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ATURE OF THE RESING OF JACK PYNE

general Introduction

The cuestion of the composition snd properties of the
reginous seoretions of Jaok Pine (Pinus Mankaiena) has formed
a subjeet of peculiar interest Quring the past few years,
Gomparatively 1little is known of the true chemiosl neture of the
mixture of natural substsnces, generally referred to broadly
a8 “"regine®, whioh is meareted in ibﬁ faner cells of sush oonie
ferous woods, On the other hand, the oleoresins, psriicularly
thogse forming the raw m&taxiﬁl_af the Noval Stores indusiny, |
have besn the subjeot of conslderable investigation, The
guegtion of the ghemioal nature of the imner secretions of the
gonifers has thus & peeuliar soicatific interest.

Jack pine is s0 very widely distributed throughout
Cansds, as w8li =8 paris of the United Itntee. that the matter
~of its eoconomioc utilisation hae sssumed considersdble importance.
Thie species of pina iz now looked upon as & very significant
factor in the metter @f'th@'snwply 0f raw material for the
paper induetry, There sre serious limitstiong to its use i
ihie respect, however, on sceoount of 4te high roginous ecntent,
~ Juek Pinz can be used in the sodr and sulphate procecees of manue
facturiny cherical pulp, where strongly »lkaline cooking liquers

are employed, but seriouns diffionlties are met with when ate

| tempts ars made to cook thiz wood by the sulphite {acid) pro~

cegs, or to unee it in the for: of groundwwood for newsprint,
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The high resin content of the pulp leads to the deposition of
tagky, pitoh-like masses on the wlire snd felte of the papilw
‘maochincs, making it necessary 0 ehut down the latier. Thia
so~galled *plteb~trouble® iz the cause of conziderable losgses
both in operatin: $ime, sad in the value of the finished material,

This trouble also occours frecquently éven when the lessw-,
reginous epruce wood 18 used,

The lgtter ‘g the basie rsw material »f the sulphite
pulp industery in Cuneds, snd the enprmisus annuel consumption of
this wood has f&i@@@ the svestion of the nltimate depletion of
the supnly, -?ﬁﬁﬂﬁﬁﬁﬁﬁ&%ﬁﬁ wi th ﬁhigﬁ Jask Pine 1s distributed
H&ﬁﬁ?élly plves the lstier an important position ae an alternae
tive source of punply, provided the wood can be cooked suocceap~
fully by the sulphite wethod, The latter proble: io conoe rned
aplely with %%ﬁ'fﬁﬂimﬂmﬂ pontent of this partionlar wood, and
gonpequently the guestion of the exact noture of these resins
4p of partioular Interest induetrizlly, A thorough chesionl
investigation seema to be s logienl preliminsry sten toward
golution ﬂf_@iffiaml%i&&»iﬁfiﬁﬁ atilization s an &@aivmi@ﬁt of
spruge, 1t 18 guite poseible, alga, Liat tﬁﬁ imnensge m&ﬁuyﬁl
ﬁﬁ@x& uf &%@iﬂ:&ﬁ%ﬁ?iﬁi from Jack pine may sowc day fing 1&@@%»
tent commeércial spplleationz. AL the present time, the by
products of the gulnhate snd aods puln prooesses, stuch as ping-
eil, liquid rosin, wood turpentines, otq., are bHeiny ubtilized to

a rerarkasble extent, particmlarly in ™rome,
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Yery few investigstions of lmportance h-ve been carricd
gut on the conifers of North America. Chlef among thcae réw
gearohes are those of Sﬂh@rg@rl, a&t@az, and ﬁarneas. Rohorger
axamzﬁ&ﬁ'tha woods of seversl diffe-ent gvoclies, and also
asoertgined the composition o7 the oleoresins, nvedle-nile, eto.
His results are of great scientifis interest, The work of Pntes,
on the wazte wood of €he lonrlesf pine (P, Palvatris) indiested
the poseiblility of obtairnin: lerse guantities of rosin, pine
911, turpentine, woodepulp, ete,, snd seversl neothods of treste
ing thia wood industrially, were examined, leadins to impvortsnt
?@&ultg ax recsards the chemical utilisation of this pine washe,

various conifers have been exanined by Barnes {loo. alt,)
as resards %héix gontent of resine, celiplose, lignin, ete,

The commercisl produots obtainable from the waete naterial

of imerican conifers. have heen reviewed by ﬁrﬁﬁnﬁﬁﬁﬁﬁ.

Botanical: Resing of sll kinds sre ver  widely distributed in

the wegetable kingdom, They sre not aanfinﬁa'amly to the intere
cellular "resin-osnals®, btut are alsoc present in the cell
pontent, and in the cell waell $tself, Resineg sre considered mg
belonzging to the clses of "extradtives® from wood, becaune of

the fact that they are readily removed by means of ordinary
golvents, Tor thirs reasgon, they a2re not coneidered as forming
part of the plant proper, btut sre merely extranecus constituents
of the wmood complex, Yome 1avaatig&ter$§ have endeavoured %o

trace the existence of some kind of chemical union between the
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1ignin, resins =n? tannins of wood, but there is no definite
chemionl cvidenoe of this eo far, |

A distinetion ie often made between what are termed
*shysiological® {or "natural®) snd "patholozical" resins, The
formeyr tern refers to those secretions of the normal, livinge
tigsues of the inner wood, which remaln in the wood; the term
pathologic=1l¥, on the other hend, hae r&fevence to the exuda~
tiana which follow aoon after a wounding of the outer parte of
the trea; thies latter elpes ineludes the oleoresing. These two
clasees of Yregine” obvimmaly oy not necesgarily have the gane
gompoaition, even for the oa~e anecliesn, @ inner searetions
are rmoh =more comnlicated then the oleoresins, and have not been
investigzated to the saswe extent,

The gr@a@ﬁt inveotipation is concerned solely with the
so-called “physiological® reains of Jaok Pine,

ﬁatﬂzml'rssiaa are n&ver homopeneous, and, esneolally
in the capge of the secretions of the inner wood, may be extrsuely
eomplex,  When such seorciiones are extractod frowm the woody
tissues, By organio solvents Tor instance, a tayry =ixture of
nateriale is obtained, the complete investigetion of whioch
presents a problenm nnt\unlike the separ-tlon and {dentification
of thé‘aanﬁtituent@ of coal tar, for example, The investigstion
of theso secretions s alweys hempored to a very grest extent
on seqount of the relatively amall proportinne in which some of
the conrtituents are precent in the wood,

These natural products =re, in renersl, extremely sensitive



to both physical and chemical rearents, and their examinsation
resmires the exeroise of umisusl preceutions if the individual
subgtanges are o ba'igalatad and tdentifie? in the sa~e state
es that in whish they sre norwally present in the living tree,

4 thorough review of the enormous masz of literature on
the general subjeoct of resins brought to light certain important
faots with regard to *physioloziceal® resina:

(1) The necessity for a oriticsl examination of the methods
used in the isolation in the unchanged etate of the
natural reeing, and the selection of a sultable
procedure for zoeomplishing thie,

(2) The reguiremen? of entirely new znd revised te cimique
in the gqualitative and quantitative eeparation,
clagsification and identification of the individusl
subgtances present in the orude resin wizture,

In order W0 famiiitatm a olearer oversicht of the work
nctually accomnlished in the pregent investisstion, 1t was

deane? sdvisable to divide the thesis intn five main pestions:

?&RT_I: Thie pgives a eritiosl review of meothods previously
saployed fTor the igolation of the orude reesinous wateriale
from the wood, snd of the nmelifications found nesoessary, in
the present 1&&&&@@6, for the isol=tion of the four impor-
tant grouna of substsnces present, namely, (2) the resin
acida, (b) the faity aanaﬁituants, {c) the egmential oil,

{3) the unmaponifiable matter,

PART Il: This deals with the previous literaturs on the sube
jeot of the "RESIN ACIDS" of the conifers, and with the
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methoda used in the present investigation for the isol:tion

and identification of the substencea of this type,

PART III: This iz concerned with = discoselion of previous work
relating to the "FATTY ONUSTITUNYICY of wood, in genersl,
snd partisilasrly with the few investir-ationsg ¢h=t have been
aarried out on the fate »rosent in the internal sceretiona
éf the aconifera, The new wethods wvaed in the vrezent work
on Jaek Pine for genzrxtiny snd 1dentifviny theoe nroducts

are desoribed,

FPART IV: This seotlion comprizes o brief review of the #5315~
TIAL QILS AND UNSAFONIFIADLE MATTER® of reeins in genersl,
and contzine g detailed account of an improved method for

the investigation of these constituents In Jack Pine,

PART V! Thig 19 devoted o = resuné of the results obtained
in the present investigatiocn, and their besring on s future
program of work ooncerned with the soplieation of cuch
régults to the indusirisl side of the manmufacturs of milp

and paper,

B % Rl o
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Zood Used in the Present Investigstion

{a) The “grsen® wood (Jack Pine) referred to in this work,
was obtained in the form of four-foot, unbarked logs, from fthe
Abitibl Power and Paper Jompany, L%d., Iroguois Falls, Ontario.
These loge were barked immediately b@iaré ontting un for ex~
traction, The loge werve from the trunks of tyees vorying
from 125-180 years old, The wood wan stored in s refriperating

room until vaed,

() The “geasoned” wood {Jack Pine), in this work, was
obtnined from the Wowsrd Deith Parer ¥ille, Jornwall, Ontarile,
and was crown in the Tastern Townships of the Provines of Jvew
beo, This log was from the trunk wood of a tree 135 years
old, ang hed been left sxposed on the wood-pile out-of-doors
for about three years, It was not extracted until one year

later, and,in the meantime, was storsd in a refrigersting room,
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PART 1

Hethods for lszolztion of the {rude Resins and Fats
and Inftisl Separation of Gvoups of the Constituents

Introduction

Reging and fat8 can be resdlly rémoved from woody tissues
by mepns of varigus grganic solvents, tnt in most casss, other
extrangons products are reqoved ag well, Tn order to avold
this, ether has heen umed By wany rorkers, as 1t doss aot
remove lignin, sugevs, and oiher non-resinous moterials. How-
“ever, certain resinous produste {portisulsrly a nuwhor of
reginous oxidatlion nroducts) are ALffimltly so0luble or are
insoluble in cther, 80 thal the extrmction ig always incomplete,
ﬁ&&&&ﬁﬁlhaﬁ been found to rempve small amounts of lisnin, and
acetone probably behaves gimilarly, ﬁahlﬁﬁwgﬁ tried vorious
gxtraction solvente and finally ¢hoce benzene cxirsotion, this
being €ollowed by a second treatuent with alonbol. He found
that the latter renoved some lignin., A, ¢ won Emlﬁf} showed
that the orude material removed T30+ epruse by extraction with
a hot aloohol-~benzene mixture contained from 4.6 %o 12,67
lignin,

Evidently not all eolvenis are anpliceble to s guanti~
tative determination., “ther is very sultable for ieolnting
oonstituente sr they axist in the wood and 4t sles has s low
botling-peint, while alcohol and bensene slso have eneoific
advaniages . The gompasition and %waum%'af the extracted
auﬁatanaaa thug denend on the nartieovlar solvent used., Thig

gmuet be borne 4in mind in comparing the orevions results of



different woriers, A disoussion of the faotora affecting the
choice of solvent has been glven by Bi@&ﬂrﬁ. Aqusouz solutions
of sodium hydroxids or corbonate remove acidic substances ohiel-
ly, and zre of no use for gnastitative work, The use of two
sucgesaive solvenis has been found $o give consistent results
generally, but reguires double the itinme, 4 mixture of egual
volumes of aloohel and benzene was employed in the present work,
a8 1t geemed to be the most efficient and aanvaniﬁnt form of
solvent for this kind of resinous material;

The time ﬁ@$@$$§w$ for complete extraction desends p
great feal on the asparstus uzed, in t@ﬁ presgent ocase,
#ight hours! extrastion waz found sufficiont to remove prao-
tically 21l of the resina, only vervamell nortions beinr ex-
tracted after that,  These 1&%193 probably consist of lignin,
ﬁahlh@rga found & to 10 honrs sufficient, the eolvent used being
benzene, mt f2llowed this trreteent with an aleovhol extrac-
tien, He found thet small awounts of ssterial oould stild
he removed after @xt&aﬁ%ing for one week, and noted that the
&lmahai removed muah lianin,

The amounts of resging removed from certain erecien
of pine and sorace, by & large nusber of workers using various
golvents, sre reported in detsnll hy'ﬁiﬁb@xﬁ The amount
extrneted depends, of course, on the origin of the wood, its
freshnegs, oconditions of ex-osure, and other fretore, The
peroentages of resine in s-eocimens of Jack pine removed by

ether followed by an extrasotion with aloohol have been
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mported by ¥, E&@n@a?‘aﬁ followa:

o

S | | 4 ether 4§ ale.  Total
extract extraot extramot

0.99%
1.7
0.77

Jack pine, seasoned, lorce tree

% *  presn, swall tree

# " river, seagoned

Bimtlar figures were obtained by Johnsen and ﬁav&yg,

using the sane solvents,

Separation of the Pine Regin into 1ts Congtituents

The separation of the grude resmin mixture into itme
gonponents presentes a Aifficult problem. e metiods used wiii
dapend on the degree O socuracy reguived, and as to whether
the materiale thus pevarated are to be exsmined furtier, -
in other words, en individual plan iz necessary %o suit the
partisular conditions, There has Doen no systematie »nrocedure
developad as yet for the gomplets senarstion of asuoh resin
nixtnres and the identification of the individusl constituents,
Theres axiste 2 wellsknown general metho? for the analvels of
mixturee smbraging rosin, fat and vneaonifishle matier gnd
gorving for the eatimstion of thene waterinls’ and adaptiéd by
3xamawl@ to the proximate snalysis of woodevenin mixtures,
This method invelver a preliminary sanonifiontion of the

erude resin mixture, by measns of ¥/2 alooholic potash, followed



by removal of the unsaponifiable produocts by petroleum ether
extraction. The mixture of sclde obtained from the alkalineg
solution ia. then sensrated guantitatively by %olff and !Eahalmﬁ*&ll
modifiontion ﬁf”%wiﬁah@ll*alg gstarificstion method, inio resin
aoide and fatty ceters, The unaa@ﬁnifiable nradusts are
éhtéiﬂkd by evaporation of the petrolépm ether extraot.

This methed is sultable for zunlytical purposes, and
is comparstively simple, but it does not permit of the isolp-
tion or estimation of any esters, glycoridss, esgential oil,
1ignin, eto,, which may be present, gaponificstion at an
elevated tempersture muat necessarily alfeot the nsturszl reain
geide present, snd perhaps also the liguid fate. It was
evidently not intendsd for use where o further investigastion
of the individual conatituents was planced,

A seound scheme of mnalyeis for comifer resin exudations
wae devised by Tsohirch?,  Thic ie satisfactory with reaspect |
to some of the gonstituenss, but not when applied to wood-
resine, becsuse Techireh 444 neot take into zcoount the presenve
of fatiy substances, Algn the isolation of ﬁhé reain scide
by his method 4p o diffieult snd tedioune matter, Techireh
firast tremts the orude resin with sufficient ether to dissolve
211l the soluble =msderisl, =«nd discards any inzoluble., This
etheresl eolution is wesbed well with water, to rewmove tgnnins,
carbobydrates, ete, Sucoeasive treatments with certain |
alkaline aolutions, ( &“ﬁ,;)a} ) Haamy ¢ete,, remove all of the aqmm

gubstagnces from the ethoereal extraot, Thesa alkaline extraots,
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wvhen acldified, yicvlded only solid resinic aecids, whicn were
then purified,

| Tae residual 2theresl acl:tion, conteining oqzy neutra.
substances, was evaporated, and the volatile oll present re-
moved by steam-distillation, The residue was found to be 3
very inert, waxy msteriasl, which Tachirch teymed "Hesene¥,

Thig entire method iz very tedioug, snd there is nothing
to prove that the warious sl¥kaline extracts exployed removed
atrunturally 4ifferant aoidic subsitsnces sz claimed by Taschirgh,
The purity of nost of bhis products is onen to serious cquestion,
and ﬂ&&ﬁﬂ%zk gpongidera that thie suthor has wmerely encunbered
the li%@fﬁ%ﬂ?@vﬁﬁﬁh 2 long series of meaningless nanes and
hag added nothin: new to the @h@ﬁi&ﬁ?? of tﬁé resin apolds,

ﬁ@ﬁ@i%hﬁ%&ﬂﬁﬁﬂg this gerious objection, end the fact
that no »egar: was pald to the presence of fatty aclds, gly-
gerides, estere, etc., the nethod of Tecidreh ensbles an es-
timation to Le made of the espential oil, total acide, and
mizxed neutral substances and, on this basis, there is the poo-
sivility of tuillding up a eystsuatle oroeedure for isolating
these ;;roups zod investigating thelr dindividugsl constituents,
| Both the method sugpested by ﬁi&h@rle and the genersl
plan of Teohireh were Investizated in detail in the pregent
research and found to be unestisfactory, and it wap nenessary

to devige a nrw nethod, ss outlined »nd disennmsed below,
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New Motho! for the Ieolation =d Identifiontion
B! the “onatituents of Jack Pine Regins

The method developed for the complete Sepaiation of the
omde regin aixture obisined by slcunvl-benzens sxiraction
and identification of the individual constituents inclufies
pome of the beet features of the prﬁﬁﬁﬁﬁﬁ@ ﬁlmﬁa&y.mantianed,
and is intended to serve as & basis for a thorough seientifie
fnvestigotion of these substances., The numerous detalls of
thls plan are siven later in the different exporimenial pares,
Qealing with the initisl serarstion of the sroups, and exsning-
tioh of the remin nelds, fats, unszoonifiable, and espential

0il, esneh of which 4z taken up genarately,
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Bxperimental

argtion of the Wood for Egtyaction

Eaeh-i@g wag firet subjected to & critionl microsconic
exaxination and identified By its betanicnl festures, as Pinus
Banksiana (Jaok ?ime)15, before being used in the investigation,

the ¥green® pine logs (Pinus “ankeians) were storad in
g o0ld yoom until reguired. fThe bark was removed just before
the wood was ueed. The leog wes then cut into very s»all
ahavings, by means of a mcohanlosl plaﬁax, and these were kept
in oclosed voxes, siored in ithe cold reom, until they were
put in the extracior.

It iz not advizable to grind the

wood, on account of
the heating efieet and too much exposure of the resins to alr,
 When ¢hinps aré used, there fs the possibility of poor penetra.
tion of the golvent, The best reeults can be obtained by
using small ghavings,

The "loses in velipht at 1059% wac determined on sevarate
samples, representstive of the whole batoh, by drying in the
oven gt 105% for four hours, This was done at the same time
as the moist wood was weighed, Jjust before loading it inte
the @xﬁwaﬁﬁéw, Yiaiﬁézaf resin were ocaloulatsed slways on the
Thone-dwy weight" of wood, Shus determined,

Extraction of the ¥ood with Benzene-gleohol

The axtraction of the wood was carried out in a large
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bronse extractor, working automstieally on the Soxhlet prinoiple.
About 500-600 grame, bone-dry weizht, of wood, could be extrao-
ted at one time, uping eight liters of solvent, The same
-éaivnﬂt'eauld be ueed for several datohee of wvond, but in the
prﬁéant work, owing to the poreibility of tranefor-stions
poourrine with eoms of the 4izeolved subsiances, under the
infloence of heat, 4t was thoucht advisadle never to uze the
same lot of solvent on more than three lots af wood,

| Extraction for 8 @w‘ﬁ houre in this a»raratus was found
aufﬁggzgnt to remove all resine and futs, The golvent used

wag made up of equal volumes of bengene and 957 gloohol,

RegauRry of the cruge Aeains and ¥ats

The nloshol-benzene extract was distilled, under slishtly
reduced pregsureé, Fros a water-bath, using e strean of a@a Eu8
to assist the distillation and to prevent bumping. ¥yst of the
golvent oould be recoversd in thie way, The solution was kept
ghielded fron light,

Removins the last traces of aolvent frou the visoous
mixture won extremely diffimult, if the mixture were washed
into s dish and dried at A0° in the vacum-oven it was feund
that there were considersble lossee of volatile fats and tere
peneg, due to fosning and distillation, Heating on s watere
bath and then transferring to a desicestor, under vacuum,
also led to lonzes in the mame way, snd possibly csused some

axidation of the naterial. The enly sffective way was to
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dry the resins directly in the dietilling flask by haating on
& water~bath and gonnecting the flask with a zo0d water-pump.
untilgth@ weight wae a.proximately constant, The product
gontalng vaiaﬁil@ gubstances which zay e removed with the
last tracez of molvent it the drying ic earried tos far,

The final residucs were Ifeirly viacousm. dark brown
material, very sticky, and heving the odour pesulier to
reginous pine wood,  These nroduocts were kept in deslceators

undar vacuum, in the dark, wvntil uesd,



TABLE I

Suammary of Hesults obiained in the Verious Extractions ef Jack
Pine {Pinus Panksians) with sloohol-benzene

L

| %{;ﬁ %lasﬁ T u%igm

geu, ﬁmg i’au&é (gﬁ m'&.} wt. of wo0d ro5ins  resins  reeins

snch Pins 10 dnye 38.9% 557 gms.  26.5 gms. 4.76 3.37

do, i3 o 28,34 789 * 18,7 * {(losees in drying products)
do 15 # .14 5h1 v 25.% ° 4,70 3.75

do 19 = 6,87 575 * 25,0 * .52 3.51

4 7h 6.9% 1107 * 50.6 *  1.57 3,12

do g * 7.3% 1079 ¢ 56,8 * 5,22 3.12

vﬁia g1 * 7.3% 2U02 6.6 " {loeses in drying products)
& * 7.3¢% 7 17.7 * 5.58 4. 71

90 19.64 2543 % 113.3 ° L85 3.12

92 18.74 . 51.7 ¢ 1,25 3.95

g 18,74

V. W EY. B K PR SR

5
g88 8

8.5 * 372 3.2
11,.3% 1720 * 76.8 h kG
5 yrs. 13.2% 13,8 xge. 564.0 §.21 3,31
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Praliminary Separstion of the Totel Orude Resinous
Product

4g!3had-&migg@gnafi@&t;an)la

A weighed guantity of the crude resin and fat mixture

w&u-nagaﬂlfia& by heating with H/2 aleoholic potash for one
hour, on a water-bath, under a reflux ocondenser. Approxi-
mately double the eatimated theoreticel amount of potash wag
uged in each case, the theoretical being based on the neutrale
ization value of the scids obtained leater., The misture wae
poured intc a separatory funnel, »insing with & little hot
algohol, and suffioient water added to reduce the alcohol
ﬂtxﬁﬁgﬁh to 50%., This latter prseosution is very wecessary

in oxder %o avold the Formution of ftroublesdne

tmulsiong at a
lster stage, The mixture was then extraoted »ith about haif
the wolume of petreledm ether (b.p. I0-50¢) ¢o rewmove the
unsanvonifiable, Usually four or five such treatments wmere
CaufTiolent, The totsl petroleum ether extract was then shaven
with a s=all smount of 17 ¥DOH solusion, 30 shich an egqual
volume of aleohol had been spdded, and this wag revnsated a
sepond time; these washings were sdded %o the main sl¥aline
golution, The Wasning oI The Datroisum evner solaticn was
sontinued with small portions of 104 agueousd alenhol until
néutral 39 phenol-phibaglein, The 2xtract was then dried over
aenleium ghloride, the solvent rewoved and the waxy residue
left dried at 65° in the vacuum oven, to constant weight,

The alkaeline solution containing the potassius salis

was acidified with dilutde hydrochlorie amecld, and exiracted with
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ethyl sther, In some cases, a little insoluble materisl,
dark brown in colour, separated, and was rewmoved, This latteyx
wap prabably lignin or some exidation produnt, The ethereal
extrack, containin, the mixed acide, wes wesied with water,
end dried over gsodiuw sulphate., Tvanaratien vielded the acids
as a atic§§, brown mzes and the nrodunt wae dried to consisng
,waﬁghx'ﬂﬁéam’amgtiﬂ@ an the wster-bath.

| Two methods for seneratine the abave mixture gusntits-
tively into resin =eids and fatty =cids, were earefullv ine
vestizated, in order to deelde which wee the more suiltable,

; i2
witohell's method = for sepesration @

&b 3 TeLnod fatty solide
from veein splds

(s} ¢

The dried mixture of acids waz dissolved in ten times
its weight of sbsolute ethyl aleohol, the mixtures left standing
over fused ﬁéﬁiﬁ& #ﬁl@h&%@ over night, then filtersd guickly
into g dry éi%%iliing flask, jmmersed {n cold water., A
strosm of dry hydrochloric seid sse was psesed in slowly,
under gentle suction and continued until ithe solution became
paturated, Thils may reguire several hours when the volume ig
vary large, The solution was left standing for st les=t three
h@uxs, to complete the eanterifiestion, =2nd then noured into
five times ite volume of distilled water., The mixture was
Boiled until the sguesus layer was alwost olear, {1t 1o @l
visable to paes m atreaw of M0, gae to prevent b@m@lﬁg.}

The oily ssters and aelde severated as the unper layer, T¢

was Tound advisable $o sivhon off the lover agueocus nortions
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and extract this with ether, this ethereal solution then
being used to diemsolve the main lot of resin zoids and fatiy
aatera. The ethereal extrdat was washed once with watar and
th&n the reglin aeida were aemarata@ frow the fatty eatera
by shaking with a solution of nine volumes of 1% squeous
potaseium hydroxide to one of alcohol, Thg ethereal extrazct
was agitated several timecs with p@rti@na of this alkaline
s0lution, until nothing further appearcd %o be removed., The
alkaline oxtracis were then carefully waghed with ether, thus
rémoving an appreciable smount of the fatty esters and these
were returned to the main ethereal solution,  This lrtter was
waghed with %aﬁ&? il neutral, dried over ﬁaleiﬁm ahloride,
the ather removed, nnd the residusl Tatty esters dried at‘éﬂﬁ
under suction to eonatsnt welsht, leaving a brown oil,

The alkaline extract was scidified with hydrochloerie
aoid, the resin =cide resovered hv ether extraction; the ether
extract troated as above, snd the reein seids obtained as a |

dark red, rpein-like maas,

(b) Folff and Soholze's methodtt for separation of fatty acids
Zrom rémin agics o

The dried mixkur@ of r:gin and fatty solds was dissolved
in five timee its weight of aisolute ethyl alcohol. To thie
was added 507 by volume of an esterification mixture, vgonsist-
ing of one part of concentrated sulpburic scid to four parts
of absolute ethyl alcohol.  The solution wes brought quiekly

to the boiling point on the water bath, uadey reflux, and



w L ljom

rept at this temperature for three to five minutes only,

After soocling rapidly, {t was transferred to a separatory
funneél, diluted with abogut four volumee of 10% aqueous godium
aﬁlhrﬁﬁe solution, and extracted with ether, The total ethereal
axtract was washed with s little eodium chloride 2olution,
‘and then trested with successive portions of 17 agueous potse-
siun hydroxide, to remove the resin acide connletely fro« the
fetsy esters, The glkaline a#tract wag waghed with ather,.and
n#ﬁ&‘ﬁﬁﬁhiﬁga returned to the main ethereal solution, The
combined extract was then soidified with hydrochloric acid and
treated with ether. A small amount of insoluble material
‘generally ﬁéparg%ing as tﬁis atage wos renoved by filtration,
Treatment of the etheresgl sclution and removal of the etherx

as desoribed left a residue coneleting of the resin acids,

The originasl etheresl solution, ocontaining the fatty
esters, wes washed with: water until neutral, trested as ale
ready desorived {p, 12 ) end the esters regovered,

In order to ohtain the fatty ncide from these esters,
the 1atter were sanonified for one-hs1f to one hour, with N/2
glecholioe gota@h, on the water bath, The potassium soaps were
snlted out by adding s seturated sodium chloride golntion,
‘hyéroghlorie acid added, snd the free aolds taken up by ether,
Treatment of thie atharmal extract in the same way {g.zé }
yielded a very viaaaug,.darx brown mazs of fatty aoide.



TABLE IT

cummery of Analytical Besults, by ¥ethod a, in the Initial Sepsration
.. BT _Crude Products from ?arisma Extractions of Jnck Pine Wood

oapivn

Total | ﬁag&nifiaﬁl& ﬁﬁﬁw&éﬁifi&ﬁiﬁ ¥atop- m 8@§arate &aal yois of
grude B, of ruducts seizhed ﬂ 8 soluble Baponifiable gr@duete{ia—
reslns,ete,  omde mat- aa‘tmi apids® materisl ala&iw lignin, ete, }*

from Ex- erisl  and inoluding g-sé@ﬁ al b N
tmctlon used lizmm, insol- 011 ﬁgfgezm@@} Resin acids F ﬁtt? Lignin

NS % b % R

(a) 4. 48y 3%?1% 77-50
() 30098 3100 ;’g»g

mean %

1

16.8 54,5 30,2 15.1

41~

2 16.3576 144912  79.0 0.206% %.39  .16.6 .6 329 1.7

13,9 2.1 ho,

o
..q,
R
o

a) 3.1881 2. 46k 77,7 O©.1870 5.94
Gaig ful B B iy
moan 1 78.1 5.85

16.4 45,4 38 4 7.50

11 28.5 22,60 79.3 1.50 5.26 15.4 53.2 3.8 6.2
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Freliminary Seperation of the Total Orude Resinous

KA ol A S OIS ol ot *P&mt*‘ e R o

The following method follows exartly the procedure ag
thliaa&‘by Teehiroh in comnention =ith his numeroue investi-

‘gations,

¥ethod B (Techi Mhi‘&iz)

The orude resin mizture obtained by the alachol-denzene

anivaat‘@xtxaatzan wag Dolled with several vortionz of ethyl
ether, under s rellux condenser, until nothins further was
extracted, The hard réaiﬁue waa browen us when dry, and
again boiled with ether, This was roceoted until all the
soluble matter hﬁﬁ vaan extracted®,

The stheresl exiraot wase washed with watexr, 0 remeve
tannine, dyestuffe, eto,, wiiloh were shown $0 be present by
gualitative tocta,

The wasghed esneresl eoiution was then treated Lo remove
the aaiﬁié sonstituents by extrsoting 4t exhsmetively with
1% aqueous a'monium osrbonate eolution until no further selds
were removed, This uvsnally regquired a2 very lony time.

The residunl ether wolution was then washed with wnter
and ﬁu%j@@%@d,tala #inilar extanetive series of vxtractions

with 1€ sgueous e241ium carbonste solution, thus vemoving

s _ o - , Ao ’ e TR PSR R

*Teohireh usuvally found the insoluble matter to consist
only of small amounts of impurities; thie does not anply to
the resins in the present investi =tion,
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oonsidergble additional arountsof noidie substances, ¥When
aothiny further oconld he removed, the ether solution remaining
was wasghed Again with water®,

The acids rensininy in the ether golution were generally
removed by'a final) series af washings with 1Y agueous notrssium
hrdroxide, Tschirch also followed this by treptment with
1¢4 caustic in mﬁrﬁaiﬁ caeaog where all the acids had not bLeen
removed by the previous alkaline solutions,

The residusl ethereal solution, now containing only
neutral substances, was avapﬂxaté& to remove the golvent, and
the residve subjected to steam-distillation,lenving the Minsapone
ifiable mattier **

* Tachireh Ireguently reporied that resin substanges were
precipitated from the ether solution when 100 mueh of the
sgueous extracting egent was ueed at thie stage,

**  Taghireh generally found that 4t was extremely difficult
to vemove all of the ezmentiasl oil In this way, and the
steam~-diatillatione wore continued for seversl weeks in zome
cages, Feo also often added alksll to the distillation-
mixture, to saponify any esters wmresgnt, bHut uveuglly 414 not
find any, The non-volatile, inert subetance rewalning

in the flaa¥ he conlled the “regene®, snd purified it by
w&pwaai@itaﬁing Trom ethar gslution by a'dition of alkali or
aloghol,
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T™he volatile essential oil woe purifted dy re~-distille-

tion and 1te nhysical properties noted.
T™e acidse sontained in the four 2ltaline extrasts mene
tioned above ware sreeipitated from these solutisng by sddition

of HC1 and separated by filtration, Tach product wae examined

pepsrately.

L RSP O — Rl e

* vyapridug meane wors employed by Techiroh in this connaoe
tion, such a8 {rectional oryetallization and precipitation
separation by the lea@ salts, solubility in lzgwaiaw‘ﬁistiilaw
tion under reduced pressure, purification by animal ‘charocal,
ets, Treating four such lote of scids in this wayiis obviously
8 lengthy process, Tsohirob generslly ended up with producte
of doubtful purity, and thers seemed 1o be no object inwing
varione strenzihs of alkali o remove acldic oomponents.



Summary of Analytiesal ﬁew}»m& ‘iay Hethod B, in the Zevsration of the
?@ﬁaz frude ?tm{:‘m:t fron ¥arione Exirscotionz of 3&@‘2 Pine %ood

Section b

e& mu- Fmﬁet mw s DB~ Frzﬁwﬁ B Aywﬂdes, ’mtal
&?@é}? 5 4 mwﬁ@l moved ‘?aﬂ% W%ym% unsap, matter  water
her g godium  potasslum  potmssium | and volatile soluble
| a&maam ~ parbons’ hyziraxiﬁe ,hyﬁzﬁaz.ﬁ_éﬁ_ essential oil (by diff,)

L, % . % w. F ®. 4w 4 | w4 #

3 20.4g| 2.7 1.2 | 580 23,5 7.00 34.3 3.70 18.%F - - |247 7.2¢ 109 1
& 17.70| 2.0 11.3 2.20 12, 7.70 43,5 2,00 11.3 0.55 3.1 | 2.50 1§,10 3 ¥
10 51.7 3.7 7.2 | 8.00 15,5 27.2526 5.70 11.0 - - |[3.73 7.22 6.4




TABLE IIla
¥igual analysis of Section b, Tsble III, for Extraction Mo0.8 only.
gparstion into Fetty icids and gﬁﬁia%ei:iﬁ {Method, p.12)

Patty kolds Resin Acide Total ¥t.

. B w7

g - -

g&éﬁ “4 ?338 l% M. g&rbt abgz g. %«5 11;25 5?15 20$2 g.
# * 3 14 Sod, farb, 2,92 34,1 5.65 65,9 8.57 2.

" * ® 14 pot. Hydrom | - <
| ié@ 53.1 0,60 he 8 1.28 g,

» 5 " }.ag % " 0,27 £2.8 - 0,16 X7.2 6.13 g,

S i S—— 2 it i AN iicnmers s o o e e e s

Total k.69 3%, 2 7.61 61.48 12,30 =.

. ) . 2 - 5 M it o fecrdd 1 " d 2y -
- ___:g:- oA bt ; A UMb P ool ot o105 B . = : - L C . o o e ' 3 4 2 2 R LA L I A
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Preliminary Separation of the Totsl Crude Reginous

- ee——rF0COY

26d in the present investigation)

(a) Initis)l sevaration: The crude resine, immedictely sfter

final drying, were divided into two weiched portions ena thege
examined eeparately, in order %o nrovide s check on the re-
gulte, snd to mvoid the roseiMlity of total loss by sny
aacident during the investigation, The nrude npraducts were
trested fabout slx timeg) with lsrge volumes of ether under
a reflux, st the doliling voint, Yo remove @ammlately the
resing, fats, ete, The inﬁmlﬁbl&-ﬁﬁkﬁ-l@f%erhind Lg%
broken up, 2nd waghed well with ether, then with distilled
water, the ether washings beiny added to the main ether extraot (A)
amd“th& aqmﬁ@ua.wﬁﬁhingsfﬁ} rmt&iﬁwﬁ, thmilﬁ, the cake
wag diesolved in 1} sgueous ZOH, xﬁpreci@it&%ed by HOLl, and
the gelatinous colloidal matcrial extracted with ether, to
reémove the regins, the ether extracts also belng aided to A,
This we~precicitation was carried o:t thres times, after which
the ethey removed nothing furthew, Th®~“&waﬁ1ﬁh1@“ material
lafﬁ was filtered aff and put aside for ?urtﬁar examinﬁbimn.
The pombined etheresl extract (a) wns f11tered from
guspended eolids and the olear solntion (R} extrastes repeatede
v with #mall gartiwn@ of distilled wateor, =nd the sgquecus
extraste sdded to the wnter-washinge (2) obtrined previocusly
from the insoluble matter. This solution (0) ocontaining

éii the water-soluble sonstituents of the orude resine, was
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put aside for subsequent examination,

The etheresl solution {B) ocontsining the pure resins
end fata, was then exhaustively extracted with 5% aqueous
sodiwn oarbongste, to remove all the free acidic substances,

The quantity of agueous alkali that gould be wused for each
shaking was limited, a- substances tended te precipitste from
‘the ethey solution if too muech w-ter were present, More
ether had to be sdded later to make up for the large amount
rémoved in the extractions, This treatwent required consider-
sble time, 4 mechanioal shaker and sealed container ere
uged throuphont thieg work,

the sodium e~rbonsts extrascts were united, and s)lowed
to stand over night, A dark mase e@ilwﬁﬁmﬁ at the surfsce of
the solution, The main vortion of the liguid was removed by
siphoniny and the residual m&&ariai’th&n treanted with an
-'a@ﬂal volume of ether, to remove the neutral aubﬁﬁanéﬁa réw-
maining suvepended in the sods extract a9 o roeuldt of emuleiw
fication, The ether wsshings were added to the main ethereal
solution of the resins, and the agueous layer returned to ﬁha
main sodium csrbonate eatract,

The etherenl solution was washed with water until neutral
anﬁ_thgfath&f'ramQVé& leaving a dark Drown, viaeams*maaa.

This was amhjﬁétﬁd to steam-distillation to remove the wvolatile
oil (see Part IV). In the earlier work, szolid XOM was added
to the distillation-mixture, to saponify the glycerides, eto,

present] but later 1t wes round Mmore gatisrfactory not to depend
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on gomplete spronific-tion under thece oonditions, but *o
saponify the residue st » later stage with alooholie potash,
This avolde oconsiderale trouble with emulsions,

The volatile aii war separated from the agueous layer,
and the latter extracted with ether to recover the rest of the
oil. The rensining sgueous solution conteined some glyc¢erol
produced in the steam~distillstion, g0 it was kept aside to
be added later to the squeous rasidues fron the saponifiocation
of these glycerides,

P Yﬂa regidus in the flask aftar the steam~digtillntion
was axhauativaly extragted with ether, and the gqueous layar
also kept aglde for sxaminzation for glyecrel. This ethereald
@m%r&ﬁt; whﬁﬁ &#&@@:@t&é, yi@la@&'a vigeous, brown materisl.
A?h&é L 21 aayanifiﬁ& for one hour with aleoholic potagh, on the
waier-hHath, Treatwent for as long se five hours did not
produes asn inereased saponification, The produots were
recovered in the uenal wav fp, 14}, the seids isolated bheing
quite oily 1ﬁ gharacter, The agueous reelduss were retalined,
*ﬁﬁéth@? with the previoue ones, to be evaporsted later and
exsmined for glycerol, 'Thﬁlﬁﬁﬁaﬁﬁnifiablﬂ matter was reocovered
from the etheresl layer, and corresponds with the "resens”
of Tachiryeh'y, alihouch lese sinmnle ia‘chawaa$ar. ™he farther
investigation ie described in another chanter. The subseguent
exaninantion of the aoids mentioned in this paragraph, as obe
tained from the esters and glycerides, showed them to conaisgt

entirely of the alliphstic type and are discussed in the shaptep
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deniing with the fatty constituents,

The sodium carbonate extract of the total reaing, ob-
tained se glresdy deseribed (v, 21 ) wan treated with pleotal
g@ﬁﬁia acid, nnd.the mixture allowed to stand over nipght,

T™he olly, Tatty zeids and some of ghe‘reain soids sepnrated as
. an u@@ar layer, It wss found moet 8ffipient to ziphon off the
lowsr portion and extract thie with ether repeatedly, using
this extract to dissolve the mixturs in the upper layer. FPro-
longed mechanical sheking was negessary to remove all the
ether-goluble sotds (Extract D). A large volume of a yeddishe
brown aquecus esolution fimally remained, fron whioh mothing
furtheyr gould be remeved by ether, ?&1$~proha%1y contained
water-soluble oxidation or decomposition products formed

during the 1ang€§y tregtznent of separation, In addition,
there were alwaye obiained at thia stage, verying gquantities of
a light brown solid masterial, insoluble in ether, Singe this
had originally dissolved in the ether during the preliminary
trestment, 1t apparently oonslsted of oxidized acldie sub-
stances, probably of the resin =elde, that had heoome insoluble,
It was ﬁﬁﬁaﬁ to the erude acids miztuve.

The ethereal solution (D) of the total =cide was weshed
with water, and dried over fused ssdium sulphate, Evaporation
l1eft the soids 28 s dark brown =mage, The separstion of thig
mizture into resin scide gnd fagty etbyl esters was effected
11

by the method of Wolff and Scholse™ already described (p,13 )

The methnd was modified in that the resin acids were precipidated
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from the alkaline solution By means of agetic acid, in order

to avoid the jeomerizing effect on theee substances now known
to be paused by hydroohloric aa&ﬁlsb The methods used in the
present research, in deternining the composition and propertics
of theee fats and resin aﬁiﬁa, are disouseged in detail in the

chanterse dealing with these substionces,
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DLAGIULLATIC . BialS Kiasluk
of
METHOD "G"

OF sUBSLALOES.

{5e@ pp.s0~24 for desoription)

Jegk Pine wood
alo.benz.extraction
Crude raosin produot

{See PART I)
ether extraction

| |
{goluble) (1naaiuble)
Totel ether~soluble Lignin, eta.
regin productia. (cee 24RT 1)
watlelx
(weter~soluble) (water~insoluble )
Tennins, etao. Crude fatty end resin scids,
(See P&H% 1) glyoerides, estera, unsgponifisble,
ﬂna a%&ential 011@, - in ether solution.

5% Ha, $Q$ extrasction.

(soluble ) (xnaalablg)
Crude ratty end Hesin decids geridon, eg&ﬁgﬁtxﬂ§§&§fn’
Esterificetion \
(not esterified) (esterified) tean distillet~

uru&a'rasin scids. Crude fatﬂit (nan~valatila) ‘v°lati1si
( Jee FPART 11 } chyl estors. G%yu@ri&gal Lagenti

( See PART I1X )  esters See PART IV
unsaponifi~
able mstier.

S&panif&e&t;en
(aapahitiea) (not aggenifiea)
Fatty scids. Unseponifisble
{See PAWT III) metter.




Green
vigod

deasoned Vood

Summary of Analytical Results, by Method ¢ {the method finslly usesd
in the present inveetigation}, in the Initial Separation of Crude
b FOduots from Various Extraciions of Jack Pine %ood

(a) For the purposes of this investigetion, the crude producte obiained in Exiractions
Fos. 5, 6 7 and 9, Tadle I fereen® wood), were combined, znd the resnlts of the
saanlysie of the combined products sre shown below as "Extraction 9x".

(b) The anslysis of the erude produnt from *seagoned® wood (Extrmotion ¥o.l3%, Table I)
was carried out on two seperate lots {a) and {b) of the same product, and the
results are recorded separately below, together with the mean values, as Fx-
traction ¥o,13 |

Ex% A crude| ete, in- | ncids, from 51

__groms|l mether | extrfotion tiiolein)

Anzlysis
of total
- "freetacids
ag}y

"®%. | 1liznin. | Total "free” J Tiycerides
resing soluble B0 | 28

oy

, £Z TR s (o
| wt. | £ e, 9 hoid pore jerited

_ aeainté Fatty
e ~ pion only) & aperix,

aoids | acidse

9x

13 [{a}&35.0 16.20 6.9 [146.7| 62.% m,ﬁﬁ .7

275.1 (25.36|9.2 |181.5| 66.0 |19.00 |7.6 [r2.B2s5 | 18.3%

13.“(5)256.8 20.25(8.1 |156.6| 62.6 m.ﬁc 6.4

e |% 7.5 | 62.5 ‘ 5.6




TARLE ¥

smemary of Analyser of Crude Fra&netg from Extractions of
. Jack Pine Waod (*Green® and "Seasoned®) |

S SR, PRS- s L TR

! - Water-  Ither— Glyecer- Volstile Polymer- Phy
product- *¥ind eéoluble ineol~ Regin Fatty ides e88en~- ized gtarol Resene
of Extr® of  tannins, udle, Acide seids  and - tisl terpenes, (aver- (aver-
¥o. ¥0od parboby- 1lignin, estere  oil ete. ages) ages)
(See Tabls 1) drstees,ete.) ete.) ,, (aversges) (averages) |
o # % A £ ® %

‘Green 16,8 119 k2,7  23.7 2% 070 13
8 ”gg‘g | 3?,i 32,8 26.0 2. 49 0.63 1.26
. 13.9 6.4 34,3 34.5 4,30 0.82 0.31 0.27
. 16.% 5.9  385.0 30,0 310 0.7 1.57
p . 3 113 435  26.9 6.15 .50 2,26 0.8 O.7%
56,7,9 8.3 9.2° 535 10.9 7.6 1.50 2,62 1,00 o.87
10 " 6.8 715  sh3 22,7 6.2 30 o8 o3 0.2
11 o 15.4 L9l 51,5 3.0 - 0,80 3.65 1.00 0,61
13 Seasoned 138 7.5 542 £3 5.5 L75 658 o5k o

o N

X

Kotes: (1) The mnalytiesl resulte resorted in Tables I to IV {pn,10=-26) are tobulnted above,
on the baeis of the weirht of total srude rroduct as 1004, | |

(a) ¥here the producis of two or more extrsctions were oombined for analysis, the
 "aversge® percentazes of the constituente for esch sxtroetion have heen repor-
ted above {(see Part 17, p.29), »



DISCURSION OF THE THREE weronDgd (A, R and Q) UIED
FOR THE INITIAL mw§%§afxgu OF TH™ CRUDE RAW2IY
. HIXTIR

iy o-usey

Jethod A: Hot Saponification, ete. .

Some of the sdvantages and disadvantages of this method
have been mentioned already, in the Introduction (p.4)

In the case of the pregent investigation, the analyti-
¢al reesults were found to gheck wvery well (Table 1I, p.15).
Apprecieble Josses in water-soluble material were noticeable
during she procedure, These may be due to hyéraiyaﬁa of the
glyoerides and esters, end elso of the lignin which is present
in gmounts ftﬁg ahaﬁ% el24d of the erude product, There may
alaso he some decomposition of the fatty snd resinic aclds, during

every oase, the percentaze of water-soluble material has been

- hot saponification, yvielding water-soluble mroducts. In

spleulzted by difference. The percentsges of fatty acids snd
resin acide, reepeotively, have been based on the total weight
of ﬁhé-&ﬁ@ﬁ?@f&é”ﬁ?ﬂﬁﬁﬂﬁ%, the latter heing teken aa 100%,

A dimadvantage of this method fie that the lignin, ine
soluble, ete,, i¢ not removed Before the chemioal separation
of the true reein producte is made, The insoluble material
separating out aﬁ-#arxauﬁ atuges of the procees, sdde grestly
to the ﬁgfﬁiaal%ié& in thig asthod,

The hot saponifiocation ireatmwnﬁ do8e not permit of
the isolation of the esters and gzyﬁez&&as‘aa suoh; these =re
inoluded with the total free ascids, h&-éh&a method,
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It 4s Righly probable that any volstile essential qil
nr!glna&ly'praaent is completely polymerized during the ssponi-
tieatiaﬁ st an elevate? temperature, Only traces of it were
found in the %ungeponifisble portion® izol-ted by this method,
a8 in the ease of the erude resinous produot from Txtraetion
ﬁa,y‘(ﬁ@a T#ﬁia T, ».10), Anothey portion of the ssme crude pro
duot (Extrsotion Wo.3) was investigated by Wethod B (Tsohirch's),
gnd the wvsgentisl oil recovered in ¢thig case (without the pre~
liminary saponification trestment) was found to be 4,37 of the
arude product.

| Oxidation of the unssturated fats and the resin aoids,
a8 well as lsomerigation of the latter, under the influence of
h&aﬁ; @?ﬁb&b&y'aa@ax'tﬁ pome extent during the preliminary
hot seponification,

Both methoda are based on the eane of esterifica-

$ion of the fatty acide, se compared with the resin scide. The
iatter are very 4ifficult to seterify.

9
(a) Twitehell's “ethed'

The zeparalion by this method is s lencthy §¥¢$§$Q¢
It involves saturation of ¢the alooholie solution of the a@iﬁa
with 901 gas (which may reguire several hours), and this

probably onuses iszomerisation of the resin aolds, to an
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appregiable extent, even though the treatment 1s carried out at
room temperature, This method has the pdvantage of not ré-
quiring the gpplication of heat, The modification proposed dy
%alff and ﬁ@h&lxwxg,-&ad used in the present investigation, has
been found to bLe more simple snd comvenient than the original
method of Twitchell,

R
(b) ¥olff it Hoholue's  Method

This procedure invelves boiliny the mixture of ernde
acids for about %% minmtes, with diethy)l sulvhate, xﬁ d4ilnte
alooholic solution, followed by rapid cooling, The henting
in this csse 19 g&mbghlv nat mffleient to cause any anrreaisble
change in the #&&iﬁ poides or the fate,

ﬁ%anﬁqt&i;ﬁf%a? made some elight changes,as regérds quanti-
*mgs,eu;;n the ghava,ﬁwtga&, in exrder to adapt 1% ¢o the exgh~
'iaatian af-mixtaraawéaah &g, weye obdained in th@ present iom
vestigation, and his experimental methods were followed sxactly
in thies investigation,

Certain other methods for separating resin aoids-from
fatty acids dave beén proposed by various au%&wxwlﬁ, but these
are either slight modiftcations of the original Twitchell
me thod, without aay'ﬁaxﬁiaﬁ1$r'm&van%@g@a,»@@ are uneuitable fur

uge whers comparatively large guantities of material are to be

treated,
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Method B (Teohirch'a)

It has been thousht advisable, on neconnt of the numerous
specific detsils pertainin: to this =sthod, to discuse the nd-
vantages and disndveantages of the method in the Experimental
Part (pp.16~18) with several explanatory footenotes,

The method iﬁ_a very tediouve one as there sre too nany
‘&lkaliﬂ@ extraote to be trested, ﬁith@ﬁ% any éy@&r&mt advantag
to ve gaina@;

The analyticel results obtained by this method, in the
present investization, are siven on p. 19, Table IXI.

The four acidic producte, sen:rated by extrsctlion of the
crude product of Txtraction Vo &,¥ith the four different |
gtrengthe of alkali wers examined, indivicuelly, for fats and
resin acids faaﬁ'?ﬁﬁiﬁ 11Tz, p.1%)in order to determine the
g@ﬁp@@itian.af the aoidie @raduats,*§ In esch of thg four pro-
duote, apnrepi=bls pereentares of fatty acids were fcﬁm&, 8
‘ah&wﬁ'iﬂ;T&bla 1tfs, an’ the solid reain ~efide could not be
iaalat@éﬁuntil the oily fats had been removed, Tt is syldent
that there snfe limitations to the uze of Trnohirgh's method in
the exsmination of these wood-resine, and a further separation
into {a) fatty actie, and {b) resin a@iﬁg, mﬁat be made,

The uee of alkaline solutionz of 1% Mrmgm necesaitates
the uee of very large volumes of solutions, snd thers sezns to
be no good remgon f@r~ﬁg1ng'$uah dilute aolutions, he final

extrgatian with 100 XOH (after the exhaustive treasinent with

*Techireh obtsined only resin aclds fror sinmilar 9@&&&@%&
which he ieclated in hie investigntions,



14 XOH), a2 used by Techireh, was found to remove still more
acidie pradﬁata, but this is probadly due merely to partial
ssponification of glycerides and eeters nresent, on account of
the use of suoch strong alkali. It is poesidble that 10% XOH
may alse resinify, %o some extent, other substances preseny

in the erude reeins mixture,

ally employed in the present investigation)

By this method, the total neoluble materisl (lignim,
840, ) L& removed complotely before any ssperation of the resine
is atiempted, The procees 0f dissolving the residue insoluble
in ether in 14 KOH and reprecipitating by scid, followed by
shaking with ether, and repeating the proocess three times, is
q&ite‘labér&aus, but iz guicker and mors @ffi@ient than merely
refluxing the residue with ether for » lgmg time, The mt- tey
procedure doss not permit of removing the entire resinous and
fatty materisls,

Removal of free acidlic osmponents by extracting the
-etkgzﬁg1‘$@1ati@n with gﬁ‘M“E%QB leaves the glyeerides and
esters be@ind unehanged and these ean be examined independently,
when meparated from the un&&ﬁ@ﬂifi&@i&Q The use of this |
gtrength of alkali results in swalley volumss of extract to be
twaat@d than when 1% ﬁtrﬁng%hv&a'u@a&, and the tedious geries
of extraotions is Q@M$1$§@ﬁ in less tima.' Ho trouble is
experienced with regard to emulsions in using the 5% carbonate
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salution, slthough oonsiderable difficulty is experienced later
in the treatment of the unsgponifiable matter and glycerides,
I%Jia neceéssary to keen the sleooholin content of the solusien
awvnaar 504 am p@ﬂ@ihle, to avold this trouble, The uss of
aa?urataé.waﬁiam chloride solntion wae found verr effective,
exgept in the later siages when most of the salt had been ree
mu#ad%y waphing. Addition of small mmounts of sloohsl, or of
sodive sulphate, were found to be of some help in break;ng up
&mulsiana; In many onaes, howsver, 1% was negsssary $0 acidify
the ether-ag -
8 little alkali, %o ged the sosps sgain into solution and free

gp-unesponifiable emulsion, and then extract with

from the ether-soluble components.
¥ith r@garﬁvta the treatment of the reeinie scid cone

stituents by this method of separation, these were alwsys prew
n&yﬁta&aé:hw.m&aﬁa of glacial acetic aoid. thus @vaadiﬁg the
possibility of leomerimation of the resinic scids under the
influence of HOL, ete. Wolff and Scholze's’} method was used
f@r separating them from the fatty @@aaﬁitmaﬁts,'hﬁa&uaa it was
eonsidered as less likely to involve chemical transformation of
the producte (see p.2h).

| ﬁy this new maﬁhé&.fﬁ}, the produats are 1eolated {n
groups, of relatsd substances, in a form suitable for further
u&i#&%ifﬁw investigation, Only the detalls of the method cone
cerned with the initisl separstion of the orude produst inte the
above gianys have been discussed in the present part (1) of
the thesis; the detaile of the subsequent exseination of these



groups, and identification of the individual oonstituents, are
auﬂ@ribad in the following separate sections dealing with the
particulsr producte, viz., Pert II, Resinic Acide; Part 111,
'Futty constituents; Part 1V, Fasentisl 041 and Unsaponifiable
Yatter,

In addition to Tables ¥, II, TII, I1Ya, and 1Y, sumnar-
i1zing the individual snslytiesl results obhtained in the Initiasl
separatisn of the orude produsts from all the extraotisne,
Tabie ¥ {p.27) ziver a complate summary of entire snalytiesl
data, and inoludes, for vompletenseg, certain fizures from the

axperimental data contained in two later Seotions [IXXI and IV).
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PART IX

A Introduction to the Atudy of the Resin
LAolde of the fGonifers .

o

The etudy of these resin ~cids is inseparably linked
with the $nvesiirntion of colaphony (rosin) and of various
aleoreoins, wvhich RBas been ﬁ&rriﬁﬂ out by a vaat number
of workers for over m century. The rosin industry wasz
already in existence in Jaroling at the end of the sevenw
teanth century. The disgovery of various usep for
rosin ha&&r&l&? led to chemioal Investigations of ite
pwﬁ@&rtiﬁﬁ, and gave the first fmpetus to the enommous
amount of rescayoh that hes besn in progress sines that
t&m@. This resesreh has been fostered, particularly in
France, by the gareful development along seientific lines
of the_ﬁﬁvai stores industry,ss well as to a lecser exe
tent in the United States. Similer developsent is now

in progrese in Pueeis, the Soendinavian gountries, snd

gther parts of Turope, indiontin: the fmnortance that the
induetyy has sgsunmed,
he attention of previoue investisantores has been

dirvented, for the most »art, to the eo-c=lled oclesoresing,
that 18, the "pathologieal® resing whish serve se the raw
material of the naval etores industry and yieldins rosin
{or oolophony) together with turnentine as ths ultimate
produets of the industry. fhe reeing snd similar sub-

stances sctually contained in the gells of the inmer wood,




ahd often referred to s “physisloziocal rveoping", ag dige
tinot from &pathelaginal”, nave received oompnratively
11ttle attention, Researghen on thege internzl secretions
¢f the oonifers have heen few in number, and olways restrio-
ted in scope, |

Cextsin gonifers, when wounded externally by boring,
soarifying, or "letting®, excrete graéuaii? s visoous
material which i referred ¢to unfor the cenersl neme of
"oleoresin®, T¢ ie nlwaye s mixture of » non-volatile
ﬁ@iiﬁ mmﬁﬁxiéi {ohiafly resin nnidp) with 2 wolatile, Youid
egeantial oil; this sixture in zecrcoted by certsin oells
in the outer wood (mapwood) ams a direct result of wounde
ing, snd on Ihis soopunt, haz been referred to as "potho
logieal resin®,  The oleoresing of the nines hove acouired
partionlsr importance becsusc they form the basio raw
material of the neval stores end resinous wood distilla~
tion industries, In Francve, the olesresin of the BOTw
desux pine (Plnus Heritima) iz the basis of these indus-
trics, while in the United States, the ﬁhﬁ@f plnes used
in this comnection are the Longleaf (P.Palustris) and
Muban or 2lash pine (P. ﬂaﬁwwmpﬁyllﬁ). ony otler pines,
however, Tind similar use, Both in Avnerica and in Purope,

The ét&&@ ﬁeﬁr@ﬁianv&n the sutside of the 4ree is
oalled the "gewne® in Prance, Aftar Tgion and a prelimine
ary purifination, 1% 12 ecalled *ﬁ@gg@ﬂ&in@“. T™he solid

pars, removed by mere presasure, without heating, iz the
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*ralinot® of France, and hac “een the gubject of intense
inveatigation,

This French turpentine whoen pubjected to etesm~
diatillation, yields & mixture of volatile ferpenic hydro-
earbone, called "essence of turpentine® The non-volatile
residne remainins in the retorts, le the'golophony”, or

eToe, 1%t is obviously & transformation

rosin, of cgom:
product produced by the sction of hest on the solide
{xalipot} oririnally present in the olesvesin {gemne),
a8 trestment which hag been shown o bring about fundsmental
ghanges in 1tz chemlioal @h&:&eﬁ@r.

?h@ﬁﬁ‘ﬁﬁﬁﬁ%é%ﬁ, from different epecics of oonifers,
present o wide variation in.mxmggxtiea.aﬁé compogi tion,
The epsential oll ie g@ﬁ@mgxly of the same type for a
particular variety §f asonifer, a property which has been
used in certain cases, where botanica) distinction was dif-
ficult, as s means of identification, The terpene,
a-ninens, giﬂﬂlé' 12 peeulisr to the y&na family, but
the rotatory power variss with esch speocies, Both dextro-
and levo-ninene are generally present, sometines sogom-
panied by nopinsne (pepinene), Othexr terpenss, &ﬁé gven
gesguiterpenes, have been found in different species,
In P. Sabiniasna (Digger Pine)l, aowever, the volatile oil
iz made up slmost entirely of the aliphatic hydrocarbon

2 peinte out that, although there are

n~heptane,  Schorger
over 90 species of conifers in North Americs, their

oleoresinous products have boen examined in only wervy few



oasen. This ig all the more true ae regarde the internal
resin reoretionn of there conifers,

The goll’s containsd 4in the voyrious oleoreeiars are
generally concidered =e beins polyvterpenio aclide, all
paa$e$ming the gommon formula “3ﬁﬁ3e°a- tonsideradble
work has been and ie being done in zn endeavour to trace
the relatimnahipaa betwean the terpenes snd the solid selde
in resins, and & great deal of evidenoe lends support to
the theory that such a relationship actually exlsts,
ﬂnﬁantg, in thiz connection, considers that in view of the
extensive isomerie zelatlonshidps known to éxia% grong the
terpenss, it would be natural %o gxpect a 8%ill more ex-
tensive group of isomers in the re-in acide eince these
aolds are more complex than the terpenes., This view is
gupported o z surprieing de:ree by many independent in-
véaﬁiga%aravim the discovery »f the existence of & conspider-
able number of suoch products obtained from varions gources,
The elucidation of their identity wae hinﬁ@r&ﬁ'grﬁatly
by the failure to recognize the exigtence of eunoh iromeriem
in‘t&a products, and for nearly = century there was recorded
in the literasture 2 vast nuwber of different and arnparently
contradiotory results, and from whioch deta nothing of »
gonclugive nature oould be drawm, Tmoont contends thst
even though there are numerous resin selds present in the
eonifera there yel existe s romarkably close walaﬁiaa&hip
between all of them, smince they nearly all lead ultimstely,

by isomerisation, to a common produet, shish 1o g well-known



member of the abietio group, namely, levo-alpha~abletic
soid,

The vastneass of the work carried out, coverinc a
period of over a gentury aﬁﬁ 8t111 in nrovress, in the
investigation of these resgin solde, would render futile
any atﬁampt to give here o complets record of the chemistry
of these substances =nd g discmesion of the way in which
the vast number of rezearches heove heen nrosecuted,
Mareover, this work has been reviewed more or lese thorough-
ly by certain suthorities on the @ubje@t3a, and many
bivliographien giv@nag Heverthelsas, a brief socount of
the chemistzy of eertain aclide, pertinent to the pressnt
regearch, as well ns g short discucelon of the difficul~
ties which for such a long time retarded the gocowplishment
of their identification, ie necessary for s proper under-
standing of what follows,

4 Tar back as 18508, ﬁra@wnd@tﬁ prepared gertsin
*goaps® from roein, and thus establizhed 1ts acidie proper~
tice, Twa years later, Gay-Iusszo and ?&ﬁnﬁrd&,gaﬁmiﬁarw
ing 14 to be a single pure gsubstance, ageigned to it the
f@xmmia,,ﬂsaﬁgﬁﬂ . Q%h$r~iaV$gtiggtars of thig period,
including ﬁﬁaéaur@?, ?h@%amﬁg, and ﬁxag, noted the veristion
in gomposzition whigh ook place on faion, and surcested
different formulse, I% wae now armarent that rosin is
not 2 simnle substanos,

The first cryetalline nroduct obiained from rosin was



1solated by Riess®, in 1824, by the addition of mineral
eclde to ite alooholioc solution,

E&ﬂyll, in 1826, was able to .obta2in frow the colo-
phony of P. Abies, a orystalline soid, in the for:s of
h-alged tablets, which he nimed "abietic &aiaﬁ, while, fron
FPrench colophony (P, Maritima) he isolated an entirely
dtfferent aeld] in 3-sdged tablets, which he called "pinie
aaid®, This was the besinning of a nomenglature whioh has
presented one of the greatest exazonles of confusion ever
known in organic chemistry, Yor the maks of ai&rity, thie
nomenclature has heen omitted,ae far ae poseible, in the
pregent writing, except in those isclated cases where o
definite chemical identity, or s w&l&w%ﬁfﬁn&ﬁ'gw@a@.@f‘
&&ka%&aaﬁg, is concevned.  Ae will be noticed, this nomenw
glature hﬁﬁ‘&%&ﬁ greatly abrideed ss the result of more
regent work,

Followin; Baup, Unverdorben'® prepared various salts
of rosin aclds, He sseumed from his results that tﬁaré
were two dietinet aclids present (a) Pinic Acid, smorphous,
and (b) %ylvie Acid, a#yﬂﬁ&ll&ua,'aﬁ well as neutral
substances, not isolsted., The aclds could be separated by
thelr different $@1ﬁb&i&ti@$ in 72% aleoohol, He exsmined
seversl kinds of Colophony, snd the wide dieagresments in
his results ma’e Lt evident that every rosin was not the
Bome, but thet emch conifer ylelded s product peculisr %0
{taelf,
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esilltot}>, 1n 1730, teol-ted an scid which he algo
oalled "abietie", alttough §t wag not identinrnl with the
one obtained by Baup,

flk prepared the so-called “eylvie scid”,

Tromedorf
and from snalysis of 1%z copper malt, arrived at the formula
(63533G63)2. This formuls was diaﬁat&d.hy Alanchet and
8@1115, but was later gonfirzmed Ly the careful paslytiozl
work carrisd out by biﬁhig}é and by ﬁe$¢17. The i&tzar
prepared "pinic acid®, analyezed the legd salt, and found
the samé formula as for gylvic acid. He drew gtiention to
the faot that th@y h@ﬁ.th@)ﬁam@ percentege composition and

aleo found the smorphoue part of rosin paag&agaﬁ the sane
formula ag the @rygﬁallins, Re2in, in aleoholic molution,
wae ghown %o undergo profound changcs in composition and
oryatallizability, if left standing exposed to the air for
any length of time,

%gur&aﬁlg nrepayed Both ninic and sylvie zeids, srriving
8t the formula *kegéaﬂa fér each,

cat1110t'? discovered an soid in Strassburz turnentine
which he identified ae abletic acid, while Bordeasus
e@l@phwny yielded anfentix&ly_@iff@ran% acid, "pimaric aecld®
Q&éﬁsoﬂﬁ,thﬁnﬁmg recalling ito 0#}%13 (P,‘ﬁaritima)

haarﬁntaﬂ obtained s third seid, by distillation of
pimaric acid, and called it *pyromarie® e stated that
1% wae identioal with eylvic scid, and sssumed that under

influence of heat pimaric zeld is transformed into pinio



andvsylvie»gaids. Pimario acld wag very unstable under
the influence of 1i-ht, heat, =n? air, while the dimtilla-
tion nroduct, pyromnric neid, wag guite steble under thege
gonditions,

Thene verioug noven sesioned by the differert worksrs
ware the cauze of mueh aonfusgion, so thst efforts were
made now to straighten out the matter,

El, in 158G, »repared the zcids alre-dy dee-

ﬁiaw&rt
soribed, examwined the melting-unoints of the murified oro-
gucote, and also subliected then to crystalliograrhic inves-
tiggtiaﬂ for the firsi time. He also noted thelr optignl
rotations snd was able to differentiaste alagrly tus difierw
ent products, 211 of which on carelul anslysig proved to bhe
isomers, O, Heo0, (or ea@&jﬁﬁé}‘ He drew a sharp Gis-
tinction between pimaric and aylvic aclde,

%alyag, in 1861, prepared s nev acld from imericsn roein,
which he also oalled "abletic acld® He obtzined the
same aocid from P. pAbles znd P, Leriz and a-aigned to it
the formuls ﬁaﬁ%’élg@s, Taly funther demonstrated that there
was a differencs wvhen an nold was pt@a&ﬁlt&$ﬁﬁ by cule
@huﬁie acid, or werely by water, an? ghowed thnt thise
broucht his resulis in afr@emant +1th those of “ewert,
abave, | Ye =lmo prepsred and exowined several salts of hie
sbietic zeid., Em maﬁ@ an 1mpurt@n$ obaervation in that

he found that no erystals of sbietic acid gould be obtained



from a concentrated nlaoholic solution, even after naveral
monthg, while {¢ wes mite eany to obtsin crvatalz from a
solution %o which s little water hod veen added. e
also remarked that on pinés, spruges and balnaneg, the
visoous, transosrent resin drops would be trancformed into
grystaliine mposen in rodny weother, Do thus gonoludud
that rosin was counoscd lszrgely of ableti. snhydride, =n
ssgumption which is held tenmoloasly even todasy by not 2
few amtharitiea. In the nrezeace of water, the scid
would be for-ad, waly szttributed the confusing resgults
ga far, to irvwure nrodacte, ssvinrys thnt thoge zelds cre
nrobebly 211 one =nd the sane, tut mixturee of =2nhriride
and zeid are nresent,

the next worh of {wrarionee was oorried sut by
?1ugﬁigargs in 1&5?._ e ahgerved that an aaiﬁ golntion
wag forved when ester waz ~ ipd to rasin, =lsmo on inerense
in %eightg He stronrly =zurnorted the aahydrids theory of
Malyts, He also showed that abletio zecld could be orew
pared in two ways, {a) by recrystallizastion fro- a 707
al&ahﬂl sﬁluti@n, and {b) b? introduction af 2 otres: of

HOl gas into a dilute ”1eakalia golution of rssin. e aone

and concluded that abletie and oinszzic are two &ietinat acids.
ﬂuvernayzh (1868} studied pimaric acid, and esre of

its salis; he confirred the foruula Guaﬁﬁeon Upon dis-

tilling it, he obtained mn soldl 1llke sylvic zeld, =znd

confirmed the views of Laurent ss reiarde transformstion by



heat. Thie work wns also supportod oy that of Diet@riahgs,
Liebermann®®, and Haller®?, 1aly®, in the light of sub-
sequent work admitted the existence of pimorie acid in
French rosin ond slso the presence of " small amount® of
an ae&é,'ﬁaﬁﬁ}gﬁe, in american rosin, ﬁietsrich'aEB
resaltg provided evidenoe tendinry fo pisnrove Yaly's ale
hydride theory, however, and MNleterich sttributsd the dle-
cordsnce in M¥aly'e figures to the vresence of imnuritise

in his nroducts,

&1ab@raann§6, and Hﬁll&rz7 proved definitely that
sylvie, piverio and abletic scide ware 21l Saomeric, The
nelting-points of the purified products were never sharp,
but alwayo tndiested a transformation menr the meltin .-

point,

s

b

Uﬁﬁﬁﬁﬁung wos able to sonfir: the igomerisw o1 the
acide, end estmblished thet they were not identiesl,

The situation was now oonsloeravly clarified, and 1%
wES abéve all evident that = dlistinetion must be made in the
different kinds of colepbony, from warious sources, esch
having ite own characteristios, It wag now regognized
that there were at leapt two diffcrent htinde of conifer
rezin seide, {(a) abietic or sylvic ancid, from Americen
polophony, and (b) pimarie seld, from French salipot, Mf-
ference of opinion exigted conecernin: the percentare gompo~
eition, and whether they were identize]l or merely feomerio,
The work of the investigators =entioned abﬁvwgﬁ' %, 27, 8

was generslly nocepted am eatablishing their isomerism.
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The mubdsecuent diecoverien of isomorphous {noners -nd

stareo-isonere of these apparently nsurs subatancer, zyain
rained serious cuestions, »hioh semupiod the atlsation of » loyge
ausber of workera from 1840 onwards,

0rt13205%7 had previsusly (4n 1674) veen sble to mnre
an apparent separation of pluaris sedd dnte sizplor sulotznces:
(n) Gextro-~pinnric acid, SiTCisltly soluble in loobol; (b)
pyromeria neld, 1@%@%@%@%@ry, easdily soluble 4n sloohol;. (o)
& tranelition nroditot betwesn the ahowve, Thess ell hisd FSiatinoe
tive grystalling fores, lovowplmardic acold ammeercd €0 he sbw

pant,

'?ﬁﬁﬁﬁyﬁﬁﬁﬂ*” sontinsed the wark, mnd by nrevarine B4chly
surified sodion salés, vrr ahle to fsolate ond $9entify, on

only one cocnelon, the lavewplrmorio s2id, e phawmed 1101

plusrio aoldd gould yﬁ@a@ three @%ﬁ&ﬁﬁﬁﬁ'ﬂﬁﬁiﬁm.ﬁmitﬁ‘ e ales
teolated dextro-pimaric asld, and wentioned a»tﬁ&rﬁ neid,
veakly levorotatory, very unatable, and mot igslated in -ure
foyn, Veaterberg olalmed that 2131 previogur nimaric +-ids »eve
simply sixtures of these three,

1% must be pentioned that the duxiror 2nd lovosnimoric

aolds isolated 2o Tar were chesigal foonurs of the conmom ToPw

mula Oggiye®ar Tt wers not opsioal @nﬁiﬁﬁﬁkﬂg.@ﬁ‘ah@ naey
would 1@* _,

An exteneive tnvestisation was scurried out by rech’t, in
15?“& ﬁ% ohtained o very pure spociuen of ntietia notd, Trom

Anorigun colophony, by 30 reoryetallizsti ng frow methyl ple
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cohol. He obtained =n identicel product by Fluckiger's® HEl
method, He showed that diserepancien in osrbon and hydraqen‘
.valuaa;n.pwewiauﬁ‘wark wvere due to the degree of purity, and
that fractional orystalliszation should have been carried furpe
ther in preparing the produocts, He aslso claimed to show tha%
pimaric acld was neither identicsl nor isomeric with abictic,

- but wae s howmologue of 1t, His anaiy%i&al‘figax@a gupported
this clearly.

Rimba@th subgeguently prepared ﬁ@xtr@@imaxi§'aai& from
American colonhony; abletic {or eylvie) aeid had alrendy been
obtained from Prench and other resins, so that the ol3d reetrio-
tion ze &ﬁg&rﬁa,tﬁ@-ﬁigtiaeﬁzva source of these two acids was
aa,iéﬁg@r tenable, The work of ?@atsrh@xg'éﬁﬁ o ¥ach were
jampoartant ndvaneces, but there il remained considerable oone
fusion aas resardie t%ﬁ‘iﬁaﬂﬁﬁty of the resin §aid$x v ane had
yet attempted a thorough investigatien rerarding their netunl
@@natitétian,iml#ﬁbﬁgh;éﬁrtaiﬁ hypotheses haed heen ﬁﬁ?&ﬁ@&dBa.

, B vast smount of work was done by ?gﬁh&xthK

About 1900
and 2 large number of co-workers, on s great variety of resins.
gertain parts of this work have value, from a ohemiosl and botanw
i0al standpolint; but, as regerde the resin seids in particulsr,
Teohireh mesms to have besn greatly misled, His wetlods for
obtaining these scids were faulty, -nd the chemical evidence
4o many osr28 fe practically of no wvalue as indicating the
individuality of the substancge. ?@ah&rahvalaiwg %o have 180~
lated sbout fifty new egids, from enly a few resins, and gave
gnah ané a nasze recalling its ar&g&u, ﬁﬁg@nt35 ig of the



ml}ap

gpinion that the metinie used by Tschireh in ispl-tia; rerin
aedda, and tihe purity of the ultimate nroluots {(frecuently
non-oryetalline) =ro such as to render nig work of nerligible
value az congorng reeln aodde, and thet he e wmovely suoeeeced
Lo snounberins the literature with » constderaidle nomencletore,
without chewiesl sironificones, i wort on these resin golde
sarve& to confuoe graastly g8 ouestion uoon whiesh shemigts were
glowly beginnins to obisin sowe licht,

4 eareful exanination,uude by the writer, of the meihods
uged, sad the resulis obtained by ?ﬁﬁhﬁ?ﬁﬁ, hﬁa led to the
conclugion thet slthoush a vast smount of work was peprformed
by this chesist it 1o 20 faconcluveive, and at $ines uncertaln,
that nothing was reslly added t0 the knowledpe of these resin
acide. In faol, Dupent does not appear to ve exagrerating when
he says that greater confusion resulted,

Taghireh axagim@d various kinds of colophony, and isole-
ted o number of soidic substances, Fros ameriosn g@lggﬁ@ny36
he obteined three aolde whioh he called o-, fi~, and y-abletic
solde, and, although a little uaearta&n about their composition,
tnolined towards the fomwula O, . 0.. He considered them
%o be iromers, and sald that all previously reported abletic
or sylvie aclide were mevely mixtures of these,

4 oareful investigation by Paul lev T in 1908, of abletic
a@id, itm ‘ssters and salte, ﬁﬁ@initaly‘aamabiiah@ﬁ its {den.
tity and the forsula @a@ﬂéaga levy ﬁiﬁﬁﬁ@% rely merely on
a&ﬁb@nwhyaxmgﬁn analyses, which have alwaya hm@a unaertatu in
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the ocase of these unstable substances, but based his a@@nlu~
sions on determinations of molecular weight by tie eiullioscopic
method, and hy &1kalimé®3y. The discorepancies in the figures
r&?erﬁeﬁ hw‘M@@h31 wag ovidently due %0 1mpurxtiéa easused by
oxidation teking plage during the lengbhy ssries of recrystale
1iwstions,

~ ¥uoch of the recent peogress in the ohemistry of the
résin aalds hea bren dus to the work carried out by J. Kmhlex3g,
mnﬁ;&v‘ﬁlaséﬁ and Kﬁhiargﬁ, from 190F %0 1911, There wae
consdderable ungarisinty az $o the a@tugl exietence of the
iﬁ#ﬁ*@#&&#i@ a@ié, whioch ?&ﬁtezhafggs ei&im&ﬁ.t@ hove OLw
tained in a simple @Kﬁ&%iﬁ@ﬁ%:&nﬁ hy.m@ra chanee. ¥ohler,
however, devotéd particulsr attention to thia gquestio-, and
wae finally rewarded DLy &ia@@wﬁring'%h&w scid present in
lapge amount in the winter resin of Flces fxcelsa, the led
gpruce.of the ﬁw&aﬁ-&iya. This 18 a rare resin, oud the
whole work wae indead & great acoomplishment, because in addi-
tlon to %ﬁﬁl&ﬁiﬁg the levoplmaric aaiﬁ; Kohler found other
srodnote, which he, ddentified with the so-onllcd “"sapinic®
or "native" soide postulated Ly him, all of which engbled
him to draw &wy@rtanﬁlaana}asiang regerdine the formetion of
theae reszinic golde from thelr unatable intermediotes, whiph
latter have never been {solated, -l are not é@fiﬂit@1y§&m@mn,

. This winter reain 19 oontained in netural pm@k&taigﬁ the
bark. ¥Yrom some nockete, liguld nrodurtsz wmere obiained,

ta&ﬁthax with gsome orymtalline materisl, and Yohler took great
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paine to gether the subgtencse in ite primitive etate, without
expooure %o light or air, He exanined these natural substanoss,
and advanced certain hypotheéses with regard $o the transforige
tione of these auﬁﬁtunaaene, In cextain isolated cases, the
resin pockets were found in the upper parts éf the tree, and
in these, the gubstance was almost antixﬁly the pure levopimdric
acld, identical with that @aﬁaribQQ.by‘?@&t@rb@xgjﬁ

Eohler found the levowgoid to bs very uns nble and
regﬁily axiﬂi&ablé, Heat %wan#faz&a it %0 a c¢olophenic sold
(3&?@*&%&@&1& asolc) and t0 an loective aold not lsomorphous
with the letter, The melting-point, about 1579, wac very iu-~
definite on acoount pf the lsomexization by heat,

The "sapinic® aclde which sccomponied the above, are
even much more sensitive to hest and oxidstion, ¥ohler pro-
posed 2 a&aﬁaiﬁtaati&sgi of the resin ﬁﬂiﬁ@kﬁf the conifore, and
connitdered, in the light of hie investig-tions, that these ocon~
stoted of

{a) Watural resin solds {"n~2ive” ncida), =leo onlled

- *erebenthic acide” by Dunont,
{b) Colophenic acide, which are transfor-ation producta

of the above, unde? the 1nfluenae of hent or of
minersl acids.

The aatural'rwain pedds {a) are mede up of:

{1) Pimaric solds, dextro~ and leve~, yielding insoluole
sodium salle,

(a) Sepinie acids; at least two, never isolated puve,

vaﬁg unatable, and ylelding very soluble sodium
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The colophenio acids are characterized by their ylelding
gelastinous ammonium sslts, while thoee of proup {a) are ssid
t0 yield eryetalline amonium salts, Hohler conaiicra thot
at lesst three f@fmﬁ of e@iaph&nic aclds exiet, namely, @,
or 1evuw£&rm, B, or dextro~form, and = third inantive form,

The aeid now commonly referzed to ns "abletic ooid? belongs

to the solophenio oroun, The latter zre not nrerert in notnursl
resing, ut sre traneformation producta,

1n view of the resdy transfor-ations noted By KXohler,
1t iz not surpriein: that levoplm-rie zeid, the wmore unsiable
of the two, had never been jgolated nraeviously, excest 7m the
ong ocession r@p@rteﬁ by Yeaterberg,

ﬁugaﬁtga,in hiz work on the "galipot’ of P, Varitima,

has Boen able to confirz the work of ¥ohler on the resin of
Pioea Excelea.

4o alse wae able Yo throw much li. ht on the rela-

Xolhley
tionship existing between the so-called abigtia geld, ond the
'naﬁﬂ#al resin selde, The ides of sepnroting this abietic
aold Into é&mp&éx swﬁatiﬁaan%a orizin=ted with Kohler (and
Rlsson), Ue anowed that abletic acid wae 2 nroduct of the
{aomerization of pimaric by heat: nlmo, tﬁa% =bietic was not
confined to Anerlosn solonhony, nut was alwaye found ng o
produst of isomerizstion of notueal resinie a@iﬁg, The Wi&&
divergence in the properties renorted for ablietie noid indi-
onted thst it could not be A mure mbntance!

pelbtingepeing, from 1200 to 1820
Optioal rotstion, from B66e to 9ho,
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Klason and Kohlar“3 then sttenptec the mep:ration of
thie mizture by a lon: series of reorystallizations, and €inally
arrived at-&”prﬁﬂuut with 8 m.p, 171-1729, @ = <Hle, Théir
matérigl hed vanished 2t this stape.

Latex {1317}, %ehulxgﬁ phowed that an 2lcoholic eolution
of ancrican rosin, orizinally levorotatory, beomme dextro-
rotatory when trented with worving amounts of hydrochlorie
aa&&. This isnwecrpized wroduck, when veeryetsliized, wae not
iﬁﬁ&@g&ﬁ@@m%, zince the valuss for rotation an? melting-moint
inereans? with the wmumber af r&&yygtmiliﬁﬁti@nﬁn Tahulz
ultimaﬁély arpived ot conctant valven of «96% for o , and
s constant =.pn, of 1712, and thum srresrs to have obtained one
pure waﬁ&ti%ueﬁt fron the mixture Ynown ag abietie acid, The
produet was found to be identieal with the one ohtained by
'Kahlﬁr»gtaxﬁiég'#gtﬁ levopimaric acid, The isomerization of
these natursl selids under the influence of hest or of wminersl
acid, was thus esteblished. These faots ax>lnined mush of
the oonflicting data that had hitlierto been rocorded,

In recent vears (1919 to ﬁata} intensive resesrch on the
gleoresin of P, Maritime hae been carried out by Dupoht and
a@ha@xk&rmag, whioh has helped considersbly 1ﬂ,m1&&r1ﬁg un
many poinds in oconnection with the interwrelntione of the
resinio a@idﬁ;- fupont has made extensive uee uf'bmth physiocal
‘anﬁ ﬂhﬁmima1 m&thmﬂa for %ﬁe igolation of produete af'a hgh
féﬁgf@& af'wa?ityﬁ He obtained his golde chiefly by reorvatale

l4zation of the "galipot® Trom aleobolie solutions, converting



them into the eodium galte, =nd then sensratine these by their
different golubilities, The presance of the dextro- and levo-
forme of pimaric scid w2r estedlizhed, 28 well ap of osrtain
other very un~table scics (esinte), in addition to int@rmadimta
transfornation products. The wmother liguors alwavs yielded
gbleftic acid finally, ﬁylamplayimg the physioco~cheniosl tech
nique of ﬁ%rmaiwaﬁ, it waz shown that pimeric zcld is made up
of two subsianoes wnly, the dextro- and $he levo-pinmorics, in
the proportion of 37 and 63% respeotively. The @xﬁrama 1 0
stability af»ﬁhﬁ‘laﬁt@w wag confirmed,

The sapinio soids were found %o constitute the gre:ater
pars of taé tralipot®, and were very unstable, alsc vielding
very goluvle sodium selte, They hsve never Besn obisined in
their oririnal etate. Mupont Tound evidence of st least two
forne of theze spoids,

tupont alan found thet dextropimsric aclid could not be
rendily QQQM%?im@@‘%y‘h@at nr B, while the levownold wae
rendily ioomorised, ¥He found that {gomerization of these
two nolds tony nlaes In two suncessive stepen, gm'mm@tahlﬁ
intermediate soid beiny formed in ench osse, and the ultimate
product belng one form of ablietic meld. The same was true of
the sapinic acide, but the change was extremely rapld for these,
Dupont confirmed his resulte for other mlmﬁrwainﬁ%a in adcdition
to that from P, %&wﬁﬁiwﬁ. - He proved that the various "salipote®
differ grestly in thelr composition., He conaiders that certain

of the terebenthic soids nmay be common $o a large number of
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resing, but thst tie retunl number of there aolds le probobly
small, while their relative nrarnortions in thene verious reagins
differ widely, ﬁﬁnvﬁt f@unﬂ thst the solophonies, =»s well 53
the natur-l (terebenthic) =cide, =11 yielded, by izomerizastion,
the eame for- of akietic roid, He f&rthﬁr statoe thot =211

the terebenthle aolds exhiblt similar erystalline form, and
are extremely diffionlt to'aaﬁ@rmte. If not gulite p&ra, the
product alwaye seens @rysﬁgllagr&phiaally~ﬁﬁﬁmge&enuﬁu The
game ig larosely true of abietic acid, ﬁuffaurgg cl&ﬁmsfta'
have identified nany of the acids pr@vioaaly mentioned in the
literature under 5 wide variety of nsaes with abietie acid

by their crystallo raphic date, thus greatly sinplifyling the
literature, They are 'not, of course, chemically ideutiocal,
but pozsibly iﬁ@@&rﬁnaas mixed crystals. [upont siztes that
if the tsrebenthlc moids hove their own erystellogrs hic
individuslity, =ll the moide derived fror them, the nixture of
which naﬁatitmtea eolophony, are isomornhous and isomcrie
subetances, 0f these he has bBeen able to dietinguieh gt leasgt
twn ghenicsl individunle, It ir evident frow the ahove that
orfinary abletio geld ean n~ longer be eonsidered a def{inite
chemical substance,

*he elusideation of the chemios? gonstitution of the
reginic neide hae been a very slow procese, havine heen
sreatly hinder:d by the publieation of mueh contradictory data,
a very semall portion of which hae been referred to, briefly,

svove, Tt has also been obscoured by the guestion of wheth@r.
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the pbletioc acide exiasted, partioulerly in rosin, in the form of
anhydrides or as free solds, Thnis muestion was first ralsed by
Malygg, in 1961; he adduced evidence to show thet rosin consisted
almost entirely of abietic snhydride, mnd thic wa2e suvnorted

23

l
later by Fluokicer 7, but denied by ﬁi@t@fi@hggg A wiolent

controveray exieted for wony yenrs Pﬁﬂ"“?“iﬁg the mork sad opinions

9 %chiakgﬂ,

of “1atﬁxi@hpg, thxiﬁn&7, ﬁanrigu@ehs, Techireh
and others, in thiz matter, =n’ on the constitution of sbistie
aecid, The Validity of eertain constants for the substanoce,

such ag the Saponifieation number, “ster number, Iodine value,
Acetyl index, ete,, was brought into guestion, An Yester nume
ber® was slways found for the acid, and could not he intarprat&@.
1t w»as sometimes attributed to the anhydride supposed to be

pregent, and H@&tiq&&&&g even olazimed to have proven the exis-

51

tence of z lactons, and later” a lactonic scid, woen the an~
hydride theary was éiﬁp@@?&ﬁ; A1l seam@é_agraeﬁlﬁn the absence
of any ester, however, -Fahriansg (19@3“1§),ai§5 invezti nted
the ghaages whioh faﬂk’§1&6ﬁ~iﬁ the rewin soids on hesting, or
whén exnosed ﬁa air or oxysen,  He worked onlv with Axe®Mosn
rosin, 2nd elsimed to have obtsined hHhut one seld, "sylvie zoid",
5 E 6 *1g theory far ite formation waps that 4t nroseeded

20730 27
from the oxidrtion of terrenes:

aﬁaaﬁia + 30 — QQ¢83ﬁ@2,4 ﬁgﬂ

Thie 1 practically the same theory as adynnred by athers many

53 |
yenrs before Re questioned the purity of the products used



QD? -~

Ea

ty all rrevicus workers, and showed thot {f sllowance wore
made for s definite amount of oaygen, due %o ozxidstion in the
srelonged reerystaliisation nrocezs coyried out by %aa&ﬁx, the
results 0of the lztiter would Le in oomplete agreement with the
formula a@aﬁﬁaﬁa* F&hr&anﬁa also sroved the presence of
gxidlzed resin acldz and of unesponifiable matter (romene) in
aylvio {abletie) ncid; sles the smorphous ﬁﬁ%ﬂﬁﬁ af the §§ﬁﬁmgt
after heating, 217 the resultine rise in welesular welsht,
The oxidztion produsts were found to %g inaonluble in g&%rﬂxﬁum
e ther, Mo drew an anslopy between these shanpes and the agtoxie
dation of linseed oll, 2nd pup-orted hie “sutoxid-tion theory”
for ablotie aold with wuch &x@ar&m@ﬁta& Aate an regardn inoresse
in waloht, characteriati~ venotions for pernxides, ete,, but
does not appesr to hove {anlated any of the trangformntinn
producte., He claimed that his scld {eylvie) eontain-~d two
double bonds, and hence ene very susoentiblie towavds sutoxidae
-ﬁsan, the products later rearrsnginc to goluble hydroxy solde.
He gonsidered tint the formation of the neutral, unsaponifiadle
*regene® found in nmovt resine was the regult of a2 segondary
oxidation procass, He sleo sdmlitted the presence o s suall
szount of auhydride in rosin. ?ﬁﬁklfﬂhﬁg le extrowely oritical
of the sutoxidetion theory of Fabrion, and considere his rseunlts
ae due to the uee of lmpure substances, ?aaﬁi%aﬁﬁﬁ hag recently
{13286) cummenoed sn lnvestigstion of sutoxidation, pertionlarly
of tarsentine olle,

The relationghin of abietie seld to 1%2 go~anllod



anhydride, and the structure of these substances, has occupied
the attention of several investigators recently. ‘Knacht and

4. Hibbert®® sacured considerable experimental data to support
their view that rosin consists almost entirely of the anhydride.
They showed that the loss in wsight on heating abietie acid for
a long time at 180%, corresponded with the theoreticil value
required for amhydride formation, However, sahwalbeﬁv refutes
this by his experimentul evidence showing that, as low as 120°,
colophony commences to show signs of decomposition, with loss of
GOz+ Hence, mere reduction in weight does not necessarily mean

removal of Ho0 in this case. gupgntAQ

also points out that
calapheﬁy ean be converted into cryst-lliine asbiletie¢ acid by two
paéf&ctly dry wmethods (a) by heating in a sealed tube 2t about
1309 (Laba&atﬁa) and {®) by the action of dry HCL gas on fused
rosin, at 1509, Dupont 1lso el .ims that the formééien of
erystalline sodium icid ébietxta, prepared &eebr&iﬂggto his
directions®?, from colophony, is contrary to theyggﬁydrida
thaoxy%z The various terebenthic acids do not form tﬂia 8alt
(362333363¢029H39623a)g Colophony, in alcahaliaiaalutian when
boiled with agqueous soda 2lsp does not y ieldthis salt,: but if
the initial solution is isomerised by adding HCL this libderating
abiétic acid, o yleld of 75% of the sult a:n be obt.ined resdily,
and then yield an abletic acid ef fairly high puritysg‘ Dupont
considers that the anhydride, if present, cert.inly could not
exigt after the addition of so much aqueous soda solution, This
is guite true, but it must de pointed out that Dupont and hie
co-workers place whnt seems to be too much reliance on the in-

gsolubllity of such a salt in aqueous and alcoholie solutions,



- 23 =

or mixtures of the two solvents; 2lso on the conditions of
orystalline salt formation in abietic acid solutions since a
variation in conoentration often h:s been found to lead to
gelatinous precipitatibns. where crystalline formations could
be obtiined under other ean&iticnasgo They have even advanced
thla as 1 possible method for thse quantitative estimation of
ablietic acid in raainﬁg.

Bupontﬁo diaoarda the ides of . n anhydride in rosin, and
- i85 of the opinion that, considering (a) the original acids of
the'“galipot“, (b) the incarmaﬁiate transformation products,
and (e¢) the ult;ﬁata‘colaphenia noide, - there are ten possible
acids in colophony., 7The intermedixte non-oryst:llizable, inactive
and soluble products usu&le predominnte, The resultinz complex
mixture, which he considers to be mercly a solid solution of a
number of isomorphous acida, (analogoue to the glasses), does
not readily crystullize at ordinary temperatures, but i f the
vtransfarmmtion to the ultimate orm is completed by isomerisation
uﬁder thé influenaa qf,hea% or shemical reasgents, a aerystalline
produet is obtained, the purity of which aepanda on the con-
ditions, ﬁénae._fram colophony, which undergoes almost cumplete
transformations during the period of its formation, » yield of
BO=80% of abletic acid ig obtained,

nupﬂntal further supports the view held Ly F@hriansg on
autoxidation of these acids,

At the present time, there are investigations in progress
on the qusestion of the existence of abletic anhydride, and of

the composition of the orystalline product usually o:lled *abietic
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acid", The careful work of Knecht and Hibbert®®, stee1e®®, and

others, the results of which clearly supported the anhydride
theory, c¢annot be ignored. Schorgets3 has produced evidence to
show that the anhydride c:nnot exist in colophony. However, in
1926, Fonrobert and Pallauf®¥ brought forw.rd aevidence vroving

that the product of vacuum distillation of abietic acid was a
crystalline anhydride, ﬁupantsﬁ'and his associates in 1928 carried
out czareful investigation of this subjeét «nd concluded that the
disagreements in analyticul figures and values for the various
conatants obtained previsusly.could be traced to the presence of

a2 small percentage of "water of hydration", or *"orystallization®,
not merely adsorbed or 65@15533; The formula for this hydrate
appeared to be 4039ﬁ3002-330. Tusion in vacuo caused loss of this
water, giving-rise.tovtha crystalline "anhydrous acid”, with diff-
erent properties. The loss of water was eqquiv.lent to 2¢ of the
whole, and took place at the beginning of the distillation, indioc-
ating a loose chemicul band; anhydride formation correaponding to a
3% loss. He also prepared . "pyroabietic acid®.

;%e work of Fourebert and Pallauf waa-rapeateﬁobw Eagalﬁﬁ,
and hﬁ‘agreas vith their views; he ijound the *anhydride® to be even
more resistant to nydration than -they h:d reported,

,Fénrobart and Greth67 prepared the pyroibietic acid of
Dupont65, éarrying out some additional work and proR®iding some

addition:l evidence for the structure as abietic anhydride, as

distinoet from "water-free abietic acid",
An examination of the evidence on both sides makes 1t app-

arent that the gquestion of the existsence of abietic anhydride or
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of the free acids, s the m-.jor constituent of rosin :nd simil-.r
pmixtures, is still an open one, as is nlso the matter of the
relationship existing between the acid +ni the anhydride. Con-
sider:ble attention has been devoted in recent years to the
structure of the acid, and even if these other gquestions hnve not
been settled, the matier of the chemical constitution 1s on a muoch
firmer basis due to the very careful research th.! nas been chrried
out,

The old ide: held by Tachirch®® that avietic acid was a
diphenolic substance, was not supported by the careful experiments
of Fahrioneg on various phenolic substances. The latter came to
the conclusion th.t the acid had no phenolic properties, but was
8 true carboxyllie acid,

Certain formulae, proposed by Bischoffl and Nastvugsl?n, and
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by Basterfield and Bagley ~, wer: looked upon favourably for wany

ye:ra, but ther: was ins :fficient evidence to establish their

identity.

72

Levy 7, in 1918, summarized the evidence to date, and showed

th:t the gtructural formula of Zasterfield and Bagley?l,.if brought
into agreement with the gross formula CgpHaqg0,, expl:ined the faots
in a very complete way. 4 brief summary of the data quoted by Levy,
is given belows
1. Abietic acid readlly gives acid and neutranl ealts, also esters,
and an aeid chloridey henge it must be a true carboxyllic
acid, :
2. It i2 unsaturated; the Iodine Number has - lways been found
te warv greatly with the conditions, but pointe %o the
nresence of tgg ethylenic linkages. This was finally

proved by Levy'+¥, and by Ruzicka and mayar74. in preparing
the tetrahydroxyeand tetrahydro--bletic acids,
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3. Abietic acid, when distilled with iron filings, .4
yielda the hydroaromatic hydrocarbon ‘hbietene”,

This 4is also obt:ined by treating the acid with
hydriodic mseid, Abjietens, distilled with sulfur,
gives rise to the: phenanthrene derivative, "retene?,
CygHyge Hence 1t is concluded th.l abiletic acid has
& hy&gog@nat@d phensnthrene skeleton. Fuming nitric
acid acting on abletic acid has been found to give
dinitro~ablietic acid, which cun be reduced to s
~diamine aclid., It is therefore assumed that there
are olosed chuins in abletic acid, not necessarily
of the aromi,tic type. Oxidation by nitric ascid has
been found to produce scme hexahydrophthallie acid,
indicating the o resence of a very stable hex<hydro-
bensene nucleaus,

4., Flnene and ablietic acid ire supposed Lo be oclosely
- related, not only because both are generally found
together, but also on account of the fact that terebic
acid 1s one of the oxidation products of either sube
stange, by action of nitric acid,

5. The carboxyl group is comidered :io be attached to a
tertiary carbon atom, on account of the impossibility
of esterifying abletic acid by the usu:l method using
HC1 or xgaaé and alcohol.

6. The prasence of 98-1soprapyi group is assumed, from the
- fagt that Levy obtaiined isobutyric acid by vigorous
permanganate oxidation,

7. The presence of a methyl group on s tetrasubstituted
carbon ~tom of a hexagonil micleus was indicated Yy
the formation of retene by distillation of 2ither
abietio or dihydrosbietic acidas. The preaence of an
ethylenic ﬁﬁz gEroup was thus excludod,
These facts ure .iccounted for almost completely by L sterfield&

Bagley's formul i

, put forward in 1906, exoept that they based
it on a formula alﬁnﬁgeﬁ’ The same skeleton structuremade to
agree with the formula egﬁnaaqg by’additian of a CH, group was
considered formerly as beihg the true one for abietic acid. How-
ever, the positions of the double bonds, and of the substituent
groups, were not definitely established, and it remained for
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of the conatitution of this aocid. Hased on his results of
‘hydrogenation, permanganate oxidation, and other methods, he
was able to put forward a formula that seems to have recelived

unanimous acceeptances-

Ruzicka has recently given a c@mplete accauntva

of his
work, as well as of th.t of varicus other investigtors of the
suhjaet, and no attempt is made Lo describe it nhere, The
whole aubject has .lso been reviewed by xevyvg, and by Quponwae,
bn the same oocasioh, and the mattar‘af the constitution of
this versatile chemio:l substance is now considersed as having
been settled,

The 1someric forms of this product have not been expl:ined
however, althaﬁgh this matter i3 receiving auttention, Grunn&l

has put forward certain structural formulae which explain most
of the above facta, and nas 1180 attempted to ac:ount for the
assumed relationship to phene, nopinene, und isomeric terpenes,
However, his views are not wcoceptable in the light of the find-
ings of Rugieké?’. It 18 apparent that : large number of
structural formulae are possible for the above, which may huve
some be.ring on the fact th.t 8o muny isomers are Xnown,

Ruzickal? nug recently established the prusence of two
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double bonds in d-pimaric acid. TLevy®® has also provided similar
evidenoce, Other important work on the constitution of abletio

acid and its isomers, during the pnst few months has been reported
by Dupont, Dubourg snd Rouing4, who claim to h:ve isolated two
sapinic acids. T. TsukamotoB® by the dry distillation of abietiec
acid and of Japanese rosin, obtained several different derivatives,
including anthracene, phenanthrene, and retene, s well as ali-
phatic hydrocarbons from the side ohains., This should have an
important bearing on the possible isomeric forms assumed by the
#cids. The oleoresins of Russian and Finnlsh pines have been
thoroughly examined latelyas'ﬁ7’88. The question of the degree

of unsaturation of the resin acids has been taken up by Margosches,
K. Fuchs, and ¥, aniekasg(lgaﬂ), and from their work and that of
others, thay are able to confirm the opinions of I.. Ruzicka,
mentioned above, as regards the structure of abletic acid, Aaehangc
wnd coe-workers have provided valuable data on the subject sand have
isalated an isomeric synthetic acid, pinisosylvic scid. ‘schan has
published a classifieation of the resin aciésgl; an extension of
that previously proposed by Kiason and Knhler4l.

Gther recent work of interest on the sub}ect has besn carried
out by ﬁnpantgg. in support of his theory of the origin of these
reginic acids, nd the nature of their atmospheric oxidation pro-
ducts and their catalytic autoxid&tiongs, Various nitrogen
derivatives of the resinic acids have been prepared and examined
by Dubeurgg4, and the chemistry of this branch of the subject

reviawed. An extensive research on the chemistry of retene is

being carried out in Dupont's laboratory by L. M. Cheunggs.
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~In the above rcv;qﬁ, it is jmposdibla to even mention every
plece of work that has been carried out and has a bearing on the
subject, The recent contribtutions to the literature made by
Ruaink;m. ‘zmy"”, Eapn'ntac, Raninge. and xw@lw. ammri zing
ﬁheir-ﬁork on the resini¢ acids, constitute a very adequate and
acona;ibla reéard of this field of chemical ﬁaaearah up to the

present tiume,

In the present investigation, it was first necessary ta find
a method for fresing the crystalline acids from the amorphous
material {oxidation produets) accompanying them, and the various
methode investigated in attempting this are firet discussed,
followed by a desoription of the examination of the purified
orystalline scide, and the identification of the individual con-
stituents. |
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The experimentel results obteined in the oo urse of &

thuorouxzh exsminetion of the crude wmixture of resin ccids ébtsined

from Jeck pine {(P. Benksisnse) indicste clearly thet, Li tils

wixture, there sre three groups.of coldse:

group 1:

nALLUPEOUS 42108", distingulshed by thelx solubility in lou-

gn¢ their reedy solubillty in elcohol.

They are sleeys found iresent with the "crystelline coias"
(Group 2) but éam be sep&f&t&d by yepeated recrystsllizestion
from alaéh@l, in wnlch the ewmorphous scide ere much more wsoluble
then the crystslline products. These amworyhous sciilic substznces
probably belong to the "sapinia? group ol the so-celled
“ueturel resin seids'(pege 1B). The intter bave never been
isolated in the pure stete since they cre extremely unatabla%l’éa
resdily chenging into colophenic ecids under the inlluence of
hest and chemicel reagents.

They sre elso cherscteriged by ylelding verycoluble souium
splte ea distingvished from the less soluble sslie ol the
"orystalline” soids. This offere enother means for sepersting
these subetences.{see experimental pert.)

Group <

WOoUYSTALLIND £0LIDSY  comprbeing

the "oolophenic’

The pimeric sclds come under the hoading of "natursl" sclds,

while the abletic ecids pre in the'colophenic“class.4d,42 poth

of these two types @f sclds werec lsoleted, together with the
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sepinie ecids, when the erude “resin sold" mixture wes treated
exhanstively with peirsleum ether. The sapinip scide were recovered
28 8 yoliow soum from the semi~srystslline miétnre, end the
rnﬂainims arya#ulltagipwadaaﬁn.than geparated into (1l.) the
"natural” acid dhm@aaéﬁtkfpihuﬁia) asd . (Z.) the “ealaphanic”
somponent (ebietic seid), by means of the.arystelline smmonium

sait of the former, end the crystallime soid sodium selt of the
latters Theoaolophenis (iaéﬁmriaaé) solda do not yleld

awﬂ%ﬂ:&lm smnonimn aulw];? while soid selis, sush e3 seid sodium
&ﬁlﬂtﬁ%ﬂiaétﬂﬁﬁﬁlﬁﬂ obtained in orystalline form from the "naturel”
sotdel? o

Groap St
AO:PHOUS TMBSKOnMATION PRODUSTS DRaIVED FaoM Ja0UPs 1 sud &
These produets are ineoluble in petroleunm ether (ase KehlafLQs
and Febriond®), ¥hen subjected to bhigher teuperature, as in the
distilliation of the fﬁﬁe aai&s or of the eaters, in the present
iovestigetion, axyﬁtallzﬁa-saiﬁ derivatives wers ahtuim&d.‘ The ase
any&ﬁakiia# yfgéﬁetQ%NQg or mey not be ildenticel with some of the
gdids pressnt in the originsl reasins; the sowoalled "netured”
scide generslly give rise to "colophenie" acide when heated§l.45
but dexiro-plusrie aoid {e "natural” seld) is nxeaﬁtim&a&. in
that 1t can be 4istilled, in veouo, withouty undergoing ghaﬁ@aﬁa
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Discuesion of resulis obbtsined io the seperesinn of

Growps 1, &, and O,

The difficulties encountered durin; the ecrlier stages of

the work, in sttempting to isolete the orystalline asclds Ifrom the
erude mixture, cen be understood vwhen cousiderstion la ziven to
the fsct that the originel crude resin scids consist of such
e complicetzd mixture embreeing groups 1,., snd o

The ecrlier QXperié@ntal methods employed {See Uxperiuentel
Yert, a to 1) to lsolate bhe éryﬁtalliﬁa producis, were .ot
sucgeasful in pome ceses, snd, In other csses, ilor exemple,{vcouum
distilletion of the free scids or the esiters) yielued mostly
trensformation products. Frectional crystsllizction, frectionel
preclipltetion, purificetion by means of enlmel chercosl, seg&ration
by means of the phenylhydrezide or mothbylemide, werce of no use,
on socount of the presence of such lerge percventeges of iwupaire,
amorphous meterial. Taehirchl04 croported heving consldercble diffi-
oulty Lﬁ.purifying'the acidic products wuich he obteined, by
frectionel orystellisetion, ets., snd frequently ended up sith
insufficient materlel for investizetion. This difficulty is
prezent t0 snh even groster degree in the pese of the more
complex mixtures frow the wooderecins obtesined in the pressnt
investigstions
fnvolving, respeciively, the use of

hydrochloric acid ges, snd the sction ol hesat under pressure, were
found to be of no use on account of the tarry nature of the substanae

formed, These sre probsbly trausforuetion productis due to
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isomerisstion under the influence of heat and winersl &.id (sec
Dupont42 end Kohler?l

Method (g): in the seperstion Ly meens of the lesd selta,
the snalyticsl results show thet the products {soluble :nd In-
goluble gslis) sre impure miﬁtureai send that no sotuel seperation
has been effected. The volds recovered from ihose sslés could

not be isoleted in crysteliine stete.

Lhod Ale Vecuum distilletion or the urude
mixture of ecids, or of the esteriiied product ilnvolves couslder-
able lossmes of materisl, due té deconpoaition &t high temper-
stures which must be employed so thet re<fractionation of the small
yields of the distillates is slmoat ocut of the question. 7The
scids thus obteined sre chieily isomerisstion products forwmed
by the eotion of he&t.ﬁl*éa end contsin consider:ble suounts of
smorphous aahﬁﬁanaas. The ordinery methods for esteriflication of
rbietic ﬁﬁiiig& are suliable only for the relotively pure scid.
The derk,terry products, in the present investigstion, bad to be
eetarified under different conditions in order to yilelid & product
thet could be legolsted in coujeretively pure form. The meihod
used fJakﬁatonlﬁl) wes one intendsd perticulsrly for the purifice
gtion of derk coloured rosin.

{i)s Bxheustive extraction by mesns of petroleum ether,

wee piltimetely found to be the only procedure by whlich the pure
regin poids could be isolated, in unchsnzed condition, from the

tarry mixtures. Amorphous, yellow substances { probebly “sapinic"
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scids) vwere 2180 found with the orystielline sclids, by i(his
wmethod, and these ha&‘to be removed by & lengthy series of
recrystelilzetions from sleohollc solutions. The sapinic soids
are very =0luoble in &laahal%gé

The residue insoluble in pesro.eum ether, whon dried, formed
& dark brown mess, resembling very luplre rosin. This usateriel
§rabably oons iste shiefly of suorphous treasformetlon products

(colophenie soids) derived from the "naturel” roidsd™

An exeminetion of the constents (ses Teble VI p.56) for the
four reslinie esoid products isolsted,
wosinic ecld (4A) by vecuum distillation,{":reen’ .ood products)
Kesinie ecid (B) by esterificstion, {"zreon” wood producte)
Zesinio soid (C) by petroleum ether extrsotion{green” =ood producsta)
Heeinic sc0id (D) by petroleum ether extractionlsessoned wood product)
shows thes, ss mlreedy wmeniioned certein ol these constanic sro of |
little or no value in chersoterizing the individuel acidu precent
since they elways depend on the sxperimentsl conditiong.(see
peze £0.) ‘The "lodine number” and the "Siponific:tion snd Sster
numbers” reported in the l:tersture, for sbletic acid sna 1ls
isomers, vary over & coutsidelsble renge. These very sencitive

ecidic substsnoes resdily change uander the inifluenve of heet, snd

of chemicel resgents 2enerally. The velues obteined for the
products in the present investigstlon sgree with some of those
that hsve been reported yraviemwly}ov

"LIAD ﬁUﬂBEﬁ". The neutr:lizetion velue {"4cid number”) is &

direet meoasure of the true ecidity of the pure muustences, in the
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pregent ceso, because 1. wese detersmiuved by neutrelisetion
of the free sold, in the cold, ith vouoy ﬁilu&efgg) aloobolia
poteshs A mloro-~borette vec used, for groeater aUUrEQYe
The deteranination of the neutrelilzstion velue, under vereinl
sonditionse, offers probebly the beut means of ssooricining
the moleculer welght of ihe sold very aaawrataly%aa

The moleouvier welight,{.04.8) destercined in this wsy, for
the abld {C) obteined by petroleum ether exitrsotion aﬁﬁ rg~
oryetelidzed tventy times, sgrees -ith ihe theoreticsl valune
(50542) for Opg H o Oy

The solide fﬁ} ﬁﬁﬁ {B)} were found to bzve & slizhily

higher soleculer welight, &00.03 thie wey be due to sliuht
oxldstion bevi:: ocoumrred during the csterifisetion znd divtille
stion of these prodmoits. Ultiwete anslyoes (for csrion eud
hydrogen) ere not of eny particuicy velue in the osee oi theae
subatanges, on scocunt of the 4ifficslsy in outelning chasolutely
pure products. The confecion resslting froum interpretetione
of such snelysiosl iote, in the pest, hesg been mentioned elreedy
{pp. T=14).

The melting point is of no significsnce bere, sincs esoh
of the soid produste exsmined is odviously e mixture of isowmers
end these eolde are kmown o undergo isomerisation near the melting
20108399 ineont?i?
ecids from American rosim, &ud atiributed the indefinitenese

reported s melting rsnge {149-161°), for his

to the formation of sbletle anhyirides. These teuperatures
sorreapond slwost exmotly with the renge observed (150-1680) in
the cese of the polids in the present investigetion. The meiting
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point 12 of use in cherscterizing the individusl componenta,
only after employin: some suiteble procedure ior separating
the mixture into simpler eonstiiuente. The products may have
gll the extemnal apyearaneeé of being cheuicelly pure, as in’the
‘case of the ebove substences, end yet mey be & complex mixture
of i1soworphous 1&9&&?&?2

The complote identifigstion of eny ol the iudividusl
acids comprising soch a aamﬁlex mixture, ie obviocusly &
4iffi0ult task, and reguires comeiderablc time, es well as
g lerge amount of working meterials In the case ol the smcids
from certein olecrecins, thi:z hes been sccompiished to come

extent%

1l Some of the products bave beep mentioned frequently
in the introductory remarkse( p.p. 11*19).'

aAbietic amcid hes been entimatgﬁ?g in the presenge of
other reeinioc soide, by mesns of the srystalline scid salt,
8, Hyg Oge C,4 229‘02 He, which it formes The "natural”
solde do not yiéld oryeteliine scid salts of this type®”
In the ogwe of the escids in the present investigetion, the
‘erystalline scid sslt.was obtained without difficulty and the
percentage of sbietio scid present celoulated from the yield
of the salt. The neutresl sodium selt could not glweys be
ab%ginad in crystalline form. Quﬁmnt5°“$ays it-is.8lways
gelﬁtinoaﬂ.

A orystsllins dmmaniam salt wes ovtained, indloeting the
precence of "naturel"” a&cids (bpxmﬁrie group). Aclds of the

othar chgse (colophenic) bave baen found to yield only
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zelatinous smconium aaltsfoa

The formation ~f these two crystalline deriwesiives 1nﬂiaate3 .
the prezence of aclds of both the pim&ria (neturel) end ebletio
{eolophenio) groups. The furtier separstion of these derivatives
into the individusl isomerioc components, optical sntipodes, eta.,
is en extremely compliceted matter, and beyond tbe gaope of the
ptaaent WorkKe | |

It is natxéaable that the sold products (4 end B} which hsed
been distilled in vecuo, or esterified, geve & higher yleld of the
¢eid sodlum sglt than the product D, which hsed besn 1s0lated by
petrolanm ether extrection. The latter probsably contailns a
consiiereble percventege of the "notursl” scids; this is confirmed
by the high yleld of crysteliine smmonium selt. This scld preduact
D waﬁ,raary@tulliaaé only itwice, while the others (4, ﬁ, ¢) had
beénw§ﬁrif1@a to a much higher degree (eee Table et end of
Experimental purt.) Ablctio aéi& la formed frvow thé "nztorsl” cclds
during resrystallizstion fram slcoholic solutions.

The erystslline ammoniom salt wse obtalined from both the
acids present in the “green” wood {0), and those of the "seasoned”
wood (D). The yiald 18 higher in the case of the latter,
probebly boosuse it was not rearyétnllizea as often es the former,
bhence more "natural” scids were present.

It would be possible to seperate & mixture of two molde, such
a8 pimerio and sbletlc, into the individusl componsnis, by
fraotionsl reorystallisation, but an extremely large number of
recrystellizetions wonld be required$®, The oryetslline acid (C)
in the present investi ation, melted at 142-1560, 150-1589, and

151-161°, sfter eight, fourteen snd twenty recrystsllisations,
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respegtively. The finsl yleld of product wes sbout 1l-2% of the
original ara&a.aaias. dhen ench of the three lots of orystals
gbove, wore exsmined mioroscopileslly, s mixture of &t least two
cryetel forms was slweys observed. The apporently~pure product
conélaﬁaa‘ehiafly of nsedle~like eryotels, -ith which wes mixed
8 nqnniﬁarublaAPeraaﬁt&ga'ef She peounlisr trienguler orystalsof
ahigtie acide It woe impossible to sepsrate these by weobenicsl

e8NS
Pure syseimene of certein seids of the pimerio end sbletis
groupe have been reported by previous 1nvastigatar&3l& to have

melting=~points se follows:

levoepimario soid Mep LBOQwL520
Dextre ° ! T 811eslz®
Alepieo Agid {Alphe) " 1480

Ablotie moid {alpha) T 178-1740

The totsl crude selds obteined from "green" Jeok Pine, were
found to contein 66+3% "orystslline” soids, while those from the
sossoned wood ylelded 51.8%. These figurez are only rough
wporoxinctions an»aaeauaﬁ of the guostion of the soludbilities of

the "nstural” seids, in petroleum other, and of completensss of
extregtion under the experimentel conditions, ss well ee the ohanges
th%eh the netural substences undeygo in tho course of cheumical
?wroatmnnﬁu Both _pimerie and sbletic solds sre coluble in petroleounm
ther; the icrtter may be yresent erigimalxy in tbhe wood, or Li mey
Le & transformetion product of the "neturel” cuide siter they bave
%aen isolated,
I 1t is poseible %o obtein smell smountae of erysialline recin
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aclds, probably in vnohenged condition, { snd ec.ompenied by
other subatencaa). by extreocting the wood .ith petroleum ether,
elcohol, or bonzene, eic., at compersiively low tempersturesa.
The yield 1: extremely small sud the extrmotion iu fer from
quentitative. The produot, in any cese, would probably have
1o be zubjected to chemicel trestment of some kind, in order
“to 1eola€a the recin solds, free from the other substsnces.

| Bxtreotion of the wood by means of 1% squeous sodiom

hydroxide, st sbount 90~100°, wps tried in the present investigetion,
in attempting to remove the orystaslline resin moide in unchenged
condition. The meihod wes of little use, on sgcount of the very
large esmounts of cellulose end lionin removed @ith'ﬁha reginioc
substences. The scidic produets finslly obtelned wexe found to
contein conslderebly fatty scids, sc thet the resinic scids
sould not be thﬂinéﬁ %i%hﬂut reseriing to & chemicel process
of separgtion, end this involwes the possibility of trensformeti.ns
of the uriginélrpradaetﬁ, to some extent, in the course of Lhe
chemlcal treatment. It does not seen possible %o outein Lhe
puare resinis aclids from wood-resins ("physiological resine")

without employing s chemical trestment of some kind.
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BLFERIMDNTAL PART.

Sea. 1. Attempts to separate orystalline prodnots
| from the oruds mizture of resin meids, pedl.
Ses. 2. UWethod for isolating the orystelline acids
in wunohanged ohsmicel conditlon, P49,

See. &« ldentifiostion of individuel resin scelids by
soaversion into thair eryatall&&a Balis,peb3.
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EXPRRIMENTAL

Seetion 1

Abtempts %o separate crystalline products fro: the crude
e of 1esin .cids.

(a) Method of fractional erystallizations-

The orude mixture of resin acids was disaolved by
heating with wvarlous organic solvents, and the dark red solutions
allowed to stand, after the sides of the dishes had been carefully
aerg;ched to aseist form:ition of erystals., The following solvents
were used: Hther, Benzene, icetone, Chloroform, Glacial ‘cetic
Acld, HEthyl 4scetate, Methyl Alcohol, ithyl sleohol, and a mixture
of the two latter, The solutions were kept in desiccators under
vaguum, shielded from light, :nd such materials as caloium chloride,
phosphoreus pentoxide, paraffin, ligroin, ete., were put in the
debgaaatera to absorb the solvent glowly. The deaiccators were
kept in the ice-chest, and aleo later at room temperatures Qooling
to ~13YC. had no effect. The solvent was frequently replenished,
and’ uhe diah scratchad vigoroualy, bui the salutiana did not yield
aﬁystxlline material, for a very long time, Tha splution in ethyl
alecohal, on becoming quite dry, fin:lly ylielded some small orystals,
and these spread slowly throughout the mass, But it was found im-
possible to free these from the amorphous material by which they
were surrounded. The crystals only formed after the mass had dried

completely, They redissolved readily when solvent was added.

(b) Method of fractional participation from mixed solvents.

The acids were dissolved in benzeng, some petroleum
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ether added until turbidity appeared, the solution oleared :gain

by warming, and the sides of the vessel well scratched. In other
experiments water was added to an alcoholic solution, and the same
treatuent given; The precipitated colloidal fractions were removed
by filtering undar suction, in an atmoephere of carbon di.xide,

but these yiéided only olly restdues, not orystallizable from alcohol,
etc, The ocolloids generally settled to the bottom of the vessel,
forming 2 dark socum. ‘

(o) Action of heat under pressure:-

The orude mixture was heated in segled tubes
at 110°, for several days (Lahatutﬁgis ¥o orystals separated and
the producta would not eryst-llize from solv nts,

(4) Purification by animal charcoali-

sleohollic solutionsof the resin acids were
boiled with animal charconl, filtered hot, and left %o aryst.llize,
Some arystals formed after complets evaporation of the solvent, but
the impurities hnd not been removed, »nd still surrounded the cry-
stals,

(e) Use of hydrgehloric asid gass-

Hydrochlorio acid gas was passed into an
alooholic solution of the orudse acids“S, When 95{ alcchol was
used, a precipitation was noticeable, but this was difficult to
obtain with =basolute alecohol, This precipitate ylelded only s

soummy residue when attemps were mide to separate it,

(1) Beaarattan by menns of Phenylhydrazine and
. ine:-

The erude acids were treated with phenylhydrazine

in equivalent proportions, by he:ting at 100° for thres heurs’a.

Attempls to purify the viscous residue from ether, benzene, and
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petroleum ether, and mixtures of these, were unsuccessaful.

The formation of the methyl amide was also tried, by passing
dry (Ca0) methylamine gas intc an absolute methyl alcohol eolution
of the acidgg. The separation of the pure subs tance, could not
be effected by organic solvente, Precipitation of the phenyl-
hydrazids and methylamide from mixed solvents (benzene and petrol=-
eum ether) was ineffective, on account of the large smounts of
impurities present,

(g) Lead salt separation (Tschirchi®0):-

A hot, dilute alcoholic solution of the orude
resin aclds was ﬁr&ated with én excess of hotyconcenirated aqueous
lead acetate solution, causing the precipitation of = yellow,
gelatinous product, The mixture was allowed to stand and cool =and
then filtered, The solid matter was washed free from lead salts
#ith warm water, It was then repeatedly extragted with hnt»alaohol,
and the insoludble residue dried at 65° in vaouo, The :lcohelioc
mother liquor yielded a similar yellow, amorphous solid on eva~
poration, and this was dried in the asame way,

Ana&xaiasw

rtion soluble in alcohol. Portion insoluble in alcohol.

Sample, 4.476 mgs. Sample, 5,205 mgs.
Wt.?bf}ﬁ ggqlll “ th?h504330546 "
% Pb., 32.2%. % Pbe, 33.4%.
Sanmple, 5.427 mgs, Sample, 3,709 mge,
% ph#! 33‘7%' : ﬁ ?bg’ 32,9%.

Theory for the lead salt of pure abietio acid (anﬁssﬁg)ﬁb;
P, equals 25,6%.
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These lead salts were decomposed by the addition of dilute
hydrochloric acid, and the free acids removed by shaking with
ether. Removal of the solvent yislded brown, visgous residues
from which no crystalline material could be obtained,

(h} Vacuum distillation of the crude acids:-

AB only snmall quantities of material were
svallable and ths distillation teomperatures guite high, specially
designed pyrex flasks were made, ranging in capacity from 1 c.c.
to 50 ¢.c., which wore fitted with very long necks, to avoid
decomposition of the rubber stoppers. The gide~arm of esch had
to be placed almost directly at the top of the bulb, otherwise the
rapid condensation prevented diaﬁillation at thease extremely low
pressures. The flasks had bto be “lagged” wsell with asbestos;
Wood's metal wae used for s heating~b-th, and it was necessary to
keep the flask immersed up to the side-arm, thus making the bholling
point temperature readings on the thermometer inside the small
flask dependent, to some extent, on the bath temperature. .Jvery
precaution was taken to minimize the inaccuragy due to thias, by
keeping the bath at fixed temper.tures for each fraction, eto.,
and, carsfully observing what seemed to be the true boiling tempe-
eratures. As mixtures of substances were belng dealt with, which
could not be complstely separated by frwgtion&l distillation, no
correction of the boiling points was made. 4 Langmuir meyrcury vasuum
pump was used in these experiments, |

Diatillatiou of thé tarry mixtures was always an extremely
slow procedure, 3Ilevating the femporature helped somewhat, but

seemed to cause decomposition of the material in the flask before’
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it had time to dlistil over, .. pale yellow initial fraction,
free from darker material, could be obt:ined by slow fraction=-
ation. Above 2109, very dark fractions were obtained, with an
odor of burnt tar, and as the bath temper:ture rose to 2709,
gageous decomposition oocurr:d, so the distillstions were stopped
usually about thies temperature, The residue in the flask, upon
cooling, formed a brittle, black mass, having the odor of wood
tar.

The averasge results of several éuoh axperiments are tabulated
below: ~

Fraction Boiling Temp. Pressure Distillate Average % Yield of
) | Criginal Crude

1 165-1809 ¢,01~0.05 m.,m. Amberecol- 25%
oured rosin,
2 130«210° : " Dark brown, 5%
brittle. |
3 210~250% . " Yery dark; 104
- taryy odor.. )
Residue, black tar, 40%

These distillates were then dissolved in alcohol and other
aalventa. as in the cryst-llizntion experiments already dims=-
cribed. ¥othing could be done with fraction 3 on account of {ts
impure chmmacter. It evidently contained consider-ble amount of
amarphofé transffrmation products.

Fraction 2 showed signs of orystnllizing on stinding, but
preascnted the same difficulties as regards removal of the cry-
stals from the amorphous s0lid material in which they wera
embedded.

Fraction 1 readily yilelded solid materi:l when deposited

from 95% nloohol, but a very lurge proportion of a brown soum,
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very viscou. in nature, surrounded the poorly formed orystals.,
This viscous material could not be memoved even on porous tile,
Repeated wecrystallization from. ethyl alcohol did not serve to
separate the oryatals fran the scum, YFinally, the addition of
water to the alcoholic solutions appec:red to have a benefici:l
effect, and a mass of fairly well-formed orystals resulted on
standing, but still hiving much amorphous materi:l adhering to
them, The solids were filtered from the brown mother liquors,
and redissolved in boiling szlecohol, @Water was added slowly until
turbidity was just reached, the precipitate dissolved aguin by
wgrﬁing, and this solution left to stand. The sides of the digh
w;ra scratched, to .ssist orystalliz-tion. After one hour, small
erops of rosette~shaped crystals began to form. These seemed to
ba centered on a nucleus of brown, amorphous material, Better
orystals were obtained by allowing to stand at room temperature than
when kept on ice., The yellow, viscous m:terizl ocoguld now be re-
moved largely by allowing e2ch mass of materdi.li teo drain several
heurs.ﬂan porous tile, in the refrigerator, at first washing
with a very small amount of c¢old alochol., By repeating these
operaitions severnl times, a craop of glistening, pure white cry=-
stals was obtained (acid A), These were dried for three or four
days over sulfuric acid, and then for one day at 100° in wacuo,
before being analyzed.

(4) Purification through the ethyl ester:-
This was based on the method of A, C, Johnamo%91=~

Tthe dark coloured rosin mixture (150 parts by

weight) was added to an alcoholic cnustic soda solution made by
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dissolving 20 parts NaOH in 2% parts of water, and diluting
with 150 parts of 98% ethyl alcohol., The mixture was refluxed,
in a sm2:1ll pyrex flask with high neck, suitable for subsequent
vaocuum distillation, When a elear solution had been obtained,
40 parts of diethyl sulphate (115Z of theoretioal) were added
drop by drop, with astirring. The alcohol was then distilled off,
and the last traces removed by a water pump. The residue was
heated at 145° for two hours, stirring at intervals. in extrome~
ly viacous, dark brown mass was obtained,

This product was distilled in wacuum, =and generally yieslded
a light brown, very viscous distillate, boiling between 155 and
180°, at 0,05 m.m, Three redistillatinns of the material yielded
a 9axc.yellaw visaoun, and odourless 1iquidg' Some very dark
fractions of the rosin (acids mixture) were found to yleld slight-
1y darker éetar products, however, considerable mount of

tarry residue always remuained in the distilling flask,

Z8tfn. Col Press, BHoil Yield n22
Eg | ‘ TGEE g | .fﬁ..»

1. Dkst.brown 0,02- 1583 10,0 gms. 3,05 ,<7.5% 1,5440

2. HMed,dark R 161- 7.5 " 2,78 " 33.57 1.5395

| 1680

3, Very dark "% 158- 7.5 v 2,38 % 2B.TE 1.5520
- 1680

44 » " "% 156= 8.0 " 4.30 * 49.1% 1,5425

(From dark rosin, Johns&eipl obtained otuyl abietate,

Dapel96.200° at 4 m.m., and n%z = 1.5203 iv.whe zouna to be

very difficult¥y s’ponified),
The above products were used for getting the pure acids, as
followsi~ the ester wus saponified by mesns of ilcoholio potash,

on a bollingewater bath for about 28 hoursi four times the
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theoreticsl .mount of i{OH wis used. The supunific:tion mixture,
after coolinyk, was extracted with ether to rumove unch-nged
ester, and the ethereal extir .ct washed with waler, these washings
being added to the main alkaline perti.n. The lattor w«s acide
ified by addition of hydrochloric acid, a white colloid being
precipitated, rapidly turning yellow, This was ronoved by ether
extriction, the extract washed with water, and dried over fused
sodium sulphate, SRvaporation yielded a very viscous, yellow
residue, which was jound to orystallize readily from ethyl -~lcohol,
ascomp nied by some yellow scum. Furifieation of this product
in exactly the same msanner as desoribed alresady for the distill:.te
from the erude resin acids yielded pure white orystals (acid B).
mhese were dried over sulphuric acid and then at 100° in vacuo.

The other ethereal solution cont.ining the unchanged ester,
similsrly yielded . brown oil, which wis dried 2t 1009 in vacuo,
and weighed. The percentage snponified was czloulzited from this
by difference, to avoid huving to dry the original yield of resin
acids for welghing.

snother lot of the ester wae saponified, with iscamyl alecohol
+nd potassium hydroxide, in order to get to a higher temperature
and hence effect greater saponification, The mixture was heat ed
for 28 hours, =t 130-140°, then the products obt:ined as des~

cribed above,

?r%ﬂ.frgm Yhe0f Wt,0f Time of
netin,No  ister FOH saponfa,

Yt,0f un- £ unchan- %
shgd,cater ged sstsr Saponfn,

2 2,7 gme. 1.84 gns 28 hrs 0.7 gm. 25 . 4% 74 .6%
(Bthyl ale) |
4 4;3 " 3’.40" 28 hI’B 1.34 " 28'% 71.2%

(isoamyl aloc)
The acidse recovered after saponifieation using isoamyl alco~

hol, were found to be less pure and more difficult to obtain
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orystalline, than when ethyl alcohol (lower temperature) had
besn used,

The following method was fin:lly employed for the isolation

() Reovovery of the orystalline asida in unchanged
chnemigal conditions= |

The orude mixture of acids was treated with
pétrolaum4athsr (bep.30-509) until no more could be extracted.
it firat, thie was done by waruning the mixture, with large
#olumaa of petroleum ether, under a reflux, Then the residue
was broken up, and triturated repemtedly with the solvent, and
the extract decanted. This procedure was found very difficult
and Sedieua,»as the residue bec:ume gummy, and the extrascetion
was not thorough, The viscous mass could not be itreated in the
ordinary manner in a Soxhlet, The only efficient method found
wag to grin&‘tna arude product with sz large amount of sure
quartz sand, and extract this mass in Soxhlet extractors, with
petroleun ether.

The entire material was treated continuously in this way
for 48 hours, then removed, dried, and thorocughly ground again,
now forming a very finely powdered mass. This was again ex~
tracted for 24 hours, The whole process was repeated until no
more material was removed by the petroleum ether, This reguired
seven days extractiorn, using one large :nd two small Soxhlet ex-
tractors. Tﬁa extract was removed at intervale, to avoid pro-
longed heating of the dissolved acids,

The p@trolaumveth@r extract was pale yellow, with green

fluorescence, iAvaporation of the solvent left o yellow, granular



residue (acid C). 'here thse yleld was to be determined, this
magse wis broken up, dried over sulfuric acid in vacuum for two
days, and then it 60° in vacuum, for 8 hours, and weighed.

Purification of the aclds-

The m:s8 (C) was dissolved in hot alcohol, and left
to orystallize. Only some crusts of solid materinlwere obtained,
aécompanied by rosin-like mnsses. (The same result was obtained
with acetone), Thﬁ&@jMﬁﬁsﬁﬁ were left to drain on porous plates.
Several such treatments with alcohol finally yilelded large masses
of solid, pale ysllow in colour, but not definitely erystalline.
When the alcoholic solutions were treated with water, however, as
described prévieualy, beautiful crystslline mnsses were obtained,
There was someétimes a separation of a rosin-like mass at the
bottom of the flask when the turbid agueous looholic solution
was boiled to redissolve the precipitate, The upper liquid was
deoanted from this, and left to stand. Tﬁa rosin, when dissolved
separately in alcohol and reprecipitated, yislded some crystalline
material also, which w:3 added to the main lot,

The orystalline masses obtained from the wvarious solutions
were washed once with aleohol, and then allowed to drain on porous
tile after each recrystalligation; this improved their colour cone
siderably. There was a tendency to become yellow on the surface
when they were exposed to air. The dishes were ept in desiceators
under vacuum, away from light..

snother erop of crystals could be obtained from the mother

liquors. These comprised the more soluble acids,
The above treaiments finally-yieldad a lot of beautiful,
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needle~like orystals, (purified acid ¢), apjarently free from
impurities, but still having a very faint yellow colouration,
even after twenty reorystallizations, These were dried as
usual over sulfuric acid and then at 100° in vaouunm,

The portion of the crude acids insoluble in petroleum ether
(acids C'), was alaso investigated. It wus removed from the sand
by extraction with ::leohol. It showed no signs whatever of
crystallizing. The dark colour indicated the presence of much
oxidised material,

¥hen the oruda aclds (¢*) were heated in sealed tubes, as
already described, no crystals were formed, and the product would
not erystallize from aloohol, even fier saturating Qitb hydro~-
chloric acid gas, On distilling at 0,05 m.m, pressure, a small
;mount of pale brown distillate came over, between 1656 and 210°,
and after repeated tceatments by the methods already desoribed,
(pe 41) , some orystalline product was obtained, which seemed
identic:l with that obtained by distillation of the origiml
crude acids (product ).

lel' and

gome of this insoluble miterixl was slsc esterifie
yielded the products mentioned under matarificatibns ¥os & and 4,
__(pa.ge 47), The product from No 4 was saponilied (paga 48, and yielded
gome amorphous material, with s amall qu.ntity of orystalline sub-
stance, identical with the product of distillation mentioned above,

roximate percentages of orystalline acids in the orude
gids mixture:= |

(a) Crude resin acids from Lots Noa 1 to 11 (part I, pagez7),
of resins from "greenfwood: wt. = 98,8 grams, Refluxing and stirre-

ing with petroleum ether removed 33.3 grams crystalline acida (C).



Insoluble residue (C') = 65,5 grams. 8.0 grams of this
residue gave 4,30 grams, ester (sse ..sterification No 4, page 47),
2 49.1%, oalculated as acids; 65.5 x 49,1 2 32.2 grams ester-

ifiable acids in the residue; (33,3 + 32,2) = 65.5 grams, total
65.5
98.8
ine acids in the crude acids mixture.

orystalline acids; x 100% = 66,3% approximately of crystalle

(b) Crude resin acids from Lot }o 13
remins from "sessoned” woods=-

art 1, page 37)_& of

Weight = 239.8 g.; extracted in Soxhlet, with petroleum
ether, for 7 days.
Weight of crystalline acids (D) obtxined = 124.25 g.;

3 Dl.8%,
of the total orude acids,

sxamination af’Rssin Acids 1 and B (together).

Thess acids were obtauined by vacuum distillation,{(.), and

from the ethyl esters,(B).

Products of “"green* wood.

Detalls
Yelting point 151-161° 1low decomposition abeva 151%;
| eomplately liguid at 1619,
Iodine ¥umber 90,9 0.1146 . aquivalent to 8,33 c¢c.c,
Thios. %g.Olﬁﬁb sme. Iodine per
C.C.)3
Baponification 39,0 0,1669 gr. equivalent to 1.37 ¢. €.
Number: HC1 (0.5179N.);
Acid Humber 181.8 0.,0917 gm. neutralized by 5.78 ¢.¢

alc. KOH (0.08127H.), = 0.01665
XOH. oale'd for C 0
0.01700 gm. KOH. 20%300,*

4ster Number 57.5 (239,0 - 381.5) = 57,5
Molecular Weight 309.0 56,100 mg.KOH/1681,5 = 309,03

Cale'd for CopHanl
mgl. wt, B 383.30 2!
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axamination of Resin Acids C.

Aeids obtained by petroleum ether extraotion,

Products of "green" wood.

NDetalle

velting Point 150-162° glow decomposition above 185093
completely liquid at 1629,

lodine Number 129.2 0.1418 gﬁ. equivalent to
14,91 e.o. Thios, (0.01250 gm.
lodine per c¢,c.) "

Saponification 2343.4 0.0847 gma, equivalent to
Number 0,71 c.e. HC1 (0.5179K.)
Acid Bumber  185.3 0,1420 gm. neut. by 9.13 o.c.

ale., XOH (0,08127X.),
= 0,02827 gm. KOH; Cole'd for

ister Fumber  58.1 (243v4 ~ 1B5.3) B 58,1 3
¥olecular Weight 302,8 56,100 mg. LOH/185.3 = 302,83

caletd for ConaH,.n0n0,

ZRTIFICATION ¢ INDIVIDU:L RUuIN ACIDG 3Y CONVERSION INTO
HAIR CRYST IL TN . SALTS

(1) pPrep.ration of sodium acid abiet@tﬁs?:~

Waterinl used for the experiment: the mixture. of
highly purified distilled acids (A and B) recoversd from the saponi-
fication and acid number detaorminations (see pags52 ) on products
from green wood, lets 1 to 11, {p:.rt I, page27) was employed.
¥ethods 0,1885 gm. of the dried materi:l was dissolved in 6 c.o.

alcohol, n.i 1.57 o.c. aqueous ¥aOH (0.1004K.) run inuo the hot
solution slowly, with continusl shaking. The sides of the vessel

were scratched well, and the solution left in a desiccutor over
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caleium chloride, After moat of the solvent had disappeared,
some fine solid particles were precipitgted; after further
soratehing, needle~like crystals began to form; The 80lid was
filtered from the small amount of mother liquor, and washed with
a little alcohol;

W¢. of erystalline product 2 0.17 g.,

Yield = gg,6% (aelo'd, on 30,58505+CpHag0,80.)

This produet was puriried by reorystallization from alcohol,
vielding colourless needles of acid sodium abletate, m,p.170~175°.
Similar trentmeut of the acids (D) removed by petroleum
ether from lot 13 (part I, page 27), which had not been further
purified beyond two recrystallizations from alcohol, resulted in
anly'a_miautaTqu%ntity of oryst.lline salt, but considerable

gelatinous product,

(2) Preparstion of neutral eodium abletates

¥ethods 0.,1000 gram of the acids (A and B) above, was

~dissolved in aloohol, treated with aquaoué HaOH until neutral,

and the clear solution left to stand, afte: vigorous scratching
of the sides, Aft:r some time, a mry alight precipitation of

flocculent materisl took place, but s &ryatallin@ product could
not be obtained, even after prolonged treatment,

(3) Preparation of the ammonium salts:-

(2) Materinl useds= The highly-purified acids (c),
originally obtained by patroleum ether extractions ("gresn®
wood product),

¥ethods Diasolved 0.1000 gm, acids in 8 c.c. aleohol,
and added concentrated ammonia water slowly, until a slight exe

cess was present, After standing several hours, a small amount
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of orystalline material separated, as well as considsrable

gelatinous product., The mixturc was allowed to stand in a

vacuum desiccator for one wesk, during khiah time most of the

solvent had‘QVaporated. The precipitate was removed by

filtration, and washed with aleohol until the gelatinous mater-

ial had been rmemoved, The crystalline residue wss dried at

60° in vacuo, and weighed, It was further purified by repeated

recryatallizmpicn from alcohol containing a few drops of ammonia,

and fina,llyl éﬁt‘ained in the form of colourless needles.

Wt, of produci obtuined = 0.06 g.,

Yield =56.8%

Mi,Ps of puririea proauct: degomp. - 1159, liquid ag'161°;(3ee balow).
{v) ﬁﬁt@%ial used: The acids (D), originally obtained by

petroleum ether extraotion; (“"seasoned" wood product);

Hethods OSissolved 00,5000 gm, 'in 2O c.a.'alcohol. and treated the
solution in the same manner as descoribed under (#). above. Most
of the precipitate was orystalline, in this case,

#t. of product obtained "0.36 g,}

Yield = 68.2%;

¥,P., of purified product: Deocomp: « 1189, liguid st 1619.{Note:
Kleeon & Kohler®® reported that tble salt degomposes resdily with

loss of ammonis).
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dolds jnptep of tgo- times - u p Iod, San éaiﬁ Zat, %@1 géipgie yiwgria aeryst. aclds
from used lation orye. fram Bo. ¥n. Ho., Yo, acide anids in the

e ... sls, o B __ftrude acids

2 b
Caadah " g

E@ﬁi% to | “ .

¢ 18.5 57.5 309.0

lg% - o . .
162° 1.2 234 18.3 58,1 302.8 -  56.8

,  extetd ko
Extrin Ho. © by pet eth. 2  140-

Trae (A0% purified furthey) YPraces 64,2 51.8
13 | er 150 | | o :
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(A) Introduction.

The rrtiy constituents

The looseness with which the term "resin” hes been epplied
in the past, end even at the present time, is undoubtedly re-
sponslible in & greet measure for the genoral leck of appreclation
of their sotual couposition, insofar s the natursl resinie
products ere concerned. Every natursl so~ocslled resin is a
mixture,chemicelly, and & wors restricted use of terms must
henceforth be adhered to, if confusion i: to be svolidled. The
composlition of & certein”reasin" mey be compsratively simple,
that i8, &8s regards the groups of organie substances of whioch
it is made up; on the contrery 1t mey be very compleX. suu
exnmple, the "resin"” which exudes from cerxtain conifers alter
wounding, consiste, in geuneral, ol & group of volatile terpencs,
and gertsin 2olid scids. Another "resin', colophony, or rosln,
consiste slmost entirely of certsin solid, seldic substances
while the extreme complexity of snotber cless of so-called
"resins’, secreted in the inner, woody portion of conifers, is
only now begintiing to be reslised.

Bven the limited knowledge that satuelly exists of the
oomplicated phytochemlioal oben;es occurring in the cell-wgll
end the cell proper, of growing plants, is suffioclent to waerrent



the assumption thet s lerge variety of chemical substences
«ust be present in sudh tissues, and quite a number of these
have alresdy been lsolated. It mey be ssld without hesitvation,
that there is but one efficlent method known, by which such
substances gen be removed from the woody tissues for examination,
and thet ie by vse of & suitable eolvent, usually of the
orgenio c¢cless. It is evident thst seleetive removel of any one
group ol substences in this way, 48 sn extremely difficult matter
in those ceses where various materisls present mey bhave almost
identicel properties es regerds solubiiity in eny one of these
solvents that gould be employsd. <onseguently, it is to be
expeated that ﬁban wo 0dy tissues sre exiracted with orgenic seolvents,
the reeinous product will be nothing but & very complicated mixture
of & large number of substences; it will slso be found that
&8 not inoconsidersble portion of this mixture is cede up of fetiy
naterials,

The presence of consiisreble esmounts of fat, in many kinds
of peeds 1a,téf sourse, well .nown,~ for lunstance, flax seed,
soye~bean, eto.; certsin young plants elso hove a high content
of fat. The existence of relsiively ler:e percentages of fats
in the woody portions of aged trecs, however, hes never been fully
epprecieted until gquite recently. This fetty subetance plays
e most importsnt role in thevgruwth 0oi the tree, Ga&pak 1 oonsiders
the protoplasmic membrane of the cell is & compound colloidal
system consisting of emunlslfied fats suspended in a hydrosol.
1% is generally consildered thst those faté oconstitute a reserve

&

food supply for the grawing plant. Czapek = desoribes the metebolism

in plents as funotioning through & mecbanism of precipltation,



whmraby substances to be stored in reserve, such as starch, st
end prolieins, sre deposited as insoluble solide, vlways on bend
for use énd ready to be dissolved &s &oon ss rejulred in the
1ife pruceasgA Uther sBubstences which sre formed st the sawe
time, end of & useless sud polsonous nature, are wi thdrswn
from the sphere of the reections normelly teking plece i the
living protoplasm; oxelio sold, resinous substences end essentisl
oils, ere mentioned by Czecpek as examples of the latter oless.

It has been found that the esverege melting temperature
of fats in seeds and in plents, is& remerkebly esdapted to the
surrouniings, &8 regards @llmate.ﬁ ~l80, there has been found
to exist e gertain balence between the proportion of
carbobydrates stored, and the content of fat. The letter seeums
to be at its maximum during the .inter months socording to the
evidence obtzined by phyﬁaahemist8,4 due to & couversion of
stercbhy meterial into fate. Exscinstion of various :tems shous
thet, in the xylem, or woody pert, there is a graduesl chsnge,
during the vinter, of the sterch gralns into tiny oll droplets.
The formation of much liguid fet (olein,ete.,) revults from this
process., Under the mleroscope, the progreass of ihie chenge cen
be followed by =imple applicstion of the lodims test for sterch,
and the reaction of fate with & resgent 3&@& asosmnio acid.ﬁ

The gbove seems to be perticulsrly irue sg reperds
the asonifers. In eertain other trees, ineludluyg same hard-ioods,
Fisober © raperte&-thaﬁ very little chenge occurs in the
carbohydrste content during the uintai, eud that these species

show only & slight tendency towsrds the storege of fats,



it might be antisipated thet coulfers indigenous
to the more northerly letitudes, would, from ecolozicel
sonsidersations of their environment, show & hizher dezree of
fat production than other types. This seecs to be the osse
generslly, from dste gethered so far. 7 ﬁiprependeranaa of
fot hes been noted in thé sepwood, where the sbove changes sre
atill tekinz plsce, vhile the meture hesrt-.cod shows n
higher secretion of resin, § There asppears to be no definite
ﬂiaelnatian to be msde yet, however, ainaa'gahlberg 9 found,
in pines and spruces, that there was & very irreguler distribution
of resins end fats frgm leyer to layer in the tree, and thsi
there wes no rezular veristion vith height. The distribution
of these substences sround the cilroumference was also found to
show no regularity. Msyr 10 pea previously found that shere
wes, in genersl, & concentretion of resinous and fatty meterisl
on the south side of each tree.

+hile the study of naturel fets, ln genersl, consiitutes
one of the most bighly deoveloped fields of chemiocal roassrch
to~day, it cennot be ssid thset thie is true ss regards the
fate inown to exist in varioss woods. In faot, the subjeot has
received practionlly no attention heretofore, and only a few
soattered observations were regorded np to comparstively fow
years sgo. Hawley & wise* mention two instemces of eerlier
works ﬁstagariz expmined the 01l in the hears and aaymwéaé of osk,
end found 1t té be 2 mixture of olein, palmitin and steerin.
aaiahman;g reported s seml-drying oll from basswood, but did not
define it further,
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lnvestigetion in this fileld wes negleated no doub®
for very good ressons: it did not seem feesible #0 meke use
of such eils sommercielly, in the gquentities avallable {rom
treeting lerge swmounts of the wood; and., in addition, extremely
small proportionspresent in the wood cells, and the sdmixture
with varioue other exirsneous components, probebly rendered
very diffigult $he isoclation of the fsts in 3ufficient quantities
Tor invesiigetion. IV may not bé surprising, then, th&t‘by far the
greater pert of the kuoowledge ecoumuloted to date goncerning
these woodefate, hus been gathered from e fevw examinetions that
have been ¢arried on ceritein by-produots of indusiries using
such woods, these by-products having found imporiant commercisl
applications within the lsst fow yéaran On scgount of the
vigorons treatment to whioh the fats have heen subjected
in the masuufscturing processes, it ie not %o be expected that
the results of the exswinstlons would indicete sceurately
the nature of thezme fats in the original wood; nevertheless,
they have sfforded some interesting and velusble datm on a
subjeet which has otherwise been neglscted.

S3ince mbout 1906, there have been s few inveatigations
conducted on s materisl ealled "Liquid dosin” (Tellbl, in
Bweden). This 46 elso referred to ss "Sulfate Jesin", end
ssually oconaists of the materisl oblained by drawing off
the upper layer sfter ssidifying cSulfste pulp ligquors, eor
distilling the produst. It 1s & mixture of scidie substences

derived from resins and fets in the wood, 3th some of the
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terpenia subetances s well. 4 dark oil {("pine oil") can also
be distilled from the mixture. A4nother sort of “pine oil” i
obtained by destructive ﬁxatillatian of pine stumps aud other
wegte; thie ganarally is the preoduct cslled "uine oil” in
Amerioa. The recovery of the oily by=~products from the spent
liquors of the slkaline pulpliog préaéasea hae not been developed in
americs se it has been in Burope. These m&teriala'héve been found
to have & very large number of commercial uses. The terpenic
subgstences and the reein acids {rosin) saveileble from shis source
heve been reviewed thoroughly by certein &uﬁhera,léﬂlﬂ’léﬁ and

the fatty producte that have been identified so fer will be

referred to below.

4 brief examination of Swedlisb "pine oll" {the bhy-prodact

or d4iatilletion by-produots from sulimte pulp waste liqaars)

wes mgde in 19056, by E. &araaan}? followed by Fanyianls, in 1909;
thege were only of & superficlsl nsture. In 1811 - 1918, Bergstro 19
sarried out the firet lnvestigsiion of interest; be established thet
the acidio constituents were meds up of spproximately equal pro-
portions of rosin acide and the fatty solde. Some neutrsl substandes
were also present, incluilng terpenesm, but these were not investigated
The fetty =oide consisted of pelmitic acid, in smell swsount, and
there were &lso indicetions of fthe presence of unsastursted scide of
the clelis series. «hen superheated, considerable sebacic ueid
resulted. 4 phytosterol, mep. lﬁ%»ﬁg, wed also present in emell

quentity in the soapy mixture, but not in the distilled pine oil.
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4 blaok reeidue in the mlkaline mixture, when meparated and
aoidifled, wes found to yield lignin. The heart.ood vas found
to be rieh in reeln, uhile the sepuood wes high in fets. The
f8t ocontent wes found to be hishest in the winter.

@aﬁﬁquiatag foond that‘biﬁe oil' from different mille
varied widely ;m composition, end published considersble date
goncerning the relative &maaﬁté of various groups present in 1t.
He obteined much stearic seld upon hyaraganatian of the fats,

80 assumes the présanﬁa of the oledo group. iHe wes ansble to
find eny pelmitioc scid. He mentions thne presense of & subsisnse
whiclh he oonsiders to be & dibsslc ecid, of high molecular
weight, probebly over 800, snd conteining but little oxyzen.

1t melte et 7:~73%. GSandquist coneiddrs this to be e lsctonie
scid, for remsons which he dces not discuss,. ‘Ha 2lso obtained
8 substence of the nsture of the phytosterols, snd melting &t
126+187%, Certain other substances .ere noted also, in the
ornde oil.

3&&&@&13%39. g8 well us von Buleryl have tried to devise
& mathod for separating on s comumerciel sosle the fets from the
rosin, éta., in the orude cil. They were not successful in this.

Dit%marga investigated Swedlieh "$8l1161", obtalning certaein
frections containing chiefly resin aaiaa..fatty pelda, oxidstion
products, and unssponifliable. The latter gonteined s phytostsrol,
mePs 1369, end some unidentified hydrocsrbons revembling rosin
oils. The lodine Number of the fatty portion indigated partisl
polymerigsation. Hydrogenation ylelded only stearic scld, while
no setursted sclds oould be deteoted in the orizinsl oils The
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presence of olele,linollic snd linoleniso scids wee estsblished
by means of their cxidation end brouwinstion products.

E, Pyhalags conducted e similar investigation, end in the
particular oil exmmined, he found evidence of & etill :rester
variety of fats. The solds which he cleims to have ldentified
wore olele, linoile, linolenic, rioincleic} he steted thet
nuoh smeller amounte of erucic, breseidic snd paslmitic were
slec present. OSugers were deteoted in the oils aosin end
other substences were asleo present.

The dietillation produet from Swedish TallBl was investigeted
by ¥s de Kagzhaxmrweatly;whe found resins, fatity sclds, and sowe
unsaponifisble matter present, The fatty soids were examined
further, and found to contain mostly liquid ecids, (olele end
Linolenie) snd some leurio, myristio and pelmitic scids. &
phytosterel was also found. The "unsaponifieble” :onsieted of
“raain oil” meinly, with & small amouvnt of soft, wexy subsisnee.
Hydrogenstion yilelded & solid scoid, m.p.67-68%, probebly steario
aolid.

It mey be pointed out thet the fetty soids from foruie to
myrietic, whioh may be present in suoh by-product meteriels,
are in all probebvility only fission products, formed &dring the
sooking process from higher, unsetursted acids originally present.
Pelmitic soid aleo can result from oleio ecid~qThe presence of
lower fatty molde of the sbove ¢less was noted during permsngenste

oxidation of liquid fsle, in the present research.)
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Haseslstrosn®® devoted bis attention entirely to the
study af‘th@ fotty scids in the pine oil of suedish origine
The ethyl osters were distilled at 1l m.m. presaure, end
frectionated., The fractions were seponified, snd the solids
exsmined, Peluitio ecid wes found in large quentities. Uleis
end linolenic anlds were aleo identified; the iatter one wes
praaent iu very suell smounts. Evidense of enother acid,
ungaturated, end boiling et 165-170% at 11 mele, wes alsc found,
but its smount wes lese then 1% of the wholees 4 solid scid,
not very soluble in methyl sloohol,mey be identicel with the
high moleoular lactonio scld reported by 8aaﬁqaiat§a llasselstroam
thinks that the pelmitio &aié'praﬁent mey be due o some chemlosl
chenge duriug the process of cooking; other autbore csould not
£ind 1% in their working meteriels Be drawe atteution :0 the
foot that 1% bas been chown ibet oleie moid subjected to canstie
potesh fusion ylelds palmitio sold slaost guantitsetively, #o that
ite prosenve here may be due to the slkeline ocooking sresiment
et bigh temperature, Uo mlso considers thet the solld sold
reported by Sendquist®® snd etill unidentified, msy beve originated
dorinz the many distillstions involved. The presence of linolic
eold was werely sssumed from the feol thet ceprie sold wee emong the
fiseion products of oxidation.

Ap rogerds the progeding deta, it must be pointed out thet
e mixture of spruce and pine is generally employed in kreft
and sode ocoks in Sweden end Finlend so thet the adbove results
«aannot in consequence be applied specificelly to either oless of

woode
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Hassolstroem mentioned that, to the best of his knowledge,
the fetty meterimls described above came from the bleok liquors
of verions sulfete cooks made with 8 mixture of spproximately
76% epruce, and <6% pine. The raw meterial was obteined irom
varisaa.pﬂlp milis in Finlend.
3ince pine ie generslly rioh in fats, while spruce is not,
the above dete csn probably be epplied for the most pert to the
pine used {pinus 8ylvestris), but it is not necessarily specifis.
The cork eelin of the tark,forming theblghly suberiszed pheliem,
are no doubt rioch in fatty substances. 4 cortain amount of bark
sluvays finde ites wey into eny kreft (sulfate) cook, and this
probebly sdds to the complexity of the fetty by-products, which thus
do not represent the condition of the fate in the inner woody
tissues; these lstter tissues alone ere mede use of in other pulping
processes (avlifite, groundwood, ete.). It is evident, ﬁewever,
thet the sbove investigetions heve been of grest velue in helping
to establish the neture of these fatas.

Verious invastiga&ianaﬁ?

beve been serried out on the fais

end wexes of smallexr plentes of industrial importence, suoh es
agotton, flax,‘ete. The seods of ocerteln meumbers of the pinus

femlly have bean,QXamine&,iﬁ.a QUrBOry way, &8 regerds thelr

fat content. The aee&m&arnels of P, Gerardians“® have been found
to contein a @nnaiﬁeﬁébla pexﬁenﬁaga of fats, mostly olein and
linolein, with only sbout &% of ssturated molds. The kernels of

P. Pinee*? were found to contein scids consisting of 9587 oleies,

with only 5% of stesrio. The fats contained in the seeds of certain

Japane se eanifaragg heve been found to gontein hizh percentages
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of unsptursted scidic materiel, not however, clearly defined.
The predcminence of liguid, unssturated fats ﬁhua Boems to be
gonerel in these neturslly~occurring produsts.

The numerous isomerie forms thet these unsaturated soids
can essume obviously 8dd to the difficulties invalva& in their
invegtigaetion. Several such isomers sre very vell known$l The
a@mplexity involved can be apprecisted to some extent from
recent work of Boeseken and aa*waﬁﬁar&?g who have been able to
prepare seversl of the isomeris forme of lineleio end related
aeoids, irom natursl sources. The presence of both ccend @
forms of linolenic sold was found in olls from the secds of the
"Abiletines” group, including pine snd spruce, by Elbues and
ﬁait%erasg these olle bélang to the linseed oil clsss. The
pres-noe of a large nunber of mixed glycoerides of those lsomers
was slso indlicated.,

The only exsminstions of any consegquence garried out on
the fate of woody steme of conifers in thelr originesl state,
appesr to bhave been mede by 3@&@&1%@%‘ ﬂahals§5 and Siebsr?ﬁ
These &3aminatiaua were not by any mesns of an extensive
cherscter but were sufflolent to shou thet the fets present
vere lergely oomposed of unsaturated glyserides, thet is, olein
end its two higher bomologues, the latter being present only
in swsll emounts. The wood in question wes presumably Finue
Sylvestris, extensively used in the Europeen pulp industry.
Their investigetions were limited on sccount of the small smounte
availsble. |

The nature of the changes ocourring in these "drying" snd
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"semi~drying” olls, through sutoxidation snd polymerisation,
forms en extensive field of study in itself, ss indicated by the
vast literature on the subjoct.

The variation of resin end fat content of certiein coniierous
woods with awge has received attention from & small group of
workexrs and & certein awmount of dste is aveilsble,from which
gome general concluslons csn be drsin. Lt mey be meid bowsver,
that the resultas do not slways sgree, and this may be dus %0
differences in experimental conditions; in eny csse, the resvlts
ewait further gonfirmetion before the conclusions csn he regerded
as faota, |

4n this conneetion, it wes found by ﬁi@hterﬁv that with
increased sessonlng of wood there .as s deslime In the emount of
ether-extractable meteriasl, end an ineresse Lu the alsechol
extraot, but this latter 1ncresse 41d not equel the lowseé ln the
former extrect; hence, no regular retio wes melntained. It is
generelly considered that ether removes the none-oxidized resins
and fste +hile & subsequent trestment with sloohol iskes out the
6xidiaea substences. This is not strictly true by sny mesns.

aiehter also found thet the acld and seponification numbers
of the extrected meterial increased with timé.»ana the oster
number deoressed; he stated that oxidstion was the oause of these

9 a8leo found the sold value to ineresse with

chenges. Schwalbe®
seasoning of the wopod; the resins of the 0ld wod also showed much
lower icdine velues tban in the cese of the fresh wood, lndlcating

oxidation or polymerizetion.
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Hahlhaxgag oonducted an extensive investigation on the
veristion of fesin content with time, snd methods of extraction.
lis tried various orgenis solvents, end found disadventezes .ith
eaahe. He reported thet 8 to 10 hours extraotion wes sufficient
to remove preotically sll resinous metter, but smell smounts of
substance conld still be removed even after & week's treatuent.

Be found that drying et 105° caused ohenges in the wood, and
decressed the benzene extract without affegting the sloohol

extraat. He reported very little change noticesble in resin
sontent after ohkips bhad been stored 10 dayse He did not investizete
the nature of the resins. He denied thet resins were ooncentrated
on the aocuth side of the tree, ss ﬁayrQQ hed reported,

ﬁieharél gnoted the following data, for wood in the form
of smell chizs!

Kumber of days Solvent Ixtraet Aesin rat
stored. < of wood. % of extreet. & of extrsct.
8b ither 6.9 6745 3.8
127 " o 879 liel

Theso figures sre not ol much value becsuse ether removes
~only & part of the resine esnd fets, and is s poer solvent for the
oxidized portion. After 85 or 1.7 deym, the lstter musti be
sonsidersble. The results of Sohwalbe end Sckulz® ere in sccord
with the above fizures.

It has been found thet the finer the astete of dalvision of the
wood, the more rapldly these ohanges 1n4$ulahility ocour. Asghan%®
consequently oonsiders that it is purely s matter of oxidstion.

Consideresble date sre guoted by 3iebex$d on the subjest, but
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no definite sonclusions can be drsun yet.
The solubility of the extrescted materisl in petroleum ether
ia cenéidared @ criterion of the progrese of oxidetion, =nd this

hae been dlecussed by sieber%E who quoted the following:

Hesins Hetio testween ether % of ether-extregt

. and sleohol aztraat goluble in pets ether
Fresh 17.7 ; 1 94. 5%
014 47 t 1 1344%

These dete are similer to those reported by>Kahlar§5 gnd Nordenaw
x:olaf?

It must bde noted that, slso here, ether is the extrsciion sol-
vent. it should be evident how necessery it is to taxe into
ecoount the seolvent used, especislly when compering the dsta of
different investigators. This has been the géas@ of confusion
in sueb work. The matter of suitable uolvents s regerds
quentitative determinstions, hes been discuesed elreoedy in the
present thesis. {3ee part X.)

The dmta colleoted by sieber snd by several other investigstors,
have been reviewed at length in his recent baak?s AT 1ﬁapaaﬁiaﬁ of
$his sbows convineingly the difficulty involved in the task of
interpreting these results, contused by differences ln experimentesl
conditione, ohoice of solventis, eto.; Sieber guotes the councluzions
srrived st by the verious subhors end glves s genersl discussion.
However, it is quite appsrent thet in the pre%aﬂt stete of knowledge
on the subject of those conifers recine, snd the changes wulsh they
undergo, it is purely » metter of esch individuel drawing hie own
gonclusiong.

slober®? has devotod e chepter to the discusslon of evidenge
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concerning the chongee oocurring in the wood and the "resins”
with seasoning; the most importent dates heve been discussed
alresdy in this review,

It seems evident thet there is an espprecisble: drop in the
resin end fet acontent ae wood becomes sessoned; but the extent
of this, of course, will depend almost entirely on vhether the
wood hes been ehipped, ground to sswdust, or left in the form
of logs or smeller pleces. 4t also will depend on vhether the
logs wére retfted, end barked, and the length of time in the
water; the time 0¥ exposure to air, the sesson o¢f the yesr, &ud
the average tempereture of the region. Theae faatore heve to
be coneldered in eny disoussion of the subjeot.

The chenges vhich oceur in the resin snd fet subsisnce in
sugh wood ere stlll comparetively unknown. Assumptions have
been mede by enelogy with the guliek~drying oils, 68 regards
eutoxidation snd palymerizatian§@ The presence of the terpenis
énbatanaaa end unasponifisble nustter hss served to compliocate |
the question as well. it 18 sleo noticeesble that conolusions are
very frequently besed on flustuetions in the soild number, iodine
namber, esponificstion number, solubllity in petroleum ather,
eto., and it 18 8 moot quosiion Just how rellisble these oriteris
ere under the olrcumstences. Oxidized msteriesl is invariebly
present here. In eddition, the constants are gRferally referred
to aertain fraﬁgigna, such 88 "etherw-regine”, "aloohol-resinsg”,
"petroleum ether-soluble”, eto., whiobh also places ssrious
limitetions on their actusl value, end emphasizes the uncerteinty

whioch exists as regards the composition of the crude products,

end the chenges which they undergo.
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The fetiy conatituents of the resins exsmined in the
present investigation were found to exist, as elreedy montlcned
{part L) pertly iu the form of free fatty soids &nd partly
in combined stete, ae glycerides or other éatars. 4 _Bystenptic

gxoups, since 1ii was found possible te lsolate these agy&rgtaly.
mipnetion of the glygerides ggﬁé&&ﬁxs.

The portion of the resins conteining the glycerides, esters,

unseponifiable mstter, etc., when aaﬁénifaai {part 1), ylelded
o mixture of ecids. Thiec mixture wes separsted by either of ithe
methode descrided in pert 1 snd found to consist only of fatiy
aclds, no resin scids being presents The ethyl esiers were
either distilled fraa%iaﬁa&ly. end the produocts examined by
method (b) below, or the scldes were tremied ms follousy

Any volntile scids present were removed by distilletion . &th
boiling water, end identified in the dlstillste. The non~volstile
solds were then sepersied, by means of the solubility of their lesd
selte in ether or sloohel, inte (L) "solid", snd (&) "liguid",
fetty eoids. The "solld” soids were divided 1uio "pure fetiy aéi&a”
and "exidized or polymerlzed fatty acida” by petroleum otherx
extraction. The pure solid eoids were recrystellized freotionally,
while the liguid soids were identified by their brominstion d@tivé
etives and permenganste oxidetiom prodacis. CLonstants sach as
{odine namber, ssponifiostion nuanber, refrective lndex, ete.,

were olso noted.



In sone osses, glycerol wes estimated by eveporeting the
aqueous residues from the initisl saponificstion, and extracting
the residue with enhydrous scetone, to separate the glyocerol

from the 28lts.

(b)Rrogedure for examinai. f fetty scids pregent in free siete.

The "free fatty sclds™ present in the resins were slways
converted into the ethyl esters, in the process of seperatling lhem
from the resin scids.({see part I) This mixture of ethyl esvers
was subjected to freetional distillstion, st extfamely low
pressures, using & Lengmolr mercurye~vapour pamp. Three déiinite
frections were nsuelly obtesined, esch one probably & mixture
of homologues. The veriows constents of these esier frections
were determined. The ecide recoversd from the "smponifisstion-
nomber? experiments thns comprised three groups, &8 well &8
weter«soluble woids whioh might be present in the aqueous liguoras,
snd which vere exemined gualitatively. The three scid fresctions
were investigeted sepsreotely; thelir conastents determined, distillation
products examined, snd theiyr bromine end oxidetion derivatives pre~
pered. The lest fraption wes sepsrsted inteo solld and liguid
scids by weans of the lead selts, and those products exsmined.

In order to simplify es5 much sa possible the setusl details
of the above uprk, which are given in the experimentel part
that follows, the descripiion hss been taken up in two separete
parts, (1) SBpecific metheds for identification, snd (2) Genersl
methods of investigation. 1t hes been thought sadvisable to
give first of sll, (section 1) full detells of particular

procedures made use of throughout the genersl investigationm,
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end then merely refer to these in the desoription of the
systemetic exsminetion of the fats (section <), »ith & report
of analyticsl results, properties, etco., where nNecessary.

A% the end of the experimental part, the complete
enelyticsl results have been summarised in a teble, for

comparison. (See Table l&,‘p. 87),



THE_FATTY CONSTITIINTS 01 I} CRUDE R, 1N FRODUCT

DISSUSSIGOH OF SLPERIMNTAY, 1.SULTS

The products identified embrace (a) volatile acide (butyrie),
(b) 1iquid unsaturated acids (oleiec, linolic and linolenic), and
(o) solid acids (presumably saturated, - stearic, wnd a lactonic(?)
acid).

Volatile acids:

The procedure used in the present investigation, namely,
distillation with boiling water, is based on the standard methadSI
for determination of tot~l volatile ncids. fna identification of
butyric acid, 28 the only volatile constituent, was made only by a
qu:llitative tesgg, on account of the amall amount obtained. The
distillation method employed probably involves a certain amount of
oxidation of the non~volatile products,

Gepiration of solid and liquid acids:

The separation of the s0lid and liquid acids by means of
the relative solubilities of the lead s:lts in ethersa, ig more
difficult to carry out thain by the lead salt-aloohol method>?,

The latter is undoubtedly the more convenient to use, and is sald

55 .lthouyh the separation by either method

to be just as accurate
is probibly not strictly quantitative. The "solid acid™ portion
was always .:ccompanied by some of the liquid acida, and viae Yersa,
in the case of tha products in the present investigatior,

ldentification of "lijuid acids" by bromination:

The products were alwsays brominated in the form of the
acids, uni not as the estersy the brominated acid products are
easier to identify and have been better studied.

The new method of Steele and Waahbnrnaﬁ, for determination



of hexabromides (of linolenic acid) wis found to be better

than the older amethud of iﬁibners7

» 2lthough it is longer, and
requires very cureful preparation of the reagents, Both methods
were intended for estlustion of the hexabromides only. The
isolation of the lower bromination preoduets (dibromide and tetra-
bromide) in fairly pure state, was found to be very difficult and
tedious., There is no satisfactory method for the complete separ-
ntion of the v:.rious brominatien products from sach other., The
solubllities in petroleum ether, stc.,, 23 tabulated by Lawkawitschss
are only r:lative, and a lengthy series of recrystallizations is
possible only when a fairly large amount of material is available,

The hexabromide fractions obt:ined from the fats of Jack “ine
melted at 172-173°, 177-178°, .nd 180-183°,

The tetr.bromide fractiovns had very indefinite melting points
and showed signs of decompositiun between 95% and 116°. The
dibromide was 2 dark brown, oily product, ldnolic agid is said
to yield, in some cuses, an oily tebrabramidesglin addition to the
crystalline one.

The melting points for linoclenic hexabromide, and linolic
tetrabromide, given by some previous 1nvastigatar36°, are ns
follows:- Hexabromides, 181-182°, 180-181° and 177° respectively.

Tetrabromides, 113-114° and 114-115°.

The hexabromides obtalned in thoe prescnt investigsation,
establish the presence of linoclenic acid, The quantitative analy=
tical results obt.ined indicute th:t this acid is present in very

small amounts (less tham 1% of the totil fats),

The bromination products were readily eoluble in chloroform,
which indicates the absence of bromides of any acids hicher thah
linolenical,
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In addition to the evidence supplied by their bromination
products, indicating the presence of oleic and linolic acids,
the faoct that dihydroxy-stesric acid, and sativic (tetrahydroxy
stearic) acid, were obtained, by permanganate oxid:tion, :180
Berves to definitely establish the presence of the two former acilds.
Both ®-gativic {m.p.155%), and @B~sativic acid (n,p.173%) were iso-
lated. These two products are issumed to correspond with two
different forms of linolie acidﬁz.

Ho liquid unsaturated scids other than the above three (oleic,
linolie ~na 1inalgnic), could be detected in the purified frauctions
obtained by distillation of the esters, or in the intermediute
fractions,

It 1s pomsible to estimate the umounts of these unsaturated
acids prescnt, from (a) their bromination products, and (b) from
the degree of unsaturation of the mixture of them, although there
are 11mitat£§na as reg:.vds the use of these methods, and the de-
gree of accuracy to be expected. Tne diffioculties mentionsd above
in connectioé with the 1isolation of the pure dibromides and tetra-
bromides and the leoases ococurringduring the process of purifi-
cation, made it impossible to use this method, except with respect
to the hexabromide of linolenic acid. The method of Steele and
‘%ashhurnﬁﬁ gives very accurate guantitative rosulta, when applied
to the estimation of the latter acid, and was used for this pure
pose in the :resent investigation.

It is possible to determine very accurately the percentages
of oleic and linolic acids, respectively, in a mixture consisting

of these two acids only, if the iodine number is known, In the



present case, the psrcentage of linolenic acid present in some
of the products was known from the hexabromide daetermin:tions,
30 that it was possible to estimsate the relative umounts of
oleic and linolic aocids from the unsaturation value of the
mixture of the three aoidsss. "he percentages reported under
"approximate composition" of the various fractions, are only
approximations, becruse they are based on the aasumption that
no impurities, such as oxid:tion or polymerization products,
are present, The mixture probabiy cent-ins small, unknown
amounta of such impurities,

The two acidic products found present in the fats in very
small amounts (pp. 42,46,49,58,56¢xperimental part) could not
be ildentified definitely. One of these is a colourless liquid
(bep. B55-80% @ 0,005 mum.). The formula of its ethyl ester
correspanﬂswith.csﬁgozg the acid has a pleasant, aromatic odor,
and it may possibly be derivea from terpenes preseri in the
wood, although it was obtilned wilh the fatty aclids in the
chiamicnl separation,

The other product is a white solid, tepe. 70-80°3 by fract-
icnal recrystallization, a main fraction wne obtzined, m.p. 71-729,
%8 well as two very small fractions, m.p. 59*?3’ and 68,5-69,59
resectively. The melting-point of siearic asid is reportud aa 
69.3° usually, and other values, up to 71.5%, have been given®?®,
It is possible that stearic acid ié present in the fats of Jack
Pine, in very small percentage. The small yield of the above

products rendered further investigition difficult,

#ith reg.«rd to the solid product, m.p. 71-72°, the isolation
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of a similar white solid substance, m.p.72-73° by Sandquiatzo
has been mentioned already (page 7). !Hc coneidered it to be

a lagstonic aocid, of molecular weight above 800, Hasselatroem26
also obtained a similar acidic product. fhe acid imsoclated in

the present investigation was obtrined from two solid sster
fractions, which were contaminated by some adhering liquid esterj
théae impure ester fractions had saponification values of 100.8
and 148,85 rospectively; if the acid were dibagie. as ﬁan&quistzg
reported, these values would correspond with molscular weights
of 1112 and 772 for the ester, or 1054 and 714 for the aocid,
These figures are of the same order as reported by Sandquist,
“nd the substances may be identie:l, There was not sufficient
of the pure material obtained to enable a thorough examinatios
to be made, 1t is present omly to the sxtent of 2-3% in the
total c¢rude resinous material,

It is difficult t» sifect »n separation of the fautty cone
stituents by fraetional distillation, The bciliﬁg points sf the
unsaturated esters are very clomse to each other, =2nd congtant
boiling mixtures are eventually obtaiﬂed. it is also difficult
to separate the "liguid" from the "solid" esters by fractionation,
8o that the lead~23lt alcohol method of sepiration was usged on the
mixtures obt:ined, in some cases, Repeated redistillation of the
fractions ¢nuses consider:ble losses in madberi~l, on ageocunt of
polymerization and oxidation of the unsaturated acida, even when
very low pressures and temperatures are enployed. In the case
of each lot of crude esters, : considerable residue of dark,
tarry material, of unknown composition, always rom:ined after disg~
tillation, It is difficult to treat these unsaturated scids without
causing a change to scme extent, in the original material,
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Borlalu HTAL (Section 1.)

HALYTICAL USED ¥t IDBHTL A 3SENT

LELHODS G LON of T

65

Approved method of Lm.Chem. 3oc. Commitiee

lgdine Chloride solution.
APCHINISATION NUMBER}

using iijs

Approved wethed of ismericen Chemical So0c.
Geumfe ; exoept that Alkeli Blue 63 was used tagsth&f with
ghén&lphthalein, a8 indlostor, on asccount of the dark colours
of the sspomificetion mixtures.
| The solde were recovered for further exsmminstion in each
ceee, by extrsction with ether, washing, drying over fusad
godium sulphete, &nd completely evaporeting ﬁha solvent, under

vecuum, on the water bath.

673 the salds were

Officiel method AU,
regovered g8 sbove.

Abbd refractometer wes employed, keeplng esch

‘epecific temperature constent for 10 minutes before taking final
reading.
(0) DEIDAMINATION OF GLYOE.OLS

The glycerol spllit off from the glyseridea

wes contained in the aqueous reeidues from the seponificetion



of the mixture of glycerides, esters, end unesponifieble metter
(p.22,pert 1) sud in certein aqueous washings and distillstes,
(see pu22part 1). The total ajueous extrect wes eveporated on e
water-~bath, under suction (water~yuwp), and the residee, coutsining
sonsiderable inorgenic selts as well ss the glycerol, dried
thorouzhly in the vsenum ovon at 60% This érleﬁ oake wss
 powdered in & mortsr, snd extracted with enbydrous mcetanaﬁa
in & 3oxhlet, for 10~l2 hours. The scotoue exirmot wss eveporated
down, &#nd dried to constent welght at @Ga in vaguos This gzave
the welzht of crude glycerol.

(This method, &8 well ss ell others for determiuing glycerol
in aqueous extracts, 1o 1naasar§te on aceount of the volstility
of the glyserol during eveporation of the extracts The resulis
elweys give only en approximetion of the smount of gly.erol
praaent?g

The presence of =lycerol in th: asbove extract oan be shown
by the aarolein?e and the oxslic moid taatszl

(£) DEIRABLLSTLIN OF VOLATILE LATTY AGLDS

4 welighed Qaantity 0f the fatty ecid mixture,
waa?mﬁmna in & distilling flaak,wath about 8ix times its

welight of boiling water, and distilled over & smell fleme. The
diﬁtillata-azner peesage through & small filter wes collected in
a flask. Distillation wee continued until neutrel to phenol-
ﬁhthalmin¢ o 80}1d aoids were found on the filter, end the
small emount of oil carried over wes returned to the mein residue.
Ystor hed to be mdded st intervals during ﬁﬁa distilletion, to

reﬁlaae the emount peseing over. The total sgueous divtillate



wal then titreted with standerd elkeli, aviiified with
hyareohlque gcid, extracted with ether, the ether removed. [he
rosidue wes taken up vith e 1little hot water, snd daryte vweter
ron ia,alewly until neutral. After oocoling, the ins.luble
barium salte were Ililtered off. The smeliness of the smounts

0f these volstile sciis ebtainahla'pr@vente& other then quslitative
teats for the ecide Baing ased. For Lhis purpose, the soluble
end insoluble berium selis were &éeomﬁose& separglely by
hydroghloric acld, neutrslised by uthe potesh, snd eech of the

two solutions evapor&te& down until aﬁyroxi@&tely 1.6% strength.
These were then examined Yor fatty ecids, including formic to
caprla, by the qualitative method of Byer?g bassd on the relative
solubllities Qf the iron end copper sslts of these molde in
wg%ar and organic solventa.

(@) 3UPALYION OF THE SoLID .+ .Uk THY LI0JID ;47TY Aclbds (two methods

were used.)

Mﬁﬁ @}}‘LT - E?Hg

B

, (Muter & ae Kaniagh?a this

»methad wvas saed in perg).

| The welighed fatty soid mixzture wes dissolved
in ten times ita welght of sloohol, eni slooholic potssh s.ided. until
faintly elkeline., Tule solution wes poured slowly, with constent
stirring, into e 1l.5% boiling agqueous lesd sceiate solution, snd
the resulting mixture cooled repldly to 0° with atirring« The
slear lgquid‘was resoved by decanistion, and the residue washed
severel times with hoi;ingh%atar; Bther was sdded to the recidus
{25 c.0. etber for esch grem of originel semple), snd product

well stirred., 4fter stending for one houar, the mixture was filtered,
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end the rezidue «gein tremted with ether, ucing sbout one fiiin
of the previous smount. Thi: was ellowed to stend overuisht, znd
then filtered.
The etherealextrmcts, conteining the solubie leosd selts, .ere
united, and the ether removed by evsporstion. The rosidue wes
ssidified by slooholic hydrochloric &ai&,{QO pts.alc.,l0 pts. HCLl)
end the liquid fatty sclds recovered by cther extrsotion. %She
othe,edlextract wes wesbed woll with weter, dried over fused
sodium sulphate, the dher removed, and the residue dried on the
wéternpum@ until constent .eight.

The ether~insoluble rssidue, conteining the incoluble
lerd salte of the wolld solds, wee deconpossd by ithe eddition
of mlcohollce bydrochlorie scid, and the golid fetty eclds revovered
in the snme wey.

(g) EBIHOD 23 LEL4D S4I1T - SLOQHOL HDTHUD $54

LOAD 200 UiTE 30LUTLION ¢

10 grams of normal lead scetste vwoe dissolved
in 200 e.0. boiling 95% sloochol;
SOLUTION OF FATTY oIl

Aboat <5 grams {velghed w:curstely) of the
aclds was dissolved in 200 c.c. of 958 sloobol.

These two solutions,{or other solutlone conieining equivelent
guentities), were heaﬁed to the bolling-point end then the one
conﬁaining'%h@ gcide edded élawly Lo uhe lesd mgetate solution,
with constant stirring. Sometiumss s urown .recipitete of solid
fetty mcid sslte (4) seme down +hile hot, end this ues rewoved by

filtretion., The clegr solution wes elloued %o stend overni:ht
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in the refrigarator, then filtered frou the -o0lid fetty scid
selts (A) end the }latter weshed »ith cold sluohol, the «eshings
being edded to the main portion of the filtrete.

The coubined sleohclic filtrates uere eveporsted under
reduced prescure, and sfter nesrly eli the gluohol had been
removed, the residuve wss .iecomposed by the eddition of elcoholic
HCl, (10%). The liquid moids (B) sepersting out were L&kéﬂ up
in ether, snd the extract wszshed with weter , end dried over
fasaa sodium eulphete. Eveporstion and drying in vacuo to
conetant weisht, yielded a brown, olly residue of liquid fasty
ecids.(B)

Similarly, by decouposing the ipsoluble lesd sslts of the
solid fetty ecids (4) end extrescting with ether, etc., the solld
fetty ecide were cobitained.

(h) SEPARATLION OF OxIDISED FARTY .oils FROE 40:7 sUnl SOLID pofls:

The fraction conialnlng the "wolid" istty
solds {Section (g) was osrefully dried wi0®, in vecuo, mizei with
e lerge quentity of sand, end ground in & morter. This wmess was
extraoted in e 3oxhlet, with petroleum ether tb.p,30~50°) until
o more wasg dissolved. FEveporstion of the petroleum ether
extrect yielded the pore solid mocids thst were prezent, and these
sere subjected to fractionsl srystellization from sloohol.

The insoluble recsidue after trostment with petroleum ether,
consistes of oxidized and polymerizsed fetty substances of seldie

nature?z These were not investigeted further.
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Various liguld ecid frgotions, obtsined by
saponificetion of purified low-pressure distillstes of the
mixture of ethyl esters, were uubjected to brominetion, in order
to obtaln solid derivetives for purposes of identiiiestion. Two
mein methods of bromination were tried.

METHOD Y3 BuOmINATION IN BTH"R $oDUTION(beced on “ibnerb?):-

The mixed fotty sclde were dissolved in
sufficient enhydroue ether %o zive s 10% solution, end iy
cooled to - B° C. {About 1 c.e. of bromine is considered sufficient
for esch & gme, of sclds used.) Helf of the reguired quentity
of bromine wes sdded, Irom & capillery pipette, during & perlod
of ebout 20 minutes. The remeinder was then added during &
further 10 minustes period. {The sctusl o oreting time is considered
very importsnt by Bibner), The t@myarature'was kept at% sbout

66 C. througbout, by using en loe~selt misture. After brominstion,

the flas: was asllowed to stand at the seme tempersture, in the
dark, for two hours. _ﬁny'aalié bromides separating were removed
- oy decentstion, sentrifuging vwhere necessery, - end washed with
five portione (5 C.C. esoh) of previcusly dried snd cooled ether.
Thé precipitete recovered by centrifuzing wes then dried at 769
in v&ene, for four hours, snd the hexsbromides uvelighed.

The ethereal solution, together with the .esbings from the
hexebrouide were shaken in o sepsratory {unuel with s little
thiaﬂulfaté solution, to rewove excess bromine, weshed with weter,
ani dried over gcalclum chloride. The filteres solution was
eveporeted, end the residue dissolved in bolling petroleum ether

(bepe 30%=50°).
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Cleic dibromide is very coluble in petroleum cther,
linolic tetrebromide is less soluble, while lirolenic hexabromide
is omly sperinzly soluble in this solvent., <{he produci separseting
on cooling the petrovleum ether solaution, as well'as the meterial
remeining in the motber liguor, wee repeatcdly irsctionsted
by mesns of fresh petroleum ether, the products beinrs examined for

relting point. This wes continued until comperstively pure

Irections of the three kinds of bromldes were obtsinesd.
METo0D 23 Bo

Method, Steele and <eschburnP®

PRTA A VYRR R
&i..*.-i‘éb ¥ ;.._gié & & 2

{s)Chloroform: washed well with water to remove sll slcohol,
dried over caleivm chloride, snd then redistilled. To the
distillete is added 2 c.o. of absolute elceobel for every 100 g«c.
of puritlied ehloroform, end the solution kept in & stoppered
brown bottle.

{b)Bromine: One volume of C.r. Bromine is added to two wolumes
of the sbove shloreform solution, & ne: solution beling prepsred
aftor 24 hours.

(c)Bther: This is washed three times with lce-cold weter, 4ried

over caloiuvm ohloride, then distilled {rom weilmllic sodium,

£ 7

HATION Pul

Bl

SEDUAT §

A B% solution of the fatty ecide wes prepared
ueinz the chloroform prepared a8 esbove. The solution, in e
centrifugzing tube, of proper sise, wes kept st =5° C, and the
bromine solution run in from s bureite at the rate of one or two

drops per seoond, until a permmnenti orange colour appesred. Then
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Oub 0e0s edditionel of browine colution .es edded rapldly, the
solution ehaken well, end sllowed 10 wirnd st =5% for te. minutes,
in the derks JAsyleno wes added drop by droy, with sheking, mtil
thedeop volour vee diccbherged, hos teking uy %hu exo088 browind.

The eolvent wes eveporsted off completely on the .etore
pump, heeting finelly st 80«60° for 15 minutes. The otly
repldve wms well roteted durin: this process, end thes cllowed Lo
dry at 609 under wedused pressure or & Iursher Li minalos.

The tube wes now plesced in en toe-beth, snd «0 ceoe 0F the
spooislly purified ether, ..oled,0%,, wes run in, end the
mizture woll etirred with o rod. 4&fter wooling agein for Lo
winutes, the produnt woee ommtyrilvced st LU0 repems for & wlinutses,
gocled eszein to 09, end the darz brown ather ﬁ@lﬁgiﬁﬁﬂﬁﬁ poured
oife Iin this ey, the dfbrowmide snd tetravromiis produgis wole
removelds The wﬁa&iﬁg and consrifuiog provess ved repoaiod
threo tlwese, using osch time <0 c.0. of purd.led siber. ani atirring
wolle Flnslly, the hessirouide resfidus wes sprosd 1 -a LRIN layer
inside the tube, the recidusl other rewoved o bue seiberepusp, and
the preduat aried st 70V under reduced reesure, uniil constent
wolght wes stteined., It wee purified by recryutellisction
frouw shiorofornes

Bvaporstion of the osher wesh Liguors yielded the mixzed
didromides &ﬁﬂ the totrebrowides. ihows wuxe sepereiod by troste
sment with petrolevw etber gnd frasctiocunel oryetallisstion, exmctly
a8 already desoeribed,
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\ETY ASIDS
The mixture of liquid acids (velzbt,~.84 grems)
vwes neutrelized by the sddition of o«b c.c. of squecus potash,
cont®ining 128 grems of X0H. The potmssium szlts were dlssolved

in 190 c.0s water, and en equel volums of 13# agueous solution

of potessium permengenste sdded at 0%, with constaent stirring
durins & period of 15 minutes. A4After stending for 10 minutes,
gulforous gold wes edded uﬁtil the &elati&n vepame esclid, end
the mengenese hydroxide,ete., bsd dissolved. The white solid
pracipitated out end consimting of dibhydroxysteasric end sativio
soide, wse removed by filtrstion,(4).

The filtrate wee rncutrslized with a@aétiﬁ potesh, evaporeted
to one~twelfth of its originel volume, snd poidified with sulfurie
scid. The brown flocoulent mass separsting, wag filtersd. uamshed
with water, sllowed to dry in the sir, snd then weshed well with
ether to remove lower aclds formed me secondery products of the
oxidation process. The product wes raaryﬁtaliixa& from slcobol
end then from water, in order to ivolste the two bexahydroxy
ecids, linusio snd ;ﬁalihuaie. if present. |

The previous solid precipitate,(s) containing dibydroxye
steario snd tetrshyiroxy-steeric (:sotivic) scids, wes freed from
anchenged liquid sclds by wrshing seversl times with small |
portions of wold ether. The dlhydroxyetecrie scld was then
removed in large measure by extreoting the precipitate (B} with
sonaldersble volumes of ether, et roon temperature, until asbout

320 0.0 0f extrect hsd been tins obisined. This solution wes
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eveporated, and the residue reorystellized from elcobol
severel times, yiselding pure dihydiroxyestesric scld.

The portion of the orifinal precipitete (B) iusoluble in
the dher, wes extrasted repemtedly with portions of bot 0%
alaah@l, until no more wes removed. On cooling this extirect,
sativic sold wes obteined as & white solid, snd wss purified by

resrysteliisation firet from alaahbl and then from water.
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MZHTAL (Section o)

IRVESTIGATION OF THE FATTY CONSTITIENTS OF JACK
PIRE

R

{A) Analysis of the Fatty Glycerides an: “sters from "Green®
Jack Pine

{grude product of Extraotions 5, &, 7. 8, 9, 10, Part I)

The gombined lote of fatty olveeristes nnd egtore, oObw-

tained ap deasoribed on 5‘:.». 22 , Part I, were saponified in order

to obtain the fma mig&s {method, n. 33 Psed TV,

~ The mixture of scide wam then trested by the —=2thod de-
goribed aﬁ*@;13,‘?&r% T, in order to obtain the fa) fatty
ethyl saters, ond (b) resinic aeids. 'mder (H), only traces
of reginous matter (immiritiesg) were found, so that ell the
acidde constituents here, were of the fatty type,

féis nixture of fattg athyl esters was subjeoted to

fragtional ﬁiati;laﬁian, by the method already mentioned (Part II,
p,&g)g A haﬁgmuir METCUTY Vaouus pums was used, A current
of garbon éiaxidﬁ wHa @&a&e& throush the mixture, by means of
an extremely fine oapillary.

The results are tabulaicd below.



TABLE !

nstillation of Ethyl

3
e

Taters of Glyesrides of "Ireen" Jmck Pine

 § I 1Y 17 4

v ¥i1

Ho, of

fraction aie%

L N N o

| . of a
Pressure B.P. nroduet ¥i§§ﬁ

Srans 7,

Tenp, of esnstant
boiling mixture of
earefully refrgo-
tionated naterial

Degorintion

1 0.001-0.03 &0-89e 0.3

142=-180s 17.0

3 ] 155-1d8¢ 0.5 2.5

Tarry residue 1.9

Yolstile decomp, products 2.4
{by d4ifference)

11k

Total 20.1 1007

mobile yellow 14., .
ant oudour

pleas- U47-49° at 0,004 sm

viacous yellow lig.
fatiy odour

135~1372 *

par%ly.ﬁaliﬁ, yellow, 156-158 » "

facty odour

degomponel at 2207

ge sBud
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The data shown in column YIYT of the previone table re-
present the temperstures of the oconstant-boilins mixztures obtained
hy #¢®8at&ﬂ oareful distillstion of Wramﬁiong‘lt 2 and 3, and
of the intermediate fraction& derived from them

Bince the ylelds of Fractions 1 ani I were too small to
permit of investigation, thay were added st 5 later stage to
largey mantitiss of ifdentical fractions obiained from other
lﬁta'ﬂf the fate; thelr properiies sre reporged on payss na
and 4h » respectively.
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TARLE O

‘5&&&&31@ of Congtant-Boilins Fraction II1 (3B.P. 126-1%7¢)

r e Details
‘wf?ﬂgﬁﬂnmwlw%
ngﬂ 21,1547
ﬁ3g =1, ekl
. Iodine Humber 130.3 | g ?gg o, sample = 3&.19 co. Thios,
i |}

Todine nos. 1*0 1, 1 29, 9, mean 130
{1 cc. Thios.= 0.0124 3 35 g iodinas

Aapenirigation . | '
;ums@r 185,6 O_832% pm, 2 “ﬁ Ro1 (0.5179%)
1 (1495 13~ - - '
gapor. noag, 195,6 135-5

ﬁrwmimgggaﬁ of the 2cidgie

Products obtained:

{2} Traces only of liaolenic
hexabromide, m.p. 172-173°

(b} 0,08 gm. impure linolic tetra-
bromide, melting between
g5Be and 115°

{c) Conszideracle amount of oily
dibroside {or tetrabromide)

by 7@,”tmyi NMoente
58,34 "thyl Linolote
treoen of Tthyl linolennte

falaulation: x = 4 olelo aster
in frac, IX
y = 7 linolic ester
in frao IX
Yodine noe, 81,8, 165,0 respectively
tinolenic acid present only in -
traces, s~ ghown by presenge of
only tracee of the hexsbromide
henoe X 4 Y = 1@@@ {aporox.)
and 81, %x/l&ﬁ + 16597100 = 130,3
(10ﬁ1na T absorp, of mixtur&)
from which x & N1 .74 oleic ester

¥ = 58134 linolic *
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TABLE & (continued)

Approxisate
yompoattlon | Thie fraction, {II), comprizes
{épnwnuaﬂT 8,50 of the total fatty csters

Fraction 2; (se¢ Table 3; using tuls =3
a factor, taen:

“thyl Olezte = 35,37 approx. of
total esters

Tthyl Linolate=49,3¢ *  ®
“thyl Linolennte = Traces only,

of total
catere

N i N SHTA AL TPy L * - ol

Oxidation M Prtagsiun Pereancvanate

This was oarried out on a smal) freoetion, b.p. 130140

at 0,01 wm, ehich could not be resolved further,

Japonification of the Zeter Fraction

3.1000 g, ester, egulv, to 20,83 ce. HOL (0,5179%);

S8apon, Ho, = 155,0,
The aclds recovored fros this ssponificcotion (see
method, pggn}, weisht = 2,82 grane, were oxidized by slkaline

permanzanate {(method, p. J&),

Products: Dihydroxyetesario ae&ﬁ?*, TG LP8 5% yield, O,2%8 om,

88 am

p-Antivie ma1663 { = * aloohol), 2.p, 1730

a~-3ativic agiﬁéa {eryet. fro~ water), wm,p,l5650

The yields of products by *"is =etho3 are never ousgnti-

tative LewkowiteohlD)
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(?) Analysls of the “"vreeM Fatty Acids from ":irsen' Jagl !ine
(Crude product of Extractions &, 6, 7, &, 9, 10, i~rt I)

The *free® fotty aclde preseat io the crude extraction
product were obtained in the fcrm v: their ethyl c¢etors, in the
separation {esterifiestion) processcs Jdesoribed on pJl3 , iart I.
| The mixture of ethyl esters was subjectecd to fractionsl
distillation using the methods already mentioned (p. il ).

The results sre tebulated in Table 9 on the following paze.



TARLY g

Distillation of Tthyl Eeters of *Free® Tatty &ﬁié@ of "Green* Jack Pine

e R i e § : § X N . . e .

1 11 111 1V 14 | 71 Vi

of Temp, of constant

* 1an FPESEUTE R.F.  product vield Description boiling mixture of
fraetion Zrmag % | P carefully refr-ction-

Aatﬁd m&te:ial

b T
Gaikid e ey 5 o T < B 4 ey aen
O ‘ A O ok T T UL Y A kAo e . Ty i i e, TR

3 U.007~C. 03 éﬁ»%’ém 2,10 5.4 mobile yellow liq. 57=49% at 0,01 mm.
wm, plezsant odour,

2 o LiQ=1550 18 20 46.9 viscous yellow ia,, 135-138e » "
fatty odour,

3 " 155-1850 24,6 partly solid: yellow, 156160 "
Tztty odour,

Tarry residue 7.30 20,3 {(Decompoged at 2172)

Vol. decomp, product 1.10 - g
(b differznee) |

Total wt. uzmed 34,90 160,27

On oeg
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The data shown in column VII represent the temperatures
of the constant~boilin: mixtures obtained by mpeated careful
distillnmtion of Fracotions 1, 2, and 3, and of the intermedisnte
fractions derived’fram thew,

The anhlysis of the gbove Fraotions 1, 2, and 3 fol-
 lows: |



TABLE 10

Txeminstion of Tater Frontion 1

Netails

B P B L LIRS At

Aefractive Index n

2 _1.m9m

o

30 4 Laac
nB 1.4885

Boiline Foint h7-49e at .01 wms.; 1800 at
1 atu,, with decomposition

Jodine Rumber 30,3 0.1326 g, eQuiv, to 3,21 cc.
| | o mioe (0,01207% wm, fodins)
per ae. |
{Insuffioient materizl for a
duplicate analyeis)

%;gtﬁ%ﬁi@&ﬁiaa 5 0. 2794 (v, to 1.75

Numbe ¢ 148,0 295 gm. equiv, to 1.75 ceo.

—= HC1 (0,5179 )
{Insufficient material for s
~ duplicate analysis)

0w 57,304 2,721 =y, spl, gave 5.712 my,
mg = 57035% G

¥ o= 9, 2k 2,771 me, @pl, gave 2,306 wmg,
: H 0 = 9,187 R

O = 33 354, 3.500 mg. epl, gave 7,468 me,
3.3 0 my AL
ﬁgy = 57.37% ©

.

3.550 mx, spl, gave 2,916 mg.
H,0 = 9.19% ¥, |

Corresponds with 0.1
| Jorresponds wi 539ga
ascide liverated on seponificstion
(see method, p.gy) After three distillstions,
| yielded 2 colourleas, mobile
iiquid, b.p.55-60° at 0,005
ma, possessing a pleasant,
ethereal odour, Polymorized
when heated in air.  Juane
11ty of purified produot too
emall for further inveatigation,
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TABLE 11

Examinetion of Ester Fra-tion 2

Detalls

Boiling-point  139-11280 at 0,01 mm.; easily decomposed
by heatin: in =ir

Refractive Index n;’ = 1 4702

nge = 1,4655
13?0 - 1, 1516
23 ,

Iodine Nuwher  117.5 01267 on, emiv, to 40,76 ec. Thios,
(0.012:35 o#m, Iodine ver cc.);
0,23530 o=, emiiv, to 23.93 ec. Thios.

todine ¥os, = 117.3, 117 1;
mean = 117.5

@a@aaificﬁtian |
Rumbe 173.5 1.3@34 gu. eoniv, to 7.17 ee. 771
1. Gﬁ? qv% eamiv to 6,29 ce, 01

saponif. nos. 173.3, 173.

mean = 173.5
Rromination gf'ﬁha acids
{Zibnerte Products obtained:
method, p. 29 sag 01ly ditromide of oleic acid;
. | b} a4 white, g0lid fraction, m,p.

65~@89 {possibly a brawine~
euﬁstitutiﬁn produst);
{c) A tetrabromiie fractian, B.D,
- 95-116°;
{(d) Two hexabromide fraoctions, m.p,
172-173% and 180~183¢, res-
pectively; presant in traces

only.
ApproXimste 57.17.  ¥thyl Olcate
smpoeition ue 9% Eehyl Linolate

{Fater Fraction 2) Traoes of Tthyl Linolennte

(method, see ozy ) Galculated on the total fativ ethyl
esters (see pyp ), the above re-
present: 26,84 ethyl oleate

20,24 ethyl linolate

H
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TARLE 12

Exsmingtion of Fraotion 3

Datnile

Qe v e Ap ey ey . AT B . o s pan, o

s Ty —

Bolling Toint 156.1609 4t 0,01 mm,; decomposes when hented

¥eltine roint 31-330

Hefroctive Index no - = 1.%0h10
. ™ o ‘

n'0 = 1,338
7

,

ﬁg@'ﬁ 1.5220
Iodine Number 120.% 0,1462 gn, equiv. to 14,09 cec. Thios,
| | (0,01253 gm, lodine per cc.)
0.1550 gm, eéquiv, to 12,48 co, Thios,

todine nos, 120,7, 120.2; mean
120,5

' (0,5179 N) | .

‘Mi@g lib@;fg‘kﬁ!{ﬁ i?‘! @&Wﬂifiﬁﬁtiﬁﬁ

Recovered by method on p,
¥4, of seide = 2,94 gms, 3ﬁ§ﬁ.&§ vield _
{Turther separnted ne demoribed on the following pape)
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I1solation of the Liguid ond Fatty aciis from ‘rmeotion 3

The aclde (wt., 2,94 yms.) were separated by the lens

salt-ether net od (see P.26 )}, and recovered ng

(a) *80lid” fatty soide; wt. 0,21 on, = 7.15%:

(b) "liguid® fatty sciie, =32.457 {by

difference)

The "liguid® acide {b) were brominated (method 0. 29),
and yilelded moatly the oily dibro-ide of olele goll, torsthep
with emall fractions of tetrsbromide gnd hexabromide, the sanme
s¢ had been obtalned alre~dy frow Fraction 2 (see P.43%) .

A smell fraotion very similer %o Froction ¥, but boil-

ing at 145-190¢ (0.01 mm,) wse also examined;

Saponification numbex: 145, 5;
%¥t. of acide recoversd: .86 gm.;

"Solid¥ melids, wt., 0,10 gm. were obtained by reory-
stallization fron aleohol; -

Total weight of aolds used: (2.94 + 0,46) = 3,40 gm.
" * molid scid recwered (0214 0,10) = 0.31 gm.

= 9.1% (approx)
of Ester Praction 3; '

Fraction 3 = 2L, 67 of total esters mixture (see p,l4o):
Hened, tris eolid acld = 2,207 (approx.) of the original
mixture.

Purification of the Solid Aeid Produet from Fraotion :

b U = B

The subetance, after one recrvetallidization frow aleohol,

and dryinz st 60¢ in vacuo, was pure white, of waxy consistenocy,
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and without crystalline form; m.p., 70-80"

A second rcorystallization yieldéd 2 nroduct of m.n,
7i~782, 28 well as two fractions ircx the mother liquors, n.p,
69=72% and 68.5-69,5° respeotively,
| These purificd fractions were o:taincd in guch extremely

emall quantities that further examination was not p.ssible,

;_;@;gte Fractiong of the Tthyl “ectors

In addition to the three -ain fractions f@ﬂﬂﬂﬁﬁﬁt‘
bolling mixtures) just descrided (sce Tables ., yy . 4, )
gertain emsller intermedis-te feastionz wore ortained, havins

the followin~ nroperties:-

TARLE 13

e

,\ Todine “pomdf.
Frasetion - 0. ha. Rromides

B.p,60-120° (0,01 mm,) yellow Ugdd 71,7 238  Only olly 4itromides

4 130-135 # " 89,7 127

* 130-150° " " . - 141,5 01ly dibromide and
A traces of hexa~

; bromides,

8 140-1650 very viscous

yellow licudd ~ 207.6 All three bromidesg

o O R b i s b b
DS B
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~ The values for the conefsnfa indicnte that these frac-
tione are mixturs: of the mosin fractions; the a&senca of other
unﬁaturataé_@aiﬁﬁ tran olele, 1linolie and linolenic 1e to be
inferred from the fset th=t enlv the bromides of these three
were obtained,

(o)

Amslysis of wvne ratty Glyeerides and tsters from "Jehsoned"

m@ E,g_.m

fﬁﬁﬁd&'@ﬁ@ﬁ&ﬂ% from Zxtraetion 13, Part 1)

The mixture of slycerides =u. esters (obtained as de=
Boyived on §‘EE’ yart I, was saponificd in arﬁar to resoover the
fatty solds, the mother liguor {a) bein: retained for the gly-
cernl analyeis,

Bince no resin weide had been Tound in previous 'examing~
tiong of trie portion £rom other lote fgaa $53“ , Part TIT).
the usual separation into (1) veein scide and (2} fatty ethyl

eaters (s@e ",

Part 1) wao omitted, 1a this once.

13’

yoerol: Olyocerol waz determined i the

aguegue - ...ues frow the above aagnn&?iﬂgtian {a) by the method

desoribed already (see p, Part I1)

au’ -

wi, of glycerol = 2,20 g, § from 66,90 gme. original
aruﬁ@ resing; = 0,%9% yield,

The soide recovere:d from the above saponification {a)
formed = dark brown, semi-liguid mass; wt, = 24.50 gma.

n ‘ Tolatile gcids , .. . ,
Analyeis for Volatil 48122 (method p,25),

370 co. aqueous distillate obtained in the distillation,



neutralized by 21,90 co. o: J.1004 N, XHa0i, wvhen examined qua’i-
taﬁively for lower fatty acids (method of Dyex. pues'Pﬂ:t I1r),
negative tests were obtained for all except butyric mcid,

whioh wae indic-ted by the followins result: 2 co. of the 1,54
solution of votarsium galts of the vol-tile ~oide was treated
with 1 en, of dry et er and ten drovns af the ferric chloride
reecent; after vigornun aﬁiiatimm, the ether laver was found
»%a be ﬁl&ﬁfVaﬁﬂ colonrless, while an ewulsion ha?t farmed in
the agquesus layer whioch wae a@lawréﬁ brown. Ingoluble salt
wos aegagiteﬁ ﬁt'zheqjunatian of the two layers, Thig test
{ferri@»huﬁyrata);iﬁéiaa&es the px@ﬁaace‘af batyric acid, the

pther volatile a&iﬁ& having been shosn to be abaent

21.90 oo, of G, 1008 N . ¥a0H = 0,088 gm, RalH
BE/RO 0088 = 0,1936 9 Butyriec =cid
on 24,50 gus, total acids = 0,79% Butyric aold,

Anslyses for Non-VYolatile acids
The goldse re%aiﬁﬁaﬁ after the above soungous distilliation
were reoovered by zther extraction, =nd dried to constant
weight, in vacuo, at 65°,
These acids were then separated by the lesd salt~aloohol
method (see D.27,Part IT1) into (u) solid and (b) ligquid fatty

aclds: -~
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Original ws, of acids used = 23,55 gms.
(a) 20144 acids obtained =12,02 ¥ « 51,04
(b) Uquid " =115 ¢ « 4a,T%
Loeses (by diffsrence) = 0,3%
100,0

{a} HZxamination of the flolid Aclds Portion

The a@li& acide corntained considerable oxidized material
80 were separated Ly the method descrived on pagﬂ Part III, inte

Bolid {pure) acids, 5,90 gms. (= 80.8%¢ of mizxture)
Oxidized 7,12 7 (e 859,24 ")

From the sbove datas,

"3014d? solds in the original 23 55 §m
oruds’ acids @% 40,84 = 20,84

’*exiﬁ&w@&ﬁ soide ditto = 51§@$ 59,26 = 30,24

the "sulid® mold fresction wae contaminated by some of
the liguid acids, homsver, (The geparstion by the lead salts
ie neveyr eumaleté‘) The mixture was therefore diesolved in
aloohol, snd a small yield of yellow solid obtained, This was
ﬁliﬁuwd.t@ érain'anvgarﬁuﬂ tile, ané?reﬁrvﬁtaiiiﬁad several
times from nlonhol,  The finsl product was pure white, of'-
waxy sgnaistenoy, and melted at 71720t the swsll smouni of it
so obtajned was examined together with the produed (m.p.7i-72°)
mentioned on p,u6 Part I1I, with which it seemed to be identioenl,
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(%) Exsmination of the "Liquid® Acide Freotion

Details

Y e .t o ey A

¥

Jodine RMumbesr 119. 4 0.69%8 gr, emiiv, to 66.73 ce, Thios.
{0,014k om_  T~dine per oo.)
0. k65N gm. egquiv. to I ,85 cc, Thios.

Yodine %os, - 114.9; 119.9. *ean 119.h

T : W, of V n enic

(@taele»%aahburﬁ Stiamf h&xabraub hfg“” aﬁig ?
metiod, see p30 ) BELOE pide OTOWIAE gp4y vt of
.p.l‘i?u—lmﬂ hexabromide

1,053% gm. 0.0 .01 1.1
1,0288 ch a%"b%ﬁ 2 a% 1 agé

He m = 1 . 0’7&

aal

From the mother liquors, nbtainad
(method, p30 ) a tetrabromide fraction,
B.p. 308-115¢, =nc coonsideradle olly

| dibrami&ﬁ

6? GG}' Dleie Aclid -~ in the "ligquid® solds;
, %% Linolic scid
LOT9 Linolenio Actd

This fraction repregsents (Eggraximaﬁely)
et T4 of the total meide, 50 grame,
fses ™7 ). s0 that the orizinal acids
mixture contning:

{awpw@x ) 33 6% 0lete ncid,
64 Linolic arxs
" 0.5¢ Linolenie a@ié

| t ether with the *yolatile® and "solid"
alds portions

e ahahiichine T . v Lo e " - g bome



TABIE 4n

pietillstion of Xthyl Esters of "Free® ?gt%y Apide '!ﬂg@ 23agponed® Juck Pine

I 11 L§ &1 I¥ v ¥i ~ - VIX

' Y A . ﬁ .of 1ald N ' _
tfgétggn Pressure B.P, ﬂ?a%net ?iééd Bescrivtion - Redistilled
grans - . |
1 G,ﬁﬁ;~&,@1.'§ﬁﬁ$§? 2.00 5.2% ¥esrly colourless 1iq., Qnce
w1 _ pleasant sdour
2 # 125-150° 16.70 43.5 Pale yellow, viscous; fatiy "
pdour -
3  150-170° 3.9% 25.8 Pale yellow, partly salid, "
fatty aémtx
Tarry residue | 8.50 22.1  Decomp. at 2230°
Yol. decomp,., loss 1.3%0 3 b
{by difference) Cmiosomeniven —
38,45 g, 100.0%

ia ez&ar to svoid iaasag, nd the effecte of heat on the products, the above
 f?ractions were not distilled furtrer,

26 oBeg
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TABLE 1§

Exanination of ¥raction 1

natuila

Saponification

Sumber

ngﬂ = 1,4892

51,2

0,8517 " "1.8 n

af 0,01 mm.

0.9242 g. equiv, to 1.65 co. HOY
gﬁ-%ﬁ)

Ssponif, Woe, = 51,9, 50,4, wean 51,2
The acid recovered (wethod, ».24)
wae inveztigsted with the same pro-

duat frov a previous lot of fate
(see p 2 , Part ITI),

. . - 5 " " R
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TABLE 16

Exsmination of Fraction 2

Details
125-150¢ at 0,01 v,
Refractive Index n“;‘ﬁ = 1,732
ngﬁ 1. 1692
127.8 gﬁh@ 2. @aui? ta 59.84 ce. Thiocs.
11,32 oo, ¢

Todine How, = 127.5, 128.1, uean 127.8
(Thioce. = O,01244 gu. lodins, per ce.)

Gaponificntion o
Nuzber 157.0 2,8186 g. equiv. %o 3.5 2@ cc. HOL (a‘,-- S )
3.3848 ¥ » 1 f \

Saponif. Nos.=158.0, 156,0. vean 157.0

Bromination of Aclds

Et of o 1 n 1e
(Stesle-¥ashburn %%, 0f n@xﬁh?Q" hexa~ i ?Q&nie
method, see p,30 ) acids mide bromide fmm wt, of
_ . 371 TMMMMMa¥_
2,82 g. 0.0352 g. .?‘5" 0.4 ‘g
2,82 g. 0.0202g. 0.724 0,367
| %&an w .36%

&1:@ dbtained ~ tetrebromide frmetien
meltinz between 106~115°, and conside
erable oily dibromide,



TABLE 16 (continned)
Examingtion of Fraction 2 (oont.)

Detailav
ag 1% wthyi Oleate
5 &g Linelste
0.%% * Linolenate
(aat m@ﬁ?ﬁf
on p. Part 111) This frantion represents sbout

&3 54 of ,the total ethyl esters
(gee v.92, Tavilell }; hence:

fammrmx Y 19,64 wthyl Oleste
23, Zg ®  Linolate,
# #  ILinolenate,
present in the ta%al weizht of
aaters,




- G
rantet’
Exenination of Fraotion 3

mm&h

‘Beilng Point  150-170° st 0,001-0,01 mm,

10%,2 33 g, e@;m t@ l& 72 oc. Hf"l (0.51&&
g& g‘ 3
Bgif ¥oz, 10% 0, 10%.8, Yegn =

Acids liverpted in Zaponification

The scids recoversd (method, A% ) coneisted of a
very viac@ué MABs, whmh was crystalilzed from aloohol, The
solid material so obtained waév allowed to drain on porous tils,
in ’ﬁhé- wi“n‘g&mmr, and recrystaellised mma%&ly from
aiwml: | & wm.w, waxy pmﬁac% was ﬂr;.al}.y obtained, m.p.
7le72%, in very & 1&11 wmmt Thie was %mam to the previsus
;quantity of the em.¢ materisl {see }#é . Fart 111), and
examined wzth it, in one lo%,



TASLE 18
THE FATY COHSTITUENTS OF Jadw v1- i1 o,

Couplete Jummary.

Iodine nowm, Sapon, 0o, 2 | R
of cgter of egter vol, [Lig30l0xid
fractions fractions woidgac.ae

Produet | Uaratd.scids .| tain ester I
Exam'd, | aprrox,% of | fragtions,
each =neld, f

1 4 i 1 11 Ity X% 81 111

Green Glycer- 25.;ﬁah»ze &i.6 2.5 130,73 185.6

ides & Yinol-

veters ie,
Tracee, lin-

slenie,

% ¥ree 26 3§aleiﬁ
f=tty 20, 2%1ino0l~
nclide ie,

?raeﬁa,lin—

olenie,

16,9 | 24.6p0.3 [117.5 Lo0,5(182 [173.5 00,8

119.%

Season- | Siyeer- 1? uiu?ﬂic

esters ﬁ,
%.5%1iaa1~
enie,

. Free 19.6801e1c k2.5 | 25,0 127.8 7l.2 157.0 1
frtty 23, 7514001
acide ig,
0.16 1in~
olenic,

1§ eZeg
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PALT IV

"HESEATI L OLLS AND UNsAFONINIASLY LUATEER
: v - 252

FRNa"

é@l&ﬁu&ﬁ?i@ﬁy

Aguing snd fetty olle of sll kinde, whether of enimal or
vegeteble origin, msy be ssid, in genersl, to .oneist chiefly

of soids, esters snd glycerides. In eddition, however, there are
inveriedbly présant some hydiroesrbons, &loohols end oxidstion pro-
ducts thereof, me well se degreistion products of the roids, ese
wers end ~lycerides, smnd possibly polymerized substansces irom

the ebove; sll these cen be considered under the broed heading

of "eseentisl oils snd unsaponifiable metter”.

These mey heve & tremendous-importence in widely different
fislds, The essentiasl oils of the géﬂas Pinus form the besis of
the turpentine industry 2ll over the world; pinene, the chief
sonelituant, is the keyatone of one of the grestest branabes of
orgsuis chewmistry, - the study ol the terpenes. Ageln, oonsidering
for the moment sn entirely different field, it ls found thet certein
other oils, perticulerly marine enimsl oils, aontsin lprge
Quantitiaa of unsaponifisble matter whioch has very importent induse
triel spplicetions, es well s medicel uses. SThe study éf fiak
oils, including the liver olle of the ala&mahran@h, a8 regards
their unsspomifieble constituents, has led to = vast eccumulation
of invalusble knouledge Lﬁ the fielaa-cf organic snd bioclogical
chemistry., The disoovery ol the very bigb bydrecerben "sqaalens"l
and the isoletion: of the sterel elcohol "ergosterol"$ hesring the

enti-rachitic vitemin, ere outatending examples in these fieslds.
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I# is evident from the above that the consticuents under
this heading dsserve more conalderation than night be imagined
from the insignificant proportions in which they are presemnt in
some resing. The olwurauinas, of course, uaually contain a high
peroentage of volatile oils, and & rather low proportion of
"ansaponifiable” products. fosin is free Trom volatile oils, but
contains unsaponifiable matter. iesins extrected from the woody
tisaue contain nnaapanixiabla constituents generally ¢istinet
from thoss exirascted from rosin and usually refcrred to as "wazes",
without regard to their chemicsl menatitution, which 18 unknown,
The percentage of "unsaponifisble™ in such woeod-resgins is uenally
very sma11;3 there are isolated cases, howevey, vhere it has been
found to be quite large, 48 ror unkmown reasons.

The amounts of volatile oils present in resins of the inner
wood are very small, end this ia to be expected. The large amounts
of turpentine oila are obtained from the oleoreainous exndation
on the outside of certain treces. The viscous resins of the
balsame, high in volatile matter, are also external secretiona.

The essential olls exlating in the woddy atems with the resinsg,
have not been thoroushly investicrated, on acoount of the extremel#
small amounts aveailable with which to work. Schorger © states
~that there are approximately 92 species ol conifers in NHorth
imerieca, the oils and resins of which form & fileld of investigation
whish has been scarcely touched. The oils obtainadle from the
neetles, oleoresin, wood and bark, respectively, usually @iffexr
materially, so that there are at least 368 oils poasidble, from the
avove, apart from any resit, fat, wexes, unassponifisble, ete.

Sohorger ' has published an sxcellent contribution to the ohemistry



of imericen conifers, iu wbich he rurnishes nuch veluasb.e dste
on oleoresing snd voletile oils of seversl fmportent spcoies,
togetber . ith snelyses of the :.oods. Verious othor oleoresins
heve been investigsted, but there is very little date on the
oills In the voou,

sinene is the chief constituvent of the volstile clils
of the genus Pinue, tnd is very widely distributed. Finene
«ag the firat terpenoe investigeted, and an extensive literature
has been built uy in its study? Hevertheless, 1t csnuot be
gaid thaet the ﬁ&ah&nism involved in its various transformations
has been definitely esteblished snd meny of its rescilons a:e
ot yet un&eratood?

The verious isomeric forms in which pinene can exist as
such, &s well &8 iits transformatione to different isomeric substences
under certsin conditions, give some indicetion of th@laomgxaxity
of this terpene, end the difficulty involved in the iuvesvigstion
of oils conteining it in i1ts verious Iorus.

Bugense ol iurpentine generslly consisis chiefly of o-pinsne,
but (J-pinene (nopinense) end campbene srs often found es well, in
smell smountg. Other terpﬁnesa have been ssesnmed 1o be present

9 heve slso

in ceriein oils of this cleas, snd aesquiterpenes
been detected in & ife. instences. while terpenio hydroserbons,
shiefly pinenes, may de seid to be inveriebly present 1in essential

0il8 of the coniferee, it is worthy ot perticulasr note ithst, in
fsoleted crses, certaln sliphatic hydrocervons are lso present;
for exsmple. dchargerlo reporta that the volstile oils of

Pinue Sebinisne end rinuvs Jeffreyl oconsist prinoipelly of



-l

n~hepteane, while Simonsen snd dautd deteoted n-undecane wixed
with pinene and other terpenes, in the oleoresin of Fices
Excelsa. tince these two hydrocarbons ere common constiiuents

| | . , lz
of Americen petroleum, Simonsen  hes been able to mske some
very plausible speculatlons conwerning the vege.sble origin
of petroleum,

1f'r
v hes

By mesns of specisl distillcotion spparetus, Dusont
succeeded in effecsting s separetion of x-pinene from the
inaotive @~form (nopinense)., The production of cymene end
colophene by the action of phosphorus pentachloride on sinense,
bas been reported by L. Eerﬁ%Q The transformastions ubhich pinens
mey undergo by trestument with minerel scide have slso been
digoussedt®

In additlion to its {ndustrisl importence e&s & coustituent
of commercial turpentine, pinene is the source of "synthetis
semphor's Flnene slso is & soures of isoprene, which can be
polymerized into sn ertifiocisl rubber, slihouzbh this bes not been
comuerolelly fes:ible yet,

x~pinene is probebly the most abundent of the two forms,
vut the presence of f-plnene ss msjor constituent in seversl
American conifer oils, was noted by dchargar}é

The gomposition of "wood turpentime”, ebtained by dis-
tillation of pine atampa,'is.not exactly the same &8 that of the
essenc® of "gum turpentine” previocusly referred to; it conisins
more terpenes also oxyterpenea%?a gnd Lits properties ere some~

«hat aifferentd’” It mey be remarked, slso, that "spruce turpen-



o
tine", & by~-product pf the sulphite pulp industry, conslists
laergely ol p~aymene.
| The"neodlewoilae" of sonifers differ essentially in
composition from the oils yresent in the wood, berk or eleoreuin
of the seme tree. These ncedle olls coniain verious terpenes,
seSquiterpenss snd esters such ¢8 boynyl acotste, w~hich glve uhe
ah&raatsriatia;e&@ur.la Fine needles hsve been found Lo con.ein
waxea%g elso, «hkile the existeunce of such bodles iu the wood-
resing hes never been shown, slthoush often essumed. Comperisons
of oile from iifferent perte of the sexe tree, heve brousht out
interesting: reaults%g H&wlsyzl found thet turpentine oil from
the Bsp-i00d of freshly cut pine (longleef) had slmost ldentical
properties with those from the oleuiasin gxudation.

Ordinsry turpentine coil is 8 wmixture of products from different
sources, and showe & «ide vecistion in propertiens) its optical
rotaetion depen&a upon its scurce. The comumeorciel oil from the
longlesf pine is dextro-rotstory,while thet from the slssh . ine is
levo-ioteto2ys The Franch "«ssence” {(from Y. leritima) is
inveriebly levo-rolatory¥®

The role played by the terpenes and the releted reslin ecids
in the life prooess of the_plant heg noet yet been clesrly

8 believes that these cubstenoss are simply

expleined; Czapekz
polsonous end-produots of normel met:boldsm in the plant, and
are excreted &s such. Thelr orlgin and wode of Jormation ere
being aarefully'atudied§4 end the relationsbhip ol the terpenes

to the acidig substences 1s belng trsoed q&antitati?@l&@s The
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sgoential oile of the nume.ous Kussian conifers ere being
syatenatioally investigeted now, with regerd to origin
end chemionl propertiess® |

Very interesting experiments have been cerried out
recently by 8. &arry%v on longleef snd slash pines. ZPelrs
of trees were selested, sdjescent to essh other, which
were identicel in externasl eppesrances, sige, sze, ete. These
«ere tapped ior turpentine oleoresin, &8 usuel, snd records kept
of the yields over & period of meny years. 1t wes remasrksble
thet veristions of over 10UV in yield irom two "metched” trees
were reoorded in some caaes. The relationship as regerds yield
seened to stgy constant. Jome trees tended 10 gruow much wood
efter wounding, vwhile others produced oieoresin at the expense
of the wood.

it is thus evident that the yield of resinous subsiances
for any specieas is :not neecosserily constsnt, and mey vary ;reetly
from tree to tree,

“he method generseliy used in obtaining the essentisl olls
tor scientific investigetion iluvolves steamsdistillgiion of the
w00d or needles; very often superhested stcew hes to be employed,

and eddition of slkeli. In the investizetior of the 'wopd-~resins',

however, &8 uged in the present reseerch, the espentisld oll is
removed with the resin and fat by extreotlion with & sultable
solvent, end later recovered from the mixture by stesm~distillation.,
in eiither cese, a certain smouni of oxidstion end polymerizetion
must ve expeoted, since these terpenss arxe so-aenaitlve t0 bheet

gend air. In the cese of the oil in wood~resina, there is also
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the possibility of & certsin devrece o. trensformaiion dus to
checioal reacents which must be euzloyed in the lengthy process
ol separeting the oruvde resin wixzture into constituent BTOUps.
Thewse mre only sowe of the fsctors which requive vonsideratiovn in
any plen for se': reting these products .1lih tie object of
further investizstion.

A theorouzh investigstion of the composition and properties
of the wolastilec olls conteined in sush vooderesivg, iB not
possible to any extent sporomonin: thet sticined ir the axam&n&tian‘
of the olls irom oleoresing, larzcly because of the nstter of
the sup_ ly ol the oils in surficient quantity ifor iluvesti:stion.
ipe yleld of this internel seeretion, cven Zrom highly resinous
pines, is slways very small, &nd svch counsiderstions ss ca_scity
ol spparstus for tresting enormous quentities I the .ood, under
cropey conditions, end the smount of time involved in getging out
the emell suentitiee of weterisl offer seriouvs difficulties.

3ieber38 reported thet pine snd spruce chips, distilled .ith
atesm ¢ atmospheric pressure, save only traces ol furpentine
0il. Jtiher end cloobol extraotis of these woods usnally gave
negative results when tected guslitatively lor turpentine. Bug
if the chilps were cooked with slieli, in &n aut@alave. BOmMS
espential oll could be regovered from the rellief gssea. Stored
pine ohips yielded only 0.5, cslonicted on the bone-dry veight
of wood, while spruce ylelded none. From very fresh +008,0.81%
of turpentine oil wes thus obtained, in the vese 01 plune; Ifrom
spruce, only O.ll7. It is evident that sowme of the oll la lost

by evaporetion .when the wood ie stored in the iorm of chips; this
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is probebly true to a wmuch lesser extent vhen iLhe v.ood is
left in log form. These terpenic suustences heve been thought
to play some peri in the lorustion of troublesome pitch-lice
deposits on tho wlres of paper maehinaa%g but this bes not been
Proven.

Bergatramga removed the totel rosinous mebier Trom pine end
spruce trunk-woods, by extrasction with ether and sioohol cud

obtained values in sgreewent with the sbove &8 follous:

Wood % based on % of turps oil
uged BeDowts of w008 in totel extroot:
degin | Turp.
& fat oil
Pine 6.0 Q&b B+
Spruce fed 0.0b &ed

]

~

Augter.ell and ﬁathé reported & slmiler set of il ures.
In examinetions of oil from pine and from spruce woods, ischan®®

and Eergsaramaa reported thc presence of pinene, dlipentene, and

sylvegtreno.

#het hes been seid concerning the smell smounis of
voletile oll available, snd consequent diffic.itlee connected vith
their investige.ion, perheps spplies even more 80 &w rogards t..e
non=volstile, unsaponifisble matter ol ihe wopodwrewins. Lo
sttompt has been mede heretolore to estublish whet tuls meterial
sotually -onsists of, slthough Tsehiroh¥% meationed 1ts 1ﬁertl
properties, and geve ultimete gnalyticel data. Tecbirch was
cousideriny the "resene”, ss he namsd it. The torm "unssgoniiiable”

hee & very broed spplication. It may include hydrocarbons, resens,
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oxidized  =nd polymerized products, difficultly ceponifiicble
egters or waxss, and free sloohols. The'recene” reiers
perticularly to & cortein mete~igl alieys fownd Lo cresing, and
ocherecterized by its insrtness tovaris resscnbs. Pchireh 4
reported that it doee not sho. the ususl resations for carbexylioc,
al&egg@ia, catonle or hydroxylic zroups; uneither .cs iv s&n
ester:nor a lrcotone. He found L% Lo wsoneist of casrbon, bydrogen
end oxygen, in variable proportions. He eonsidersd it to
be made ur of oxyterpenes or oxypolyuerpenes, but had no daefinite
rroof of this. He does not spocer to heve vried to reuove any
sterols assuming suob sre precent. |

The "resene™ 1s obielped by removing everything else
from the unsaponifisble, oy chemicsl or physieel mezns. The "resene”
ney bo o viscous oll, or & wexy mess. 1t l& never cryﬂ§allinaa i1t
18 poluble in most{ orgenic solvents. 1t 1lg ususlly only & minor
sonstlitusnt of resine, except in ceriein a&&asgs regporved, 85 anoh
g8 .O=<57 of the reein sppeers to be mede up of thie ueterisl, ior
uniknowi roneons.s wolophony usuelly coutgins Gl e wOOd=resins
sonigin it in very suell emounts. It ig extremely difficult to
free it from essentisl oils completely. 1t is oiten precipiteted
from the ethersal.olution of crude reuiny in extrescting «ith
squeons zlksline solutions. it cen be puriiled by sdding ullute
KOH to its etherealsolution, or by adiing slcohol. "Hescnes”,
phytosterols, end abletic eeid eli vive wery similer volour reccilions,
which may indicate some reletionship.

The per:entage of "resene" in varlous resins hse been determined
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by Taahirch54. and by Herdy and Dickeon35. The latter reported
from 4.1 to 7.4% in cert+in pines of .merica, They later
gommenced an investigition of the chemic:l rature of the resene of
Pinus heterophylla (slash pine), but this work was abnndonedse.
Yh§re is no information in the literature on the actusl composition
of‘sueh "resenes”, The unsaponifiable matter in oxidized tur-
Pant}ne 0lls hie been investiigated recently by Tschirch37. who
claiﬁs to have isolated some aldehydic substiances,

Gther possible constituents of the unsaponiiiable portion of

34 reported many cases

resins, .re the hi,her alcohols, Tsehirch
where poasitive colour reactions ior sterols could be obt-ined,
He also mentions the presence of resin lcohols in certain oleo-~
reainass, and these have been identified also by other investl-
gators3g. They generally resemble the phytosterols, =nd may be
closely reslated to them,

Pnytosterols have been found in the ligquid resin by-product
obtained in cooking sulphate pulp (see part III, pp.6-10).

Taxess

Waxes or difficultly~saponifiable esters have not

been shown to exist generally in the wood-resins of conifers,
Tschiroh®® reported th.t amber was the only such resin contuin-
ing these esters, His work did not include fatty constituents,
nor take into account any esters of sterols with fatly acids,

The needle-oils of pines differ essentially from the wood~
resins, :nd Xaufmann and Friedebaahél claim to have isolated

some higher waxes from these oils, and identified the constituents
a8 cetyl, ceryl and myrioyl alcohols, combined with cleio,

palmitio, hydroxypalmitio and atearic aclds., These waxes were
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extremely difficult to suponify, and had to be heanted with
algoholi¢ potash in sealed tubes for iour hours .t 1409,

The produots were separated by a lengthy series of fractional
precipitations from petroleum aether solutions. A substance
resembling a sterol was also obtained, Similar waxes were
reported previously by other warkers4ﬁ.

Cutin-like substamnces were obtiined in traces

43

only, by Eonig & Rump ™ °, from beech and fir, Cutin is normilly

a constituent of the epiderm:l layer in the bark, and is pro=
bably a mixture of waxes, Beré44 reported it absent from pines
whioh he examined, and does nct consider it an important con-
stituent of woed, 1Its presence is scargely to be expected in
wood-resins, and it probably is not present normally in the

raw material used in pulping processes, since this wood is always
barked previous to cooxing.

The "unsaponifiable matter” of commercial rosin w:.s ex-
amined by Knecht and Maurice?®, and yielded some intecresting
comparative results. They found no oxygenated substances,

Some residual pinene was presenti four "high molecular weight®
hydrocarbons were isolated, comprising three diterpene isonmers,
CopHzgs and colophene, CyglHzys The latier could not be found
in the original oleoresin zlthough it is present in rosin oil.
Jhen turpentine essence® is polymerized by heant or by sulphuric
acid, tha three hydrocarbons CggHzp are obtained. They are

found to form substitution products when brominated, but do not

yield any nitrosochlorides or nitroaitas, nor do they combine
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with hydrochloric acid gas,

The "unsaponifiable matter" of wood=-resins prob:ibly cone
tiine similar aubstanceséa, formed from the origiml terpenes
by the action of heat, air, or the chemical reagents employed
during the lengthy process of extracting the crude resins and
later separating them into various groupe of producta,

The effect which the "unsaponifiable matter*® of rosin has

on the sizing of paper, has been discussed at length by A. Eau647.

ﬂiaber48

has expressed the opinion that the “unsaponifiable
matter” of wood-resins is probably made up of phytosterol~like
substances and waxes, Up to the time of the present investigntion,
this had never bheen established, There is ~lways some of this
materisl in the resin-extract eof paper~pulp, nd Sieber thinks
that the “unsaponifiable” may pl.y an important role in regard
to pulp nd paper problems.

methodg for guantitatively estiuviting the unsaponiiiavle
portion of £es£na and fats have been very carefully studiedég.
Such analytic:l methods ure often of no use in the trsatment of
very large volumes of extractes for purposes of isolating the
mataerial for further invaatigation. but can be rnade use of in
modified forms, The methods employed by Hailbrunbe, Tﬂujimotaal;
Andrésa. and others, in investigating unssponifiable matter of
fish oils, might be of some use 80 far as the vegetadble product
is concernsd, They generally used fractionnl distillation under
low pressure; {ractional crystallization; hydrogenation, and
acetylation, JFraction:l distillation was practicable in this

case, because large quantities were availnble for investigation.



Of all the constituents of resins, in general, the

unsaponifisble portion is probably thut of which least is

Known .
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Discussion of experimeninl resuits obteined in the present

investigation.

Egsential Q1l,

The oconstants of the two products show that there is no
noticeable difference in the 01l from the green wood and that
from the seasoned wood, ulso that the amount of volatile oil
obtainable in both crames is extiremely small. No constant
varistion in quantity with the age of the wood, is shown.
The quantity secreted probably varies from tree to tree (see
mm?”)

The specific gravity is higher than for most turpentine
olle, but this is probadly due to the presence of polymeriged
products along with ithe pure pinenas. The materisl gould not be
purified completely by redistillation, on seccunt of the small
quentities obtained, so that no elementary enalyses (for carbon
and hydrogen) were mude. )

The optioeal rotation [dc:l:4 = +39.00, i of the sanme
order as that for Qextro-rotatory, American turpentine easenve,
rotation +356 to +50°, The faet that a pure nitrosochloride
could not be obtained is no doubt due to the presence of
pubatances having a high optical aotiwity. 8eherga353 and
pupont®4 reported that this derivative ocould not ba obtained
from pinene specimens with this properiy.

The inconclusive results reported in the search for
camphene, sylveatrene.‘aiyantane, limonens, and (- pineng 4o not
necegsarily prove that they are absent spince these reactions

are extremely difficult to carry out, where such small smounts
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of material are availadle.

Il.Unsaponifiable Matter.

The two main methods of investigation eaployed, (a)
fractional precipitation, and ultimate separation by meens
of the digitonlide or the acetete snd (b) fractional disti-
llation, and purification by means of patreleum ether and
aloohol, are both very tedious, but are prodadly the only
effeotive means by whioh such a mixture can be investigated.
Fractional distillation, howsver, causes & very high percentage
of loss in the working material,qn account of deeémpcsitien
and polymerization of the produet at t.e high temperature
necessary to distil it.

The digitonin separation method is suitable for isolating
small amounts of the pure phytosterol. The excess digitonin
contaminates the "resene” and has to be removed from it by
further treatment. This method is too tedlious for general use.
The acetate separation is alao unsatisfactory on eccount of
the difficulty in separating the acetate from the "resene" in
the same solution, their relative solubllities being almost
identical..

A thorough separation by means of fractional precipltation
from aloohol followed by fractional reorystallization from
this solvent, or acetone, without attempting to separate
further by acetylation or use of digitonin, would asem to be

the most efficient meansvof'isolating the individual oonstituentis.
The orystalline product actually isolated was shown to

be one of thephyastosterols, m.p. 1329; it 48 present in
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extremely small amounts in the original crude resins. The
amorphous, waxy material; melting over the range 629 to 68°
oould not be saponified even at 140° under high pressure,
which proves that it is not & true wax. Its properties
indicate that it is  identieal with the "resene noé usually
found in this class of resinous material,

The third freotion obtained from the "unaapunitiable"
has the properties of the polymerized terpenic substances,
ususlly present in the residues after distillation of
tﬁrpantina 0il. It is not as hard as rosin, but otherwise
resembles it in external appearances.

The high percentage (83.9%) of this material found to be
present in the ungaponifiable matter from the seasoned wood
as eompared with an average of 60.3% from the green wood,
indicates that extensive polymerization of the essential oil
has evidently taken place during the seasoning of the wood.

The yields of pure stercl and "resene" from the seasoned
ﬁood were aieo found to be much emaller than in the case of the
green-wood, this probably being due to various transformations

having occurved during the time of seasoning,
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EXPERIMENTAL
Examination of the Kssential 041 and "Unsaponifisble Matter"

in the resins extracted from Jack Pine (Pinus Banksiana).
I.Esgential O01l:-

Material: Thie volatile 0il was separated by steam-

distillation in the initial se.avation of the crude resins

mixture (p.21 part I) and when recovered from the ethereal solu-
tion, waz usually in the form of a yellow oid, smelling of
turpentine.
Purificetion:- When distilled on the Langmuir pump, it passed
over between 55° and 64°9, at 0,007 m.m., in the first dis-
tillations Several redistillations finally yielded a
golourless produet, bvodling at 59-63° at 0.0l m.m, This was
almost odourless when freshly distilled. On account of the
very small guantities obtaineéd it wes not poasidble to frag-
tionate this product. All distillation residues were kept for
examination. A polymarized residue slways remained in the
flagk after distillation,

Boiling-point and refractive index indicated that the
easential oil obtained from the "green" wood (Extractions
1 to ll,part I) wan identical with that from the "seasoned"
wood (Extraction 13,part I). |
Qb (B)0il from “sessoned" wood
B.P, 59-62% & 0,01 m.m.« BePo D9=620 L 0401 meme

B.P. 156-158° ¢ 1 atm. B.Pe 159-1600 ¢ 1 atm.
Refy.Int. ni¥ = 1,4914 Refr.Ind, ni® = 1.4920
nf0 = 1.4874 n50 - 1:4879
g’ = 1.4825 nB° = 1.4845

SpeaeCr. & 20%- 0.9289 Spec.Gr. ¢ 20°= 0,9330
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Rotstion of Product (A)
0«l24E gms in 10 o,0. absolute aloohol.
mean reading = (,4850
[<]8% = +39.00 (0 = 1.242)
Yields: from combined lots of erude resins:

TYPE OF FROM WT. TOTAL WT.0F ESS.
WOOD EXTRACTION CRUDL 0IL ESSENTIAL
- ¥0. RESINS  (NOT PURIFIED) 0IL
AGreent 3 and 10  72.1 gm. 3.10 gne. 4.30%
" - §,6,7,8,9 2%2.8 ¢ 4,40 1.50%
"3gagoned" 13 4856.0 " 8.5 " 1.76 %

These data are ineluded in Tadle V, Part 1.

Jldentification of constituents of the essentiunl oil.

preparation of pinene nitrogochloride?®

Equal parts of the easential oi}l, glacial acgetic acid, and
isoamyl nitrite were mixed together and the mixture saturated
with dry HC1l gas, the container being kept in an ice-salt bath
during this treatment. The intense green colouration characteristied®
of the formation of pinene nitrosochléride was observed. The
sojution became guite viscous, dut: no solid separuted even after
seversl hours in the refrigerator. On allowing it to egaporate
in a 4ish a white molid was deposited. This was washed free of
the viscous brown material by means of methyl alcohol, and
recrystellized from chloroform. From 1.866 gma. of the essential
01l only 0.030 gm. of this solid was obtained (yleld = 1.8%).

It began to show esigns of decomposition at 1030, but 4id not have

a definite melting point. (Pinene nitrosochlorided? melts at
10390 to 11560,
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Erepsration of p:

The sbove salid produst wae werued on the water bath
with 2 1little eloohol snd piperidine for # hour. Some
water wes added snd & white precipitate forwed in very small
amaunm. This was seperated by centrifuging, end dried, but
due to the amall smount avsilable no purificstion wes poscible.
It had en indefinite melting peint.

0.3 gm. of assentisl was aisaalvea in dry chleroform,
and the solution saturated (very slowly) with dry HCl ges,
keeping it et 0° Then sn equel volume of weater wee sdded, the
mixture neutralized by sodium biocsrbonate snd distilied with
steam, A very smsll amount aflwhite 8olid distillied over with
the chloroform,but not auffioignt for examinatiogﬁ The residus
in the flesk was extracted with ether, and the efhareal extract
evaporated. No solid sepersted from the oilly residue after |
seversl days stending, 7The small swmount of white solid distilling
over with the chloroform, remseined on the sides of the receiver.
1% had a 4istinet odour of pinene hydrochloride (synthetic

camphor).

Tepts for Cempheng.
(1) After stending for seversl days at-2000C, no solid

camphene sepcrated from the semple of oil.

Ho solid dihydroohlorides could be isoleted, even



after keoping on fge for several weeks., The products obtained
consisted only of visgous, oily materiel.

Brominetion in gleoiel acetic soid solution did not yield
any solid tetrabromide., The solution was kept in the refri-
gerator for three weoks, and then eveporated to smsller volume

but no solid produmet could be isolated.

Rene (mopinsne 6

After oxidstion with mlkeline permengenste, and stesm
distillation, the filtered solutlion ylelded 2 very smsll smount
of whits preoipitate. Thlsc wes removed and snother smell orop
obtained from the mother liquors. These products were

regrystellized from water, and dr¥ed st 709 in vacuo,



Unssponifieble Latter

ibe complete anmlytiosl results have.been tabuleted at the
end of this seation,

Mothod I:~ Frectionsl precir Y
Materisn) used:- The "unsaponifisble metter" sepersted in the

progess described on p.22, part I, consisted of & light bro.n

wexy mess, various specimens melting between 65 snd 689,

frocedure: It wes dissolved =nd allowed to stand for severel deys
&t room temperature. & precipitete of very fine needles (a)
separated out, often acoompanied by some flocenlent, white maturiasl,
in some oases there wes also s deposition of & brown, colloidal
substenge, which settled to the bhottom as & scum.

The prevcipitate wes filtered off, end & second lot of solid
material (b) obtained by ellowing the filtrste to stend in the
ice=box over night, end filtering sgain.

The residucl slcoholie solution wes eveporated on the weter
bath under vasocuum to about three querters of ite originsl volume,
end, sfter allowing to stand for s few hours, the solid materisl
wes filtered (o)e This eveporation of the mother liquor, snd
removel of the precipitatedproduct (4 & e) was repested, sfter whioh
the emall smount of residusl solution became very vissous. BHNo
mors solid meterisl could be obtained from it, even eiter ellowing
to stand in the iase<box severasl days, or diluting with more sloohol

and coeling. After removal of the wolatlle solvent complolely,

under reduced pressure, a mess of polymerized terpenio matorisl

was obteined very similar to the reaidue from turpentine distills-

tions,
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The five precipitates obteined (e,b,0,d,86) cbove were
subject to frectionsl oryatallization from sloobolic solutions.
The inlitiel orop of meteriel from esch product wes found to
sontein oerystelline solide. The amorphous, waxy msteriel
scoompanying the letter wes tound to dissolve more readily in
the eloobol, then the orystals, 80 the solutione were wormed
gently after precipitsation and then filtered. The emorphous
produoets were thus concentrsited in the mother liquors. 4 long
series of such treatments with all of the solutions of these
meterials, &8 well ss all the mother liguors, fimslly yielded
three productet-

{4) & pure white orystelline substance (needles);

(B) 4 yellow, smorphous product of waxy consistenoy;

{(8) 4 dark brown mess of palymarise& or oxldized terpenis
substange.

The orystalline substance wes still contaminated by trsoes
of emorphouns materiel, but by emplayiag severel recorystallizations
from plaoohol, end finally drying at }00° in vecuo, it was obtained
in pure form, melting et 101.5-1329, which corresponds with the
melting point of one of the phytaatarals§l

Another very pure specimen of this sterol was obtained by
the digitonin separation method desoribed below end melted at
1329,

It wae furthexr identified by yislding e orystalline ecotate
when trested with acetio snhydride by the ususl methodf® This
gcetate melted at 1:5-126°, corresponding with phytosterol

aoatata?z
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The sterol also gave the oharscteristic colour reactionsb4¢
of phytosterol, namely:

(1) Liebermsnn's resotion

The msterisl gave & pink colourastion rspidly
changing to blue, and finelly to greenish-blue.

Sgikowski wemotions: The substance trested with ohloro-

form snd sulfuris ecid, produced g reddish-violet colour in the

chloroform layer, while the meid layer became yellow, with green

fluoressence,

Thie aaalﬁnﬁe completely purified by frsetionsl arystalli-
zation, beocsuse i1 slweys ssperated e & geletinous msss, still
conteining some of the grystalline produst.

Two methods were tried in order to effect & complete
separation: (1) Treatment with digitonin, to remove the sterol;

(2) Acetyletion, elso to remove the stersl.

thod of jggggg§5(3°e alna 66)

This mothod had %o be siightly modified in the present case
ae unknown peroentages of the sterol were present, snd elec excess
digitonin hed to be removed later.

Prestment with 1% alooholisc digitonin solution hed t¢ be
repected several tlmes, until no more preoipitetion wes obteslned
on etending. The produot oonsisting of the ocomplex CpqH pOH. Cpg
Hgq Oggwes .washed with ether. The mother liguora {e) contained
the amorphous unseponif isble meterisl, with the excess digitonin.

The solid complex wes decomposed by treating with bolling



xylene for 10 hours the materisl being suspended in & smell
thimble immedimtely sbove the boiling ligquid. The digitonin
wad then recovered unchanged from the thimble, vhile the pure
sterol wes obteined by alstilling off the xylene in & ourrent
of steam, end reorystelkizing the residue seversl times from
aleohol. The produet was pure phytosterol, in the form of
vary find needles (m.p.l329),

The mother liquors (a) above, were evaporsted on the water-
bath, end the residue trested with boiling xylens vxectly as
degoribed sbove, The excess digitonin remsined behind in the
thimble, end the xylene solution wes steam-distilled, leaving
& wax-like residue behind. This wses reprecipitated from sloohol
several times, end finelly e pure white product ("resene") was
obtained. 1t was of waxy consistency, and its melting point
(different specimens) varied between 629 and 689,

The above method is long snd tedious, so an ecetylstion
method was employed.

(2) scetylstion

Oeb grs of the product )B) was beated with 25 c.c acetic
anhydride, on the wster-bath for t.o hours, end yielded e
homogeneous solution. On cooling, & gelstinous precipitete
gettled out, end this was filtered off. 4 further asmount of
precipitate was obtained when the mother liguors were evaporated.
These two substences were dissolved in boliling ecetio snBydride;
the products whigh seperasted on gooling were then purified by
golution in hot aloohol from which they separated on coocling.
They were then separsted from the mother llgquors by centrifuging
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since filtretion was almost impossible. Various fractions were
obtained but grest difficulty wes experienc-d in seperating the
oxystalline acetste from the smorphous materisl, ss their
solubilities seemed to be practicelly the same. Acetone was then
tried, as s precipitating wedium, but wes equally ineffeotive.
The ecetete frastion hed o constant melting point of 11090:

(pure phystostercl scetates, m.ps 1150 o 1:80)$2~63

The lower freotions melted mt 620 to 66°, These were merged
with the products (m.ps62-680) from the digltonin sepsration.

The produot (B) now completely free from ihe sterol, snd
melting between 62 end 689 wes now hented with slooholiec potash
in order to determine if it was & true wex, or not.

Frocedure.

The sample of "resene” substence (B) purified as sbove,
welghing O.8-0.6 gram, was heated in & sealed Fyrex tube with
10 c.0. of saturated slosholic scdium bydroxide, at 1400 for 8
hours. The produat whon cool, wes transferred to & sepersting
funnel, some sstursted squeous gsodium chloride soclution edded,
and the mixture extraoted with petroleum ether, until nothing
more counld be removede. {The aqueous lsyer contalned some yellow
golid suspended in 1%; this, when filtered off and exemined,
was found to consist of inorgenic selts.)

The produot removed by petroleum ether wes recoversd by
evaporastion of the solvent; it wae dried on porous tile, and
reorystellized twice from aleohol, then dried at 60O in vacuo,
M. Po 65~66°. It seemed to Deidenticel with the originsl meteriasl.
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The aqueous lsyer, efter extraoting by petroleum eiber,
anﬂ filtering from the inorganio salts, wae goidified with dilute
hydreohloric soid. Only a very slight turbidity wae noticesble.
The aoldified solution wes extrmoted with ether, the ether
solution dried over sodium sulphete, end eveporated. No scids
were found end only & trece of residue remeined. It was derk

brown in colour, and probably consisted only of impurities.

This residue wes & dark brown manss of polymerized terpenic
subastence, probebly derived from the essential oil. It had a
"goftening range” of 9-250C, and was extremely viscous at 0°,
but 4id not solidify even at-159, Prolonged distillstion with
steam yielded only traces of volatile turpentine oil.

Refrective indexi~ n%g w 1.5644: nﬁg w 1.5600; nBY = 1,5569

Method Il:- Fractiomel distilletion under reduped pressure:
Mpteriel: The msteriel used was the orude "ungaponifieble matter”

(m.p.65° to 68°) seperated iln the process described on p.22 part 1.

Only one lot of this materisl wss subjecied to fractional
distilletion; namely the one from extraction 13 (semsoned wood).
Progedure!

The teohnigue employed in these distilletions (using s
Lengmuiy mercury vecuum pump) has been diéousseﬂ already in
sonnection with the resin acids (p.44pert 11} and the fatty esters

(p.34part III)
19,10 grams ylelded five initial {reoctions. The distille-

tion was stopped when the temperature of the bath reached 3200

because of decomposlition of tho residue in the fladk.
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1 60=1009° 0.0l mem  EKearly colorless liquid 0.60g. 3.1

2 170~1770 noow Yellow viscous " 1.50 7.8

3 177-185° noow Pale Yellow Solid - 4020 22.0

4 185-2200 “ " Derk " " 6.00 3l.6

5 2202700 noo. " " yisoous iiquid 2,60 1347

Hesldue in flesk 30686 19.2

Losses {by difference) 0450 £e6
Original wt. of wmaterial used 19.10 g. 100.0%
U S S . N —

Pruotions l»anﬁ 2 were pnfifiea by rediatillatién; the other
£rections were not redistilled on eccount of the effect of the high
tempoerature on thesge products.

l: wes redlstilled € 0.0l m«me: beps B5-60C; the product

wes aﬁéolourless. mobile liguid possessing the odouxr of turpentine.
Refrentive index: nS° = 1.4875; Yield 0.5 gr.

(The above propar£1es indicete that this frection ls merely s
residue of essentiaml oil}, not removed completely in the steam-dis~
tillation (p.2lpart 1)

Fregtion 2 was redistilled et 0.0l m.ms: bepe 168-1709, yleld 1.2 gre.
of a visoous, green oil, which formed a gelstinous mees when cooled
to 0% (This fraetion probsbly coneists of polymeriged sarpéaea |
resulting from ection of heat on the essentiel oil; seep,g, part IV)
Frections 3, 4, snd B: These wore eaoch frectionelly exystallized

by dissolving in hot petroleoum ether ( b.p. 30=-509)s Prection B
dissolved completely, snd ylelded oryatalline messes on cooling.
Fraotions 3 and 4 dissolved partly, but each left & brown, olly



portion (e} eslwost insoluble in petroleum ether, froum which
the solution wes decanted., OContinuation of this trcatment gave
rise to similer olly residues, vhbich were united with (e) end
dissolved in hot zlcohols After sizuding at 00 for .ome time,
& amell amount of white, smorphous product seperated, aud wes
removed by filtretion. Ko further separation could be effccoted
from the derk brown filtrate, 80 it wes evaporated ou ituc wetere
beth, under euction, end yielded & rediish-broun mess ol
polymerized terpenic substances, very sizller to the residues
obtained in the first method of separstion {see p. 82 pert IV.)
‘he products from the petroleum ether fraotiona, citer
removel of the sbove polymerized oil, were recrystslllized seversl
times frowm eleohol, &8 it wse 4ifficult to effest an sp.recicble
fractionsetion with petroleum ether {B.I..0-B0) or with mixtures
of the lstter and higher-boiling frections (from 70 to 1109},
The purificetion with sloohol ilnelly yielded two wmein frections:
(e) a orystelline product,m.p. 129-1309; end fb) en ewmorphous,
wexelike subatence,m.p. 6<«89°%; tue product (e) wes dried et
100° 1n vaouo, while (b) wes dried at 50°, sleo in veouo. The
products were then weighed. »
Purther reorystallization of these mein frections from
slcobol yielded tvo pure products, (&) mep. 1o1=1829, and
(b) mep. 68-69°, (These correspond :ith the melting-points
for the two similar products slresdy obtained, see p.gg,pert iv.)



Apnslytical results by the sbove meihods (I and II) ere
tebuleted in the following sumiery. 1t wes necewsiry to roup
tozether the unssponifisble producta from daifferent extrsctions
due to the smell smounts obiained.

in order to obizin the "averaze' ,croents:cs of the
individual constitaents, for esch of the extractions inv:lved,
(s reported on teble V, pert 1), the percentazes reported in
the following tsables were used ss factors in conjunction with the
original percentege of total unssponifisble metter (see pp.-1026
tebles I to 1V, part 1) in the orude recine frow the extrection

involved.
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dloobolwbenszene extrsotions of "green" wood were mede et

intervals, over & period of 5 - 4 months (Se¢e Tebles 1 ~ V).
"Jessonsd” wood, & yesrye cince fel&ing.gwaﬂ-elﬁa exsmined. The
resln content in each cese wes noted. Qert&tn.mathoﬁa’ef
geperating the crude resin produoet into simplexr groups, were
investigated snd found unsatisfeotory. 4 systemeilc procedure
was developod for the efficient seperetion of this erade wmateriasl
into epeciiie groupe, sulteble for rurther investization, in a
eomparstively unchenged condition, end & discusaion given {(P. 52,
Fart 1) of the adventeges of thie mstbods Eech group of substences
wes oxsmined separstely later, |

Table I {pel0, part 1) showe thet there is no merked .
varistion in resin content in the "green” wood, when it 18 stored
in the form of logss Other investigastors have found & pronovnced
drop in resin content when the wood 1s stored in the form of
ahipe. |

Phe aversge value of crude resin (by alcobol-benzene extraction)

is é.58%, The "ether-soludble” resine content is besed on the

welght of orude product less the smount of weter-soluble sonstituents

end of lignin. The average velue of ether soluble resins in all
the extreotions is 3.82%. |
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The "secsoned” Juok Pine log exemined (5 yesrs since cutting)
bad 88 high & resin content es the "green" wood. This mey heve
been & perticularly resinous leg; the resin content usuelly veries
from tree to tree.

Teble IV {p.26, part 1) vhous thet the "green" wood hsas
apprazimatély the seme peroentage of totel eclds us the "Bezsoned"
wood, but has more fatty scide present, end considersbly lese totsl
unseponifisble matter then the éegsan&& wool. The sessoned wood
sontains ebout B% less Fets, then the green wood, and e corresponuing
hizher percentage of resin scids.

Peble V (p.27, part 1) slso shows the higher content of
fatty colds in the green wood; there sre also more glycerides
present. The percenteges of polymeriged terpenic substances {in
the unssponifisble mstter) is quite bigh (6.5%)in the resins of
soasoned wood, compared with those of green wood {0.8-3.1%).

There is & decrease in the smount of phytosterol present, with

seasoning, slso (0.70% in green wood, 0.54% in sessoned wood);

this 1a elsoztrue of the resene (0.87% in green woed, 0.73%

in sessoned wood). These are "sverage" percentegesn for sll the

extreotions of "green wood",

Vafiada wethods vere inva&kigateﬁ, tor isolating the
pure reein soids, the one finelly :hosenm for effecting thelr
removal from the impure scidle substances belng based on the
solubility of the pure sclde in ?atroloum other. This method

removes the pure ecids in ocomparatively unchanged ocondition,
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4 method of ldentifying certein of the individoel ecids was
alsq evolved. This wee based on the formstion of erystalline
ammonivm selte by scids of the pimerioc group, snd of crystelline
soid sodium salts, by eold of the abietic group.

Three mein groups of aolds were shown to be present:-

(1) smorpbous scidas, of the "Sapinie" oless;

(2) Oryatelline soids, of the pimeric and abietic groups;

{8) Trensformetion {emorphous) producte derived from the above
two groaps.

The "cryetalline ecids" were cerefuily purified amnd their
gonstents exenined. The molecular welght was determlined by
alkal;éétry and found to correspond with the formule O;p Hzp O
The esailds sfter distilletion in vecuo were found o have &
moleculer weight of 309.0, end e lower iedine namber (90.9]),
possibly on esccount of & slight oxidstion heving tsken plece.
Transformetions nesr the melting point were observed, &s ie
the usual osse with these acide. The presence of the plmario
(netursl) snd the ebietiec (colophenie) types wes esisblished, by
mesns §f the crystalline sslts (see sbove). 4ibietic ecid wes
elao iﬁontifiad by its orystel~form (trienguler) but the other
golde could not dbe identified in thie wey, on sccount of the
imperfectly formed aryatalu.

1t wes found thet when the r:ids were not very cerefully
purified ( soe Adia b, table V1), & higher percentage of
“natural” soids was present (based on the yield of crystalline
emmoniom selte). Evidently ebietic acid is formed to & great
extens during the lengthy series of reerystailisatians.
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4 higher percontege of orystelline sclids wes obtained irom
"green" wood (66.5%) then from sessoned vood (51.8%), probebly
due to trensformmtions oscourring in these prozucta during the
progess of sessoning.

Uther mesns of removing these resin mclds from the wood
in unchsnged condition, were investicsted (petroleum ether,l®
elkell extractions, ete.,) but on sacount of the large ez-unte
of other meterlial removed at the sems time, i:i wss not possible
to. isolste the orystelline products, by these methods, without

employing some subseguent chamia&l.seﬁaratien Process.

PAnT I1X: FATTY Cusiul.

The fatiy constituents were exemined by very cerefully
.controlled and eceurate methods, in order to0 prevent any chenges
in the meterial.

Various methods employed in fet sneslysis were examined, and the
sdventsges sndi disedventeges of sach bave been discussed fully inﬁﬂ
part 1II. The fetiy constituentswere isolsted free from the other
somponents of the resins, 1t #aa aléa possible to exsmine the
free fotty ecide and the fetty glycerides sepsrately.

"~ The omly voletile aoid found wes butyric, in trasces only.
The unsatursted scids, oleic, K+snd A=~ linolic, snd linoleniec, were
identified,

Two other sclds were slso found in very smell emounts among
the fatty acidm: (1) & liquid product, b.pe 56~60° ¢ 6,01 m.m.,
which waes exemined es fzr gs the guantity aveilsble wouvli permit,
and (2) s s0lid scid, smorphous, m.p.70~71%, which seems to be

acid
fidentiosl with the lasatonie isolated by Sandquist, {see p.7,pert E1l).
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Another very smell freotion, melting et 68~69°, poscibly
consists of ssemric ucid,.

The bromination end oxidection derivetives of oleic end
linelio scld were slso prepered, snd used in egtablisbing
the identity of these socids. Linoletic soid wes identiried
by mesns of its hexabromide. No other unset¥rated scids of this
geries were found to be prasent.

The composiilon of eech frsation of the liquid {unsetureted)
acids was estimeted, by megus of its bromination producte end
sussturstion value.

The zlyserides end the free fetty scids of the green wood
wore examined sepsrmtely. Thiz wes slco done with tue tuo similar
groups from the ceasoned wood.

4 complete summery of the invecstigetion of these four
groupe of fate hee been ;iven on Teble 18, (pege 67,part ILI).
4n inspeotion of this shows that seasoned wood csontmine wuch less
linolic moid in the glyserides then doss the zreen wood. Thise is
probebly due to oxidetion or polymerizetion during the \ime of
aaasening. The smounts of oleic soid present is approxiumstiely
the seme in esch cese; linoienic acid wes never found in more than
traces. The free fatty sclds sppesr to heve prectically the same
percentege composition (of olele, linelic and linelenic scida) in
both kinde of wood.

| The emount of the totel (unsaturated) fetty acids frection
is Sighor in the green wood glycerldes (84.6%) end free scide
(46.9%), than in the sessoned wood (43.5%), while the seszsoned
wood contained a percentege (30.2%) of oxidized fatty ecids,

indigeting thet & considerable portion of the liquid fetty meids
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of the green woed become oxidized or polymerized during the

process ol seasoning.

(Vi BSSENELAL OIL,

Only &=-pinene could be iientified with any certainty
in tbis oil. Veriocus other terpenes msy be present, but the
test mede for these geve negetive or indefinite results, probably
due %o the fsot that insuffiolent of the pure meterisl was
svalleble with vhish to try the resctions, The pinene was found
to have high optical sotivity, l?ﬂ%* = +39.0% similer to various
&mariaanAiuryeuzinﬁa.

The esmentiel oil wes found to be present in the wood
in very smsll emounts, in every cese. It forms from l.d to
4.@% of the totsl resinous m&tarial.. No sppasrent variatien.in

properties or in the percentsge were noticeable in the olil

from green and seesoned wood.

Thia was isolated from the rest of the resins and complotely
separeted, by two different methods, into three distinet produsts;
(a) phytosterel, (b} resene, (o) polymerized terpenic olls. ﬁg’
waxes were found present. The emounts of {a) and (b) were
extremely smell but eppreciable smounts of the volymerized terpenia
substances were prcsent especlally in the seasoned wood, where
extengive polymerigation of the essentisl oil has probebly
osgaryed during the period of storage. 48 already mentioned, the

amounts of Bterols end resene prement in the seesoned wood were
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epprecisbly less then in sreen wood, probebly on asccount of

Blemilar trensformetions.

SRR R e 3% T
;'e & Ledh b SEie ¥ .j..z;t it e

The present thesis is concerned only with the devieing
of appropriste technique for the sepsrmtion ol the .onstitucntse
0i the crude recins of Jeo.: line cg they exist 1. the oriyinal
woody, 2nd with the ldentifiestlon or these indiviuuel consiltuents.
The .investiretion in:luodes not only “"zreen” but slso "secsoned”
wood, eince, in Lhis way, it «es hoped to throw ne. light on the
faetors releting to the chenges, if sny, 1n the chemicel composition
cf the cruode resins, wileh teke plasce during the siorsge of
Jeok Pine logs.

In the sbove penerel summery, it hes been pointed out thsei

the main polnte of diiferenge between the resimous content of "srcen”

gz sompared with "gessoned” wood, sre the following:

1, In "sersoned” wood, the glyuseride st content hes decresased by
ebout 6%, while the free feotty scid content elso shows s decrease

of ebout 5%

Ze The percentege of totel resin scide is practically the sswe in

esch kind of wood, bui the "seasoned"” wood contains s higzher
percentage of emorphous, trsnsformed ecids then the "green" .ood.

3. The percentsge ol the totel unseponifisble fraction is uuch gregter
1n;the "seeponed” wood, this being due to & merked inurease in the

smount of polymerized terpenlis substances.
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1% will be noted thet the differences in the cbareater.
of the two clesses of resins, from "sessoned” and."gruon? Jaék
¥ipe, respectively, ere aa&aaiﬁ&a& with the changes tasking place
| in the shersoter and smount of certain a@ﬁsﬁitaenta, such a8 the
caeptureted iaﬁa end febdty sclds, on the anm‘ﬁanﬁ, snd wish the
resin eslds,on tha'a%harﬁ The former aa&tainvanﬁatarsted. i@adlly
oxidiseble an&'ﬁélymmriaahl& substances, sueh ew olsle, lineclic and
'1ia@§§§ie_aa1aa, while the letter represcnt a group of produote
shersoterized by marked instability under the influence of lLight,
beat and oxidieipg. sgenta.

ds regards the bdesring wblan theae changes might heve on the
matter of pulpdng such wood efficlently, the gquestion as to whethes
any éf s0el chenges are facilitated by the savion of solutiona
of sulfurons mcid snd bisulfites st en Q;svataa tempersture, cannod
be snswered until the neceasary experiments involved in such a
researolh have deen cesrried out, but it seeums qaiﬁé g@ﬁaihla that
murkaﬁ changes of one or more of the éanaki%nwnﬁs way.%aku'plnas
adder such conditions. On the other hanﬁ. the opporsunity afforded
the resinous aanntztnonta in graqn“ wood ﬂuring storage fof & yoar
oF more on fthe wood plle, posaldbly provides & time~period and aﬁvirau&
ment in whioh the more uvnstable constituents of the faets, fatiy s-oids
and resin soids ere aanvextea into more inert auhatannsa of such @
gbarsotey ss to indionte n eartain degree of inartnaae under the |
Qen‘&tlnns invelvud in the menufaoture of solidte pnln,

The quemtion of "pitoh troudble” is avi&nntly egsoolated o &
notedles fegres with the charmster of th«.@&iah, in othar words, ita
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"taokiness"”, - a8 factor previously pointed out by cumpbell.

The solution of the problex would seem io lle in the
progsaution of edditionnl 1nv@atigatians, in wbioh esch of the
individusl constituents of Jeok ifine resins indicsted by the
reaults of thiu invesiigetion es possibly playin: e definite role
in "pitch trouble” is treesed under pressure and st verious
temperetures with sulfurous soid elone, end sluo in the presence
of the gcid snd bleullitee, together with wood chips end culfite
pulps The possibllity,of course, exists, that the effect of
"pitoh srouble” mmy-be due to the gombined sotion of geveral
asonstituents, but this seems less likely.

Following the sbove work, the neceseary conditions for the
prevention of "pitch trouble” during en "indumtrial cook”, e.g.,
hydrogen=ion contro), addition of emulsifyling snd dispersing
azents, ete., should then be investigated.
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