5-sif-2-acetamido-2-deoxy-0;-D-xylopyranose
(10, 3.10 X 10s dpm/mg) were incubated with 2 mg of lysozyme
(Worthington LYSF, three times recrystallized salt free) in 2 ml
of 0.1 M sodium acetate-acetic acid buffer, pH 5.2, at 39.5° for
25 hr, and the mixture was applied to a 1 X 30 cm charcoal-Celite
column. The column was eluted with a gradient from water to
40% ethanol over 2 1 Fractions of 10 ml were collected at a rate
of 1.5 ml/min and analyzed (Figure 3). Fractions 37-50 (A)
were pooled and lyophilized to yield 4.5 mg of material which was
rechromatographed on a 1 X 30 cm column with a 2-1. 0-20%
ethanol gradient. The major peak was collected and lyophilized
to yield pure 0-2-acetamido-2-deoxy-/3-D-glucopyranosyl-(I-»-4)-
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5-3//-2-acetamido-2-deoxy-D-xvlopyranose (1). This material
was shown to be identical with that produced synthetically, by
tic (systems I, Il, 111) and cochromatography on a 1 X 30 cm
charcoal-Celite column with a 2-1. 0-15% ethanol gradient.

Fractions 67-78 from the initial chromatography (B, Figure
3) contained 0-2-acetamido-2-deoxy-/3-D-glucopyranosyl-(1—4)-
0-2-acetamido-2-deoxy-/3-D-glucopyranosyl - (1—>4)-5- 3+2-acet-
amido-2-deoxy-D-xylopyranose (7), together with the p{1—*4)-
linked trimer of 2-acetamido-2-deoxy-D-glucose (s ), and fractions
87-97 (C) contained 0-2-acetamido-2-deoxy-/3-D-glucopyranosyl-
(1—-4)-0-2-acetamido-2-deoxy-p -d -glucopyranosyl- (1—*4)-0-2 -
acetamido-2-deoxy-/3-D-glucopyranosyl-(I-*4)-5-9f-2-acetamido-
2-deoxyxylopyranose (9), together with the /3(1—*4) tetramer of
2-acetamido-2-deoxy-D-glucose (12). Each of these peaks was
pooled and rechromatographed twice, with the front of the peak
being collected each time. Analysis of known weights of the
final products for s+ content revealed that the trisaccharide mix-
ture contained 22 mol % of the xylosamine-containing compound
7 and that the tetrasaccharide mixture contained 16 mole % of
the xylosamine-containing compound 9.

Registry No.—1, 38864-17-4; 2, 35061-50-8; 3,
38864-18-5; 4,38864-19-6; 5,38864-20-9; 6,38864-21-
0; 8,38864-22-1; 10,38864-23-2; 11,38864-24-3; 13,
38864-25-4; 14,38859-04-0; 15,7115-40-4.

I1.1 A Facile Synthesis

of Derivatives of 2,5-Anhydro-D-allose

Hans P. Albrecht, David B. Repke, and John G. M offatt*

Contribution No. 96 from the Institute of Molecular Biology, Syntex Research, Palo Alto, California

94-304

Received December 12, 1972

A very facile synthetic route to 3,4,6-substituted derivatives of 2,5-anhydro-D-allose is described.

Reductive

hydrolysis of 2,3,5-tri-O-benzoyl-~-D-ribofuranosyl cyanide (3) with Raney nickel and sodium hypophosphite
in aqueous pyridine-acetic acid is accompanied by extensive elimination of benzoate to give furfural derivatives.
In the presence of A.A'-diphenylethylenediamine (s ), however, the initial aldehyde is trapped as a crystalline 1,3-

diphenylimidazolidine derivative (7) which is obtained in 74% yield.
propylidene-0-D-ribofuranosyl cyanide is converted into the corresponding imidazolidine derivative (12).

In a similar way 5-0-benzoyl-2,3-0-iso-
Alka-

line hydrolysis of (7) gives I,3-diphenyl-2-(/3-D-ribofuranosyl)imidazolidine (s ) which can be converted into the

tri-O-benzyl ether 9a or the tri-O-acetate 9b.

Regeneration of the free 3,4,6-trisubstituted 2,5-anhydro-D-alloses

from the imidazolidine derivatives can be achieved by mild acidic treatment.

In recent years a considerable number of C-glycosyl
nucleosides have been isolated from natural sources.2
The frequently interesting biological properties of these
substances have made them interesting targets for
chemical synthesis, but as yet this has proved to be a
more formidable task than the preparation of con-
ventional iV-glycosyl nucleosides. Thus, while the
preparation of 5-(/3-D-ribofuranosyl)uracil (pseudouri-
dine) has been achieved through carbon-carbon bond
formation between a 5-lithiopyrimidine and a suitable
derivative of ribose,13 and this method has also been
extended to other 5-glycosyluracils,4 this route has not
yet been readily adapted for use with other hetero-
cycles.

A more versatile route would appear to involve the
preparation of an appropriately Ci-functionalized
derivative of 2,5-anhydro-D-allose or 2,5-anhydro-D-
allitol (1), a compound already containing the desired

(1) For part 1, see XJ. Lerch, M. G. Burdon, and J. G. Moffatt, J. Org.
chem., 36, 1507 (1971).

(2) For reviews, see (a) K. Gerzon, D. C. de Long, and J. C. Cline, Pure
A-ppl. Chem., 28, 489 (1971); (b) R. J. Suhadolnik, “Nucleoside Antibiot-
ics,” Wiley-Interscience, New York, N. Y., 1970.

(3) D. M. Brown, M. G. Burdon, and R. P. Slatcher, J. Chem. Soc., 1051
(1968).

(4) W. A. Asbun and S. B. Binkley, J. Org. Chem.,
33, 140 (1968).

31, 3315 (1966);

elusive carbon-carbon bond, from which Ci can be
elaborated into a variety of heterocycles. One such
derivative is the diazo compound la which has been

O
roch2 "0 CHX
OR OR
la, R=CH2Ph; X = N2
b, R=CHZh; X =0 b, X=0OH

¢, R=Bz; X=0

ingeniously converted into formycin B (2a)6 and
oxoformycin (2b)6via initial cycloaddition to dimethyl
acetylenedicarboxylate.

In a related way the furanosyl keto ester (1, R = Ac;
CHX = CO0CO02Me) has been transformed into the

(5) E. M. Acton, K. J. Ryan, D. W. Henry, and L. Goodman, Chem.
Commun., 986 (1971).

(6) (a) M. Bobek, J. Farkaa, and F. Sorm, Tetrahedron Lett., 4611 (1970);
(b) J. Farkas and F. Sorm, Coll. Czech. Chem. Commun., 37, 2798 (1972).
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nucleoside antibiotic showdomycin,7 and both the
carboxylic acid (1, R = Bz; CHX = COOH)8andthe
thioformimidate [1, R = Bz; CHX = C(=NH)-
SCHZh]9 have been incorporated into derivatives of
8-/3-D-ribofuranosyladenine. Finally, the recently de-
scribed synthesis of a /3-D-ribofuranosylethyne (R =
CHZh; CHX = C=CH) paves the way to certain
4-ribosyltriazoles. 1

A recent brief communication by Ogawa, et al.,n has
described a multistep process by which glucose may
be converted into 2,5-anhydro-3,4,6-tri-0-benzyl-D-
allose (Ib) which was subsequently transformed into
intermediates leading to the diazo compound la.
The free aldehyde group of Ib is also, however, an
attractive functional group for elaboration of C-
glycosyl heterocycles, and in this paper we describe a
facile route for the preparation of variously sub-
stituted derivatives of 2,5-anhydro-D-allose.12

The key intermediate in our synthesis is 2,3,5-tri-O-
benzoyl-/3-D-ribofuranosyl cyanide (3), a crystalline com-
pound which is readily prepared in 70-80% yields from
2,3,5-tri-O-benzoyl-D-ribofuranosyl bromide and mer-
curic cyanide according to the procedure of Bobek
and Farka8.8 This substance has been both hy-
drolyzed to the corresponding allonic acid8and reduced
to lI-amino-2,5-anhydro-I-deoxyallitol13during previous
work, but the most direct route to the desired com-
pound would appear to be reductive hydrolysis of the
cyano function to the aldehyde Ic. Such procedures
have been reviewed¥ and a convenient modification
would appear to be that developed by Backeberg and
Staskun.’5 Indeed, the reaction of 3 with an excess of
Raney nickel and sodium hypophosphite in a mixture
of pyridine, acetic acid and water at 45° for 1 hr led to
quite rapid conversion into a material giving a positive
test for aldehydes using acidic dinitrophenylhydrazine
as a spray on thin layer plates. The colored spot was,

5

(7) L. Kalvoda, J. Farkas, and F. Sorm, Tetrahedron Lett., 2297 (1970).

(8) M. Bobek and J. Farkas, Collect. Czech. Chem. Commun., 34, 247
(1968)

(9) J. Igolen and T. H. Dink, Chem. Commun., 1267 (1971).

(10) J. G. Buchanan, A. R. Edgar, and M. J. Power, J. Chem. Soc. D,
346 (1972).

(11) T. Ogawa, Y. Kikuchi, M. Matsui, H. Ohrui, H. Kuzuhara, and
S. Emoto, Agr. Biol. Chem., 35, 1825 (1971).

(12) For a general review on 2,5-anhydro sugars, see J. Defaye, Advan.
Carbohyd. Chem. Biochem., 25, 181 (1970). Routes similar to that of ref 11
have subsequently been developed by Emoto, et al., for the preparation of
the dimethyl acetals of other 2,5-anhydrohexose derivatives: personal com-
munication from Drs. H. Ohrui and S. Emoto.

(13) M. Bobek and J. Farkas, Collect. Czech. Chem. Commun., 34, 1684
(1969)

(14) (a) E. Mosettig, Org. React, 3, 218 (1954). (b) Houben-Weyl,
“Methoden der organischen Chemie,” 4th ed, Vol. VII, part I, Thieme
Verlag, Stuttgart, 1954, p 299.

(15) O. G. Backeberg and B. Staskun, J. Chem. Soc., 3961 (1962).
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however, orange rather than yellow and suggested the
presence of an unsaturated aldehyde. Indeed, this
substance was isolated as a crystalline derivative (5)
and shown to be the furan 4 resulting from elimination
of benzoate from the desired aldehyde Ic. It could be
readily shown by tic that this elimination took place
during the reductive hydrolysis rather than during
preparation of the derivative 5. Thus regeneration of
the aldehyde 4 from 5 (see later) gave a substance
identical with the direct product of the reductive
hydrolysis and clearly different from Ic.

This very facile elimination reaction was finally
avoided by conducting the reductive hydrolysis re-
action in the presence of A~”iV'-diphenylethylene-
diamine (6). The latter reagent has been developed

Ph

CH2ZNHPHh
3 + |
CH2ZNHPh

6

by Wanzlick and Lochel® for the selective conversion
of aldehydes¥ into 1,3-diphenylimidazolidine deriva-
tives and has previously been used to trap aldehydes
formed by hydrogenation of nitrilesBor desulfurization
of thio esters.19 In the presence of 6 the reaction of 3
with sodium hypophosphite and Raney nickel in
aqueous pyridine-acetic acid was rapid at room
temperature and gave crystalline 1,3-diphenyl-2-(2,3,5-
tri-0-benzoyl-j3-D-ribofuranosyl)imidazolidine  (7) in
74% yield.

While, as will be seen later, the imidazolidine ring is
very readily hydrolyzed under acidic conditions, it is
very stable toward base. Thus treatment of 7 with

NeOVe

7 -
MCH

Ph Ph

9a, R=CHZPh
b, R= Ac

methanolic sodium methoxide led to smooth cleavage
of the benzoyl groups, giving crystalline 1,3-diphenyl-
2-(/3-D-ribofuranosyl)imidazolidine (8) in ayield of 73%.
Subsequent benzylation of 8 using benzyl chloride and
sodium hydride in dimethyl sulfoxide gave the crystal-
line tri-O-benzyl ether 9a in 80% yield. Alternatively,
simple acetylation of the triol 8 gave the tri-O-acetyl

(16) H. W. Wanzlick and W. Lochel. Chem. Ber,, 86, 1463 (1953).

(17) This reagent has also been widely exploited in this laboratory by
Dr. G. H. Jones, et al., for the isolation of nucleoside 5/-aldehydes. See,
eg.. N. P. Damodaran, G. H. Jones, and J. G. Moffatt, J. Amer. Chem
Soc., 93, 3812 (1971). We are particularly grateful to Dr. Jones for his
advice in this matter.

(18) H. Plieninger and B. Kiefer, Chem. Ber., D, 617 (1957).

(19) (a) H. J. Bestmann and H. Schulz, Chem. Ber., 92, 530 (1959); (b)
W. J. Gottstein, G. E. Bocian, L. B. Crast, K. Dadabo, J. M. Essery,
J. C. Godfrey, and L. C. Cheney, J. Org. Chem., 31, 1922 (1966).
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derivative 9b in 96% yield. Clearly, other types of
protecting groups could also be introduced under
basic conditions if so desired.

The above methods make derivatives of 2,5-anhydro-
D-allose containing protecting groups that can be sub-
sequently removed under alkaline or reductive con-
ditions readily available. Protection of the vicinal
diol by a noneliminatable, acid-labile substituent such
as an isopropylidene group was also desirable. To this
end the nitrile 3 was treated with methanolic ammonia
at 0° which selectively removed the secondary benzoyl
groups, giving 5-0-benzoyl-/3-n-ribofuranosyl cyanide
(10) in 83% yield. This reaction has previously been
described by Montgomery and Hewson,Dbut under the
present conditions the yield of crystalline product was
more than doubled without the necessity of chroma-
tography. Subsequent treatment of 10 with acetone

and 2,2-dimethoxypropane in the presence of perchloric
acid gave a 95% yield of the crystalline isopropylidene
derivative 11 which was previously described as a
syrup.2 Reductive hydrolysis of 11 in the presence of
AjAn-diphenylcthylenediamine gave, as above, the
crystalline imidazolidine derivative 12 in 78% yield.
Regeneration of the free aldehyde function from
1,3-diphenylimidazolidine derivatives has usually been
achieved by treatment with a heterogeneous mixture of
ether and 3-6 N hydrochloric acid.181% The alde-
hydes can, however, be liberated under much milder
conditions by treatment with 2.5-3 molar equiv of
p-toluenesulfonic acid monohydrate in a mixture of
acetone and methylene chloride at 0-20°.2L Such
treatment of 7, 9a, and 12 leads to the rapid precipita-
tion of the p-toluenesulfonate salt of W,iV'-diphenyl-
ethylenediamine which can be removed by filtration
and aqueous extraction. The residual products so
obtained in high yields are the 3,4,6-substituted 2,5-
anhydro-D-allose derivatives (Ic, Ib, and 13, respec-
tively) which are sufficiently pure for direct use in sub-
sequent reactions to be described in forthcoming
papers.2 It is interesting to note, that, even though
tic examination of the crude reaction mixtures shows

(20) J. A. Montgomery and K. Hewson, J. Heterocycl. C hem 7, 443
(1970).

(21) p-Toluenesulfonic acid has previously been used by Gottstein, et
al., for the liberation of penicillinaldehydes from their imidazolidine
derivatives.

(22) Unpublished studies by H. P. Albrecht, D. B. Repke, and J. G.
Moffatt.
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complete disappearance of the imidazolidine deriva-
tives, small amounts (perhaps 5%) of unreacted
material are usually found in the worked up products.
This could be due to the precipitation of traces of the
p-toluenesulfonate salt of the starting material which
does not become solubilized until work-up. For the
preparation of analytical samples these minor im-
purities can be removed by rapid chromatography on a
column of silicic acid. By this means chromato-
graphically and analytically pure samples of Ic, Ib,
and 13 were obtained. Our previous experience in the
chemistry of nucleoside 5'-aldehydes has made us
acutely aware of the perils of elimination and epimeriza-
tion reactions which attend chromatography of mol-
ecules of this sort.3 The derivatives of 2,5-anhydro-D-
allose are also potentially subject to these reactions, and,
accordingly, we do not recommend chromatography as
a preparative procedure. We do not have any evi-
dence, however, for such side reactions prior to, or
during, acidic removal of the imidazolidine groups.
Certainly the chromatographic purity of the crude
aldehydes (Ib, Ic, and 13) precludes elimination re-
actions which are always much more prevalent than
epimerization.Z The lack of side reactions accompany-
ing the liberation of nucleoside 5'-aldehydes from their
imidazolidine derivatives under comparable conditions
has been previously demonstrated. T/

The free aldehydes are rather unstable compounds in
solution and it is recommended that they be generated
only immediately prior to use. For example, the tri-
benzoyl aldehyde Ic can be shown by tic to undergo
extensive decomposition upon storage in chloroform at
room temperature for 2 hr. It can, however, be stored
as a syrup at —20° for many days. The benzyl and
isopropylidene derivatives (Ib and 13) were, expectedly,
more stable.

As an alternative procedure for the hydrolysis of the
imidazolidine derivatives, we have sometimes used
treatment with Dowex-50 (H+) resin in aqueous tetra-
hydrofuran. This procedure is convenient since all
traces of basic hydrolysis products are bound by the
resin and can be removed by simple filtration. This
procedure, however, requires treatment at 50-60°
for several hours to complete the hydrolysis, but the re-
action can be taken to completion giving chromato-
graphically homogeneous aldehydes. By this method,
the tribenzyl ether Ib can be obtained in very high
yield as described in the accompanying paper.2

The derivatives of 2,5-anhydro-D-allose described
in this paper provide very useful starting materials for
the synthesis of a wide range of C-glycosyl nucleosides.
Such syntheses will be described in forthcoming
papers in this series. 22

Experimental Section

General Methods.—The general
similar to those described previously..

Nmr Data.—These are given in Tables | and I1.

2,3,5-Tri-0-benzoyl-/3-D-ribofuranosyl Cyanide (3).—This com-
pound was prepared in 78% yield according to Bobekand Farkass
With mp 77.5-79° (lits mp 78.5-80°); [apD 24.2° (c 0.98,
fyHCla); X‘€£H230nm («35,000), 274 (2800), 288 (2400).

analytical methods were

(23) See, e.g.,, G. H. Jones and J. G. Moffatt, Abstracts, 158th National
Meeting of the American Chemical Society, New York, 1969, CARB 16.
(24) G. Trummlitz and J. G. Moffatt, J. Oorg. Chem., 38, 1841 (1973).
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Tabte Il
'TCB/I id ? Coupling Constants (Hertz)
B ® Compd Ji2 J22 J 2i RE-3} «As
K an H'h'O 3 4 5 a
O _ (g ~ ® *< 4 5 0
O h 7 1 6 6 a a
B |>.8° °l @ S’Q 8 1 6 6 a 0
of ~
O Py B.V..$ % : 5 5 5 a
0 ~ o -\ s 9b 1 5.5 5.5 55 a
A SXMEZAG HQ %
0 @ N £~ 0 A A g 10 4 a a a
A %@% 1 2 6 0 4
B fii gi | 8 to - - 12 1.5 6 6 a a
X s EwSE g ~go “ Not resolved.
tt"e-0
B« | 4 (Dr*/\o CQ%L z * *
S B 3SE S 8m & @Of @ 1.3- Diphenyl-2-(2,3,5-tri-0-benzoyl-/3-D-ribofuranosyl)imidaz-
o i 6,7~ ide SDI olidine (7).—Solid 3 (25 g, 53 mmol) was added to a vigorously
OO OO © Ry )%) stirred suspension of Raney nickelz (75 g) in a solution of mono-
sodium hypophosphite (50 g), and iV,A,'-diphenylethylenediamine
rf (21.2 g, 100 mmol) in a mixture of pyridine (375 ml), acetic acid
(185 ml), and water (185 ml). The mixture was stirred at room
temperature for 1.25 hr and then filtered. The precipitate was
a washed thoroughly with chloroform (3 X 200 ml), and the com-
NS /_BS bined filtrates were diluted to a volume of 2.5 1 with chloroform
? and then washed three times with 200-ml portions of water. The
&}ﬁ% %g{ll 80 <Nb chloroform solution was dried (M gS04) and evaporated, leaving a
T IQ~ [(D](9) T ™ @ syrup that crystallized upon addition of methanol giving 26 g

(74%) of 7 with mp 154-155°. An analytical sample from
chloroform-hexane had mp 155-155.5°; Amal 232 nm (e 47,900),
252 (34,600), 282 (5900); [«]2Zd1:.2° (cO.l, CHC13.
B Anal. calcd for CsiH=N-0: (668.72): C, 73.63; H, 5.43;
'B N, 4.19. Found: C, 73.74; H, 5.40; N.4.05.
2-(1,3-Diphenylimidazolidin-2-yl)-5-benzoyloxymethylfuran
ﬁl SD qqu Ep % (5).—A mixture of 3 (9.25 g, 19.6 mmol), Raney nickel (18.5 g),
[00] >
e
¥

-~
-~

sodium hypophosphite (18.5 g), pyridine (140 ml), acetic acid
(70 ml), and water (70 ml) was stirred at 45° for 2 hr. The
mixture was then filtered and the filtrate evaporated IN VaCUo.
The residue was partitioned between ethyl acetate and water,
and the filtered organic phase was evaporated to dryness. The

< /C\D? ~ D 312 Es residue was dissolved in methanol (100 ml) containing s (5.3 Q)
k}l as : £ and glacial acetic acid (2 ml) was added. After 16 hr at 23° the
(DQSO ™H 8/' M@ o 0 solution was evaporated, and the residue was chromatographed

@
f OO D on a column of silicic acid using hexane-ether (5:2). Evapora-
5 tion of the main peak followed by crystallization from methanol
gave 1.4 g (18%) of 5 with mp 111.5-113°; Am-u 231 nm (sh, €
31,400), 251 (38,000), 281 (4800), 290 (sh, 4500); Amal (KBr)
1725,1600 cm -1

Calcd for CzsH2N:0s (424.48): C, 76.39; H, 5.70;
N, 6.60. Found: C, 76.15; H, 5.68; N, 6.45.

1,3-Diphenyl-2-(/3-D-ribofuranosyl)imidazolidine (s ).—A solu-

tion of 7 (19.8 g, 29.6 mmol) in chloroform (200 ml) was added
to methanolic sodium methoxide (200 ml of 0.075 l\/l), and the
mixture was stirred at room temperature for 2.5 hr. The solu-
tion was then neutralized by addition of Dowex 50 (H+) resin,
filtered, and evaporated to dryness leaving a residue that was
freed from methyl Benzoate by rapid chromatography on a column
of silicic acid (1 kg) using chloroform-ethyl acetate (:::) and
then ethyl acetate’ The product was then crystallized from
aqueous methanol giving 7.5 g (73%) of & with mp 169-170°;
A‘? h250 nm (e36,700), 295 (5400); [a] &15.3° (c 0.2, MeOH).

Calcd for C:0H.N:0. (356.4): C, 67.39; H, 6.79;
N, 7.86. Found: C, 67.35; H, 7.01; N, 7.79.

1.3- Diphenyl-2-(2,3,5-tri-0-benzyl-/3-D-ribofuranosyl jimidazol-
idine (9a).—Carefully dried 8 (7.5 g, 21 mmol) was added to a
stirred suspension of sodium hydride (9.6 g, 400 mmol) in DMSO
(300 ml) and kept under argon at room temperature for 30 min.
Benzyl chloride (70 ml, 600 mmol) was then added dropwise,
and the mixture was heated at 60° for 2 hr. After storage over-
night at room temperature the mixture was diluted with chloro-
form (1:.) and washed once with 200 ml of 2 A acetic acid and
then with saturated aqueous sodium bicarbonate and water.
The organic phase was dried and*evaporated, leaving a syrup that
was chromatographed on a column of silicic acid using hexane-
ether (4:1) and giving 10.5 g (80%) of 9a with mp 92-94° from
ether-hexane; ail'gH 254 nm (e 33,000), 294 (4300); [a, 23« 2.6°
@ ® (c0.6, CHCla).
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(25) No. 28 Raney nickel under water obtained from W. R. Grace and
Co.
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anat. Calcd for C4H«N,04 (626.76): C, 78.56; H, 6.75; and evaporated. The resulting syrup was shown by tic to con-
N, 4.47. Found: C, 78.94; H, 6,83; N,4.62. tain a small amount of unreacted 3, which was removed by rapid
1.3- Diphenyl-2-(2,3,5-tri-0-acetyl-/3-D-ribofuranosyl)imidazol¢hromatography on a column containing 15 g of silicic acid using

idine (9b).—A solution of 8 (760 mg, 2 mmol) in pyridine (6
ml) and acetic anhydride (3 ml) was kept for 16 hr at room
temperature. Methanol (15 ml) was added, and after 1 hr the
solution was evaporated to dryness. The residue was dissolved
in chloroform, washed with water, dried, and evaporated giving
950 mg (96%) of crystalline 9b with mp 109-110° unchanged
upon recrystallization from ether-hexane; [a]2D —22° (c 0.1,

CHCU).
anal. Calcd for CEHIN27 (482.52): C, 64.71; H, 6.27;
N, 5.81. Found: C, 64.99; H, 6.38; N, 5.87.

5-O-Benzoyl-d-D-ribofuranosyl Cyanide (10).—A solution of 3
(61 g) in chloroform (600 ml) was added with stirring to ice-
cooled, saturated methanolic ammonia (900 ml) and kept at 0°
for 4.5 hr. The solvent was then evaporated in vacuo, and the
residue was dissolved in ethyl acetate, washed with a small
volume of saturated aqueous sodium bicarbonate and then water,
dried, and evaporated. The residual syrup was crystallized from
benzene-hexane giving 28 g (83%) of 10 with mp 117-117.5°
(lit® mp 118°).

5-0-Benzoyl-2,3-0-isopropylidene-d-D-ribofuranosyl ~ Cyanide
(11).— Solid 10 (42 g) was added to a solution of 72% perchloric
acid (6 ml) in 2,2-dimethoxypropane (50 ml) and acetone (300
ml), and the resulting mixture was stirred at room temperature
for 2 hr. The solution was neutralized with ammonium hydrox-
ide and evaporated to dryness, leaving a residue that was dis-
solved in chloroform and washed twice with water. The organic
phase was dried and evaporated and the residue crystallized from
ether-hexane giving 46 g (95%) of 11 with mp 57-60° (lit.Das a
syrup). An analytical sample had mp 60-61 °.

ether-hexane (2:1). In this way Ic (240 mg, ss % )26 was ob-
tained as a chromatographically homogeneous syrup: [a]Zd
44.7° (c 0.33, CHCIs); nmr (CDC13) S9.77 ppm (d, 7.2 = 1.5
Hz, CHO,) 21

Anal. Calcd for C2H220s (474.45):
Found: 0,68.22; H,4.64.

Upon reaction with ;erf-butyl carbazate in ethanol containing
glacial acetic acid, Ic formed a ierf-butylcarbazone with mp
172-176° from chloroform-hexane.

anal. Caled for Ca2Hs:2N20s (588.59): C, 65.30; H, 5.48;
N, 4.76. Found: C, 65.05; H, 5.36; N, 4.70.

2.5- Anhydro-3,4,6-tri-0-benzyl-D-allose (Ib).—The imidazoli-
dine derivative (9a, 500 mg, 0.8 mmol) was treated with p-toluene-
sulfonic acid monohydrate (350 mg) in a mixture of acetone and
methylene chloride as during the preparation of Ic. The crude
product once again contained a little unreacted 9a which was
removed by rapid chromatography through a column of silicic
acid using ether-hexane (2:1). The pure fractions were evapo-
rated leaving 180 mg (52%) of Ib as a chromatographically ho-
mogeneous, clear syrup: [a]2D 62.5° (c 0.28, CHC13); nmr
(CDC13) 39.64 ppm (d, 7,12 = 1.5 Hz, CHO);2z» X’\0H 229 nm

C, 68.34; H, 4.67.

(e4800).
anat. Calcd for CzH20s (432.49): C, 74.98; H, 6.53.
Found: C, 74.92; H, 6.54.

2.5-  Anhydro-6-0-benzoyl-3,4-0-isopropylidene-D-allose (13).—
The imidazolidine derivative (12) was treated with p-toluene-
sulfonic acid monohydrate exactly as above to give, following
rapid chromatography on silicic acid, the chromatographically
homogeneous aldehyde 13 as a clear syrup: [a]2D 11.9° (c0.5,

13 Diphenyl-2-(5-0-benzoyl-2,3-0-isopropylidene-/3-D-ribofucHC18); nmr (CDC13) $0.65 ppm (s, CHO) .

ranosyl)imidazolidine (12).—Nitrile 11 (5.0 g, 17.2 mmol) was
added to a suspension of Raney nickel (20 g), 6 (5.0 g), and
sodium hypophosphite (10 g) in 40 ml of a mixture of pyridine,
acetic acid, and water (2:1:1) and vigorously stirred at room
temperature for 1 hr. The mixture was filtered, and the solid
material was washed well with chloroform. The filtrate was
diluted to a volume of 1 1 with chloroform and washed with
water. The organic phase was dried and evaporated leaving a
syrup that crystallized upon addition of methanol giving 6.6 g
(78%) of 12 with mp 144-145° unchanged upon recrystallization
from chloroform-hexane; X’(°H253 nm (e 34,700), 283 (4300),

292 (4400); [«]zd -36.2° (c 0.1, CHC13); (KBr) 1715,
1600 cm-1.
anal. Calcd for casomsn 206 (500.57): C, 71.98; w, 6.44;

N, 5.60. Found: ¢, 72.10; », 6.38; n, 5.47.
2,5-Anhydro-3,4,6-tri-0-benzoyl-D-allose (Ic).—A solution of
p-toluenesulfonic acid monohydrate (355 mg, 1.87 mmol) in
acetone (10 ml) was added with stirring to an ice-cooled solution
of 3 (500 mg, 0.75 mmol) in methylene chloride (25 ml). After
5 min at 0° the mixture was allowed to come to room temperature
over 40 min. Since tic (ether-hexane, 2:1) showed some residual
3, an additional 50 mg of p-toluenesulfonie acid in acetone (5 ml)
was added. After 15 min, tic showed completion of the reaction,
and the mixture was filtered. The precipitate was washed with
methylene chloride, and the combined filtrates were evaporated
in vacuo Without heating. The residue was dissolved in methy-
lene chloride, washed three times with cold water, dried (MgS04),

anat. Calcd for CieHigOe-0.5H20 (315.31):
6.07. Found: C, 60.65; H, 6.22.

Treatment of the crude aldehyde in ethanol with ;erf-butyl
carbazate in the presence of acetic acid for . hr at room tempera-
ture gave the crystalline ;erf-butylcarbazone with mp 118-120°
from chloroform-hexane in 57% yield.

Calcd for CaH2sN20: (420.45): C, 59.99; H, 6.71;
Found: C, 60.29; H, 6.71; N, 6.58.

C, 60.94: H,

Anal.

N,s.66.

Registry No.—1 (R = H; X = 0), 39037-97-3: Ib,
37699-02-8; Ic, 39037-99-5; Ic teri-butylcarbazone,
39038-00-1; 3,23316-67-8; 5, 39050-05-0;'6, 150-61-8;
7, 39038-02-3; 8, 39038-03-4; 9a, 38821-04-4; 9b,
39037-09-7; 10, 30002-87-0;11, 29868-36-8; 12,
39037-12-2; 13, 39037-13-3; 13 ferf-butylcarbazone,
39037-14-4; 2,2-dimethoxypropane, 77-76-9; p-toluene-
sulfonic acid, 104-15-4.

(26) The yield of unchromatographed product, which is better than 90%
pure, is almost quantitative.
reactions.

(27) The free aldehydes (|C, Ib, and 13) do not give well-resolved nmr
spectra. Since the aldehyde protons inevitably integrate for less than one
proton, this is probably due to the ease with which these compounds form
aldehyde hydrates. Similar facile hydration of sugar aldehydes has been
frequently encountered. See, e.g., D. Horton and J. D. Wander, Carbohyd.
Res., 16, 477 (1971).

This material generally is used in subsequent
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The reaction of 2,5-anhydro-3,4,6-tri-0-benzyl-D-allose with sodium cyanide and hydrogen peroxide gives 3,6-

anhydro-4,5,7-tri-0-benzyl-D-<7h/cero-D-afZo-heptonamide (6) and its D-glycero-D-altro isomer (5).

Methanolysis

of these substances gives the corresponding methyl heptonates which can be oxidized using DMSO and DCC in

the presence of dichloroacetic acid to methyl 3,6-anhydro-4,5,7-tri-0-benzyl-D-aZZo-heptulosonate (9).

Reaction

of this keto ester with carbamoylmethylenetriphenylphosphorane leads directly to the tribenzyl ether of showdo-

mycin.

with the natural product.

Removal of the benzyl groups can be achieved either by boron trifluoride catalyzed acetolysis followed
by acidic hydrolysis, or by treatment with boron trichloride at —78°.

The showdomycin so obtained is identical

Several model reactions are described to clarify the steric course of the reactions be-

tween a-keto esters and carbamoylmethylenetriphenylphosphorane.

The C-glycosyl nucleoside antibiotic showdomycin
was first isolated from Streptomyces showdoensis by
Nishimura, et al.3 On the basis of spectroscopic
studies, chemical transformations, and ultimately
X-ray crystallographic examination, showdomycin was
shown to be 2-(]8-D-ribofuranosyl)maleimide (I).4
Since the compound shows quite significant antibac-
terial3and antitumor8activities it has been the subject
of numerous biochemical studies that have recently
been reviewed.6

A synthesis of showdomycin has been briefly reported
by Kalvoda, et al.,7involving, as the key intermediate,
the keto ester 2 which was ingeniously prepared via

ozonolysis of 1-(2,3,5-tri-0-acetyl-/3-D-ribofuranosyl)-2,-
4,6-trimethoxybenzene. As yet details and yields of
this process have not been disclosed but the conversion
of 2 into showdomycin required a six-step sequence.

In the accompanying paperlwe have described effi-
cient routes for the preparation of derivatives of 2,5-
anhydro-D-allose in which the hydroxyl groups are pro-
tected as benzoyl or acetyl esters, benzyl ethers, or iso-
propylidene acetals. In this paper we describe the
ready conversion of these compounds into keto esters
similar to 2 and a much simplified, two-step conversion
of one of these substances into showdomycin.

In conceiving a synthetic route to showdomycin one
must bear in mind that, while this compound is very
stable under acidic conditions, it is very labile in
base,34owing, at least in part, to a rapid Michael type

(1) For part 11, see H. P. Albrecht, D. B. Repke, and J. G. Moffatt, J.
Org. Chem., 38, 1836 (1973).

(2) Syntex Postdoctoral Fellow, 1971-1973.

(3) H. Nishimura, M. Mayama, Y. Komatsu, H. Kato, N. Shimaoka,
and Y. Tanaka, J. Antibiot., Ser. A, 17, 148 (1964).

(4) (a) Y. Nakagawa, H. Kano, Y. Tsukuda, and H. Koyama, Tetrahedron
Lett., 4105 (1967); (b) K. R. Darnall, L. B. Townsend, and R. K. Robins,
Proc. Nat. Acad. Sci., 57, 548 (1967).

(5) S. Matsuura, O. Shiratori, and K. Katagiri, J. Antibiot., Ser. A, 17, 234
(1964).

(6) R. J. Suhadolnik, ‘““Nucleoside Antibiotics,” Wiley-Interscience, New
York, N. Y., 1970, p 393.

(7) L. Kalvoda, J. FarkaS, and F. Sorm, Tetrahedron Lett., 2297 (1970).

of addition of the 5'-hydroxyl group to the maleimide
double bond.46 In view of this alkaline instability of
the final product, and the necessity for a fairly vigorous
acidic step during our proposed sequence, we decided to
use benzyl ethers for protection of our sugar moiety.

The readily available 1,3-diphenyl-2-(2,3,5-tri-0-
benzyl-/3-D-ribofuranosyl)imidazolidine (3) was there-
fore treated under reflux with Dowex 50 (H+) resin in
aqueous tetrahydrofuran to hydrolyze the imidazol-
idine ring and liberate 2,5-anhydro-3,4,6-tri-O-benzyl-
D-allose (4) in 95% vyield. The latter compound was
previously liberated from 3 by treatment with p-
toluenesulfonic acid monohydrate in a mixture of
acetone and methylene chloride at room temperature,
but under these conditions minor amounts of unreacted
3 were found in the final product.1 Using the resin
method the free aldehyde 4 was obtained as a chroma-
tographically homogeneous syrup that v?as used di-
rectly in the next step (Scheme 1).

In previous work on the synthesis of the nucleoside
moiety of the polyoxin group of nucleoside antibiotics8
and their analogs,9we have made extensive use of the
cyanohydrin reaction as a means of homologating nu-
cleoside 5'-aldehydes. In this work we have found that
such cyanohydrins are frequently somewhat difficult to
deal with because of their tendency to revert partially
to the original aldehydes. To offset this we have
shown that such cyanohydrin reactions can be made
totally irreversible by immediate addition of hydrogen
peroxide to the reaction mixture, thus giving the cor-
responding hydroxy amides. The same approach was
used in the present work. Thus, the reaction cf 4 with
sodium cyanide and potassium carbonate was immedi-
ately followed by addition of hydrogen peroxide giving
a roughly equal mixture of 3,6-anhydro-4,5,7-tri-0-
benzyl-D-gfh/cero-D-cdlo-heptonamide (6) and its d-
glycero-D-altro epimer (5) in a combined yield of
93%. By chromatography on a column of silicic acid
the epimeric hydroxy amides could be quite readily
separated, giving the pure, less polar and more polar
isomers in yields of 45 and 39%, respectively. A
definitive assignment of stereochemistry to these two
isomers by chemical degradation does not appear to be
too easy at this time. It is likely that such an assign-
ment could be made on either the hydroxy amides or

(8) N.P. Damodaran, G. H. Jones, and J. G. Moffatt, 3. Amer. Chem. Soc.,
98, 3812 (1971).

(9) M. D. Edge, N. P. Damodaran, G. H. Jones, and J. G. Moffatt, unpub-
lished work.
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the related hydroxy acids by circular dichroismi0 or
other optical techniques, but such methods would pre-
sumably demand prior removal of the benzyl ether
chromophore. Since for our present purpose a dis-
tinction between the two isomers is unnecessary, we
have chosen to postpone this assignment of configura-
tion until a later date.

Our original plan was to oxidize the hydroxy amides
5 and 6 to the corresponding keto amide and then to
treat the latter with carbomethoxytriphenylphos-
phorane, giving a maleamic acid ester that could be
cyclized to the maleimide 11a. This route was, how-
ever, frustrated by the difficulties attending the oxida-
tion of the hydroxy amides. The use of oxidants such
as chromic oxide in acetic acidll led to complex mix-
tures, whereas mild methods such as the use of di-
methyl sulfoxide and acetic anhydridel2 gave only the
acetate ester of the hydroxy amide. The use of the

(10) (a) J. C. Craig and W. E. Pereira, Tetrahedron, 26, 3457 (1970); (b)
L. 1. Katzin and E. Gulyas, 3. Amer. Chem. Soc., 92, 1211 (1970).

(11) L. F. Fieser and M. Fieser, “Reagents for Organic Synthesis,” Vol. 1,
Wiley, New York, N. Y., 1967, p 145.

(12) J. D. Albright and L. Goldman, J. Amer. Chem. Soc., 89, 2416 (1967).
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DMSO-DCC oxidation reactionl3 is essentially pre-
cluded by the known reaction of amides with these
agents.14

Because of these difficulties, each hydroxy amide (5
and 6) was then individually transformed into the cor-
responding hydroxy ester by treatment under reflux
with anhydrous methanol in the presence of Dowex 50
(H+) resin. In this way homogeneous methyl 3,6-
anhydro-4,5,7-tri-0-benzyl- d- glycero- d- alio-heptonate
(8) and its D-glycero-D-altro epimer (7) were pre-
pared in yields of 70-75%. While both 7 and 8
were analytically pure syrups, they could be readily
differentiated by both tic and by their nmr spectra.
As has been the case in most of the intermediates
in this work, the methylene protons of the benzyl
ethers are superimposed upon most of the sugar protons
and preclude a detailed analysis of this region. The
methyl ester protons in 7 and 8 are, however, cleanly
separated and permit a quantitative estimation of
epimeric purity. It is interesting to note that the less
polar hydroxy amide (5 or 6) gives rise to the more
polar of the hydroxy esters (7 or 8). For the reasons
cited above, the assignment of relative stereochemistry
at C2in 7 and 8 must await further work.

Several different methods were examined for the
oxidation of 7 and 8 to the keto ester methyl 3,-
6-anhydro-4,5,7-tri-0-benzyl-D-aZfo-heptulosonate  (9).
By far the best results were obtained usingthe DM SO-
DCC method with dichloroacetic acid as the proton
source. By this method both 7 and 8 were converted
essentially quantitatively to the keto ester 9 within 30
min at room temperature. Examination of the crude
reaction mixture by tic showed essentially a single
carbohydrate containing spot together with some in-
completely removed dicyclohexylurea and some N-
dichloroacetyl-AW'-dicyclohexylurea, both known by-
products of the oxidation reaction using dichloro-
acetic acid.13 The keto ester proved to be extremely
labile and attempts to remove the by-products by either
column or preparative thin layer chromatography on
silicic acid led to partial decomposition. The oxida-
tion step itself, however, appears to be quite clean and,
since the urea-type by-products do not apparently
interfere with subsequent steps, we routinely prepare
9 immediately prior to use and treat it without further
purification.

Our previous work with nucleoside 5'-aldehydesi3
and with 5-ketohexofuranosyluronic acid derivatives as
potential precursors to polyoxins® has taught us to be
cautious of possible epimerization adjacent to the
carbonyl group in such compounds. To convince our-
selves that no such epimerization at C3had taken place
during preparation of 9, we directly reduce the carbonyl
group in the normally worked up product using sodium
borohydride in dimethoxyethane. The product from
this reduction appeared by tic to contain only the
epimeric hydroxy esters 7 and 8 together with the re-

(13) (a) K. E. Pfitzner and J. G. Moffatt, 3. Amer. Chem. Soc., 87, 56611
5670 (1965). (b) For areview of these methods, see J. G. Moffattin “Tech-
niques and Applications in Organic Synthesis: Oxidation,” Vol. 2, R. L.
Augustine and D. J. Trecker, Ed., Marcel Dekker, New York, N. Y., 1971,
P 1

(14) U. Lerch and J. G. Moffatt, 3. Org. Chem., 36, 3391 (1971).

(15) G. H. Jones and J. G. Moffatt, Abstracts, 158th National Meeting
of the American Chemical Society, New York, N. Y., Sept 1969, CARB 16.

(16) Unpublished experiments of N. P. Damodaran, G. H. Jones, and J. G.
Moffatt.
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sidual urea products known to be present in the keto
ester. The latter were removed by chromatography on
silicic acid giving a tic-pure mixture of 7 and 8 in an
overall yield of 76% through the oxidation and reduc-
tion sequence. Examination of this mixture by nmr
spectroscopy showed only signals corresponding to a
mixture of 7 and 8 with the less polar isomer now pre-
dominating in a 3:1 ratio. This combination of tic and
nmr data would appear to allay any fear that epimeriza-
tion of the labile keto ester 9 had taken place. The at-
tempted selective reduction of 9 using sodium boro-
hydride in methanol was not successful owing appar-
ently to concomitant reduction of the ester grouping.
The products of this reduction, or of the reduction of
the hydroxy esters 7 and 8, appeared as a pair of rather
polar materials giving a positive test with the periodate-
benzidine sprayX7for vicinal diols.

The keto ester 9 reacted very rapidly at room temper-
ature with 1 equiv of carbamoylmethylenetriphenyl-
phosphorane (10)38in chloroform to give a single major
product with a polarity less than 9 together with con-
siderable amounts of polar by-products. Chromatog-
raphy of the mixture on a column of silicic acid led to
the isolation of this crystalline product in an overall
yield of 43% from the hydroxy esters 7 and 8. The
nmr and mass spectra of this substance clearly showed
the disappearance of the methyl ester group and the
presence of a single NH proton which was coupled to a
vinyl proton. These results can be explained by
spontaneous cyclization of an intermediate cis-oriented
maleamic acid ester (12) to the corresponding male-
imide (11a) which is the tribenzyl ether of showdo-
mycin. Alternatively, the cyclization could take place
at the level of the betaine precursor of 12 and for the

moment we cannot distinguish between these two pos-
sibilities.

Only traces of a more polar product with the mobility
expected of the acyclic product (12) or its trans oriented
isomer (13) could be found and no pure materials were
isolated from the polar by-products which also con-
tained triphenylphosphine oxide. It is not clear
whether these by-products are the result of decomposi-
tion of the labile keto ester 9, to a general nucleophilic
instability of the maleimide ring,19 or to further reac-
tions of 1l1a with the phosphorane 10. Such reactions
of imides with even highly stabilized phosphoranes are
known2and model experiments (see below) have shown
that the yields of maleimides from a-keto esters and 10
are markedly reduced if an excess of 10 is used. In
addition, it could be shown by tic that treatment of
pure 1la with 10 in chloroform led to fairly rapid con-
version of 1lla into unidentified polar products.

(17) M. Viscontini, D. Hoch, and P. Karrer, Helv, Chim. Acta, 38, 642
(1955).

(18) S. Trippettand D. M. Walker, J. Chem. Soc,, 3874 (1959).

(19) For areview on cyclic imides, see M. K. Hargreaves, J. G. Pritchard,
and H. R. Dave, Chem. Rev., 70, 439 (1970).

(20) W. Flitsch and B. Miiter, Chem.Ber., 104, 2847, 2852 (1971).
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Completion of the synthesis of showdomycin then
only required removal of the benzyl ether groups from
1la. The usual approach via catalytic hydrogenolysis
was not, however, feasible since the maleimide ring of
showdomycin is rapidly reduced in the presence of
palladium catalysts.4 The alternative use of sodium
in liquid ammonia is also precluded by the extreme
base lability of showdomycin.34 Two solutions to
this problem have been found. Our first approach in-
volved the acetolysis of the benzyl ethers with acetic
anhydride in the presence of boron trifluoride etherate
at room temperature.2l Under these conditions a
fairly smooth reaction occurred giving what is consid-
ered to be 2'3'5'-tri-0-acetylshowdomycin (llb).4a7
Without purification, the latter was then subjected to
treatment with 0.15 M methanolic hydrochloric acid at
room temperature for 18 hr to remove the acetyl
groups. Even on the very small scale upon which this
reaction was conducted, crystalline showdomycin (1)
was obtained in an overall yield of 33% from 1la.
The second, and more direct, approach was based on
the well-established cleavage of carbohydrate methyl2
and benzylZ ethers using boron trihalides. Treatment
of 11a with boron trichloride in methylene chloride at
—78° followed by destruction of the excess reagent
with methanol led quite smoothly to complete de-
benzylation. Subsequent chromatographic purifica-
tion led to beautifully crystalline showdomycin in a
yield of 69%. The synthetic product was physically
and spectroscopically identical with an authentic
sample of showdomycin2 and also showed a spectrum
of antibacterial activity identical with that of the
natural product. The above route thus appears to
offer a direct and reasonably efficient route for the syn-
thesis of showdomycin.

The spontaneous cyclization of the intermediate 12 (or
of its betaine precursor) to the maleimide 11a suggests
that the reaction of carbamoylmethylenephosphoranes
with a-keto esters might constitute a generally useful
route for the preparation of substituted maleimides.19
To check this the reaction of methyl pyruvate (14a)
with 10 was examined under conditions similar to those
used for preparing 1la. The reaction proceeded
rapidly at room temperature to give two major crys-
talline products in addition to triphenylphosphine
oxide. The desired cyclized product, citraconimide
(17a)Bwas only obtained in 9% yield while the major
product, isolated in 53% yield, proved to be the acyclic
methyl 2-methylfumaramate (16a) (Scheme I1).27

There was no indication of the presence of the mal-
eamate 15a. The formation in this case of the fu-
maramate 16a as the predominant product is clearly a
consequence of steric factors. Thus when the substit-
uent R in 14 is a small methyl group, the Wittig reac-

(21) Acetolysis of carbohydrate ethers with sulfuric acid and acetic an-
hydride has been described by R. Allerton and H. G. Fletcher, 3. Amer.
Chem. Soc., 76, 1757 (1954). Recently the very rapid acetolysis of a homo-
allylic benzyl ether using boron trifluoride has also been described by E. J.
Corey and P. Grieco, Tetrahedron Lett.. 107 (1972).

(22) See, e.g., T. G. Bonner, E. J. Bourne, and S. McNally, J. Chem. Soc.,
2929 (1960).

(23) H. Ohrui, H. Kuzuhara, and S. Emoto, Tetrahedron Lett., 4267 (1971).

(24) We gratefully acknowledge receipt of a generous sample of showdo-
mycin from Shionogi Research Laboratories, Osaka, Japan.

(25) The biological testing was done through the kind cooperation of Dr.
K. Katagiri of Shionogi Research Laboratories.

(26) G. Ciamician and M. Dennstedt, Gazz. Chim .1tal., 12, 501 (1882).

(27) R. Anschutz, Justus Liebigs Ann. Chem., 353, 169 (1907).
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Scheme Il
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14 +
COOMe conh?2 COOMe / CONH,
C-iP(Ph)3 or ACc=cC \
V. - NI R H

15

17
a, R=CH3 b, R=Ce&H5

tion proceeds so as to place the two bulkiest substit-
uents (COOMe and CONH2 in a stable trans relation-
ship.Z3 On the other hand, with the keto ester 9 the
bulky, benzylated furan ring becomes the major steric
influence and becomes oriented trans to the carbamoyl
group. The resulting maleamate (12) then undergoes
spontaneous cyclization to 11a. Once again, it cannot
be ruled out that cyclization occurs at the betaine level
preceding actual formation of 12. An intermediate
course was taken in the reaction of 10 with methyl
phenylglyoxalate (14b). This reaction, which was ex-
pectedly somewhat slower than the others and required
brief heating in chloroform, led to roughly equal
amounts of 2-phenylmaleimide (17b, 26%)2 and the
previously undescribed /3-carbomethoxy-ras-cinnam-
amide (16b, 30%). In this case there is apparently
little difference between the phenyl and carbomethoxy
groups with regard to the steric control that they pro-
vide to the reaction.

The same type of steric control is clearly provided in
the reaction of the acetylated ketd ester 2 with carbo-
ethoxymethylenetriphenylphosphorane since the prod-
uct of this reaction was shown to be a 10:1 mixture of
isomers with the cis diester predominating.7 The reac-
tion of 9 with carboethoxytriphenylphosphorane also
proceeded so as to give essentially a single isomer. By
chromatography on silicic acid a homogeneous product,
which by analogy with the results of the Czech workers7
is considered to have the maleate structure 18, was iso-

COOMe "COOEt

N
H

lated in 65% yield.
been examined further.
From the results above it is clear that the reaction of
a-keto esters 14 with carbamoylmethylenetriphenyl-
phosphorane provides a direct route to 2-substituted

This product has not, however,

(28) For a general discussion of the stereochemistry of the Wittig reaction,
see J. Reucroft and P. Sammes, Quart. Rev., 25, 135 (1971).
(29) C. S.Rondestvedt and O. Yogi, J. Amer. Chem. Soc., 77, 2313 (1955).
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maleimides providing that the substituent R, on 14 is
reasonably bulky. The method would appear to offer
an interesting route to analogs and homologs of show-
domycin and we hope to describe our efforts in these
directions at a later date.

Experimental Section

General Methods.—Thin layer chromatography was carried
out using silica gel GF on glass plates obtained from Analtech,
Inc., Newark, Del. Preparative tic was done using 1.3-mm
layers of Merck silica gel HF on 20 X 100 cm glass plates and
column chromatography using Merck silica gel with 0.05-0.20-
mm particles. Nmr spectra were determined using a Varian
HA-100 spectrometer and are reported in parts per million down-
field from an internal standard of tetramethylsilane. Mass
spectra were obtained using an Atlas CH-4 spectrometer fitted
with a direct inlet system. Elemental analyses and most physi-
cal measurements were obtained by the Analytical Laboratories
of Syntex Research. We are particularly grateful to Dr. M. L.
Maddox and Mrs. J. Nelson and to Dr. L. Tokes for their co-
operation with nmr and mass spectrometry.

2,5-Anhydro-3,4,6-tri-0-benzyl-D-allose (4).—Dried Dowex 50
(H+) resin (6.5 g) was added to a solution of 1,3-diphenyl-2-
(2,3,5-tri-0-benzyl-/3-D-ribofuranosyl)imidazolidine (3, 1.25 g,
2.0 mmol: in a mixture of tetrahydrofuran (130 ml) and water
(65 ml). The resulting mixture was stirred under reflux for 4
hr, the reaction being monitored by tic using ether-hexane (2 :1).
Since some unreacted 3 persisted, the resin was removed by filtra-
tion and the filtrate was retreated with fresh Dowex 50 (H+)
resin as above. The mixture was then filtered and the resin was
washed with tetrahydrofuran. The combined filtrates were
evaporated and dried INVaOW0leaving 821 mg (95%) of 4 that was
chromatographically homogeneous and identical with the material
previously described..

3,6-Anhydro-4,5,7-tri-0-benzyl-D-f//?/cero-D-aftro-heptonamide
(6) and Its D-Glycero-D-altro Isomer (5).— A solution of sodium
cyanide (1.5 g) and potassium carbonate (1.5 g) in water (20 ml)
was added to a cooled (10°) solution of 4 (821 mg, 1.9 mmol) in
dioxane (30 ml) and the mixture was then stirred at room tem-
perature for 30 min. The solution was then cooled in ice and
stirred while 30% hydrogen peroxide (5.5 ml) was added. After
1 hr the mixture was added to 500 ml of ice-water and the pre-
cipitate was collected, washed with cold water, and dried over
phosphorus pentoxide giving 840 mg (93%) of a mixture of 5 and
6 . This material was chromatographed on a4 X 50 cm column
of silicic acid using ethyl acetate-chloroform (i ::) to effect a
clean separation. The less polar isomer was crystallized from
aqueous methanol giving 410 mg (45%) of 5or 6 with mp 141.5-
142°; [a] 24 125.6° (c 0.18, CHC13); (KBr) 1650, 1640
cm-1 (CONH2; nmr (CDCh), s 3.4-4s (m, 13, sugar protons
and ArCH:0), 4.15 (br s, 1, C.OH), 5.64 and 6.62 (br s, 1,
CONH2), 7.24 ppm (m, 15, Ar).

Anal. calcd for CzsHsiNOs (477.57): C, 70.42;
N, 2.93. Found: C, 70.43; H, 6.31; N, 2.99.

The more polar isomer (355 mg, 39%) was obtained as a syrup
that was homogeneous and free of the other isomer by tic using
CHGL-EtOAc (1:1) or ether-hexane (2 :1) and that crystallized
upon storage with mp 79-84° (it was, however, difficult to re-
crystallize from a solvent); [&]2Zd 74.7° (c 0.11, CHC13); rnk
(KBr) 1660 cm-: (CONH2); nmr (CDCI3) s 3.51 (dd, :, Jt,7a =
2Hz, Jeem = 10 Hz, C7aH), 3.79 (dd, 1,/ 6= 2.5Hz, Teem=
10 Hz, C,bH), 3.9-4.s (m, 11, C.-C 6H and ArCH:0), 4.1 (brs, 1,
C20H), 5.45 and 6.52 (br s, 1, CONH2), 7.3 ppm (m, 15, Ar).

. Calcd for CxsHaNOs (477.57): C, 70.42; H, 6.54;
N, 2.93. Found: C, 70.49; H, 6.64; N, 2.86.

Methyl 3,s -Anhydro-4,5,7-tri-0-benzyl-v-glycero-n-allo-heptor-
ate (s) and Its D-Glycero-D-altro Isomer (7).—Dried Dowex 50
(H+) resin (2.5 g)x was added to a solution of the less polar
hydroxy amide (5 or &, 380 mg, 0.8 mmol) in dry methanol
(2o ml) and the mixture was stirred under reflux, the reaction
being monitored by tic using EtOAc-CHCIs (1:1). Afters hr a
further portion of the resin (2.5 g) was added and after a total
of & hr the resin was removed by filtration and washed with
methanol. Evaporation of the solvent left a syrup that was
purified by chromatography on a column of silicic acid using

H, 6.54;

(30) Freshly regenerated Dowex 50 (H +) resin was carefully washed with
methanol, then with ether, and dried in avacuum oven at 40° for 24 hr.
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ether-hexane (2:1) giving 277 mg (70%) of a homogeneous
hydroxy ester (7 or s ) as a syrup: [a] Z240.9° (c 0.11, CHCL1S;
nmr (CDCh) $3.3-4.7 (m, 13, sugar protons and ArCH:0), 3.66
(s, 3, OMe), 7.27 ppm (s, 15, Ar).

Calcd for CzsH,.0: (492.58): C,
Found: C, 70.76; H,6.52.

The more polar hydroxy amide (290 mg, 0.6 mmol) was treated
in the same way as above to give 215 mg (74%) of ahydroxy ester
(7 or s) that was homogeneous by tic using ether-hexane (2:1)
and was less polar than its isomer above: [<2&H 20.3° (c 0.13,
CHCI3); nmr S3.3-4.7 (m, 13, sugar protons and ArCH:0);
3.73 (s, 3, OMe), 7.27 ppm (s, 15, Ar).

Anal. caled for CxH:0: (492.58):
Found: C, 70.29; H, 6.64.

Methyl 3,6-Anhydro-4,5,7-tri-0-benzyl-D-aMo-heptulosonate
(9).—Dichloroacetic acid (0.041 ml, 0.5 mmol) was added to an
ice-cooled, stirred solution of 7, s, or a mixture of these com-
pounds (493 mg, 1 mmol) and dicyclohexylcarbodiimide (515 mg,
2.5 mmol) in a mixture of anhydrous dimethyl sulfoxide (5 ml)
and benzene (5 ml). After 30 min at room temperature the
mixture was cooled to o ° and a concentrated aqueous solution of
oxalic acid (1.5 mmol) was added. The mixture was kept at
room temperature for 20 min, diluted with ethyl acetate (50 ml),
and filtered. The filtrate was washed five times with water and
the organic phase was dried (Linde 4A Molecular Sieve) and
evaporated to a syrup. The latter was dissolved in ethanol (5
ml) and a small amount of dicyclohexylurea was removed by
filtration. Evaporation of the solution left the keto ester 9 as a
syrup that was contaminated by minor amounts of dicyclohexyl-
urea and A-dichloroacetyl-iV,iV'-dicyclohexylurea. Attempted
purification of 9 by chromatography on silicic acid led to partial
decomposition and accordingly the material was used directly in
the next steps: WEBX (film) 1730 (sh), 1750 cm-1, and no hy-
droxyl band.

Borohydride Reduction of 9.—Sodium borohydride (30 mg)
was added to an ice-cooled solution of 9 (prepared from 0.2 mmol
of a mixture of 7 and &) in 1,2-dimethoxyethane (1 ml) and the
mixture was stirred at room temperature for 15 min. The mix-
ture was diluted with chloroform (5 ml), washed four times with
water, dried, and evaporated leaving a syrup. The latter was
chromatographed on a column of silicic acid using ether-hexane
(2:1) to remove residual urea by-products and gave 75 mg (76%
overall from the hydroxy ester) of a mixture of 7 and s with the
less polar isomer predominating in a 3:1 ratio. The nmr spec-
trum of this mixture was identical with that of a mixture of 7
and s and showed no evidence of other isomers.

A comparable reduction of 9 (or of a mixture of 7 and s ) using
sodium borohydride in methanol led to reduction of the ester
grouping and gave two more polar products showing a positive
test for vicinal diols with the periodate-benzidine spray.

2-(2,3,5-Tri-0-benzyl-/3-D-ribofuranosyljmaleimide (11la).—A
solution of carbamoylmethylenetriphenylphosphorane (10, 320
mg, 1 mmolye and 9 (from 1 mmol of a mixture of 7 and &) in
dry chloroform (15 ml) was stirred at room temperature for 30
min. The solvent was then evaporated and the residue was
chromatographed on a 3.5 X 25 cm column of silicic acid using a
gradient of 33 to 50% ether in hexane. Crystallization of the
major product from ether-hexane gave 215 mg (43% from the
hydroxy esters) of 1la with mp 64-65°; [a]2sD 96° (c 0.55, CH-
ClI3); W (KBr) 1775, 1720, 1635 cm"1, nmr (CDC13 S3.51
(dd, 1, Jgem= 11 Hz, Jt. . = 3Hz, C6aH), 3.74 (dd, 1, Jeem =
11 Hz, Jt,.6b = 3 Hz, C6bH), 3.9 (m, 2, C<H and C3 H), 4.2-
4.7 (m, 7, ArCHzand C4 H), 4.96 (dd, 1, JV.V = JV.t = 2 Hz,
Ci. H), 6.54 (dd, :, JVs = J3nh = 2 Hz, Cs H), 7.25 (m, 15,
Ar), 7.7 ppm (br s, 1, NH); ORD (MeOH) multiple Cotton
effect [451220 22,000°, [4-1238 0°, [4>17e1 - 18,500°, [4-120s 0°, and
[45}:d8 4500°; mass spectrum (70 eV, 150°) M/e 499 (M+), 408

70.72; H, 6.55.

C, 70.72; H, 6.55.

(M - C,H7.
Anal. calcd for CoHxNOs (499.57): C, 72.13; H, 5.85;
N, 2.80. Found: C, 72.59; H, 5.89; N, 2.84.

2-(/3-D-Ribofuranosyl)maleimide (1) (Showdomycin). A.—A
solution of boron trichloride (6.0 g, 50 mmol) in methylene chlo-
ride (20 ml) at —78° was added to asolution of 11a (300 mg, 0.6
mmol) in methylene chloride (5 ml) and the mixture was stored
at —78° for 30 hr and then at —50° for 2 hr. A mixture of
methanol (25 ml) and methylene chloride (25 ml) at —78° was
then added and the temperature was allowed to slowly rise to
—20°. After storage overnight at —20° the solvents were
evaporated IN VABCUD and the residue was coevaporated with
methanol four times. The final residue was chromatographed on
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a2 X 20 cm column of silicic acid using ethyl acetate-acetone
(7:3). The major peak was crystallized from acetone-benzene
giving 95 mg (69%) of 1 as colorless needles with mp 154.5-156°
(lit. mp 153-154,3 152-153,7 160-161°<»). The melting point
was not depressed upon admixture with an authentic sample of
showdomycin2t and the two samples showed identical spectro-
scopic and antibacterialBbehavior.

B.— Boron trifluoride etherate (0.05 ml) was added to an ice-
cooled solution of 11a (25 mg) in acetic anhydride (0.5 ml). The
resulting solution was stirred at 5° for 1 hr and then at room
temperature for 18 hr with addition of a further portion of boron
trifluoride (0.1 ml) after 6 hr. The mixture was then partitioned
between water and chloroform and the organic phase was dried
and evaporated to a syrup that contained the tri-O-acetate (lib).
This was dissolved in methanol (10 ml) and a 3 A solution of
hydrochloric acid in methanol (0.5 ml) was added. After storage
at room temperature for 18 hr the solution was evaporated and
the residue chromatographed on a column of silicic acid as
described in A. Crystallization of the major peak from acetone-
benzene gave 3.8 mg (33%) of 1identical with that above.

Reaction of Methyl Pyruvate with Carbamoylmethylenetri-
phenylphosphorane (10).— A solution of 10 (319 mg, 1 mmol)B
and methyl pyruvate (102 mg, 1 mmol) in dry chloroform (5 ml)
was stirred at room temperature for 20 min and then evaporated
to dryness. The residue was chromatographed on a2 X 20 cm
column of silicic acid using chloroform-ethyl acetate (1:1) giving
three main fractions. Crystallization of the least polar com-
pound gave 10 mg (9%) of citraconimide (15) with mp 109-110°
(lit.Bmp 109-110°); nmr (CDC13) «2.06 (d, 3,5 = 2 Hz, CHY,
6.3 (m, 1, CH), 7.7 ppm (brs, 1,NH). The second compound was
triphenylphosphine oxide while the most polar fraction contained
75 mg (53%) of methyl 2-methylfumaramate (16a) with mp
118-119° from chloroform-hexane (lit.Zmp 117°); x”'°H221 nm
(e 10,000); Pvax (KBr) 1725, 1705, 1675, 1620 cm“l, nmr (CD-
ClI3) s2.26 (d, 3,/ = 2 Hz, CH,), 3.79 (s, 3, COOMe), 5.80
(brs, 2, CONH?2), 6.80 ppm (m, 1, CH).

Reaction of Methyl Phenylglyoxalate (14b) with 10.—A solu-
tion of 10 (319 mg, 1 mmol)Band 14b (164 mg, 1 mmol) in dry
chloroform (3 ml) was heated under reflux for 30 min and then
evaporated to a syrup which was chromatographed on a 3 X 25
cm column of silicic acid. Elution with hexane-ether (2:1) gave
a little unreacted 14b, followed by a substance that was crystal-
lized from chloroform-hexane giving 45 mg (26%) of 2-phenyl-
maleimide with mp 166-168° (lit.2mp 167-168°); nmr (CDC13)
86.69 (s, 1, CH), 7.3-8 ppm (m, 5, Ar).

Elution with chloroform-ethyl acetate (1:1) gave triphenyl-
phosphine oxide followed by a substance that was crystallized
from chloroform-hexane giving 61 mg (30%) of /3-carbomethoxy-
cis-cinnamamide (16b) with mp 113.5-114.5°; 278 nm
(sh, e 5200); jw (KBr) 1712, 1685, 1670, 1610 cm-1, nmr
(CDC1,) s3.78 (s, 3, OMe), 5.2 and 5.6 (brs, 1, NH), 7.04 (s, 1,
CH), 7.2-7.5 ppm (m, 5, Ar).

anal. Caled for CnHuUNO, (205.22): C, 64.38; H, 5.40;
N, 6.83. Found: C, 64.31; H, 5.63; N, 6.75.

I-Methyl-4-ethyl 2-(2,3,5-Tri-0-benzyl-/3-D-ribofuranosyl)ma-
leate (18).— Carboethoxymethylenetriphenylphosphorane (70
mg, 0.2 mmol) was added to a solution of 9 (from 0.2 mmol of a
mixture of 7 and 8) in chloroform (2 ml) and then stirred for 2.5
hr at room temperature. After evaporation of the solvent the
residue was purified by chromatography on a2 X 30 cm column
of silicic acid using ether-hexane (1:1) giving 73 mg (65%) of 18
that was homogeneous by tic: [a]ZD 6° (c 0.2, CHC13); iwid
1700, 1725 cm“L nmr (CDCI,) 81.23 (t, 3,/ = 7 Hz, CHZHJ),
3.46 and 3.61 (dd, Jgem = 11 Hz,JVsa= sv.sv = 4Hz, Cx H2),
3.69 (s, 3, OCHJ), 3.8-4.3 (m, 2, C3 H and C4 H), 4.04 (dd, 1,
Jv.w = 3v.w = 4 Hz C2 H), 4.14 (q, 2, /| =7 Hz, CHZ:HS’),
4.47, 4.50, and 4.55 (s, 2, OCTLPh), 4.73 (dd, 1, 5v.v = 4 Hz,
«»Hlic = 2 Hz, CI- H), 6.27 (d, 1, ,/allyp = 2 Hz, CHCOOET),
7.3 ppm (m, 15, Ar).

anal. Calcd for C3H38 (560.65): C, 70.70; H, 6.47.
Found: C, 70.56; H,6.41.
Registry No.—I, 16755-07-0; 3, 38821-04-4; A4,

37699-02-8; 5, 38821-06-6; 6, 38821-07-7; 7, 38821-
08-8; 8, 38821-09-9; 9, 38821-10-2; 10, 38821-11-3;
11a, 38821-12-4; 14b, 15206-55-0; 16a, 38821-13-5;
16b, 38821-14-6; 18, 38821-15-7; dichloroacetic acid,
79-43-6; methyl pyruvate, 600-22-6; carboethoxy-
methylenetriphenylphosphorane, 21382-83-2.



1846 J. Org. Chem, Vol. 38, No. 10, 1973

Kupchan, Liepa, Baxter, and Hintz

New Alkaloids and Related Artifacts from Cyclea peltatal&h

S. Morris Kupchan,* Andris J. Liepa, Robert L. Baxter, and Harold P. J. Hintzwo

Department of Chemistry, University of Virginia, Charlottesville, Virginia 22901

Received October 11, 1972

Five new bisbenzylisoquinoline alkaloids, cycleapeltine (11), cycleadrine (S), cycleacurine (19), cycleanorine
(8), and cycleahomine chloride (14), have been isolated from c yciea peitata Diels and their structures determined.
Three related artifacts have also been isolated and the structures 16, 26, and 31 advanced on the basis of spectro-

scopic and chemical evidence.

The bisbenzylisoquinoline alkaloid dz-tetrandrine
was found to have a significant inhibitory activity
against the Walker intramuscular carcinosarcoma 256
in rats, over a wide dosage range.2 Subsequent studies
revealed that the dextrorotatory enantiomer, tet-
randrine (1), was equally active. Tetrandrine has
undergone extensive preclinical toxicological studies and
has been selected for clinical trial. The promising bio-
logical activity prompted the procurement by the
National Cancer Institute of a large collection of roots
of Cyclea peltata Diels,3-5 for the isolation of kilogram
quantities of tetrandrine. In view of the in vivo tumor-
inhibitory activity of related alkaloids26as well, it was
deemed of interest to examine the mother liquors of the
large-scale extraction of tetrandrine as a potentially
unique source of new alkaloid tumor inhibitors. We re-
port here the isolation and structural elucidation of
cycleapeltine (11), cycleadrine (5), cycleacurine (19),
cycleanorine (8), and cycleahomine chloride (14), five
new bisbenzyltetrahydroisoquinoline alkaloids from
Cyclea peltata.  In addition, three related artifacts have
been isolated and structures 16,26, and 31 advanced.

The extraction of 6000 Ib of Cyclea peltata was car-
ried out by a procedure modified only slightly from our
initial laboratory work.36 The bulk of tetrandrine (1)
and the other major alkaloid, fangchinoline (2), were
retained and the extraction mother liquors containing
the water-soluble, methanol-soluble, and glycol-soluble
alkaloids were sent to us for investigation.

Acid extraction of an aliquot of the methanol-sol-
uble alkaloids gave fraction D, which after column
chromatography on alumina and fractional recrystal-
lization eventually yielded large amounts of 1 and much
smaller amounts of another crystalline alkaloid, cy-
cleapeltine, C3HAN206 [mp 232-234°;, [<d — 106°
(CHCI3]. The nmr spectrum of cycleapeltine ex-
hibited two A-methyl signals at r 7.47 and 7.53 and
three O-methyl signals at 6.07, 6.27, and 6.71. Its

(1) (a) Tumor Inhibitors. LXXIX. PartLXXVIIl: S. M. Kupchan,
V. Kameswaran, and J. W. A. Findlay, J. Oorg. Chem., 38, 405 (1973). (b)
This investigation was supported by grants from the National Cancer In-
stitute (CA-11718 and CA-12059) and a contract with the Division of Can-
cer Treatment, National Cancer Institute (NIH 71-2099).
Institutes of Health Postdoctoral Fellow, 1971-1972.

(2) (a) S. M. Kupchan, 7th Pan American Congress of Pharmacy and

Biochemistry, Buenos Aires, Argentina, Dec 1966; Chem. Eng. News, 44,
64 (1966). (b) J. L. Hartwell and B. J. Abbott, Advan. Pharm. Chemother.,
7, 117 (1969).

(3) S. M. Kupchan, N. Yokoyama, and B. S. Thyagarajan, J. Pharm. Sci.,
50, 164 (1961).

(4) The cCyclea -peltata roots (6000 Ib) were collected in India in January
1967 by Meer Corp.

(c) National

(5) The large-scale extraction and fractionation was carried out by Dr.
J. A. Ellard, Monsanto Research Corp., Dayton, Ohio, under a contract
with Drug Research and Development, Division of Cancer Treatment, Na-
tional Cancer Institute. We thank Dr. Harry B. Wood, Jr., NCI, for mak-
ing the mother liquors available to us.

(6) (@) S. M. Kupchan. T.-H. Yang, G. S. Vasilikiotis, M. H. Barnes, and
M. L. King, J. Org. Chem., 34, 3884 (1969); (b) S. M. Kupchan and A. J.
Liepa, Chem. Commun., 599 (1971).

mass spectrum indicated a fragmentation pattern
characteristic of a “head to head” bisbenzyltetrahy-
droisoquinoline alkaloid with two diphenyl ether link-

9, Rl = R2= R3= R4 = CH3, R5= COOCHS3 (1-S, I'-S)

10R =H (Lr, 1"-r)

1L R = H (1-S, I'-S)
12,R = CH3 (1-S, I'-S)
15R = CH3 X = I
16,R = CHXI; X = Cl
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ages.7 All of these data are in accord with those re-
ported for limacusine (10) except that the optical rota-
tion is of the opposite sign,8suggesting that cycleapel-
tine (11) is the antipode of 10. Accordingly, treatment
of 11 with methanolic diazomethane yielded a product
identical with the known O-methylrepandine (12).9

Acid extraction (with subsequent neutralization to
pH 7.0-7.5) of an aliquot of the glycol-soluble alkaloids
(fraction A) gave fraction E, which after column chro-
matography on alumina yielded more 1 and a slightly
more polar oil. Thin layer chromatography of this oil
on alumina yielded 2 and an optically inactive isomeric
alkaloid, cycleadrine, isolated as its bishydriodide salt
(mp 223-224°). Treatment of this salt with aqueous
ammonia liberated the free base, C3H4N206 mp 160-
162°. The nmr spectrum of cycleadrine exhibited two
A-methyl signals at £ 7.57 and 7.75 and three 0-methyl
signals at 6.12, 6.12, and 6.27. Its mass spectrum in-
dicated a fragmentation pattern characteristic of a
“head to head” bisbenzyltetrahydroisoquinoline al-
kaloid with two diphenyl ether linkages. The base-
induced bathochromic uv shift suggested a phenolic
functionality. Treatment of the free base with meth-
anolic diazomethane yielded a product identical with
isotetrandrine (3),%b1° apart from its optical inac-
tivity. Of the four possible de-O-methylisotetrandrine
isomers, only berbamine (4) is known and the reported
datalo excluded it from further consideration. Dis-
tinction between the remaining three isomers, 5, 6, and
7, could be made by examination of the spectra data.
The mass spectral rearrangement? ion 13 is of value.
As the observed icn 13 was at m/e 417 (11%), structure
6 could be excluded, since the C:D ring isoquinoline
nucleus that was lost during the rearrangement would
have had to contain a methoxyl group. The choice
between structures 5 and 7 was based on the nmr chem-
ical shift of the high-field methoxyl signal. A methoxyl
group at the 7 position usually appears near r 6.80.9
As the highest field methoxyl signal in cycleadrine is
only at r 6.27, cycleadrine could be assigned structure
5 in the form of a mixture of two antipodal diastereo-
mers of 2.

Basification to pH 12 of the acid extract of frac-
tion A gave fraction F, which after separation on an
anionic ion exchange column and subsequent tic on
alumina yielded a third alkaloid, cycleacurine, isolated
as its bishydrobromide salt, mp 293-296°. Treatment
of this salt with aqueous sodium bicarbonate liberated
the amorphous free base, CEHHN206 mp 205-208°,
[«]d — 202° (CH30OH). The nmr spectrum (DM-
SO-de) of cycleacurine exhibited two A-methyl signals
at r 7.52 and 7.82 and a single O-methyl signal at 6.25.
Its mass spectrum indicated a fragmentation pattern
characteristic of a “head to tail” bisbenzyltetrahydro-
isoquinoline alkaiiod with two diphenyl ether link-
ages.11 The solubility properties as well as a base-in-
duced bathochromic uv shift suggested the presence of

(7) J. Baidas, I. R. C. Bick, T. Ibuka, R. S. Kapil, and Q. N. Porter, J.
Chem. Soc., Perkin Trans. 1, 592 (1972).

(8) M. Tomita and H. Furukawa, Tetrahedron Lett., 4293 (1966).

(9) (a) I.R. C. Bick, J. Harley-Mason, N. Sheppard, and M. J. Vernengo,
J. Chem. Soc., 1896 (1961); (b) M. Tomita, K. Fujitani, A. Kato, H. Furu-
kawa, Y. Aoyagi, M. Kitano, and T. lbuka, Tetrahedron Lett., 857 (1966);

() I.R. C.Bick, E. S. Ewen, and A. R. Todd, J. Chem. Soc., 695 (1953).
(10) I. R. C. Bick, P. S. Clezy, and W. D. Crow, Aust. 3. chem., 9, 111

(1956).
(11) J. Baidas, I. R. C. Bick, T. Ibuka, R. S. Kapil, and Q. N. Porter,
J. Chem. Soc., Perkin Trans. 1, 599 (1972).
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17,R1= R2= R3= R4= CH3

18 R1= R2= R3= H; R4= CH3

19, R2= R3=R4=H; R1= CH3
20,R2= R3= R4= CHzCH, R1= CH3

2L Rl = CH2CH3, R2= R3= H
22 R' = CH3 R2= R3= CH2CH3
23 R2= CH3 R1=R3=H

24, R3= CH3 R1=R2=H

several phenolic functionalities. Treatment of the free
base with methanolic diazomethane yielded a product
which was shown to be the antipode of the known di-O-
methyl-d-curine, 17.12

To locate the methoxyl position in cycleacurine, it was
necessary to identify the phenol groups. For this
purpose, tri-O-ethylcycleacurine was prepared by
treatment of the free base with methanolic diazoethane.
The methoxyl chemical shift in this derivative v/as at r
6.15, suggesting that it occupied one of the C-6 posi-
tions.%a Cycleacurine would then have either struc-
ture 18 or 19. The choice of structure 19 was based on
the structures of the products of sodium-liquid am-
monia cleavage of the triethyl derivative. The course
of sodium-liguid ammonia reductive cleavage of curine
derivatives is well established.13 Treatment of tri-O-
ethylcycleacurine with sodium in liquid ammonia
yielded only two major products, as expected. The
phenolic product contained an O-ethyl group and could
therefore be assigned structure 21. The nonphenolic
product was then expected to have structure 22. That
the nonphenolic product was 22 and not 23 or 24 fol-
lowed from its spectral data. The mass spectral base
peak corresponding to loss of the benzyl group was at
m/e 220, indicating that the isoquinoline nucleus con-
tained the methoxy group and only one ethoxyl group.
The methoxyl chemical shift in the nonphenolic product
was at t 6.16, clearly indicative of the C-6 location.9
The nonphenolic cleavage product could then be as-
signed structure 22 and cycleacurine structure 19.

The methanol eluate from ion exchange chroma-
tography of fraction F was passed through a column of
ion exchange resin (chloride form) and then chromato-
graphed on a column of neutral alumina.

Cycleanorine (8), the least abundant of the com-
pounds studied, was isolated from the later column
fractions by preparative tic and subsequent crystal-

(12) L. J. Haynes, E. J. Herbert, and J. R. Plimmer, J. Chem. Soc. C,

615 (1966).
(13) 1. R. C. Bick and P. S. Clezy, 3. Chem. Soc., 3893 (1953).
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lization, mp 171-172°, [<*]d +308° (CHC1*). The
molecular formula C3EUN206 "was advanced on the
basis of elemental analysis and high-resolution mass
spectrometry. The nmr spectrum showed signals cor-
responding to one iV-methyl (r 7.67) and four 0-methyl
groups (t 6.12, 6.30, 6.67, and 6.78). The close sim-
ilarity of the aromatic region of the spectrum to that of
tetrandrine (1) suggested that cycleanorine (8) might
be a .V-demethyl analog of 1. This was confirmed by
reductive N-methylation of 8 with formaldehyde and
sodium borohydride,46which afforded 1 in fair yield.
The assignment of position of the 1V-methyl group in 8
follows from the presence of an ion at m/e 431 in the
mass spectrum, which can be attributed to an ion of
structure 13.7

The structure of cycleanorine (8) was confirmed by
synthesis from tetrandrine (1), through the interme-
diacy of the monocarbamate 9 which on alkaline hy-
drolysis gave 8.16

Cycleahomine chloride (14) was also isolated by pre-
parative tic of the later column fractions and purified
by crystallization, mp 190-194°, [ajp +103° (CHC13.
The empirical formula CZHAN206CI was advanced on
the basis of elemental analysis. The nmr spectrum
showed signals corresponding to one free IV-methyl
(r 7.63), two quaternary IV-methyl (r 6.46 and 6.70),
and four O-methyl (r 6.06, 6.28, 6.62, and 6.70) groups.
The pattern of the ten aromatic proton resonances was
again almost superimposable on the spectrum of tet-
randrine (1), suggesting that cycleahomine was one of
the two possible monomethyl quaternary salts of tet-
randrine. This was confirmed by conversion of cy-
cleahomine chloride (14) to tetrandrine bismethiodidel6
by treatment with an excess of methyl iodide.

Monomethylation of tetrandrine with 1 equiv of
methyl iodide did not give cycleahomine iodide but the
isomeric compound IS, which could be distinguished
from the natural product on the basis of its nmr spec-
trum. In accord with the selective monocarbamation
of tetrandrine noted above, quaternization of the 6,7-
dioxygenated isoquinoline nitrogen of tetrandrine was
evidently favored.

The compound 16, present in large amounts in the
earlier column fractions, was purified by preparative
tic on alumina and subsequent crystallization from
acetone, mp 213-217°, [edd + 156° (CHC13, and the
empirical formula C3HMN206CI2 assigned on the basis
of elemental analysis. In the nmr spectrum signals
corresponding to one free iV-methyl (r 7.63), one
quaternized 1V-methyl (r 6.70), and four O-methyl
groups were apparent, together with a multiplet at r
5.4 (2 H) which could not be immediately assigned.
Treatment with potassium ierf-butoxide and 1-pro-
panethiol in dimethylacetamide at room temperature
converted 16 to cycleanorine (8) in good yield, indi-
cating that 16 was a derivative of tetrandrine (1)
guaternized on the nitrogen of the 6,7-dioxygenated
isoquinoline moiety. That the quaternizing substit-
uent was in fact a chloromethyl group could be inferred
from the empirical formula of 16. In refluxing eth-

(14) M. Tomita, K. Fujitani, Y. Masaki, and Y. Okamoto, Chem.Pharm.
Bull., 16, 70 (1968).

(15) M.-M. Abdel-Monem and P. S. Portoghese, 3. Med. Chem., 15, 208
(1972).

(16) C.-K. Chuang, C.-Y. Hsing, Y.-S. Kao, and K.-J. Chang, Chem.
Ber., 72, 519 (1939).
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anolic sodium ethoxide 16 smoothly underwent Hof-
mann elimination to yield the unstable styrene 25.
The nmr spectrum of 25 showed, in addition to the
ABX pattern typtical of a styrene grouping [dd (1 H),
T2.12, Jtrans = 18, Jcis = 11 HzJd (1 H), T4.48, Jtras =
18 Hz; d (1 H), r4.82, Jcis = 11 Hz], an AB quartet at
t5.66 (Av 25 Hz, / = 9 Hz) which can be attributed to
the system-NCH-and a triplet (r 8.73, 3 = 6 Hz)
corresponding to the OCHZHS3 system. From the

26,R' = R2=R3=H
27,R1= R2= R3= COCH3
28,R1= R2= H; R3= CH3

3LR1=R2=H
32,R1= R2= COCH3
33,R1=H; R2= CH3
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nmr and the mass spectrum (M+ at m/e 680), it is
apparent that the chlorine of the chloromethyl group is
replaced by ethoxide under the conditions used for the
elimination.

In view of the fact that tetrandrine (1) was the prin-
cipal component of the alkaloidal extract of Cyclea
peltata and of the large quantity of dichloromethane
used in the extraction, it is perhaps not surprising that
significant quantities of 16 were isolated. Methylene
halides are known to react with tertiary amines to give
gquaternary ammonium salts7 and a number of alka-
loids8B have been shown to give chloromethyl chlorides
under conditions similar to those of the extraction
procedure used in this instance. Indeed, tetrandrine
(1) was found to react very slowly with dichloromethane
at room temperature to afford 16.

The compound 26 was purified from the appropriate
column fractions by succcessive crystallizations from
benzene and ethanol, mp 177-179°, [<]]d —237°
(CHCIs). The molecular formula CssHsN20s was ad-
vanced on the basis of elemental analysis and confirmed
by high-resolution mass spectrometry. The uv spec-
trum showed a maximum at 284 nm (e 12,100) and a
bathochromic shift indicative of a phenolic chromo-
phore was observed upon addition of sodium hydroxide.
The nmr spectrum showed signals corresponding to
two free M-methyl groups (t 7.64 and 7.74), three O-
methyl [t 6.14 (6 H) and 6.27 (3 H)] groups, and ten
aromatic protons.

On treatment with acetic anhydride in pyridine 26
afforded a noncrystalline triacetyl derivative 27, the ir
spectrum of which showed bands corresponding to a
phenolic acetate (5.70 n), an aliphatic acetate (5.78 n),
and an acetamide (6.12 /u) group. Reductive methyla-
tion yielded a single W-methyl derivative 28, indicating
the presence of a secondary amino group in 26. Per-
methylation of 26 with methyl iodide in methanol con-
taining sodium carbonate yielded the corresponding bis-
methiodide, which did not exhibit a base shift in the
uv, indicating that the free phenolic hydroxyl had been
methylated. This compound smoothly underwent
Hofmann elimination with methanolic sodium meth-
oxide to yield the product 29, the nmr of which showed
signals corresponding to two quaternary fV-methyl
groups [t 6.80 (6 H) ] and four O-methyl groups (r 6.07,
6.18, 6.50, and 6.65) together with two one-proton
doublets at 4.37 (J = 17 Hz) and 4.63 (J = 10 Hz)
which could be attributed to a styrene group. The
styrene structure of 29 suggested the presence of the
system ArCH2ZCHZNHCH3 in 26. On heating with
aqueous hydrochloric acid 26 afforded as the major
product the stilbene 30, high-resolution mass spec-
trometry of which indicated a molecular formula Car-
h 4n 2 6

Since 16 had previously been shown to be an artifact
formed during the isolation procedure, the facile loss of
a C:H0:2 unit from 26 on treatment with aqueous acid
suggested that 26 might be regarded as having arisen
from a monophenolic bisbenzyltetrahydroisoquinoline
alkaloid through formal addition of glycol with con-
comitant opening of an isoquinoline ring. Since

(17) (@) D. A. Wright and C. A. Wulff, J. org. Chem.. SB, 4252 (1970);
(b) H. Bohme, M. Hilp, L. Koch, and E. Ritter, chem. Ber., 104, 2018
(1971)

(18) R. Besselievre, N. Langlois, and P. Potier, Bull, Soc. Chim. Fr., 1477
(1972)
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fangchinoline (2) is the only monophenolic bisbenzyl-
tetrahydroisoquinoline alkaloid which has been isolated
from Cyclea peltata3 in significant amounts, it is the
most probable precursor for formation of such an arti-
fact. The presence of an ion in the high-resolution
mass spectrum of 26 corresponding to the fragment 35
favors the structure 26 rather than that in which the
6,7-dioxygenated tetrahydroisoquinoline ring is opened.

A second artifact 31 isolated from the column frac-
tion preceding that containing 26 was purified as its
crystalline bisoxalate, which was decomposed with
ammonium hydroxide to give the free base, mp 161-
163°, [«]d +174° (CHC13. The molecular formula
CioHN™MOs was advanced on the basis of elemental
analysis of the bisoxalate and supported by high-
resolution mass spectrometry of the free base. The
absence of a bathochromic shift in the uv spectrum
[YmexH 283 nm (e 6780)] indicated that the com-
pound was nonphenolic. In the nmr spectrum signals
corresponding to two W-methyl groups (t 7.36 and
7.42), four O-methyl (r 6.11, 6.32, 6.60, and 6.82)
groups, and ten aromatic protons were in evidence.
With acetic anhydride in pyridine 31 yielded a non-
crystalline diacetyl derivative 32, which showed bands
at 5.78 and 6.12 n in the ir, corresponding to an ali-
phatic acetate and an acetamide group. The presence
of a secondary amino function was again confirmed by
reductive methylation, which gave the W-methyl
derivative 33. Treatment of 31 with aqueous acid
gave a crystalline product 34, the high-resolution mass
spectrum of which suggested a molecular formula
C3HIND 6 (i.e., a loss of CH® 2from 31). That 31
might be the O-methyl derivative of 26 was refuted by
the dissimilarity of their respective permethylation
products. However, the similarity of the aromatic
region of the nmr spectrum of 31 to that of tetrandrine
and the absence of an ion (m/e 191) in the mass spec-
trum of 31 corresponding to the fragment 35 suggests
that the compound has the structure shown, and may
have been formed by formal glycol addition and ring
opening of tetrandrine (1).

In view of the isolation of significant amounts of the
artifact 16 in the extracts, it is conceivable that this is
an intermediate in the formation of the glycol adduct
31, the latter being formed through direct substitution
of the quaternary nitrogen. This course is favored
over the intermediacy of the corresponding stilbene
which might arise by Hofmann elimination in situ,
since Hofmann elimination has been shown to give the
styrene 25. The formation of 26 from fangchinoline
(2) might be expected to parallel that of 31 from tet-
randrine (1).

Experimental Section

Melting points were determined on a Mettler FP2 melting
point apparatus. Values of [<f|d were obtained on a Perkin-
Elmer PE 141 polarimeter and are approximated to the nearest
degree. Ultraviolet spectra were determined on a Coleman
EPS-3T recording spectrophotometer and infrared spectra on a
Perkin-Elmer PE257 recording spectrophotometer. Nmr spec-
tra were determined on a Varian HA-100 spectrometer in CDCla
(except where otherwise noted) using tetramethylsilane as the
internal standard. Routine mass spectra were obtained on a
Hitachi Perkin-Elmer RMU-6E spectrometer and high-resolu-
mass spectra on a AEl MS-9C2 mass spectrometer. Micro-
analyses were carried out by Spang Microanalytical Laboratory,
Ann Arbor, Mich. Commercially prepared tic plates (E. M.
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Reagents) were used exclusively. For preparative tic either
aluminum oxide (type T, 1.5 X 200 X 200 mm) or silica gel
(F-254, 2 X 200 X 200 mm) plates were used. Analytical tic
was carried out using silica gel (F-254, 0.25 mm) plates eluted
with NEt»-MeOH-CHCI3 (5:10:85). Organic solutions were
routinely dried with magnesium sulfate and evaporated to dry-
ness on arotary evaporator 1NVaCWo.

Large-Scale Extraction of Cyclea peltatah—The ground roots of
C. [pettatawere extracted with isopropyl alcohol, the extract was
filtered, and the filtrate was extracted first with heptane-toluene
and then 0.5 NHC1. The acidic solution was adjusted to pH 8.6
with NH42H and extracted with CH:Cl. and the organic layer
was evaporated to a residue which was then partitioned between
benzene and aqueous glycol (fraction A). On standing, fang-
chinoline (2) precipitated from the benzene layer and was re-
moved by filtration. The filtrate was evaporated to a residue
which was extracted successively with heptane (fraction B) and
methanol (fraction C).

Isolation of Cycleapeltine (11).—An aliquot (2 1.) of fraction C
was evaporated to a thick syrup, dissolved in CHCIs, and re-
evaporated. This residue was redissolved in CHC13 (2 1.) and
shaken with 5% aqueous citric acid (2 1.). The aqueous phase
was separated, shaken with CHC13 (2 1.), and allowed to stand
for 12 hr. After separation and decantation from a large amount
of tar, the agueous phase was basified with ammonium hydroxide
and extracted with CHC13(2 X 500 ml). The CHCIsextract was
evaporated to yield fraction D. This was applied to an alumina
column (2 kg, Woelm, basic, activity 1) and eluted with CHC13
until the eluent showed only traces of tetrandrine (1). The
combined CHCIs eluents were evaporated to a residue which was
dissolved in acetone and boiled, and hexane was added until
crystals began to separate. After 24 hr the crystals were
filtered and washed briefly with acetone-hexane (1:2). The
solid, approximately 20 g, was stirred with EtOAc-CHCL-
MeOH (6:3:1, 200 ml) with a gradual increase in the tempera-
ture until the mass of fine needles had dissolved and only a heavy
crystalline residue of plates remained. These were filtered,
crystallized from EtOAc, and recrystallized from EtOH-CHCL
to give 1.30 g of cycleapeltine (11): mp232-234°; [a]ZD—106°
(C 1.0, CHCIs); nmrr 7.47, 753 (2s, 6 H, 2NCH?J), 6.07, 6.27,
6.71 (3 s, 9 H, 3 0CHas); mass spectrum NVE (rel intensity) 608
(52), 381 (67), 367 (33), 191.5 (22), 191 (100); uv X**ECH
282 nm (e 5200).

Anal. calcd for C3HANZ6 C, 73.00; H, 6.57; N, 4.61.
Found: C, 72.89; H, 6.66; N, 4.63.

Isolation of Cycleadrine (5).—An aliquot (2 1.) of fraction A
was extracted with CHC13(4 X 500 ml). The combined CHC13
extracts were washed with 5% aqueous sodium chloride (1.5 1.)
and evaporated to a viscous syrup. The syrup obtained in the
above manner from 10 1 of fraction A was dissolved in CHC13
(2 1.) and shaken with 5% aqueous citric acid (2 1.). The
aqueous phase was separated, filtered, adjusted to pH 4.0-4.5 by
gradual addition of ammonium hydroxide, and extracted with
CHCI3 (2 X1 1.). The aqueous phase was then adjusted to
pH 7.0-7.5 by further addition of ammonium hydroxide and
again extracted with CHCI: (2X 11.). This CHC1s extract was
evaporated to yield approximately 8.0 g of a dark brown foamy
residue, fraction E.

Thirty grams of fraction E were dissolved in a small amount
of CHCIs and applied to an alumina column (1.4 kg, Woelm,
basic, activity 1) and eluted with CHCIs until the eluent showed
only traces of tetrandrine (1). The column solvent was then
changed to 1% MeOH-CIliCh and elution continued until only
traces of fangchinoline (2) were seen in the eluate. The com-
bined 1% MeOH-CHCI: fractions were then evaporated to a
residue (1.6 g). This residue was separated by preparative tic
on alumina using chloroform as the eluent. The faster moving
major component (Et —0.5) was recovered and evaporated to a
residue. This residue was dissolved in MeOH (5 ml) and hydro-
iodic acid (0.8 g, 47% aqueous) was added, followed by addition
of EtOAc (10 ml). The mixture was warmed gently on a water
bath for 10 min and then stirred at ambient temperatures under
nitrogen for 24 hr. The solid was filtered, washed briefly with
5% MeOH-EtOAc, and recrystallized from aqueous EtOH to
yield 0.8 g of cycleadrine bishydriodide, mp 223-224°, [a]*D 0°

(cl.0,HD).
Anal. calcd for C3HAND6-: HI: C, 51.40; H, 4.90; N,
3.24; 1,29.36. Found: 0,51.19; H, 5.21; N, 3.19; 1,29.08.

Cycleadrine bishydriodide (0.8 g) was dissolved in ammonium
hydroxide (10 ml) and extracted with ether (4 X 10 ml). The
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combined ether extracts were washed with water (2 X 10 ml),
dried (Na”~CL), and evaporated to a white residue which was
recrystallized from acetone-hexane to give 0.5 g of cycleadrine
(5): mp 160-162°;, [{Z&d0° (c 1.0, CHC13; nmr r 7.57, 7.75
(2s, s H 2NCHS9), 6.12, 6.12, 6.27 (3 s, 9 H, 3 OCHa); mass
spectrum m/e (rel intensity) 608 (64), 417 (11), 381 (80), 367
(32), 191.5(25), 191 (100); uv X~i EOH282 nm (e6400).

Calcd for CnlLoNiOe: C, 73.00; H, 6.57; N, 4.61.
Found: C, 72.97; H,6.54; N,4.58.

Isolation of Cycleacurine (19).—The pH 7.0-7.5 aqueous layer
from the cycleadrine (5) isolation was made strongly basic by
further addition of ammonium hydroxide and extracted with
CHCI: (2X1 1). The CHCIs extract was evaporated to yield
approximately 80 g of a dark brown residue, fraction F. A
portion of fraction F (20 g) was dissolved in MeOH (100 ml)
and added to a 250-g ion exchange column (Dowex I-Xs; “OH
form, prepared by stirring the ion exchange resin first in 3%
hydrochloric acid and then in 5% aqueous potassium hydroxide
and washing with MeOH). The MeOH solution was passed
slowly through the column and elution was continued with MeOH
until the eluate was colorless. Evaporation of the methanol
eluate yielded a residue (17 g), fraction G. Then the column was
eluted with 5% HOAc-MeOH until the eluate was colorless.
The acid eluate was evaporated to a residue (2.2 g), dissolved in
water (2o ml), basified with ammonium hydroxide, and extracted
with CHCIs (= X 50 ml). The CHC1s extract was evaporated
to aresidue, subjected to preparative tic, and eluted with MeOH -
EtsN-CHCIs (10:15:75). The major component (RI ~0.5)
was recovered and dissolved in MeOH (5 ml), and hydrobromic
acid (1.0 g, 48% aqueous) was added followed by addition of
EtOAc (10 ml). The mixture was warmed gently on a water
bath for 10 min and then stirred at ambient temperatures under
nitrogen for 24 hr. The solid was filtered, washed briefly with
5% MeOH-EtOAc, and recrystallized from aqueous EtOH to
yield 0.25 g of cycleacurine bishydrobromide as its monohydrate,

mp 293-296°.
Anal. calcd for CHxN:06-2HBr-H:0: C,55.28; H, 5.30;
N, 3.68. Found: C, 55.57; H, 5.39; N, 3.78.

Cycleacurine bishydrobromide (0.25 g) was added to 10%
aqueous sodium bicarbonate (10 ml) and stirred at ambient
temperatures for 24 hr. The solid was filtered, washed with
water, and recrystallized from acetonitrile to yield 0.18 g of
cycleacurine as its bishydrate: mp 205-208°; [aj"D —202° (c
1.0, CH30H); nmr (DMSO-d6) t 7.52, 7.82 (> s, s H, = NCH3J),
6.25 (s, 3 H, OCHa); mass spectrum NVE (rel intensity) 580
(52), 298 (100), 297 (54), 283 (29); uv X’ * HOH284 nm (e 6750).

Calcd for CssHasN206-2H20: C, 68.40; H, 6.57; N,
4.83. Found: C.68.30; H, 6.50; N,4.55.

Fractionation of the Basic Alkaloids.—Fraction G (17 g) in
MeOH (100 ml) was slowly passed through a column of Dowex
1-Xs ion exchange resin (Cl~ form, 250 g), and the eluate was
evaporated to a residue and column chromatographed on alumina
(Merck neutral grade I, 410 g). Column fractions eluted with
CHClIs, 1-3% MeOH-CHCla, 3% MeOH-CHCI3 5% MeOH-
CHCIs, and 10% MeOH-CHCL were combined to give fractions
H, J, K, L, and M, respectively.

Isolation of 16.—Fraction H was evaporated to give a brown
residue, essentially homogeneous by tic, purification of which
by preparative tic on alumina, using 5% MeOH-CHCU as
eluent, afforded a colorless solid (0.7 g) which was crystallized
from acetone to yield fine colorless needles: mp 213-217° dec;
[a] &4 +156° (c 0.41, CHCIs); uv XSEH 283 nm (e 7600); ir
XE«c" 3.42, 3.54, 6.25, 6.34, 6.66 P, nmr ©2.3-4.2 (10 H, ArH),
540 (m, 2H,-CHZX1), 6.06 (brs, 6 H, 20CH?3), 6.25 (2's, 6 H,
20CH3), 6.70 (s, 3H, NCH3, 7.63 (s, 3H, NCH3).

Anal.  calcd for CEHAND €C12-3VHD : 0,61.00; H, 6.64;
N, 3.65; Cl, 9.24. Found: C, 60.99; H, 6.05; N, 3.65; ClI,
8.93.

Isolation of 31.—Fraction K gave a brown residue (2.2 g)
on evaporation which proved to be a mixture by tic. Preparative
tic on alumina using 10% MeOH-CHCU as eluent afforded the
major component (0.5 g) essentially homogeneous by tic. Treat-
ment with agueous oxalic acid and crystallization of the product
from aqueous MeOH vyielded 31 as its bisoxalate (200 mg), mp
207-209° dec.

Anal. caled for CAHAN208-2HXCD42HD: C, 58.66; H,
6.22; N, 3.11. Found: C, 58.68; H, 6.27; N, 3.12.

Treatment of the oxalate (100 mg) with ammonium hydroxide
solution, extraction with CHCI3, and evaporation of the organic
extract gave the free base 31 (74 mg), which was crystallized from
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methyl ethyl ketone as colorless needles: mp 161-163°; [a] Z&d
+ 174° (c 1.00, CHCU); uv X»°H 283 nm (t 6780); ir x"«dJ
3.41, 6.26, 6.33, 6.67, 8.90 nmrr 2.6-3.9 (8 H, ArH), 4.28 (s,
1H, ArH), 495 (d, 1H,/ = 9 Hz, ArH), 6.11, 6.32, 6.60, 6.82
(4s, 12H, 4 OCHDJ3), 7.36, 7.42 (2 s, 6 H, 2 NCH?J3); mass spec-
trum m se (rel intensity) 684 (100), 622 (30), 198 (25). Mass
calcd for CioH”™NiOg, 684.3408; found, 684.3349.

Isolation of 26.— Fraction L was evaporated to dryness to give
a brown residue (1.5 g) which was redissolved in benzene (100
ml) and on standing afforded 26 as pale yellow needles (150 mg),
mp 151-153°.

anal. Calcd for C3gH4ANDs'2CEH6: C, 74.00;
N, 3.39. Found: C, 74.33; H, 7.24; N, 3.40.

Recrystallization from EtOH gave 26 as colorless needles free
of solvent: mp 176-178°;, [«]Z&d -237° (c 1.00, CHC13); uv
XB°H284 nm (e 12,100), shifted to 305 nm on addition of NaOH;
ir X*,, 2.94, 3.10, 3.43, 6.25, 6.36, 6.70 nmr r2.7-4.0 (10 H,
ArH), 6.14 (s, 6 H, 2 OCH3), 6.27 (s, 3 H, OCHZ3), 7.64, 7.74
(2s, 6 H, 2 NCHDJ3); mass spectrum m s (rel intensity) 670 (88),
608 (65), 381 (70), 191.5 (25), 191 (100). Mass calcd for
CPHAN D8, 670.3251; found, 670.3249. Mass calcd for
ChHiN 02 191.0945; found, 191.091.

anal. Calcd for CmHKINLGs: C, 69.83; H, 6.91; N, 4.18.
Found: C, 69.90; H, 6.90; N.4.11.

Isolation of Cycleanorine (8).—On evaporation fraction M
yielded a brown gum (2.0 g), which was shown by tic to be a
complex mixture. Preparative tic on silica gel using NEt3
MeOH-CHCI3(5:10:85) as eluent gave two major bands. The
upper band was rechromatographed on alumina using 5% MeOH-
CHC13 as eluent to give a tic-homogeneous oil (10 mg) which
yielded cyeleahomine chloride (14, 5 mg) on crystallization from
MeOH. The lower band was also purified by preparative tic on
alumina, using 10% MeOH-CHCIs as eluent, to give a colorless
residue (20 mg) which afforded cycleanorine (8,10 mg) as colorless
needles from aqueous ethanol: mp 170-172°; [«Pd +308°
(c 0.52, CHCIs); uv X®°B282 nm (e 10,200); ir x£2,01*3.42, 6.25,
6.33, 6.77 m nmrr 2.6-3.1 (10 H, ArH), 6.12, 6.30, 6.67, 6.78
(4's, 12H, 4 OCHDJ), 7.67 (s, 3 H, NCH3); mass spectrum m s¢
(rel intensity) 608 (55), 431 (18), 381 (80), 191 (100).

anal. Calcd for C3HHONDe: C, 73.00; H, 6.62; N, 4,60.
Found: C, 72.89; H, 6.64; N, 4.61.

Isolation of Cyeleahomine Chloride (14).—The benzene
mother liquors from the crystallization of ¢ above were chroma-
tographed on preparative alumina tic plates using 5% MeOH-
CHC13 to afford two major bands. Extraction of the higher rt
band gave 26 (100 mg). Extraction of the lower r i band gave a
yellow gum (35 mg) which gave cyeleahomine chloride (14) as
colorless prisms (12 mg) on crystallization from CH2CI2ZEtOAc:
mp 190-194°; [«]®» +103° (c 0.15, CHC13); X™H284 nm («
12,000); ir X°Bda 3.34, 3.41, 6.24, 6.32, 6.65 nmr r 2.6-4.0
(10 H, ArH), 5.5 (m, 1 H, ArCHN+), 6.06, 6.28, 6.62 (3 s, 9 H,
3 OCHO, 6.70 (br s, 6 H, OCH3 +NCHJ), 6.46 (br s, 3 H,
+NCH3), 7.63 (s, 3H, NCH3).

anal. Calcd for CBHAND6CL: C, 69.60; H, 6.75; N, 4.20.
Found: C, 69.18; H, 6.80; N, 4.31.

O-Methylation of Cycleapeltine (11) to O-Methylrepandine
(12).—A solution of 11 (50 mg) in CHsOH (5 ml) was treated
with an excess of ethereal diazomethane at 0-5° for 4 days.
Evaporation of the solution and preparative tic of the residue
on alumina with CHC13as the eluent yielded 12 (46 mg),8crystal-
lized from acetone-hexane: mp 208-210°; [a] “d ->-71° (c0.48,
CHC13); nmr r 7.43, 7.47 (2 s, 6 H, 2 NCH?3), 6.05, 6.28, 6.58,
6.97 (4 s, 12 H, 4 OCH3); mass spectrum m/e (rel intensity)
622 (52), 431 (5), 395 (55), 381 (25), 198.5 (25), 198 (100),
175 (34), 174(20).

O-Methylation of Cycleadrine (5) to Isotetrandrine (3).—
Treatment of 5 (40 mg) in the above manner yielded 3 (40 mg):
mp 180-182°; [a]ZD 0° (c 1.0, CHC1S; nmrr 7.41, 7.71 (2 s,
6 H, 2 NCHDJ), 6.08, 6.24,,6.38, 6.88 (4 s, 12 H, 4 OCH®8); mass
spectrum m/e (rel intensitv) 622 (56), 431 (6), 395 (58), 381 (26),
198.5 (28), 198 (100), 175 (40), 174 (29); identical (melting
point, nmr, mass spectrum) with an authentic sample.8&'b

O-Methylation of Cycleacurine (19) to Di-O-methyl-Z-curine
(17).—Treatment of 19 (30 mg) in the above manner yielded 17
(18 mg): mp 117-119° [«]%> —265° (c 1.0, CHC13); nmr t
7.46, 7.67 (2s,6 H, 2 NCHDJ3), 6.12, 6.14, 6.28, 6.31 (45, 12 H,
4 OCHYJ); mass spectrum m/e (rel intensity) 622 (48), 312 (100);
identical in melting point, nmr, and mass spectrum with authentic
di-O-methyl-d-curine,3>2but with opposite [«] D.

H, 7.03;

J. Org. Chem, Vol. 38, No. 10, 1973 1851

O-Ethylation of Cycleacurine (19) to Tri-O-ethylcycleacurine
(20).— Treatment of 19 (270 mg) in the above manner but with
diazoethane yielded 20 (210 mg) which was subjected to degrada-
tive studies without further purification. nmr ¢ 7.35, 7.58 (2 s,
6 H, 2 NCHDJ), 6.16 (s, 3 H, OCH3), 8.46, 8.65, 8.69 (3t, 9 H,
3 = 7 Hz, 30OCHXH3); mass spectrum m s (rel intensity) 664
(100), 340 (76), 326 (87). Mass calcd for CuH”NjOe, 664.351;
found, 664.356.

Sodium-Liquid Ammonia Cleavage of Tri-O-ethylcycleacurine
(20).—Tri-O-ethylcycleacurine (100 mg) was dissolved in ben-
zene-toluene (2:1, 12 ml). Liquid ammonia (80 ml) was added,
followed by sodium metal (0.3 g). The mixture was stirred for
1 hr and then allowed to warm up to ambient temperature over-
night. The residue was dissolved in water (10 ml) and extracted
with ether (6 X 10 ml). The combined ether layers were dried
(NaZx=04), evaporated to a residue, applied to two 200 X 200 X
1.5 mm alumina plates, and eluted with CHC13 Aside from a
small residue, only two components were apparent: the nonpolar
(nonphenolic) product and the polar (phenolic) product. These
were recovered.

The nonphenolic product 22 resisted crystallization and was
characterized as a pale yellow oil: nmr r 3.11 (AB quartet,
A>23 Hz, 4 H, s = 8 Hz, para-disubstituted benzene), 3.45, 3.94
(2's, 2 H, 1,2,45tetrasubstituted benzene), 5.99, 6.20, (2 q,
4 H,/ = 6.5 Hz 2 OCHZH3), 6.16 (s, 3 H, OCHDJ), 7.44 (s,
3 H, NCHDJ3), 854, 860 2t, 6 H, » = 6.5 Hz, 2 OCHXHJ);
mass spectrum m /e (rel intensity) 355 (<0.1), 220 (100), all
other peaks less than 5; mass spectrum (chemical ionization,
Ar/HD) m /e (rel intensity) 356 (56), 221 (100). Mass calcd for
CZHIN 03+ H+, 356.225; found, 356.223.

The phenolic product, 21, also failed to crystallize and was
similarly characterized as a pale yellow oil: nmr r 3.27 (AB
quartet, Ay 29 Hz, 4 H, / = 8 Hz, para-disubstituted benzene),
3.47, 3.57 (2s, 2 H, 1,2,4,5-tetrasubstituted benzene), 4.79 (brs,
2 H, ArOH), 593 (9, 2H,s = 6.5 Hz, OCHZHJ), 7.51 (s, 3H,
NCHs), 8,52 (t, 3 H,/ = 6.5 Hz, OCHZH?J3); mass spectrum
mse (rel intensity) 313 (<0.1), 206 (100), all other peaks less
than 5; mass spectrum (chemical ionization, Ar/H2D) m /e (rel
intensity) 314 (62), 207 (100). Mass calcd for CiHAN 03 +
H+, 314.175; found, 314.176.

N-Methylation of Cycleanorine (8).—To a cooled solution of
cycleanorine (20 mg) in MeOH (0.5 ml), aqueous formaldehyde
(37%, 0.2 ml) was added an