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". ~ •• tl0. f):f the oom.p-osl tlonand))1'o"ertles of the 

Helaoue •• ,c.-.t10nfPJ of Jacltptne ·(pinna ~a,n1.tsienB) has fomed 

a INb2eet 'of' pew,liar lnteres t dur1:ng. the past few year ... 

. COtapu._tly.ly 'llt'lf~ls kno'WR of the. t:rue oh_teal n~ture of the 

-t.'u7eol nat.!'el wbet.noea. gene:r611y ~eferred to broadly 

a8 -re.lns ft , .hi'eb' •• ,eo,lteted ~n the inner O$l1a et 8uch oont-

ihoseto,mlng t!\:it raw· .·.to;r1a1 of: 'be laval 13t·Ol'·es indu,stry. 

h_vehe. t.he Club3,eot of Go.nsld.~abll investigation. T1:1e 

que.t.lon of the ohet1jlc:al nature of t·helMer ~ec:tetlona of the 

conifer. has tlN,;s a p·.cullar .o1ent1tiolnte"$t~ 

J.aoft pine· 1$ so veJrY widely d1$trlbuted throughout 

,Oanad •• aa well a8 parte of the t1nltedSt~~tes~ thet th~; matter 

of lte eaonomle utilIsation ha .• aSlt.Lifile.(S. Q0t1s1dera,ble iml'ortanoe. 

This .c18.' of piAe t~8 no" looked. u~n as '. very 81gnttlo8nt 

faotor in the matt·er of tbe 8'tl'nply of raw mft.te~'1.1 to,r the 

".per Induetn. fher·.ere s.erlou. 11~1 t~ tions to t ts US·I;1. 1'0 

th,i. reap.et, hoWever. on aooount of 1 te b1,h roainou.s eel'ltent. 

I.,elf Pine c~n be used,ln the sod~ an,ij 8ulphate. 'P!'Oee~te8 of manu

faoturl1l:? eh"lc$l pulp'f.,where strCtnr,ly ~,lk..ltne co·olrtn;?; l1quera 

are.pl.,ed, but se.loua dltflcul tle8are ~.t fit th when s't

temp'. are ~;'(l1ad. to oo()k 'hl~ wood, by the aulpht te (aold) pro. 

ce... or to l1.8e 1 t in tl\" for'.'! of ground-wood tor news'print. 



The 111gb re.in content- 01' t.ll! pulp leads ~o the 4epOsS.t1on of

"_.,, pi tob-like massea· o.~l the \fIr. a.nd l'elte ot the papo;r.. 

'maobtu€tS, !/iulklct, 1.tn~c.e.aty to: abut (i.o'wn 'tht\~ latt.... This 

.,~ealle4 .pt.; tob-tlftble 8 le the, Q,au$e ofCQn:~\ldera:ble 1081.16. 

both in Qpera'.ln(\.tlme. and 1ft t:t ... value of tile t1nl.he,d material. 

'-1118\1"oub1&81.Q OOOU.1.'*S trf;guently 1)"·.11 when tl:e les$-~. 

realnOO$ aoru6e woad 11 "eed.. 
, ~ , 

rh,$ 'latter' ~. t1:f.tie b~u~io r~ .• 1t.t~rtt\:l of tbetiHl1ph.lte· 

pulp. ta4uetl'f 1ft aan'a4a, ~nf; the enoll'mMl8anntte.,1 coneu1D:ptlon at 

thie wood. htJ't 1.'_tted the ttt~e1?jtlon ~f theJ ttl tlwlulte de,1~t1on ot 

natu.:rally gl1res the l!1tter ~n 1.-portant 'PO$1tton ••• an alte.na

,tyeaource Of stl,?)ply t ,~OY1-d.d the .O$~.~ lOan be cOoled l1U·OOtltUJ. 

Tq:,'l~ 1&t·4- ft ..... ~'l+...ll\..l!i 
, ~~ .... 'Y,;\ r;"", lj'~.-3. r.'V"'. ''''''', 

801elywt,th <the ree11\OU8 6oiltea.t of this p~a;tft1 aula!' wood~ and: 

oonsequently the question of th~ exaot. rH~.ttJ;"~ of tbo8e :r~~:.s1n. 

'. 
In.,e'~lgat1oQ seertull to be· o. le·gloal pr~llml.,ui\,:ry .',el' toward 

eolut:ton ef. 4!,-rtlcultles ln 1 ts lltl11zatl f)n al an equ.t valent of 

.p~01J* It 1$ quite pGI1I1b1". also, -tstat t.lle lamense ~i,atult~]l 

tl'Qre 'of' lrfJlin mfit€~r1&1~rorll Jack prlne.ayaort'c~ d,~y find If.1po. 

pro4uc1Ull Of the ,~ulph$.t>eant1,a;otla pulp p.ro,_as,e:n'5~, tuoh aat pil1.-

8tl,,11quid J'o·elu, woOd \U;.ftttne~.t etc. ,',. aN belrHt ut1lt.ad to ' 
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Very tew 1nvest12t~j .. t1oflB of: importance h,,".V8 been oarr1ed 

~u.ton tbe contfers ·of North An~erloa. Chief &.4ong these r .. 

•• at-ohes are those of 90hoJ'ger1 
t 8&, •• 2, a·nd B~,l'ne.'.. Sohorge» 

IXUllnedtbe wonda of fJ+2Teral d1tte,c'ft!nt specIee, and also 

-.8'eertI11ne·4 the comp·o.sl tton of the oleoresin., ne·edle-ol le; eto. 

H18 results are of great soientific 1.n:tere@t. T~.':.e w~rk of Ba,te •• 

on the: \'fa!?t. wood of th.c lonf~le~.f l'intt (J'. Pftln~tr1.f!) indicated. 

the ,'oaetbt11·ty of o'btaln1n~t 1~,rr;6quantlties of' rosin, pine 

01.1 t tUJ'pent'lne ,wood-pulp, e to ... ~ ~nd .e'\rer~ 1 ~~t~ thod.JJ of t:t'e~ t-

1ne thta wood lnduS.tr1~11YJ were e%a~:11ne4, leading to imports,nt 

lte_ults a·a ':rcfsal'da the ehemteal utlli8!,t1ol1 o:~ tht3 plne :W,aste, 

VaJtlous oonifers have be~tn .xar::~1n$db., Barnes (loc. .et t. ) 

as regard,s: "belr oontent of resins. cellu10s., llgnin,' etc. 

The oomrcerolal prod.uota obtain(tble fro:m the waete mate.tal 

of Amerloan oonlfer9~ have been reviewed by tJreenWOOd'-f.. 

1!~.~1.gJ!lfRe.ln8 of all kind:. are "er:;' md.ely dlst~[bute4 in 

the' veg.'.ble klrl~dettt. Thoy are not oonflned only tCJ the lftter. 

oe lltilal' "reeln-eanals l , bu t 'are a180' PH ,en" in the oe 11 

content, and in the cell wall its,·lf.· !-le.1ne areoonmldered e .• 

be.}.oftglftg to tbeclAsa of. .... traat±;es" fr~' \'fCod,~ bee.u~e of 

·tbetact that the., 8,,.-ereadl1, re!loved by mean. ot ord,tna~1 

801,,entl. "or thla rea.on, they are not CQ'fu-,ldered. a,ltcnll~ 
"lj~ 

part of the 'PlaDt ",ro-pe'J-, bUt tl'ffJmeHly extrlneou!l ,",onat! tuents 

.1 the wood C)Oftt1l1ex. ~e tnyestilator.5 baye endeayo.ured t. 

traoe the existence of 80mtl kind of cbem·lcal union bet_en the 
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lignin, re.ins .~.nd tannlnfJ of wood- I out there 18 no d..fin1 t& 

ohemlca 1 cvide.noe of this 80 far. 

A dlstlnotl'on le often made between wbat are termeil 

"ph,clo1ogtoal'* (orctnatural tf ) and ·pathological') resine. The 

torme·, te:rm refers to tho •• secret10Tl6 of tb.e normal, liv1ng 

tissues of the lnne~ wood:, whlohremalrl in. the wood; the term 

"pcrtholog'lC;'!il", 01"1 tlH~ other hand, haR -reference to the exwi .... 

t10ns .bleh follow soon. #.ifter a wounding of the outer part. of 

the tree; th18 latteT ele·ma lnellldem the. oleo!'aSitn$. These t1l'() 

el •. sees of "re.in!'?!" ob'!ion~ly ~~."l not neee-ss~.rl11 h~ye the sarne 

(}:~o.-i tlon, even 101" tbit ~l"1~"'~ .~,eel~s. Tr-;e inner seo,.etlons 

are muoh morecoTn1:l 1 i cated thon the ()leQres1tl~ t !\t\f1 h~V'enot beea 

tn:ve.tigated~ to· the 8~'lte exterrt. 

The pre'aent Inve(~tl€!;rtt1on la couo·erned 801ely ri tb the 

.o-oalled ·.,h".lo1og1o!1~ resina Of Jaelt. p·lne • 

• ·a.toral rS8:1ns are nt!iyer homop;,eneous, and.. espeoial1y 

in tbe case 01' 'the S$ort)t.1one of the inner wo~d, :n&1 be ex·tre:\~le11 

compl.ex. When suoh seoretlone U$ extrr],otcJd trcxrI the woody 

tlasue.~ 'by organi0 aolveata't fo·r·lnstanoe, a tarry fillx,ture of 

m·aterials 18 o'btalne4. tbe co-mplfi; te 1n\t~.Hs t1.g,~~.tlon of which 

pHaent. a probl.- not unlike th.e aepa:rq.tlttn al1d ldentttioatloA 

of the oonstl tuente of coal te,r, for example. the lnvestigation 

of tbe$c $eo!'tl':,ttofta 1s al.a,. h~pered to a very ,reat extent 

·on 8CQOunt of the rel~tl"ely sl\l·all proporttons in -hlch eOtne of 

tbe cOftltltl1~ntrtr are p"r.:ent in t.be .,).e4. 
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t,~ both l)h,.elcal and chemlcftl r'e'a"?ente, and thetr eXlmline.tlon 

re~ulre8 the exel"oile of umlsual p%"eomutlo~H~ if the 1ndividual 
'. 

8ubetal'1oet8 are to be 1iJclated and ldentifle1 in the8a'~:H~~ .tate 

as that in wh1~jh th$yr;,~e nor'f';'allypreserlt in the l1ving tree. 

A 'boroug~'review of the enormous mass of literature on 

~he general eubjeot of r~Hllln8 D:rought to·llg.bt o~rtaln irnportan:t 

faots w1 th re~tard to ·'PilJslo1og1oa14. Jre.in.a: 

(1) 

(2) 

The neotHtsi ty for a ·cl?l tleal examination ot the ltlstho:le 
used ln the ieolation in the unchanged .. 'etate of the 
na.tu .. al resins. and the selection ot. a suitable 
p:rooedt.t::re tor l:icOG!lpllshln~~ t~ll.~ 

rh. requ1retnont of entirely new ~nd rev1eed 'techn,lque 
in the qualltatlye and quantit~,tl".e .eps~r.·atlont 
classificatiQn and lde:n'ltlc~ftl()n et the 1udi.vld,l tal 
eubstances pre,sent in the crude re·.in mixture. 

In order to t.all! tP,\t'e a olearer overolp:ht of. the work 

actually acoo~,ll.htd in tl'h'~ pree::ent 1n"e$tig~tlon, 1 t wae 

dfurtme(jt &rdYl!tA'ble to dlvid.e t~':e thesis int:) five !!H11n eeotlo.ns! 

~Aaf I:ThS.. g1"ea a cri tlo~.l review 0'1' mf~,thod. previously 

.~ployed ff)rthe isolation of tbe crude r@sinous ttJ.nterlala 

iNn'! the wood· t Bnd of the modlfioa.tion. 'found neoe~.aryt in 

the prtsent instance, for t~e teol~t1Qn ot the :four lmpor

'ant group,. of' eubetsllc98 pre~wentt namely t (a) the resin 

ac148, (0) the f,~,tty oonstituents. (0) the essen.tial 011. 

(0) tbe uneaponlfl&ble rnatter. 

PARt Xlt Thi. d..ala wt th the previous literature on t,he sub

jeot ot the .tRESl. AOIDS Yi of the oon1ferl* and w1 th the 



vi 

Ilethods used in t.hepreaent investigation for the 1.·o1~:t1011 

and, ldentiflo~~tl'::H'l of the ,'UbHtSJlces o'f this type. 

PART tIlt Thie is ooncern'ea with a difjC1,28~lon of previous work 

re lt1tl nf~to the ttr ATTY Co.!l9TITn~~1'rT~~ tf of w-ood t in ;;reneral, 

and parti,,~~l~rlv with the te. 1nvestlr~ation. t;·\~:t hA-ye been 

carried out on the t~,ta~'\'t(~s~nt in the internel s1l)eret1one 

PAR' IV: This section c:omprlsel ~. brief review of the ·~:·3Sr;:;H

TIAl, OILS A;rD UNSAPONIrIP1J~I~:r: \'!A'Iltri~'R ij of restnsin gene~al, 

an.d contain,s a detailed a.eoount of an improved ftlethod fo~ 

the lnves,tlga,tlon of these OQ·nst1tuente in Jaok :Plne, 

PARt V: Tb!s 1. dev'oted to a resu~n6 of the results oblained 

in tl18 present lnv6stl,atlon. and their bearl!li on a tu.tu:re 

pt-ogr&~ of" .·ork ooncerned w1 th tJle applioation of' suoh 

results t::) the ind.ust,161 side of the ma.nufaoture of 1)\111' 

and -psp.r" 
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(a) '-he ·c"e-ea" \fOOd ( Jaok Pine) referred to lnthls woztk ~ 

.a. obtained in the topm of tOUl'-toot. unb-arke" 10g8. f70m the 

Ab! "1'01 Power a~d Paper OomPUl'. :Ctd.) ll"oquole Falls ~ Onta.rlo. 

These logs were b~lrked immediately be-tore cutting u? for ex-

'ltao'ton. The 10ge were fror,1 the trurfka of trees \!~Ltylng; 

from 125-140,ea1!'tI old,. 'be ,,"4.1 -WaB Ito'red in,a rf.tfl'lger~,tlng 

room until u •• d. 

(b) !'he ·"a8oned" wood (.1~ok Pine), in tht$ wotk t .aa 

obtained tro~ the Roward ~f .. th p~"er '~111~, ryo~n"flll, Ontarto, 

and "88 g'ro,", in tbe~!f.te1T\ 'roft8hi fje et tbe'!'oytnee of Qtle

bee. Tb!. 109 Wss t~om tl"te trunk wood of ~ tree 135 ,.@a~8 

014. and bed.' be~n left fa%posed on the woad';"pl1e out-of-doors 

tor about \hree years. It .~s not e'Xtraeted until one year 
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PART t, 

M.'ho48 tor 1801::1't,10a 'If the O:rud, lleelns and Fata 
S~J!\\t!!~u~~!,J1f!t.~!;:?_~9.f"."QJ:2..~1l,~\,9..t~ .• ;~~!,~_gg~+,!t~,!ll,~~',,! 

R:eeln. ut! f8:ta can be' rtt&dlly removed from woody tll1.,.\1es 

by mef\...n8 of Yal'tOUI o-rganto solventlt, \)ut 1n mo~t oa .• ea~ other 

tht_. eth.er h~. "b~en l1~ed by Itn~ny ~tkere,. "8 t t doe~~ no·t 

remove lignin f St/lg~:re J ~nd ot~";f~r notl-:re$lnfJue ttl~ t'er1, ~,lB. Ho ..... 

• 'Yer, ce-rt$1n resinoue pr'odtl·ets ~ f~ry:Ttle'Ul~rl1 • 'fnl~1:1'~'r o:r 

Je.inOtl8 ox1d~tl0'n produots) are diffi dult;lyr~oluble or ~re 

lnttoluble in (~t'0el') so tna,t the extraction 18 alwaY8 incomplete. 

E~l'Ulen.lha;s been tOt.lnd to ;remov~ small aIrlOunta ,of li~?:n1n.. a~nd 

aoetone probably behave. a<lml1ar1r.Wah.lberg2trtea v~.t.lou. 

e .. t;r&otl0:n801v~nt8 and finally cbose ben.ene eztraot1on.,. this 

He found 

t ha, the or..J.de till a to r1.al rerntlved f ro.::? .'t)l-U eo;:; y e xt x a ,~'·t.i :;) n '1'1 'h 

a bot aloobol .. benzene rntxture conta1ned trOtH 4,.6 to 12..6:;; 

oonstl tuente fU'- they extet in tt';(1 wood and 1 t allo ha. Sf; low 

bot lIng-poInt. wb.l1. ale-ohol and benaeneall:Q have 8peolfto 

nbatane, •• tnu9. depend on the ~p~r.,t!.et~l3.~ solvent use-d... This 

wst be borne 1n mind, in ct". •. p~rinrthe 1~rev1cFUJ r'efJult~ of 



A d1sou,sain!J of' the f~ctor.affectin~· tbe 

Aqueous ~lutlons 

senerally t but.requtree do·uble th·e tinte. A mixtu.:re of equal 

'V'olumes of a·loohol and benzene was erilPlofe<1 in t.be preec.nt ":rt, 

aa 1 t seemed to be the, r!}os.tet:;i:"'iclent art.d oonvenient form ot 

eight hou:rs'ext,.sQtlon .as tound. autflcl$nt to remove p~s\o

t~leal11 all o.t tbe res1nm, O'nly verysmall 'portions being' ex

tre,cted after that. These lat·te~ ~:robably et>tta1et of lip1a .• 

"ahlberr{r2 found e ·tt', 10 hOllrsStttf.'.cien1, tbf3 tol.en}t used be.lng 

be'Disene, butf~llowe·d thi~ trf.H·.!tt~";<~~mt -t tb an ~Lleohol ert~a .. 

'lon,. . He f<)Ul1n th'l3~t .mall~~~~:ount$ of m~te,rl~l could util! 

be remove4 !atter ext·r1!,ott·ftl' l~)r on,eweelrt e.nd n·t)ted, th,~t the 

alcohol removed fluoh lig'n1ft. 

~rho , .. ount. of :re,tns r~ove(l fro~ oertain s-;:,e,clea 

of ,,1 nE:' and $'.CtrU~ef bp • large .u~lber 01 WQrkers 'lslnc~.: various 
r'" 

, .. It> 
eol.e:nts, ,:re repo,%'ted in 4et:1.11 l)r t~leb.,r Tbe L.ount 

extracted depea4a:, of course, on the cs-111n of 'the "04. 1ta 

t.,pneaa, ooa41 tlons ox-' ex.'"',oa¥"e, aad other faotors.'the 

peJ'centIl8.8 of~ re.in. tn a;')eoimen$ of Jeek pine removed by 

ether toll.we4 b,an 8x:traetlon with alcohol' have "b$/en 
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7 re'PC'rted by ,. Barnea . a8 follows: 

Jaok: 

.. 

~ eth • ., "" .ale. TO \.1 
eatract extraetextract· 

.. ' ,.. 1[1 g I •• Q M' I_~t 4' t .. ,., .. ., ill! U, ... . J III .u ., If 1 t' • If P kilt @. aat .... -¥iF 

ptnl, aeasoned, l~crt!~ 
"l .... ; .• 

tree 2.7~ o "~ • J 
,.~ 

.. green. ~.ll t:tee 3.24 1.71 h.95 
tt :rtv.~. 8.·&801\e4 2.)7 0.77 3.·14 

S Stml1alr figures. were obtained. by 3o.hnaen and HOvel' t 

... tag the aual: sol ven' ... 

The I:.p,a~.t.lon o·t "h. elude. ftat.n mlxture into lta 

oompoaea't. p.resents a diffiou.lt pzo'blem. ,. met',:tQdS ueed w111 

48.pe.4 on the' 4eglteeotaocuJt·ao, requ:l:re4, and &.$ to whether 

the ma,terial. flm. 8ep~a.rated. a:te to 'be examined tu:r'tl~er, -

in O"uJ: word., an individual plan 1s nece.fary \0 aui t tbe 

,...l.ul·ar cond.1 tion.. There has hee:'1 no 9:yotemntl0 'Prooedure 

tteveloped ... s ,et fo·t tbe e:Gmplete .e'Ol,ra.tlo'tl of g;UChrC81n 

ml.tu!' •• and theldent111oation of the ln41vldus,1 eonatl wentl. 

''b,ere ensts ~; well-l!rtown ~enet'al M~~thor.1 for t'heana.lyels ·of 

alx·t'lres aab:r\\o'1ng rtHI'1n, tat a,n.d.unt!u!'::1o~1flt!bla matter an4 

.ervlsit for the ef!ttirrrt'},tlon of thfU •• ~~tel'i~.13'1 a.rHi 8tt.ptl4 by 

l1.tbe.·10 to ·t,he· prod..ate analysis 0f "o·o·d-.1'eltn m12·ture.s. 

'11118 •• thodlnvclvel a. 'Pl~el.l.lamI'1,a:POnlf·lo~ttot1 of the 

eft4. r@.in a1xtul'e. by !1eal1e 01 1/2 alooholio potaah, tollowecl 



bT'r:emoval of the unaaponttlable products by petroleum etber 

·e.t2'.ctlon~ 'the mtxtu.re of acids obtaln.e<! 'from 'th0 alkaline 

aolutiol"l 18 then St'J"!'l1'l:rste" quantitatively by Wolft and eebolB~ .. ll 
1lO41.tlo.tl·on .t -T1rltohell t a12 eetar1flc.-tion meth.od, tnt" rea1-n 

Tbe uneapC)nttl~ble p'toduota are 

obta:l-n.~ b, evaporatloa of the po'trt)l~\Uft ethe: e.traot. 

Tbt. metbo~ fa sui t~fble tOl: analytioal ])1.1:11'011', and 

1$ compa.ra:tlvely aimp18~ but it do •• n·ot pe:ntlt of the 1ao1..

tioft 0' estllfultio. of al 11 ,,'ere. ~lyocr1d..$. essential e-ll, 

It was 

ev1de::n'ly not 1:nten4ed fal~ u.8e whet. a t~lzth~rlnveat1ca'loa 

of the l-adi-"idll-al oouatl tuent •• &0 plaum.4. 

A 88 con 0, 8,,1\ .. - Of -analril19 for conlterresin eZttdailons 

was ",.,teed br Tsohlrch1j 4 Th1~? 111 s.atlefactorywtth res,pect 

to$0fIl8 of .-he oon$t1 tu~n1H't but not wben applied, to "04-
lteline. beo&u •• T:ttehlroh dld not· take into accoun.t ibe pre·~enoe 

of t.t:" " .. tb,ta-nee.. Aleo the 1.'H~latlon 0·' tbe relin acid. 

br b:18 m-tz~thod is e~diftim.11 t and. tedlo'tlB matter .Tecbl1~Ob. 

tlrat- tre-8jt8t.he or-ud.resin with luffic·lent ether to die-sol". 

all theeol\fDle ~n4'erial. ~ndrJllo":r4. any lnaolu_ble. Tbie 

."he ••• ls(lluticn 1& W'a.hed .. ell 'With 1fa:ter, tt') 're~OV0 tannins. 

oarbOhrdratts~ eto-. Sueo·eSllve trea't?~erttat .1 th certain 

alkaUne aolutione, (mt4>aCO,. NaaOO,. etc., :remove all ott~ a~to 
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when fto141f'led, ylt?lde·d only 801id reeinic aolda,whlch .ere 

then purified. 

Th:e residual ethereal aol-~tion, oontalntng o~11 neutr&" 
'. 

moved b1 8~eem-dietl11a.t1on. Tl18 resld,ue wa,E!} found to be a 

very lnel't •• a~y matsr1a.l., which Tschiroh ttl~ed "Rea$ne" 11 

'hls entlfl me-tholfl i 4 very tedious, and there Is nothlq~ 

to prove -that the Ya:rl(')\.Hi ~.lka11ne E:xtrat'!-tsexploy.ed remcr".4 

atruntuJ'al1ydlffere-nt aCidto cubstanees a. cla1,med flY Tschlroh. 

The 'p'1:r;1 ty of most of h1e prochlcte 1~ open to serious queat1o:11. 

and Dupen,l4. ocne1ders ·thf;:{t this author 'ba~ me:rely enCUlnbered. 

'the 11 'terr:t'lur,. w1 th it long ce,r1es ot lIeanlnglea$ntl~~1es and 

bas atld:e,d nothlnv: new. t'o the ohe'mlstry of tile resin aoidl. 

~iotwlthstandln.g this serious objeotion, and the fact 

that no rer~a?j W&.8 paid. tot) the pre$enc~~: of fatty aoid,s, gly

oe:r14ee, ester., etc., tIle rnetho-d. o~f rlc,hireD enables an 08-

tlmatt,on to b€ !!li1t1t:; of t.tu~ essential '011, total.oide; t1;nd 

mixed. neutrtl,l substances and, on this ba.1s j t,bere 1a the po,,, 

81'0111 ty otQd.ld1ng up et $yste1~rHltie procedure for isolating 

tb.ese g:foup. ,m,nd invest1g'atlng 't.helr lnd1vid~l3.1 eO.nstl tuenia. 

Botlt t,ne met,hod 8uggested by 91ebe,.lO and the general 

p,l·p of TSfJbtrob were lnvefrti.f~.ted. in d.et~;l11 in the present 

resea.roh and tOtlnd to be unea,ttsfaotory, and i t wa~ DEHl69,alT 

to dev1ee a nf'. method, 38 outlined ',and d.iso'U,Qse(!. below. 



New Meti:'loj it);: the Isol.:1t1on~:L··~d !de-ntlttc:1t1oD 
_"t!!_ .. !.h~_~~!!,~,~.~j:q·~~!~JL.9.1'_ 1/J1g~ ,Rin~"t!~S,f~!?:!t~ ... ~ i ••• wo 

The method del/elope-dfot' the oomplete sepaxatlon of the 

,,"lele realn· .il.ttu~. obts,lned 'by a·lo~)i101-ben41Jen.e ex'traotlon 

aDd identifioation of thelnd,lvldual constituent, lnclude9J 

aomeof the l)e"te,a1fure's of 'he pJ'oae· ..... alJ1Jadyment1one4, 

and la intended to serveae a be.s.ia tox athorougb 801e·n.'ltl0 

lnV':eet1ga,ttonof t1't ••• Bub,tenoes. 'rhe numeroua details of 

tb1s plan ~pe given later in the different exper1.l.1enttftl parte. 

4e.atl1ntt -1 th t'~1e 1nl "lal. 8e'~s.r&,tlon ot thep;rQups, and. e%amlna

'toil et the re8in~eld.'$, tat9!un~t:r~:~Qni:rl~ble~ and eeaent1al 

oil, e.e- of whioh 1~ taken U1J een~.r:~ltely.. 
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ltaoh·lo, 1II&S firat eu.bjected to fl critical mtcroeoop10 

ez_ln·atlon and 1dent1f1ed 1), 1t·s botanical.features, aa Pinu8 

.1._laD •. (Jaok Plne)15. bet-ore being used in 'he tnYt'u.tlgatlon" 

The. W,ree,."· ptne log'. (Plnna BaUkalLtla) •• re ·stored in 

&"14 Jlioam anti-l reqf~1r.Q. flu. but was :reftloved just before 

.hav~ng •• 'bymeaaa ot • nl(~ohanlcal. plan •• , a.nd, the •• were kept 

111 010 •• 4 Do ••• , ,.'o.re4 ln the cold ,·oom. un'Sl they wcre 

put l-n lbe es.·r.·ot·Qr. 

It 19 aot advisable to grind the .04 •. on aocount of 

tbe hea-tin~~~et±"ec' and too much exp08ure of the resins to alr. 

When chip. a.-r.e u .. 4. there 1e the P0811b11'1 'ty ·ot 'f,)<iH)!r penet~a-

'tOR of the $olvent.. 

ue1ng am.ll .having •• 

'h~ 'loe. in "1 lib ,: at 105." \1'8.$ 4ete.,ln;edoft •• .,.:ra'. 
_.pl •• , JWftpH.ent;a-ttveot tbe .'hole '.'."1 by dJly-tas in tbe 



, _ona. eX'l'ac'or. workln l!, aU"omst1cally on the soxblet prlnolple~ 

About 500-600 g~am.. bone-dry we1ght", of wo04, could be extra.a--

, ... 1I't onetlme, ustng e1gh' 11 tertl of solvent .• 
l 

•• 19Ift'· could be uaed to~ 8e"eral b8tchee 01 woo4, but in the 
\ 

pte.ent wo~k. 0.11\1 to the po •• ibiltty oftra.!'u~·tor·~~tlon8 

Goou!"rlnt.t 'W1tb' eOf!1e Of the d.1 ~801 t"edaubetanee$, undel"tbe 

lnflu8ft·oe' of heat. ,t t waa thouehtadTtsabl.e n~Y$r to uae the 

•••• 10·tof 801Yent Oft more tban three 10te ot' wood. 

'.t.l'aetioft for 8 Cl' 9 l\.ours in tbt. ~FYr-s.r~tu •• 1.8 touad 

81lt1101$nt to remove &11 resina and t~ltS* The sol"ent u.sed 

.u •• d.e: \.1p ot eQual VOluwul. of benzene and 95'{ aloohol. 

The alcohol ... bea •• ne extraot wflsd1st.111ed, under alic:ht;l., 

:r,.,4nGe4 pre •• ui.) t'roin a water-bath:,. using e.' .tx'ea1'J of 00
2 

ga. 

to.stllet th.e di.stl11at:\on and.. to prevent buMping,. Most of tie 

aolvent could be reooY'ered 1n tIlls wa:y.The s,olut1on was kept 

ehteld·e(l fr{)m light. 

Remov'ln;3 the laet tnees of solvent fr·"'~~: the viscous 

mlxt:u,. W.8 e2tJlemely difficult. If the mixture were 'lratlhed 

SDtoa di Ih &;11d d:tiet!.·~t 60· in tb, Yacultm-OVen t t waa to.rul 

that thert- were eonftl1do1rab18 los.se of volatile tata and t$JI-. . 

bath and thentranaferrf.ng tt') a de.1e~ator, u!t4er 'V'&etn. t 

also 1.4 to lorH~:e, In the .am. way. &0&. pO.81bl, oat18~d eome 



,., tht ~e.ln8 directly in the distilling flask by heating on 

.... ".-'hathand COnn.eoting the flask with •. go04 wate:r-putlp 

until ·t·he.e1&ht was a,(;pro:x1mately conetan'. The pro·duc\ 

ooft'talft8· volatile aubatance.s whioh ~ay be rer~ov.d wt tll the 

lu't~aoeeof IH~lvent if' 'bed.ry1ng 1 c CV.r:r1e4 '00 tu. 

The ttnal reeld,ues were fairly vleco·tls 11 dark b~own 

mll'.r1·ai t very stl oky, and b1~.vl.tlg the odour peoullarto 

r-eai;nOU8 pine .oo4~ The@epro(hlota 'wflre kep' in. dealoc~tor. 

tmd$'~ vacuum, in the dark, until uaed,. 



TAJJLI I 

~ ef Re,.ttlta obtallle'G lA the Va.rious Exuact10ns o·t Jack 
r' "E1_~' •• S'n .~M'bl{f.ttl~~ r !t!J!!;.e'l.!!!l1. r!!~h91~~ln~,,, ,et ... "., '11 , 

" . . - IIW .... :tIaI' .-qr. I1bJld' .... , •. 11: . " .•• :_.""' .... " .t .... ,. I.-Uti a!l' ... &. ... - Id_. " •. I" r 

'''nu". , .. ~ , ",*- ...... "-_'n .. ', '""' wOod. ·~"los. ~ ,.., . We,..ht ."'. f, • 
Enzo·. 11d., ftae since . ., 10,- SOU dO'.... G:J'Ude 0l'Ude e~her-801uole 

10. woo4 Iree felle4 (!~ 1'12 •..• ) wt. O.t WOO«. resina ~ealn8 . Hs1u 
..... 91,11 .. 1t 't ... l...".:IIok,.~.k ... iII':i.~, (' , ulE ..... ~_ PR. b":ft,"lli,Jl. I r'" e i ,(ill$. 1*-»,_ l,..., .. ·_ .... I~ i,., ......... IioFf ,,.. I ...... !t~ ... - JPia ...... 1U.p ... 1,,81 t" .... tjo\.'JI!§'.! $1 .,. _*'" .,. .... f!1) ' .... IM If' 8' ... fa I" Jr.' Q,l J. J" "It 1

51 
1 1 •• • •• e==-

1 or ... 10U,.. jll*~ 557 ps. 26.5 pe. laOk Pine 4.76 3.;1 
2 40. 11 1f 28 .)3 749 .. 18.7 ·tt ... ' 'J . • .. ' ... l.;' (1 ..... 1n azytng produot8) 

) 40 15 .. 9 .• 1~ 541 • 25.\ ... 4.70 3.75 

It- •• 19 " r g'* 575 • 26.0 • t) . <et, .•. r, .. 4.52 '.51 
5 40 7" It &.,~ 1107 q 50 .. 6 if !~.57 3. 12 

6 4.0 80 .. 7.)~ 1019 ~ tt:6 __ 
",J~ . ., . " 5.22 ,.12 

7 do al « 1 3rt 2402 '* 64.6 • . (. 
(losGee in drying pMucte) 

· ' 
7.J~ fJ 40 " 

.. 317 tt 177 il 
• • 5.:58 4.71 

9 40 90 ~ 1'.'~ ?~lt'"l ~ 113.3 .. 
-~ ,,,' '",I }~,.45 3.12 

10 do 92 • lel. 7~ 1218 • 51.7 • 11,.25 3.95 

11 40 94 .,. 13.1f 766- 211.5 • 3.72 ~.26 

12 40 16 a08. ll*,}~ 1120 it 76 .. 8 1{.46 

1:) 
:M:tdOf.1e:. 5 yr •• 13.~ 13.4 K$8. 564.0 Jaok P.kle 

- . " ! ' 

~.21 3.;1 
.. ••• rt 't."f=;'»'<~""-'--''"''_'''''''' ____ -''-'''~ __ .~'_~~7'''I' ..... -r-_'_'_' ____ '_---' __ lWd •• II ...... "?' .... P! .'1 .• u ..... --, ....... -- Ill,. .a, I_ 

........ IJI!"' ___ ... _ ..... __ iIIIII1 .. """----------...... """ ..... ,. .. --..... - .. ---....... ""' .... 1 ...... "'IIP t I 9. "!MIJIip:"""''''' "'.' '9', I? ... /.,. id I _rs .- .- .., 
5 
.... o 



P~.lt.tftar, Sep.a!'!tton 0" tb·. Totel th'ude g·ct81nOU8 
,,,~_._,,,,, I __ ,....... " •• ,.t.~.~q!,,,,,,, ., .. ,' ... 

1 wel.ghed quan.ti'1 ot 'he ,c'r\1d.e resin 8,n4 tat .1xtu~e 

" ••• apoftAfle:4 b1 heatlng .1 "h 1/2 aloohol! 0 pot •• b tor one 

Dour J on a I wa·'.r-b~"h.un4el' aJ'·.nuz oond.n· ... r. AppMXl

ma'.l, 40uble· the .8t1ma'.4 tb.oz-etlcal amount of pot.ah -a. 

u •• d 1.0 eaoh o.ae" t;be theO."etleal'belng 'Ou'.4 on the neutral

,a.,t·t-ollv.lutof t·M acl:deobtalne4 lat.... the mixture was 

pou'e" i.nto a e.,·aratoi'Y t\Ula81 •• 1nalng w-1"11 a 11t,11. ~.O' 

.alOQholt&nd lutt1c!d.,ent .·ater added 'to' r,o·4U08 th, alcohol 

.'~._"h '0' 59~. Tbt. 1."0,1" p"eCatl'tOD. 1., .esry .8(1888ary· 

1n oN.", to t\vo14 the f()lfmltJ,OllOf trouble .... mulllon. ,:1 .. 

l·a'e:! et.,.. Ir:tu~ .1xtu"$ Vtal thea i G.xt;rao~ed.. -l_h alJott' half 

th, .,1 •• of petJ'~l_ e,th~, ('b.,. ,0-;00 ) t:O r$llove tbe 

Uns8!)otltft.a,ble. tlsuall.J ~our or five ~uoh iret'~ent$ we.re 

•• ,rl·olect., the total pet·roleu.'I etber e%traot wm.. tb4tll, ehake" 

W1th t .all Utott.,o·l' l;~~' XOR .OlutiOD., '0 1mlCtl anequa.l 

yol.- of .lcohol. ttf!Mtbeen added, and tbt ~ ft. repeated a 

,'0011(9.t1 •• ; 'he •• ft.hi_swere •• de" '0 the IUlle altaline 

aO,lfl'11011.. me •• ,an:;\ft1 ·QI lne pe~roJ. .. e~ft.r.()!.'10. wae 

.ntt'au.od wlthlflul portions 01 101 8q:u8ou· •• loQhOl until 

11$11' •• 1 tophenOl-phthale'n.Tbe '·.'raet •• ,s thell d,r1ed 0".11 

•. &lot_thlor'id_, t'he sol",nt :retttOHcS" Md. the wex, re.~1'4ue· 

left 4r1 •• at 65- 1n' the vaou:u. Oyt., to cons'ta.' wel'Sht. 

ne allt8,l1.o,. aoltl tl on con tainlq the PO ta.altl.\ft sal'_ 

w •• aoid.ified. .t.a "ilut. hy4:rochlodo a014, and •• ,,, •• ,.,.,4 with, 



.~,1 ethel'. In some ca.e., a 11 ttle lnaoluble ma,tar1al, 

da.t b.l'Own. ln oolo·~lr, a'~,)8.rated, and wae remove4.. Thi. latte:ar 

we.. I).Obab17 'llgaln or some oxlda tton 1>"4\10".. The etheresl 

••••• e~, contalnlnrr t·he IIt:red aCide, WBa wee:ied wt tb water, 

,r 

.1 aetioky, bH'Iftl ma •• a.nd the '!)t"od'uet wat\'! drier! to oenaLant 

"'rllt It.der suotton 6r:s th~ .~t;~r-b8th(. 

'.0 .e'ho~. for ge"')ttl'~t1.n~ th~ ~b~vr: Mixture "fAt'J.tltR,.

'lft1, lnte refllft ~e1d8 Rna fatty ~e1~~., .re earetullvln

.. a;tt«&, ••• In 01'4831 to 4eetde whlohw~~ the 1101". suitable. 

the' tlsw'l.' alxture of. &0148 "a~ 418'1'01" •• in ten t1 •• 

I'. we1gh' ot abaolute ethyl alooh.ol, t:he .lxtu,'r~ l€~t't, atandll1i 

over fuae4 80tltt;tu aulpbat$ (ty'er nlght. thentl1te,et\ qulckly 
~~ 

In' •• dry d.tstl111,ftI fla.t, tmtbeHed in cold wate~.. A, 

.'reL., of :~t1~y hyd,rochlol"10 aotd t::~a,. was passed In 810wl,., 

uDder gentle suctiOll fdtd, con'lnu.' until the 8o1utl,on became 

l;al'-r.te4. Thl$ .ay reqttire .. veral A,our. "ben tlle volU:lle 1 • 

• alt·,. la.,.. tbe ... :),tlt:lon waa l(rtt etan41ft8 fo:rat le!l~t thl'ee 

hourl. to ,,_:plete the .8tf:1 rlf1eatlon, ~nd thern p01l"4 into 

"lYe time. lt~ Y01'1"'~ .f dt.tilled fttfi:r.,h'. 'mixture \f8 .• 
I 

bolled untt 1 t~h~ a.que,oue l~"er W!MIJ e;lmott cl(t1ll,r. (It t14 e4-

.l.abl~ to ,a.e a tt·tr'e1!l'~ of "02 gas to prey.at ~lftg .. ) 

tb,e" .ll,. •• t·~r* and, .,.tdff .• ep'~1"ft·t.~ •• the uJ)per 1.;,er. It 

"a. fouft4 .dYlsa'blet()8l'f'hon off. the 10ftr' ;aqueoue ·port1on. 



.. 4 extract thll with ether, tbis ethereal solution th~n , .. 

being used. to d11801ve tht, main lot of resin a . .,lr!s and fatty 

eate:re. Tb,e e~h .• :re.l extraot was washf7d once wl ill WQ·ter .and 

then the resin ·ac1d. were se1':1arated f:rom the fa.tty esters 

~, shaking w1 tha solution of R1ne yoluJ:1eEi of 1ft, aqueoua 

poiaolli.l.m hydroxide to one oX alcohol. 

'a8 agl tate:d .8.v81"a1 time.$ 111 th por_tone' of thl1 alkaline 

solution. until nothing further appeared to be re'6il0ved.. The 

alkaline f;xtrsete _ere then earetully W~~q~l'led \l!J'l th ether. thus 

Jremov1ns an appreoiable ~ount· of the fatty eaters and thee. 

Thie lntter was 

walhed. lri th 'Wa,tel' lr"lt11 lleutral.dtied over ~alolum chl,yr1,Je. 

the ether re.o •• d. (!\n"'1 the 1'~8idn!1 fa.tt1 estere dried at Go

under ."lotion to oon.stant -l~~bt, le~y.tnt a brown 011. 

The alknline e·xtr~et .aa acidified .itn hydrochloric 

.014, the :Fe.in ~oid8 l'ece".red b"l' ether ext:r~otiol\; the ether 

es·t,.aat t.r'.:~&ted •• ab·Qv., and there.in ac-tde obtained as a 

dark r'ad, r,.tn-11te !\1aa~. 

(b) !lo t~~ ~i~ar~"l'!~·ai '! !~~ ~~ .. Iif. _~~l?~r_'l ~~ 9.~._o.~ .. 1.L~~! 
.. 1Ii 1 'r','" ... ,.... I..... I'II.'~ "'". 

Tb..d~t·ed a1,xlult"o of r£;8·in and. fatty t~foid. "aa dlilolved 

in flve time. 1 ts weight of at:Golut. eth,l .alcohol. To tht. 

was ad.4ed 50,:t by volume of an esterification mixtuft., ~~ooa.lat ... 

lng of one part of concentrated sU'll>hurlc aoid to foul' par'. 

of a'baolute e~h11 alnobol. The s·olut1on we,.s bJlo\lih1 QUi.1, 

",0 the bo.111ng polat on t,ne water l>ath,uadel' reflux, and 



.tep, at this te"'Perature for three .to ftve minute. only •. 

After ooo11ftl_.p141,.. 1 t .a' tl'l,naferred to a •• !Jarator, 

rulln.l~ 4'.lutedwt tb about. four Yolll"e9 of lO~ aqueous IOdlW'4 

.hiona. 801tltlon, and extra.cted nth ether. The total ethereal 

•• traot .as waehed w1 th a 11 ttle lod1tlm ohloride solution. 

--and ,be.treate4 with 8ueoe~ •• 1ye 1)I~tton8 of l~~' ·aqlleou. pot ... 

• 1um hydroa!'4., to ».mo •• the resin aoids cQ'ffl:Jletely fro"4 the 

' .. tty eate... The alkaline extr'aot was wa8h~d w1 th ether, and 

tbe·"ft.hiBl8 returned to the ma1nethereal solutIon. The 

GOmbll1fl4exlract ,1,. then a;C1d1t1ed 11'1 th hydroohloric ;';1014 and 

A small amount of insoluble material 

ittl'ftlly aepa.ratlng at this ."age waa. removed by filtration, 

fteatme:nt of tbe' ethereal 804l.lt1on and~ removal of the ether 

aa deeortJ)e,d. lett a. residue oonalat1ng of tbe resin acid •• 

'tbe original eth •••• l solution, containing t·ne tstty 

•• ter., was washed ri t~) ••. ter until neutral, t~e.tet\ as ,,1 .. 

1'.'41 d •• l,r1b·ed (1'. 12 ) atid th,esters :reooveJfed. 

In o11te~to obtain the t~:tt' a.c·ld.s ft-. tbes ••• te~ •• 

'he 18.tt.:I were aap(f'ftl11e(l tor one-.h~lt to one 110UJ-, ,,1 th 1/2 

•• It ... out b" ad41ng& •• tu:r~t.d sOd.iu. ohlorlde solution. 

1l1"roeblorle, .a01d .dd~d, aD4 t'he free actd. t.ke-n .1' by ether. 
"', " la 

h ••. tlIlClu,t 01 tbI. e'·be~e.l extltlO' tn 'he aame wa., (.,.' .' ) 
,1e14e4 a .e" vt.coul,dart bl'on. ms,8S o·f ~a't . ., aoid •.• · 



TABU It 

SUal.taryot A:!talytlca,l l1:«urult.8,. by Method A, In the 1nl t1al Separatloa 
, Of Qftde P~odu,ots from Yuloua htractlona .f 3~ck Pine W004 

'JO,d_ ... 1. TIIW'l'l' .... ·s: .... IQ< ... Plr •• ·"' ... ',I .... ,-........ -w ......... '1Inr' • .,,.. IISy''lt .......... '111 ............. ........,,3 ..... .#)." ......... ' •• '''''.',1 " •. Rt' "' ..... __ .,· .. ,·~,._ ... ~·It.·,: ?dFlF ... '......,..C"l. __ .·...-.... 

To'al . hpoalftahle UUapG'a,lftabl. fI.l ... - 8eparateA1lal,..la- er 
CNd. ft. of ~_Did ,lat,'e2' aolu1ilesapon1f1able prod.okCta-

reat",eic. o ••• t- .~'l ac14S;'·.&84 llate,tal c1wl1.ng lignin, etc.}· 
frOa .»- er1al and :lnoll14lrigE8$$fttlal (by .- U '''.' !I""" I .. , * , .... rC! _ .. -., ~-•• _._. -'_.I ",,--' ._rt 

tJaOUert us_ 11gn1n,1nsol-. 011 d1f'fer.e'noe) R •• IA &o1d8 'att,' I*lg~la 
lfO!.. . uble, ete, . ' ..' ao1.s. 
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Ca) 4_4Il.ll.l. 
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3.4P.O 
J.1J40 

77 ~ 50 ,0,.2220 
79'.' .~'. ~'. o.l86O 

4.95 
1~.1O 
4.8) 

'f 
1 

-rg " 
.' . . .. - ,16.4 ~.5 )0.2 15.1 
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1) 

11 

18.'516 14.4912 

.:;.. 

~:J ~:~6 
•• aa "$ 

(.) 3 .1_1, 
(ll) 2.4150 
... $ 

28.5 

1 .. 6926 
l.'~ 

2.-'4'_ 
1.8.9'1tO 

22.60 

79.0 o.gt)6,l}. 4.)9 

(:a S2.2 0.1082 
80.,* O .. OIJ'70 
151.3 4. ' 

77.7-
.,.8.5 
1'.1 

g:~~ ~:§j 
5.1l.5 

79.) 1.50 5.26 

·-16.' _1 .. 6 ;2.9 21.7 

13.9 "2.1 42.3 7.80 

16.4 45.4 3g.4 7.50 

15.4 5).2 23.8 6.2 



prellmlnary $epel'9.tlon of the Total Crude Rei1'llnou~ 

It '11 I,..,jjrlp 11-",. I '1l14 ~e 'mU' WIi __ ., .......... ". r q.. .r..~&s. ,. ... . ...... ,r" " •• , '1'.. I •• , at .. ' 11. 11_ 111- •• if ... AI -_ 

"'!'be fol1ow1t\!~ !!ethod follows eX~l~tly the "ro.-,edure aB 

.\ltllned· bY Tsehl:roh in connection ",-1 th h18 rnmeroue tnV'est1-

:gattonlt. 

the crude resin mixt1.J%:e obtained bV the aloohol-benS8ne 

8·01"ent extr'sot1on "a8 boiled .1 th ·several l')ortlQns of ethyl 

·ether. under a reflux con4enaer, until notb1nr~f further was 

extraote4. " 

aialn boiled with ether • 

• ·01\1'b1e m.atter badbt~en extracted.-. 

The ethereal extra~,.t was waShed ~1 th 1;~~!te1" t to remove 

tan.nln8 t tiY6statfa. eta." wh~Oh w~re altown t.o be p:rf!aent '07 

QU:alt·l tat1 ve to}~ t, •• 

the aoldic constituents 'b, extl\motln.g it e,Jh.auat.l.vel~'· .,. th 

l~ aqueous a/'l~onltl1ft c~,rbonate eolutlon until ft;·of'urther aclds 

The re8tdu.f!tl ether .olutton wa$ tben 'Wa,shed "t th water. 

.~4 8Ubjeet~d, to a .• t~nl1Ar eXh~llf{ttiv€' eeries of e%tr~(!ttons 

with 1~a.Q11e·olle, .~)dlttm oarbonate. solution, tbu.s re".o9'ing 

.feohtrob u8ual1y found. the lU801uble matter to con·ela' 
o-1'1.l, ot'. emalllJllOul1ta of lmpurl tte.; . th1s does not apply to 
the rel1ns 1n th~ p!r·, •• n' 1nv •• 'lfs:~:tlon. 



ooaelderable e.~"{'ttlona.l ~1r()llnts ~f '-! e1.dto flJUb8t~nee8. when 

ftothlntr further oould be rem.,ved. t~e etheT e~lutlon re~~lnlng 

"8. wQebe4 ,.,.'In ,,1 t'h w~ter·. 

The aotd, remAinln~ 1ft tbe ether solution ~ere generall, 

~e.,oved by atlnsl series 'Or waehlngs ,1 tit l~\~ aqueoue pot~',8,.tum 

·hy41ros,14.. Tschlrc'h also followed this by treatr!lent with 

1~ oaus'tl0 ln certain Cg,0€:8 where all the flc1ds hfld, not been 

~ •• ov.d by the previous alkaline 801utlona. 

rbe resldu,tll et thereal flolu t1on., now containing only 

fteu,t~_l .ubetance.~ waa ev,apO:a\ed to r~lOY'e the solvent, and 

the residue subjected tolteut-dl.tillat1on,leavlng the "tIna.poD-

1f18ble aatier.·· 

• rachlr-Oh rrequent11 repor'lea 'lUl,t realn Slf081ianCeS WEre 
preetpl ta;"ed :trQl~ the etber aolutlon when tGomuoh of the 
a,queoua eX"1",a,etlngaf~ent 11&$ useda,t this .tage. 

•• 'aehlrch genat.llr found, th.,t it we.s extrhely <J.ttfloult '0 Heoye allot the eas,entta~ oil In t~1t.a wa" and the 
.,_ .. distillations were contfnu~d for aeve,ral weeke 1n Iflme 
c •• e.. n~ a,110 of,ten added. a,lks:ll to the disttllation
mtltt\1r-, •• to eaT)onlty aftY etttetta !)resent. l)ut u8ua111 did not 
tt.'nd aft"~ --rh.e fton-.'vola,tlle, inel"t subetgnoe re~~tllnltlg 
in the tl. ••. ~ he 013.11.,,,, t~e ~'$re.en.", ~nd puri. f1,ed 1 t by 
",r.otl'tt~tlng fttom etbtl!'801u t10ft by ,a .. ~dl tton Of alksli 0,'" 
alcohol. 



Tbe volatile eg'~.ntial 011 W'}8 purtfted by re-distilla

tion and 1.t8 pby81·oal J)r01)ertles noted. 

'1'h.e ao·ld. ®'nte.lne4 in the four nlkF11ine extrall18 '!rlen

'toned above 1ftr. :p·r~otp1 tat.!! tY~')m these solutl)nl by add1 tion 

Of H01 and •• 1)atta'ed, by tl1tl'~tlon. ~:aoh p1"oduet waa examined 

•• v8.l'ate1Y. 

.. Various meeJlB .,:.:lre _pl0,ed by !aohl:roh in thi. oonl\.o-
tlon,euchae tr.cttO ... l 'ory.t.alllaatlon. aadpteotp1_at10ft 
•• pa,'8.t10'Ob,. th,. le.'$1.1te, solubtllty In lleJt·ola..: 418\1i1 .... 
110A un4.1' l"e4u.oe4 pr •• aur., .pul'·1floatlon 'by' al\1 •• ~/4'ohatooalt 
etc.'h!e.tlng tour suob 10\. of sclA. in thia .. ,~1. ob"lou.al1 
a 1.~'h, po_e.. TaohlNob ,.·n •• ally end •. d up wtth ,"titlO'. . 
of doubtful pu~l'Yt at)d ~he~e ·.ee'me,et to ben.o o_~ect *n .• ,. 
various .,r.ns:t ..... o.t alkali to re.oveacJ,Q.lc oo.poa •• , 11'·. . 



!AB1&. ttl 

-'17 Of Ud,,-S. ... l Rew.lta. by __ tl1o-4 I'. 1n'he lepuatlO11 of the 
fot.al Crude ProdufttfJtO~ Vanoun mxtraottofl$ of lae"k 1>1, .. Woo4 
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on4e· 
)laten.l 

Uae4 
"tnieaA 

"~~'-:::"-~.J.~ .. '. 

leotloa }j ..... sec'lion !I. 
.• " .. ..,"'."'!', -,,, ; •. ~~~ .•..... 

Gl,ce~ld .. , !'okl 
lIneap.·.a tte.,. _ .el' 'rea Estrtn wt. 

••• 
~ot 1t1-

801uble .• e·ther 

Pro4ufit te-- PlG4llet 18" p~ ftJ-r p~ ... 
move4._ ¥: "1e4_1~ moved_if .~byl~ 
.....swa eo41_ pO\t\s81_ JO'a.ssium . . . _~a'.ou~·" h14~ox'4e . b74rost." 
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and Tolat1le aolubl • 
essen"at on . (~l ~lft.) 
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:; 20.4& 2.7' 1).2 _.gO 2).5 7.00 ,_.) '.70 18.1 - ....., I 1 47 7 2«.: 10.9 • ..... ... ... 
• 17.70 2.0 11.) 2.2012.' 7~70 4).; 2.00 11.3 0.55 3.1 2.50 111..10 4., l' 

10 '51.7 ;.7 7.2 '.0015.5 27.252.05.70 11.0 - - 3.7) 7.22 6.4 
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t.aLE IlIa 

tn~Alialls,te of seotionb 1'&b1.111 to. "et!!!! RO.SonlZ . .,.. -z: ~.hi" ..... '.r ...... " .... " ... " .... ~ ••• , •.• ",=. Mwl.,· .. , •. ·. t
, 1,'",_,,, .I'IJ,Ot'i·"'Y;Z _ ' .. _.1" ".-_,' -, 

P#o4uc' Rea1n 4014. 
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,fat'y Ao148 

• • ~~<' .- : GIi~ 

Tq·tal wt .• 
or &e14a 

lit $. ft" <i~ 
•.. . -. £ • ...,.. ... n.IiIIF::t .. ¥4, 1 .• ~.~ _.1& L tilt 1" ~;I[j"',,~~t'ZI'" 'C'ff" -i"r.'l 'C.'it __ a'i .... , ... 1 .... ~ ____ rlb16ot .J .. 6tQXA l a.,I' ............ ..tIII .... 

Ael4. ~esoye. by 1ft Aa. Ottl>. 0.42 ,. -.0., 1.20 59.5 2.02 g. 

8.57 g • • • It is W.Oarb . , . 

.. * 11 l~ Pet. Hydro • 
. 14. 

-. ~ ~l 1~ .. • 

!) 92 ~., " '~.1 

0.68 5).1 

0.21 62_." 

5.6, 

0.60 

0.1,6 

'5.9 

4.6.8 

J7.2 

1 .• 28 g. 

(l.~3 g. 
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Total \, 69" l~ '. -.,. .' )8.2 7.61 61.11' 12.30 g. 

t .... 
\D ., 



he11Jllnary Oeparation of 'he 'total Orude Re.inous 
r ., .. ', "" '.11 '1' IfJunl1 ' .. Until •• " ,IlIU. Err~Dolu ".Ii. _ .... _ ..... I .... ' ....... 11 •• " ...... ..-

final d:ryitag. weredlvlded Into two welr;-ned 1)Ortlona (lDC tbese 

•• a.tlled ,.eparately. il."t, order to provl~e ~ oheek on the re

nlt •• and to avoid t'he p08st'btlltv t)f total 101111 by s.ny 

.colden' du:rlng the 1nve8tig~t1.t)n. The c'rnde 'Prod~.lcts were 

tJt·.a:te4 (about 81s t1mett)W1 th l~:rfre .oltl~e8 of ether under 

a retl'ltl, at the boll1ng no~n', to remove oompletely the 

re.in., fat.. etc. The insoluble c~lce lett 'behind was 

btrokenup, s,nd waIJ'he,d 1I1'ell .. 1 th etheJ!. tT':en 1fi th d.letl11e4 

wa'er. the ether .alhings be111g added to tbe r~aln ether ax'traot Cl) 

and tbe aqueousnshlngs{ C) retained. '11.1&-11, t the cake 

wa. dl.,olved,ln 1$ aqueous XOH~ reprecipi tated. by" M.Ol, and 

the gelatl.nou8 00.1101d81 material extracted with ethel- t to 

le't "a.tl1t~red oft, a.nd put aside for further exaft>ftln~t1on. 

?he oo~~1'1ned etbereal el:tr~et t A) .~9 tit tered. from 

"'1'en4.,., lollds ~rn~' the ote$r.ol:~lti.on t~} e:'l"t1"tll!rt~a retH!ateG

ly1t1t'h, .~all -portio"'. of {It.tilled w~'ti1!'r, ~rH1 tbe e",etu. 

ex-traot. a,dded to t'he nter· •• ahlngs (~) ()1>taloed ,' •• 10\111y 

f"m the insolubl.e .attar.. !hi. solution (0) oont".1ttlng 

al1tbe ... 'er.-,soluble oon,ltttu.nt. of theoN4e netns,': .1.8 



put ,.aI4e tor tab •• quent 8z&min.'ltlon. 

The .the%8al solutton ('B) conta1ning t,he pure res1na 

and tata, ' •• 8 then em.u.tl.ely e:a:ts-acted with '5~ aqueous 

8odlwaoarbonate f to remove all -1\8, tree .c~1410 aubltancet. 

The qu,ptlt, of' aqu.eouI alkall that could be ' tt,-., tor each 

'shating was 11ml ted, lV:: eubatanoea tended. to preoipt ta'. trOll 

the ethe~ lolutton 1t tao muoh w~:te:r "represent. More 

ethe:r ha4 to be added later to make up to" th:, le.rtrt a~ouft" 

l'emO'YEu! in th·e ext;r:aotlon8. Tbt. trea~.nt reqt.~lre(~ consider-

able '1... A mecha.ntoal ahake1" and aealed. contai.ner ere 

ulted, through-cult thtlwos-k. 

!be .od,lu~ e~rbon~te e'X'trl.ctfJ "!"9 Lti'nl ted, end ~J towecl 

to etan4o\'e,1' nlrht. 1 dart m, •• ·• eol1e~t.d at ,be all1"fnCJe of 

81phonlngand the reet,dual lu,'el'i al tben t!'~~t.d -I th al'l 

equal volu1fH~ of ether. to remove t'he neutral 8tlbatanc •• re .. 

m.alnlng eU8pellded in the .oda extrtAot 8' a refJul t o.t amulet. 

ttcat101l* Th,e .'lleiw1A,ehlusa .e" added t9th. 'tI:a1n ethereal 

solution of' the re81n., and the _quooue ,layer retttmed to the 

malll s'Odium oarbo'!1a:teex'ract. 

'The .,tb.real .,olu'loI~l was ,waane4 81th water until neu'ral 

aDd the' .tb,et removed leaving a dark OJfQWQ·.vlaooua ma ••• 

this was, subjeoted to at.htJl-41stl11atlon to retloY:e tbe volatile 

011 (e.e'1'a,., IV). In the .arl1e:r work, solid XOH .sa a4de, 

'0 th~ 41.t111a.t1o. ... 1stu~ •• to .ea?onltr. the gl,·oeJ"l.te., etc~ 

pr •• en,} bUt 18ter 11 Wa,$ rouftt! more 'at1lrtetory not to tt.pea«, 



0.'1'1 8OII1:tlete .apontf1e~t1on under the~e oondltlons t but to 

,.aponl~r the :residue ~t fl l~te~ .t~ge with alooholic potaah. 

rhts •• ot.,. OOI\ • .s.der~ryle t:rouble wi th hul~1()l'18. 

Tb.· volatile 011 W8.(4 aepl\.rated trom the l,qu.eoul layer, 

and the la.tter extraoted wl th ether to recover ,he rest of the 

ell. The remaining aqueous solution oontained 8:ome glyoerol 

,aa04t1oed 1n th·e steam-dlstl11a·t1Qn, 1)·0 1 t. W.9 kept aside to 

'be ,.44ad later to the aque-oue 1~a'1d.ues troin 'be saponifioation. 

of the.,. glyceritd.s. 

lahe roald:ue ion the ill.ek after the ate.,.d1.tl11at1on 
",~ , 
{ -. 

was •. xhauatlvely ext1'69ted w1 \h etl1ez, ana tb, aqliA.ouo layer 
. . , 

11,110 ltepi aaide: for examination tor glYQ{~;rol. thls ethereal 

el:'~ae". when evapo:a.te·d, yielded a viscous, brown nlaterlal. 

this waG •• ponlfte4 t~r one hour with aloohollc p-otalh, on tbe 

p,.o4uol an ine:r.ea.ed fUIPonlfi Q~tton. The products wer-e 

reocyye1"e." in the utual W$1' (P. 14)1 the acl.d8 tlolated be.tng 

qlllte Q11., in cha·.l'actet-. the aQ1leous r~~.ltlu:es were retained, 

log8tbe%' YI1 th tbe :pre'Vloua one$, to 'e ••• po .. e.ted l~terand . 

.... 1n·ed "tor ~rlyoe%ol. the utltlapon.ltle.ble !latter wa$ re-oo".red 

f~ the etbe,eal layer t and oorre.poad,. ,,1 th the"r ••• ~.· 

of tlchtJ'oh·., a1 t:~ough le88 .imple In o'haraetel'. The further 

111"I"t8&'108 le d,.cr1bl'" in Mo'het' chapter * The subsequent 

examination.! the ac.l14·. mentioned in t~1.· pa..f·$8~apb_ .a ob-

' .. 'aed. tJ'Oftt, \he eater" and glyoerl4e.~ .no.ad. them to acnet." 
I ." 



et •• llng 111 th tbe t.tt, co·n.tl tuenta. 

'he lodt,. oarbonate estraot of the total tre·e1n.l. ob

'atned 88 81s-'etM!y delO"l'lbe4 (1". 21) waB treat-e« .. 1 tb rlllo,tal 

ftO*t'le Roid. nnd the mtxtutwe allowed to at.nd over atgbt. 

Tb. o11.,~ tat,ty &Olt!:8 Rnd ",ome of tbe re.tft aotd ••• "uat.4 .e 

, aft .)pe. 1.,.ett. It .as found ... t .ttlo1ertt to siphon off the 

lower port10n and estr~;et this .1 th etber Jre.peatedly if using 

th18 extl'act '0 d.le801ve the tal"tu:. in the' 'uppe% la,.:.. Pro

leas·.' •• ohanlcal "halting w&sne·celsa,ry to 1""0"'$ all the 

,'hI ... olubltaolda (Extraot D). A large volunte ot ,8 l'ed41ab-
,.-..f-; 

bHwn &queo". solution f1n.ll, r~llained., frOl'~1 'l'h1oh noth1nl 

fu:rtb.~ could be ~_"ed by ethe¥.Th18, prob'ably oontatne4 

......... 1.01. o~ldat1on or cleooapoal tion pro·duct., torme •. 

4u.'1.ns the 1e8l$117 ,rea'bent of aepuatlQn. tn .441 t1on, 

. tbere "1':8 a11laYI obtained at this stase, vtil'11.ng quant1t1 •• ot 

• light bftwn ·80114 It.tarial, lnaoluble tn etl~;er. Si.nee tbls 

W or1g1aa111 dl •• o1"ed 1n the ether 4url.ng 'he prelbllaal'Y 

" .. a"ht, 1 t apparently ooatlsted of ox1dised acldic 8ub

at,an._, probably of tbe re'801n ~:old.. tb.the« beoome tl1eolublt. 

It _8&4<1.(' t,Q the c?tlde 8ctd •• l.,tul'.~ 

TheetbeHal 101u'101\ CD) ef the total notd. was n.,hed 

.,1 tb _at.:7, and dried over fUsed 80410 aulf)hate. baporattoa 

lett ,the .clids .e a daatlt bro1t1'l maea. The aellaJ"atlon Of 'hie 

mixtu1'e l.nto~ •• ln ac~d' alld ta",. .'1t,1 .. tera ftl .ttected 

by "he •• 'ho,d ot 101ft •• dIChol'l
•

ll alzteedY4 •• c~lbed (0. 13 ) 

'rhe .. tho' "at _041t1.4 1ft that the &-.elna'cld. were pl' •• lpl'-.'e" 



frOM thealka11nesolutlon by meana ot aoetio aold, in order 

\0 avold tbe l.olle~lz1ng effe·ct on 'h~8' substances now known 

to be _u.8.4 DY hydroohlotl0 ao1416• l'b.e ite'hoda used in the 

p:r ••• n.t r •• earoh, in deterr1inlng the composition and propertlr.':1. 

of 'he •• tai,. end :r •• ln •. 01'., are 41sQllaeed 1n deta,il in tbe 

otu\pte:re dealt ng witl} tbe$e Mlbfl:tenoes. 
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(See pp.20-~4 for 4esorlptlon) 

, "" UT '* 1 • ••• d 

J &Ok .PUle wo04 
ale.bena.extraotion 

Orude 14 081" prodLlOt 

(See PAll!r I) 
ether ext~ao'1on 

I 
( aoJ.able) (insoluble) 

Lignin. etc. 
(~oe ,PAltT r) 

2"otal eiber-.eolGble 
re ein PttOdllO ts. 

water 

(w8t.r-~oltlble ) 
taul.s •.• , •• 
(See PAJi, 1) 

{y,-.ter-l11so1Uble) 
Crude tat1·, and resill acids, 
glil,0erldee eaters. tU18apOllif1eble. 
~:.,na eeafJntial 0118. - In ether soll1tion. 

I 
(sold..,le) 

Orude Fatty end Roa1n Aclds 

Esterifioation 
(not ea'erltleA) (eeier f18d) 
{Jrl1ie resin aclds. Orade fa.tU 

( Se. PABT 11) etll11 estere. 
( 3e8 PART III 

5% 182°°8 extraction. 

(lJla~lable) 
G1YOeridetlh.· e8terlt~ mla:wn
IfXeble. ~ ee8en~lal 011. 

~tGam 41.'illat-
10n. 

.--------'----
(non-iola ill.) (lol,at le) 
Gll'0er14e.. ~~8eJl~1~ .11 

) . e.'.re, (See, p~ IV) 
anaa,..1tl-
&1)1. metter. 

( se,ok1tle4J 
J'.t'zeclda. 

ISapOnif 108. 11 Oil 

(not 8~P01l111.4) 
Unsapon1flDble 
met'er. (See J!AJi' Ill) 
(see lA,j,~1i ..LV). 
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It ... 

s..u, of In&1'1't10&1 Re8tll:t~" by Method. e (the _~1lod ttaal17 used 
1n the pr.sent invest'ga.tion), in the 1nl \tal $eparailon of ~ .... 

". __ '''' .. rt''I~~~~~'~.stl:~ l)1,f~o~,_.!!~~~::l~~tt~!·9.l!,! .. 5~~ .. 1&O:~ l.~rt~. ,~!>4 . , ._ . 

Ca) 'O~ the .. PlI90 ... ot 'Ma: lDvestlgatt01l, t.be .tte .. produ·ot. obtaine4 .. 1n '~~tl"aotloa • 
• e •• 5, 6 1_4 9, Tahle I (ikree.- wood), •• r. coab1ne4. &ad· the r'e_Ita of tbe asat,..-a of the combined produets are shom below a. #'~tn.ct1on 9x". 

". 

(b.) 1'9_alY818 of the ertzoe produot f'rom If .. a80ne.'' tfOOd(~ztr8ctton .No.l;, Table I) 
was ou.led out on two $&l)uete lots (a) and (b) of the "~'lle pro·dtlot~ and the 
"su1'. are recorded •• pua'.·1., below, togetb.er 1'I1t~ the mean .&111.8 ... Ex
treotlon 'tio.l, 

.. :~--'" 

",""$ l~It;·_""'·-·~8""_' ~ If. i _", .... ~ 

ft. llgnln~ rotal .. ·f'r..·.·· GlyM71_ '(1nsap--.. w t ,a et'- Analy.t. 
a.- orude etc. 1tt.- ~o1-~e t~ J:~ --"", -. 'A, . ~.. J ;..-' (ealwl"."ed on-itteble 1lra. ,~.~.. . .soluble of total 
~ .... resin! aolU''ble Na;/XJ •• 0",1,- 011 • __ 11.81 ftfree- act da 

g:r. , __ !n ether e%tr;:r,..tlon tllo1ein) (by d,1ff.) oft17 . -.~": ~""'; .. , 

- . _~M .... 
1f'l ----- . ~-

z11y---, .. 
f - Resinie ratt, wt·. ."" wt" J '. ;J, e1 d. 1)Or- T.' O1rld61 wt. It. -~1onGnl') 

. .. aetds eo·i.d. ~ -oor •• -t ~ . . 
... ...... a·~- . 

..... ..,:-~.:.w ... , ........ ) _" .... 4 ;'ikt', - ...., .. J 17"'; • , . ...-: -.. 

, 

275.1 25.)0 9.2 181.5 660 :) .. 19.00 7.6 12.'42, 4~ '.J' Ji..lD ~5-x -3 gl.6~ 18.3:' 
:,~' 

, 
.. , .. -. 

. ~ '. . -. - .. ' 

(a)iG5.0 16.20 6 .. 9 1,46.7 62.if 10.00 4.1 lf1.lO 7·71 ~~ 1.)8 1;.a g7 .• "'5 12.5 
• l" ... ........... - i-"-<-'~ . : ......... -< ' ... ~. .• , .• ,...,.,,..J . .".- ~~'.J-,"a.>~ --

~b).250.0· 2·0.25 s,:, 1 1;6.6 62.6 14·.50 6.4 ~'=-1 90 ,.., . ' 7.9E 5.30 2lJ 13.8 - 1 ~~:~. 13.9 
" 

> 

-.I(ICI- • . ' . .. 

~ 1.5 6~ 5 G: •. 5.6 7.34· l.~ 135 t.(: "~ 
"'i .. l. .... 

. .J" " •• ' 1,.2 
~~.~~~ . ~-... .. .""'.Jo~~r~~_:~ .... .w_'''''' .. , - -:::to\:UIta:IiIJe 

f\) 
0" 

I 
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A .ma.ry of 1ft:al,. ... ofOntte Product. from E'%"r~ctioml ot .. J!ck ptge 'l&od {ffGreen- and ftSe8.8oned tt l ~ It' !' I' ' .. t~-·'.·1itS1 -r·b·~ •• i.t .. 1I111))?1 ·Hl •••. W..,',.'!rr .. ·yf.~~.fr ...... ," .. tJ. ! ,' .. 't' "J!co,:r.f"" .. ·.~~'Je:Iii·' •• 'n:Hi ... jl •. t .. r.'$·q d Of .. tu I W be •• 

~~"'IIIlW'\W ___ 111511" ,.r 'M.L 'Sf Ii,n' 'i ; e-td'" ''I' •. Jiff', "t'\I~ttl""""ilItl;l 8(11"' •• ' 7.,..· fiiI.t' ...... *'" r .• " ,-,..'1', ..... ·'PlaK4'.~jd a.""')) .• ' I... I.l_ 2 .... •• t ItiIlU. la pg ozade 
ftl'Odu ....... :-.,. .W'. 

O:t &zt~\\ 

••• 
;Klnd 

of wooa 

Wa te:r- Ethe¥'--, 
~e.l • 

. Aol_ 
. ra~'ty 
a9tda 

G1Y08r-Vol.*11_ Pel1U:'- ~ 14ea: eue... 1z.d .-'ereI a ..... aa4 tla1 t.~.. ( .. e.... ( a"r-
tsee Tabla Xl 

soluble l,nao1- : 
taftD-Ias, u'ble i 
<;laZ'bohy- lignin • 
'dntes-,etc.)eto .. l 

~ ~ '.~ . 

estera 011 _. ,.'0. age.) ag ... ) Ca.e_ea} (a.~ __ ) . 
~. ,,, ~ If, s 

"'!:. 
. /1 

~. 
I,rtf, •• e.,.'i .. Ji.· .... U.4 ... ·I="'i!t~ .. h~{Jid_.ft •• jf"'.,&.h''' .. r .. _.f b t·_·§II.~Ji.bltrtu7 • ..........,...,'t'f .. , .. lIF ... W:i4olt;: ... ojIf:iIII¥ttJiAl~i·!lf,( .... · A1t .. If.I!'iM,~_I."I·.ttl.ClI .... "it.It:.. '*.oM ."0" '· ... b i'" •. '_ .. lin, .......... ......,..,.. ..... .,..' d .......... . 

1 ' Gre •. n 16 it . - .. 11.9 42.1 
., 

2 .. ';-16.6 . 17.1 .. :) ~ 't...-.v 
J .' 1'.9 6._ '4' 3.3 
It. • 16.4 5.9 )8 .. 0 
8 a, ll.) lljJJ 4;'.5 

5~6,7,9 ,JI' 8) 9.2:' 5}.5 ... 
10 • 6 .. _ 1.15 ;Q'.3 

. :.f". 
;.; 

11 fI 15.- 4.31 51.5 
13 Sea.oned 1:;.' 7 .. 5 54.2 

2'.7 
26.c 
lli.5 
)0.0 

20.' 
10.", 

22.7 
2).0 

g.) 

6.15 

7.6 
:; 2 -;,..)., .... 

.. 
5.54 

4.30 

1050 

1.50 

4.)0 
-"'I LA 
V:.,OY 

1·75 

2.'5 O~10 1.39 
2.49 o~6:; 1.26 
0.82 O.}l 0.27 

).10 0.79 1.57 
2.26 0 • ., 0.74 
2.6a 100 .. 0.'1 
O.~'2 0.)1 0.27 
3.05 1:.00 0.61 
6.58 O.5~ 0.73 

liOt$s: (1)· The analy,tleal "$lilt« re'O~rted 1ft T~ble~ I to tv'·(-p~.lo-26) ar~ tpb1~lnted n.,boY., Oft the b •• ls ot the weight of total crudenrodue:t a. 1~ .. 
'~'f;'~: "j •• 

(ft) :when the pro.duet~ ot t.o or more, enr'~!rtlons were combined for ;rnaty&ls. tbe -aYe-rage- peJ'oetlt~ges 01 the o~n~t1 tl1e:1t~ fer e~~ch extr.'1~ctton have been reported aboYe (see Par-itV, p .. 29). 

• 
~ 
•• 



.., M-

DI80118110lf or fHl! 'HrtE! t"!Tq~O$ (1, r:1 aBd a) "911)· 
'OR TSr. I'ItTI1L SIP1AATIOI o.r TH~ ORt101t n~~tN 

. . . tllXTUR! 
A d "t'J ••• "'~II$. '~P.""IIIII""~.""fIII"'IIII" .... _!""'1*1., ........ 'Si._ ...... 11" "'8~rTt ,., .............. ,., .... / ......... · .... '4 ••• ,'1 w 

so.f,t ot the _Yd_ ••• and. cl •• dvantage. of thle method 

have b •• n ••• t·lon.'.lr.ea4Y, 1n the. Introduotlon (p.4) 
• 

la .th. ca.et. of the pHI.nt lnY'$:ltlsat1on. the tAal,.tl

.• ~.1 "~1N1'8 we" to·und, to oheck .ery.ell (Table II, p.15). 

App~.cl.bl.lo.' •• in w.'.,...eolullle'ma,.nal we·,'e aotio.able 

4u.lng tbe p~ooedu". fbe •• ma,,· be due to _,.4101,8'8 of the .. 
gl,oerld •• and •• tett., aaa al ••• f the 11·latll .h1011 ls p,r ••• nt 

in "Wltltr.Oll abou.t 4-1~ ottbeCJ"U4e product. There taa, 
, 

8110 be' .om. I.c~po.t tlon 'Of tbe 'at,tt' .I;D4 re.in10 actO., 4\USQC 

the hot •• poalfloatlon. yielding wl1ter-801uble i'r'Oduot8. In 

_very oa8., the 1)'8I'ee1'1' •• · ot wrt.ter.eolublemlttel'i ~,l has been 

oalcul,!tecl ", difference. The pezrcentmttee or tatt, 80148 an.d 

:re,la ac1d8. a-ee"efJ,l •• l"b.vebMn .., ••• ·d 0'1\ the t.tal ·"18ht 

of the J'e,,".1* •• ·'pr04tlQte. the latter bel .. ~t.t.rl .a 100 __ ,. 

.. di •• dveat. of thls 'metbod letha.t tbelilftlft. ~n-

8.la.'bl. t ·8'10. t le not reaoye4 befo,e-- 'b.obem.l0al •• pa~a'.1on 

of the 'ne ree1npro4u.oie le lIa4e. The insoiuble uUl" •• lal 

•• "a •• '!,.. . out .~ ... lou$ It*« •• of the prooeslI, 8,448 ,,"&t1, 
to the 4.11110111t1 •• latb18 •• 'h04. 

tlt.- 11.' .&po.Afloat! •• that.,h' do ••• o~ peM,t· .t 

tll •. 'sola'tlon 01 ,la ••• ter. aM ,1, .. 11., .•••.• a: t\loltJ , .... ~ZG 

1 •• 1 .. ' ,,1'1\ tbe '.'.1 '.e. &014s,_· ~hl ••• tW •. 
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I:' t. tdghly probable that any Yolatlle ••• entlal 011 

o'rlg1aal"l; pr.unt 18 .,ftlpletely polymttrlze4 during the 88)')0_1-

ftoatloft at an' eleYated, tem,ert\tun. Only trace·. of it "eJte 

fO\l-ad 1ft the tta,u,a'f)t,.·lflable portion' 1.ot~'e4 by thie method, 

•• lD th. e.r~. 0" tbe e~d. ~ •• !ft(t1.18 l'r04u,ot "0.' "'x't~aetlon 

" •. w' (,e. ',.ble I. ,.10) Jt Anoth •• po~tlon o.f the same crude p~ 

tuo' (lxtl'ao'tOft~Io.3) l1a8 tnveatlga-ted by I'ethod I (Tlohtrch t.). 

and the e •• entia1 011 "~Ter.d In tbis eaee {wl'hout the pre

ltsinal" a.,..ltlcntt1oD tJl'eatrlent., ft$ found to be 4 .. 3~ of ,~ 

o%u4e product. 

Ostdatl. of' the u.n.~"tut'at.d tate and the reSin ao148 • 

.. a .. 11 aa 1eom.elrlaatl·on·of tb. latter. under tbelnflue.nce o'f 

he .. t, pHb.ly oecU% to 8:C)mt, extent dUJ'1ng tbe prellZ11nal·Y 

hot l<aJcD1fl.tion" 

'Beill melba.,. ue based. on tao •••• of esterifica";;' 

\1 •• ot the tat',. -a'ot41,. 8.9001a'f)1IYe4wl tb th. "."ina-cld.1II The 

'l.t'e~ are very d.lrrloul t t. e.te-rtfy .. 

Tbe ,.,." •• ·.tlon by tttt8.e-t·hod ill a le11:gth1 1'>1'00 •••• 

Tt ' .. OlV81 .,.turattoD ot t'he aleo-'u)l!c lIolutiol'l of tbe .old. 

wtth1tOl ga. (ttbtobll., requife 1.".ra1 hour.), and thl.' 

p.o .. -.b1,. ·oaU8'. t.olle:rtlatto.C of the resin &old.,to an 



- )0 .. 

*" ... 1able .&'e8t. even though the treatment 18 car.rieci out at 

I'oom ' •• per,at'tU.. Tbll ·method ha. 'he adv8..ntage or no' ~e

",I1'tng 'he .pp'lloa.~on of beat. Th'i mod.lfloailon Pl'opo •• 4 by 
. , 

WOltt &n480hOl •• l.~, . Md. uled 111 the p'!,.'.nt lJ1YfHtt18a'lon, has 

been touad '0 'be 1IOre s1apl. and coa.,enleu·t than the original 

me "bod of Tri 'ohe11. 

-.. 
N. -,Jl.OoHUH lft".lYee bo11ttU,f tb-e mtxtu:re .torude 

acid, tor _boil' 3-,5 Mlnu t •• ,m tb. ttteth,l wl:pha'., ln 411\\,'8 

tn thl. caee te prtob*b1v Tt.,,, •• tl·tfl~t.nt to 0.&\19'. aftY g~·f)l'·eola'bl • 

• heetle 1ft the resin.ct.dre or the fat.,. 
f,~_.' 'F 

Salldqt11~:t17 •• 4 •• 0_ .• ;llgh' ohaRIes, as regards quanti

ties, etc.,ift. the 'bo· .... '8·'h04, la 'o1'4er to .4&,. 1." ,. tbe ..... 

laatlo. of •. tattlre. "1N4h a.,! .••••• "b".tnedtn the p:r ••• nt s.a
Y.8tl,.ttoa, and ht .... e.l .... tal •• thod. 'We: •• fo11* .. d exa«rt11 

1ft thls 11' •••• 1' .• ':1.a. 
oe.'l!.la.'h.~.etbo4s· to;:r"p$~lta'i.. re.laeol d8 ~·.t' ~o. 

f.tt, .·ot4,·,*v .. ":'.p~po •• 'b, 1'aJ'1 ••••• ,t,o .... lG. ft, tb.· •• 

Ue elth.,..ll.,lttll04ttloat1on.,,'f ,_eos-tllaal 'T ... t.hell 

.:et._ t . wttheat any put:leula ... 4Y8nt ••••• r ·an uft •• i'able tO-l 

11" _" oomppatl· •• l, 1 •• _ant1 tt •••. , .&" •• la1 are \e be 

tr*."e4~ 
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It bat been thotlgh't ~dvi~l.ble) on f:1COount of thenurn~roue 

8peo1tlc det •. l1. 1)G,,~a:11"il~g;·to this ~t.thod. to d18CU9B the lIld,

Tantag •• and dlal'lr:1va.lltagU. of the method 1n tbe 1!xperlmentt~l 

l~ar' (pP Q l6-1S) .1:~h several explan~,tory foot .. note~. 

The method is a very tedl0tJ.8 one ~~s there are too l:lany 

to bega1ned. 

'Tbe a'nalyt.lce.l results obt;:;lined 'by this metbod. 1n tbe 

p,re;aent lnvestlrC~;jtifJn, 81"e given on p~ 19. Table 111-

The fou,r l1o:1dl0 product ••• e;~1<~rated by extraction of the 

orud_e pro'.:3uct of 1rxtr~ction Vo -~, ~t th tbe, , four (llfltfsJ'ent 

ftl',q"tha of alkal1 .ere examined, lndl v1duf,t,11y t f.Qr fat,s ~,nd 

realn ao1d$ (aee r·anle· l!I~t p.,19a) in order to determlne the 

4uo;ts~ ap~reojlf.!.ble pe;roent~_~~ of fqttv ncl~1g were found. ~. 

'shown 'in. !'able X'tla:. enc~ t~":~.olid l'eain ~1ctd. could not be 
,\ 

tsol~ted un,ti1 tbe ,0~11 f~t$ had been removed •. It 19 eVident 

t'ast there aft 'llmt t,atlot.uJ t,r) the U:S1fl of "ftlohircbt @ ""ne thod 1n 

tbe examtnat,lon oftbese wood-re.in., and a furtber eepa:ri-1 t1,on 

lnte (8) fatty acids, all4 (b) resin ~el,d.J rtuat b,~ ~~ade. 

Tbeuse of alkallr.te soluttona 0:( l:~~ strength neoes81 tatee 

the use of verJ lars,e volumes of solutions. and there e:a~TUI to 

The flnal 

-Tsohlroh (,btalned only re.1ft aold,a fro~ .1mtl~T "'Mduot. 
which he leolated 1n hil ltrfeetlgmtlone. 



1~ I'.) •• e ••• d by T80bi!" •• , w.s found to :remo". It111 more 

.:014to ",.,4 •• ' •• but tbl. le probebl, due lIerel, \0 partial 

' •• ,0&111-.. --108 of Rlyoe~lde...d ".\era present., on acOC)un t of 

the \l.,' o,f· 1N0h .troft.1 "lkal1. ! t le p ••• 1 ble that 1~ rOM 

•• , .1~. re.taSfy. ' •• ome , •• '.ftt, other aubatanoeepre.enl 

in tl\e erude 're,.lft; •• l.t~"* 

Br thl ••• tbri t tbe total Insoluble •• ,terla.l (11pla. 

"0.) la Mao •• ' 00111>11)'811 before ,any separation of- thereslns 

1. at'-pt.d. fhepl'ooesB.t ditlSC11v1ns the freat'411ft) 1n.Qluble 

la ether ln l1'xo-U and';lf.p~eclp";'atllli by acid. followed by 

ehaklng, with etheY, ana: repe.a\lngthe J')~.ces. "h~.e tl,m •• , 1. 

tu1'.labOrloua, 'bdt 1 .... leter and fttOre effioient than .srel, 

.-etlualng 'he , •• '14G. with e,tber tor a 10_ tllle, The latte, 

J>~o"4u". 40 •• , notpe:rml' of reftuw1.ng the entire re,Minous and 

tatt, 1!fater-tal •• 

R .. oval 01" tree .,011.110 compoft.ellta by ext!'8cttng the 

.~.".l.ol'lt10n wttb 5~ '''2., 1 .... 8 the glyceride. en.t 
f ' 

, •• te,. Hbtnd .obaftBt4 ,qn4 tb., •• can be e •• ~lJle4 tftd.~.lu!fttl" 

'When .eparated '70. the uB •• ptalfl,able.'The use of th11 

."rength of tAl.k.,I! :I •• u.lt.1n IrI~alle .. Y0111mes of e.'I"&ot to be - , 

' ... a,I.d th,aft'whenl_ etr •• tb 1,' 118.4, and the tediou.s eerlel' 

.f· •• tl'aO"10n8 1. 0-,1.'84 ln 10.8 tl.e.lo 'rouble t. 

expert.need .1 till .. e,a;r4 to •• ulalo'fUIJ in u81nf~ tbe 5~ 'ca,rOoDa". 



l.lu~10Jl. alt,bouah oon.ldlrabled.1ttlcul',. 11 expeJ!tenoe4 later 

':a ihe ' •• a,:tmeat ot the ulaponlflable matter and glyceride •• 

It le D •• oe't.ry to kee'Ci the aleohol1tl content o:f' the solution 
.' 

•• ne·ar 501! a~ ~.elble. to ."01.1 th1~ trouble. The use of 

.,turated $~i\lll ohlorld·. solution was found vet,:" effective • 
• 

• a.." lnthelate:r • tag· •• , When m,oat ot th.. 8al t bad been re~ 

.... 4 'by ... bing. A441tlon ot ••• 11 .'l(Junta of alcohol, 07 of 

10·41 .. ,8\llplu,_t.. .~1'. tound to be of IU)me help in breaking up 

_.l.,lone. t'n man.,ol.$·.a,. tU) •• ".!', t, WtlfIJ neO$saar, to ao141fy 

'h •• ":h~un.a.poDlflabl •• ltUl.ton, an4 then extract.! th 

a l1'Uea1kal1, '0 get the .oap. q'aln Into 8o.1u't1oft and tr •• 

t",. 'he etb ........ <>-lubl. ·.QlJPon.enta. 

1'''11 JlelarO to the tz(;atment of the rtt~slnlcacld con-

8'1\u8:&'. 'ttJ t'hts U\e'h04 ot s$p·al'at1on. these'ere alwaYs ·pro • 

• tpt:t., ... 1>J'. It $ ana .f Ilao1.1 acetic aold. thueavo1dini 'he 
.' .~! v' 

po· •• lbl11., of 18Ollle.rla·.'len ot ibe :reslnlo aolds uncle:r the 

1 .• tl._.. of 801., e to. WOlft and Scholse t .11 •• thod was ue ... 

t •• .. pa7.ting 'h .. fftftl the fatt,. oonatt •• nt... l>eOatl.ae l' 'h:8 

eoal:14e.ed a. 1 ••• likely tol.Dyel". ohemioal t:re.netohatloJ). ot 

ttw podUot. ( •• '. 11 •. 2_ ) " 

Br th18 ••• method- (O)t tbe prOducts are 18~late4 lD 

8"U,,'. of rela'u; .,iba'anoes, 1ft a tont aut table for fUlther 

.01 •• ·'ttle tn" •• tlrettoft.Only 'he deta,tl. of the .eth.cI con

•• ne« witb the in.lttal •• 'P'a1*@l·tton ot the ond·. p~o4uot into t,be 

abo •• gJ*oup, have ben dtswased 1ft the pr8.e"t part (I) et 

the 'H,i.1 .he .etal1a of .he 8ub •• qu.eat ••• tnallon ot ~ •• 
~. . 



g,Ottp., and. ldeotlfloatt.oa. of '·he lnd1v1dualoonstlt\len, •• a~. 

' •••• lbe4 111 the tollO"1~! ·.ep_rate e.ctloDa4eal1ng .1·th the. 

p .. :r'loulal' produot., ,,11 •• put lIt Re.lnto Acid.; Part. tIl, 

,.tty OOnet11Uel'lta; Part. IV. r.a .• ential 01'1 and Uneaponlftabla 

•• ''' •• ~ 
'la lM\dlt1~ to 'abl •• It It~ Itt, ttIa. and IV; 8wam ... 

J .1~ the :lndi Yi.4ual aa.l'ytlc~l ':re,au1 t8 obtained l'n the ~ 1\1 tiel 

•• par •. ,to.- Of the O.,Ul1e. 1)J1)'dUot .• f'l'Olrt all tht ext2*aotlone. 

,.\,1. y ·(1).21') glYfn, a cc!11)lste ";lmtl~nr of 'fttlre analrtlc.ftl 

-4at.,au 1no1ud.'j for <tomplet.en •• " •• "t.aln flg'ures from tbe 

experimental!!a'. conta1.1Utd 1ft two late!' !e'ot!ons {IIX and If'. 
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An Xatroduotlon to th'~tud7 of the f1,f}ltn 
_~ ..... __ .. ".0'41, ~f __ !~r Jltt!,lf!1i ___ :.~, ~ ... "'_'.' ..... ~. ___ , __ 

\'be l,a4y of tbe80 resin ~('Jid. leln,.e,~ra.bl1 linked. 

wl tb t1". tnveat1gmit1on Of (J'()lophony (ros1n) and of .eriOU8 

e180ra.ta .• , whlehl\.sben o~rr1ed Otl·t by a vast number 

.f 1rG.k.~. tor O1Nr a ·oentu1'7. Tb:e' rc.in lnduet!T 118 .• 

already In ext$·tenee 11.\ Oftr(tllna at the end of the .fir"en-

, ... thoe-awry.. ~e d1800very of Ya,r'Sou.· U8es tor 

"81n •• i.tall, led, to obemioPf>l It\YEull,\tsattona ot 1 tl 

pr.,o .. 'l·", aaG ~ .. ye tbef1r·at impew,. to the erlormoul' 

atltOllnt, of ".e'a.~ch 'ha.thae b,eeftln pug.esl 81noetha,.t 

'be. fhil ",searoh 'has. bee:n. tOlt~r.t\ p,&.:rt10\113.;:1, In 

'.aDO" by t·hl' cazefal 4evelopment along scientifio.lin •• 

of 'theaavaletores '_4UI'I'Y.81 well aata a less$r ex-

81m.l1ar . development is no-. 

In prG3~.ae 1n RUa·.t 8 , the geandl rUlvl11n fJOlln t,.len, ~ftd 

~the1' pa~ta -ot lBunpt It lru!tc,!;\ tln~~ the lm!'Ortan 0(" that the 

ln4uet~y hal $;1t1Uliad-. 

'!le ~tt.n·t1on oT n:r:f!n11otlB l.n.tH~t1·tr~torm has been 
~ .~ 

41Poted, to!" 'the m-oat, p~rt, to tb-I eo-e~lled oleoresina, 

'h~.' 18, the IIp.1bGlog10al M reline 'whloh set-ve •• the ~a ... 

mate:rlalot the ·aa".l store. lndU'stry an~l 1le141ns ra.tn 

(or colophony) '~c-e'b.r wtth turpentine a.' th. ultimate 



2"" .... .. 

ah4 often ref~~1:r.red to $,8 -llhyatologlolLl ~os1n8"J as dl&

tinot from ·patholog1oal-, aave rece1ved. oompnrat1vely 

11 ttleattentloA. R8eearohee on these Intt~rn~tl seoretion. 

of the conlfere:bave been rew in numbel'; ~uld ~l"ay, re.trlc

ted la .~. 

OOl'·t.,ln oonlfe:~a, when .. ~)unded. externally 'byborlng, 

lout Iy ing t or ff'lfrttlng" ,excrete ~re;dual1y. ~ V1800U8 

bl .. t·ez;1al .blch it. "'ferred to uXld(~'r the fl'~nenl n,~e ot 

. -

8c·11d material (chi.efly re~in ~.f;1dllJ) with s voltlit11e!l liquid 

fUJ •• ",·tialoil; thi8 misture l~ veer·r;ted. by certa:in oel1s 

11l the outer woot! (.ap_od) &$ a dt,re'a' resul t ot wot.md

ins. and on this acoount. h~;nbeen Htene.d to as ltpatho-

pa.ttlcularlmpo:rtsnC8 beoause .t:H:·Y fO~!l the \)8$10 :raw 

1\_, .... t&l of the navalatoreaan.4 resinQus 'fIOo·a dlret111a'" 

dean¥. 'pla~ (pJ. .. nua :L~~~rt1.t.tlta) 1$ tbe 'ball1s Qf the'se 1n·4uI'M 

tlrios. wb11e in tile Unl ted StateG, the chief pinef.l used 

itl this oo'nnee'1on ~ilr~~ tile LOn~~;le$f' (f,.Pa·luBtna) .nd 

.M.v,r, find e!m11a:r uflfl,bOthln A~~(~:r1ea 9,nd. in ~~~:u:rope. 

'The o~~de secretlon on. the outgtd:,01 the 111"".,. t. 

oa116d tbe Jfge~~.e·ln 'rena.. !fte~ .'f~1.ion and. t\ y:re,ltmln-

1."J)t1!'"ifllf)~tlon, It ifJ o~.ll.ed "·t11rpenttn.e-. The . solld. 

pUt_ ':retIovea :b,. lI·e~e p?EU,aure, w1.thoutb.:8:t1n~. 10 the 
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·,~Ja.11'Potftot '1'6;nOe. md haa i~)een the subject of intense 

~nver:! t1g;~tio'n. 

Thi_s 'renoh turpentine "hen subjected to eteam-

41etl11atlon, yield. am1xture of volatile 1;.erpenlc hydro-

T.he non-volat1~. 

It 1$ obvloU811 a tran.formation 

pnduet produc·ed by the act10n of Ile.' on the SG11ds 

(ga11pot) orlg1nally prefJsnt in the oleoresin (gemme), 

a treai~~$nt .-hleh ha.. been SllOwn to bring abetlt fund.B,~~,ental 

ChLq~t.e in ltZ1: cbemloa1 character. 

1h.seJ)rotfuc~.. '''O'm different .'Peol{~. of oonlfer., 

:present a wide v~r1etlQn '~n. nropertieeand 00'"1')081 tlon. 

The -el.e-ntlal otl t. ~enenllv of th.e aame tY'Q:e for & 

,a?ttoulfl1" 1'ar1et,. of oonlf~:r. ,. 'j)l'Op€frty which ha.. been 

used 1n oertain c&$es t where botanical dist1notion wae dlf-

tloult, 8$1- e means Of identification • 

.-plnene, ~oHl" is pectl11ar to the plne family, but 

the rotato.:ry pow'el' vl.~le8 'filth ~eaoh apeoles. Both 4extro--

and le .... plnene a.re generally preaeni. sOt»e'tlmes acoom--

Other te~enes, and even 

sesqult-erpe-M.., have beenf\')und in al,tlerent species. 

In .,.- Sal:llnla:ila (Digger Pine) 1 ;, t'l.OW8ver, 'ha Yol'atl1e 011 

18 made up almost entlre-ly of- the allp-1\atl0 hyuooarboa 

~hep'ane" -seMS'ger! point. out 'tba'. &1 though there are 

over 90 specle. -of -"btfers 1n NortbAmf:I'1ca, their 

oleoreeinous products bave be-en eXQ\'111ncd 1n onl~r Vf~rv tew 
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This 19 all thf? Mori!! true as re~A.rd$ the internal ." 

re.in Ir.e(tretlon~ 0" thef::le conifers. 

The e:oli,.~tS oontll1nt'd in th~ v"':,riOllA oleoreei 118 are 

generally oonotdared r~s beln?~ polyterpento a.c1de, all 

JJoase$sltlt~ the common formulao30.,'002~ Oonslderable 

work has b·een and la betng done in an endecavour to traoe 

the relat1QUahlp2& bet.f)en the terpene@ ~nd tbe solid a01d. 

lD resin., a.nd • ,reat d.eal Qf evid.enoe lends support to 

the t}lt~:o:ry that such a re,1&"10"81111' aotuallY eXists. 

!)Upon.t', 1n thlaconnectlon. oons14erlt that 1n view of the 

extena·ive laom.er1c ~la'lorlGh~p8 known to exlat a:¥~Qng the 

t.erpenee, 1\ ."u.ld be natu.al t·o expect & st1ll more ex

t.enalve group o.-f 1somer8 In tbe re:~:'ln l1014s $.ln,oe theee 

aoldaare more coaplex than the terp.e:nes.Tll18 view le 

8ll,po;r'e4 '0 a 8urpt'ietng degree by many 1nd.Etl'Gndent 1n-

vest1sa1ora tn the '4leGGverr (} t the ex1mten.oe ot ~, (1,t)ne1.4e ..... 

_lJ1e number of hoh 1'r04uot8 obtained from Val'iOll$eOU?oes. 

!he.luolda,t1ot.l o:r their i~1entl ty Wae hi.ndered, c:r~~8tl, 

by tt.te failure to reooBn.tmethe exletenae <.t,t ~uob lrtmterls~li 

lathe produots, and f·or. ne.a.:rl, a. century the:re "al reoori,ed. 

in ill., li"e:rattlre a vaat ftu~bet;' ot dlfferent a.nd ~,~'pe;ren,'ly 

oontradiotory result., and, tn!tl .hleh 4ata~ ftQtbing t,' ;!l 

ccnoluel1te uti.ture could be d.awn~ fJtapo.lltoontend,e that 

even though .. here are wmerou. reIl-a ao14" p:telent in 'h. 

eonlters 'her. ye'- exlG;. a remarkably close re,latlonah.1p 

between all of th_. a1.ncethe, nearly all le84 ultima'tel" 

by isomerisatlon, to a co~~~on pl'oduot. "hioh i~: a well-k:aown 
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member of the abietic group, namely, levG-alpha-ablet1o 

11014. 

Tbe vaetnees of the work carried out, covering a 

pe:rtod of over !\ oentll1'J and etill i,n prog:resl!J, in the 

inve$tlgJl,tlon oftbeoe resin ~c1.d(.$, would render futile 

any attempt to give here a complete record. of the obemistry 

01 these sul)et,anc'ef! and, a disOtltt?l81on of the w~y 1n which 

the vast number of' researehes lH~:ve been 'proseoute4., 

!)l'oreOVGr, th1a wairk ba~6been reviend more or le~g thoroQi.Jh-

1y bycu~rtaln aut'hox-lttes on t~le aU"bjeot)a, s,nd many 
t,J. 

bibliographies given:;t Nevertheless, a brle:f noeountof 

the chemistry of Qeltaln aolds. pertinent to the pre$ent 

ro •• arch, a.a wellf.l$ a. sbort d1.80u~~81on of the dlffioul .. 

'1 .... which tO'R suoh a long t1me retarded the accompl1shment 

of thelr ldetltlf1ca'tloll, 1eneoe'8u7 for & l,)l*Oper under .. 

• 'an41ng of what follc .... 
. f:. 

.. fa,)! baok a8 1300. itraoonnot:J prepa.red oerta1n 

8ao.pa- trom :r081n, and thuI established. 1 ta a01(110 pr01'6Jr-

in« 1 t to 'be a 81ng:le J.)ure IUbetanee, assigned tot t tlte 

to"ul A
... C It O'Il' Othe:t.t' 1nvest1Aratora ·of tbtfJPertod, 

4.U;} ,. w. :3'0 5.0 ~ .d.. 

ineludlng Sau8tmre1., fhomsotlJ ~ 1!lnfl t.1r.9; noted the .ilrlation 

1n oompos1 tton WhiGh toolfpl'Jlc,o {'P'l f.,.-t81on. !.nd.u~\~~e@ted 

different tf)rm~.llae. 

not a &:1m1,le fnlbltt,anoe., 

T·be fira' crystalline pJ'odu:ot obtained from· rosin was 



, .. 1..'84 bJ' Rt ••• 10• In 1824., l)y the addition of mineral 

ac148 to ,t_ alcohollc lolutlon. 

'Idpll, 1n Ut'J was able to. obta in fro'"!1 the 0010-

pho,U1 of ,,;. 4'01 •• t a ory.'alllne ao.'14. 1n the tot:.rL of 

""«se4: ,.,blete, whtch h.a_e4 "abietic aold". while:, tJtnll 

'~ •• Oh colopbo,R, "(P. 1&:t1tla.) hel .. 1 .. , • .s an, entirely 

4liferent aot4'r ln :S-edge4 tablet., .'hleh he called. 'pinto' 

.c14,- • 

pte •. eated, one .f the greatetf.t eX~""lp~eStot tJont~"'s10n e'geJ' 
. 

'non in ol'!tanlooh.,t.t:lrY.. For the 'Ite ot elal'll'1. this 

ftomeftc'lature hftt been OtDltt'ed, a ,a· t·~r 'ae possible, in the 

,".'ftt, wrl ttag, escel't 1n th(Ule !scla't,td oa ••• "he78 0 

4.flat te obnlcal Id,etltl ty.. ora wtfl1~tl.tlft.'d' g.QUP, o.f 

eubatatl,oe., t. eOftcefte4. ,le wt11 be notioe:4, thi8 nonU!rt

clattitre ha. been 8.8.tl,· abrt4re4 as the relul t of more 

I'e'oent.oltk. 

"ollow10t!.' !auP. tlnf'e.rdorben12 pn·,aH" varlou.· 8a1 ta 
of rosia aetds • ft. .aeum,8d front b,i. resJlll.a ttUl t tbeft 

lftre ,. distinct ao141 pr.8ent ta) "11110. ACid, do~phou •• 

and. (b) '$,lv10' Ac14. oZ1 •• ,,11S ... ' .. s w.ll u neutral. 

tub-stance" not 1001a'.4.· The aetell c'Quidb ••• para\ecl l>,. 
tb.l% different .olubll1ttfu~ in 7. aloohol. X •• xamine" 

•••• ral kinds ot 00 1 oph'Ony, aruJ; the~' wl,4.4t.,ag' .... ntt' 1ft 

b1," re 1nl t. aa/te t t .,,14ent that e'V'f.'ry ro,a13 11'8,$ not the 

eame, but that •• oh CORtfer y1e14ed, a pro'4uct pe~ltar ,. 

tt •• lt. 
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oallltot13• 1n 1:130, 1eol~ted ~n aold w'1ioh be a180 

oa11e4 ftabietic". 1.1 tf'collgh 1 t was not 1dentl~t-!1 w1 th the 

one obtained by Baup. 

fro-madorff14 prepared the so-oalled ~sylv1c acid", 

and from analys18 of ita oopper 8alt, arrived ;ltthe formula 

(°208,,0°2)2. This torm-ula w~.s disputed..by Blanohet and 

$.1115, but Was late·!' confirmed by the carefu.l analytlo3.1 

waft carrled out by L1.eblg16 ,and. by r{08817• The latter 

p~e:p"ZfJd "pinto acidu, analyeed 't:le lead salt, and found 

the .ame formula ae felt ,ylv1e a01d. .He drew attention to 

'be fact the. t they had, tbe sar~e percent~e compoei tion an" 

81180 touftd the atnorpnous part of )rosin pes.efl.sed the Satil.· 

was shown to uftt:lergo profound ohanges in compost t10n mnd 

oITstalllzabilt:ty, l' left $tand,1ng e?tPoeed to the air for 
, .' . ~ . any length 0.,: time ill 

If~u?entlS "'Te:par~4 both 'Plnto and 8yl111~ aelda t aT:r1'Vtng 

It the formula 04014'6004 tor eaoh. 

Oal111ot19 dtscover,dl:!\ ~e1d in 'tr'aseburg; tUTpent:1ne 

w:hlch be identtfted as abte,tic acid, whtle Bordeau.J 

colophon, yte14ed an entlJtel, different aold, Iplmarlc ae:td ft 

040HgoOlp the nt.i!l' l'eoalllng its o'r1g1n (l'. ~;~al'l tima) 

La1;1r_n,2O ob'alne<.\ a tb1l!d. a01d, by «t.tlllation ot 

He stated t.hat 

t, was 14entloa,lwl tb sylv'lca.cid, and a •• ut.aed 'hat under 

influence ot heat pl •• ~10 acid 1s tranllSfol'lled lnto pinlo 



and .ylvloaolds. P1mar1o s,cld 9,~S very unstable under 

thetntl1Jenoe of 11?"ht, be~.t., ·?ni~ ~.lr, while the dletl11a-

tlon !-)Jloduet, pyrom.n,rio ~c1d, we,. Qui.te ate.ble un~er these 

oonti1 tlons. 

were the 

made now to tltr~lghten Ot1t t.he m~tte:t. 

S1ewe·:rt21 ; in 1:259, pre~ar(vi the ,~c1ds~t1.re:\dy eta •. 

SOr1be4, examined the !:.1eltlni~<-p·oint8 of the :purtfied Pl'Ot-

tlg.a,tlon for the first time .. 

rotations and 'was able to dlffeX"antlate clearly the differ

ent produots. 6.11 of whl0h on oarefu.l analysis prQved to be 

isomers. 040M600~ (or (J2QR
30

0Z)' He drew la sharp dll-

tinctlon between plma:rio cU1d sylv10 aoids. 

Maly22, tn 1861, prepareci a new acto. from A~\er1 C{'3,n rosin, 

wblch he al~o oalled "abietic ,"ol'", He obtained the 

8ala, aoid from P. A:ble, cu"!.(~ P. Lm,r1 x and a '7' t4tigned to t t 

the formula 044H61l0,. ~r~.ly fll."f:\;ther d,emonetrated th~t tb.e:re 

was a d:lf.terence W~H!:n ~n aoid wae p-rect~)l tr',t,d by ~ul

-phu;rie acid j or mf'tr~ly by w(f,ter, and showed tl~;~. t thl fJ 

brought hia :re1~ul ta 1 n ~,("ree~~ent ~~1 th th·()~e of ~iewert, 

abiet1c :$.eld. Itemade an tmpoll'tnnt obe,ervatlon in that 

he found; th~t no crystals of ~1~1,etlo aold could. 'be obtained. 
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frOM 8. conoentr~.ted elooho11c sC'1't.!.t1on. everl ·~,fter r3{1ve:ral 

month., while It w~t ~tl'e ea~y to obt~ln crYBt~ls tro~ a 

solution to which a ltttlc f1ater 'hp-d, been added, He 

that rosin was couponod 1~:rgel3-7 of ab1ct1r.: anbydrld.e,·~::n 

assumption which la h.eld ten?;.ol·.1(Jsly e1tcn.t toclay by no t 3 

fe"author! tielS. 

would. be fOl'n;ed. 

and ~otd ~re ~re~ent. 

The next ~"r't of 1"1~ort~}:toe Wf.tS e~')r!'led., out by 

'luor'i'lge:r2; 1n l@!67. He ob~~rvt!;(l th5.t f.1n aoid sollltlon 

In wel~ht~ t~ @tron~l, gu~norted t~e '~hydrlda theory 01 

.al,'8. He also showed thG,t abietic acid oould be t)re

pared in two 'ways~ (a) by reoryet8.11iz~tion tr~Y'~ a 70'~ 

alcohol solution, and (b) by lntro().u.ction of:~ [~treFt;.·i ot 
BOl gas into a d,llut(: alcoholic SOltltlon. of- rosin. He (10;n.. 

flJ'med the pree:enoe of pima:r1c E1Ci·:~ 1n. Eorcieault Gal1p,ot, 

and conoluded 'that abietiC and. :91n~,:r1e art; two distinot 1.0148. 

Duverno,24 (1868) studied plma.ric acid, and CH1!56 of 

Upon dis-

'llllng 1 t, he obtained an aoid. like sylvlc ROid., ~:cnd 

con,finted the viewa of Laurent 8.B ref:;:ards tranafOl'!.lUltlon by 
• 
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heat. This work t';:n~~ also supported ';1 th:~,t O~-. Dleterioh25, 

Lleoerma,nn26, and Hal'ler27 • MalyaJ J in the light of sub-

sequ..nt work adml·tted. the ex1stenov!: of plm.:rl0 acid in 

rl·enO.D rosin ;t'.nd 8,.110 tll8 preeence of "~ne Bm~ll amOllnt t, of 

an a014,020H3002' in Amerlc~n rosin. 1)leterioh's 25 

result. provld,ed ev1.denoe tendln:!~ to pis"Ol'ove Malyts ~n-. 

bydrlde theory, howeve-r, and ,,)leterich rJtt.rlbtlte1 the d.ls

cordance in V~'l1.1·s figureR to the 'Oreeenoe 0·1 t~,u,rl ties 

in h1s products. 
26 27 

Lleb(~~~ann , !IT:nd ~18~11er'" proved (J,ef1n1tely that 

eylvlc, pinla.r10 and able·tie aoids were all isomeric. Tbe 

meltlng'wpoiflts t;f the purifled produots .~r'e never sharp, 

butalw&10 lrul1cr!t(~d a trana,tor:'1ation ne~.~r the meltln.-

pOint. 

acids, and established that they were no' 1dentioal. 

l'tc s1ttuatlon was now' oons1dera'bly clarified. and. 1t 

was abOve all evident that £7;. distinotion flllst be made in the 

41ft.rent kinds of colop:t1oD7', frr.)';'~l v~r10u.80urces. eaoh 

having it@ own oharaoteristlos. ! t was no. reoogn! zed. 

tha.t tllere were at leaat two different t~lnde ofoo1l1fer 

resin ~.cld8t (a)abtetlc or 8y1,,10 actd, from Am'er1c~n 

eo·l0phony, and (b) J)imarl0 aold., t:r~ trren-eh Etallpot. Dif

'terent"e of opinion e:r!st~Hl oono,e:rnin(t t~lC pe1"ae'ntA~:.e oompo.

e1 tion, and wheth,er the,. "erG Idrrntl",~l 01' roe:r~ly 190!1l(:~rto. 

. ~r:;"6 ""7 28 The work of the 1 nveg ttg'\ t·ore '1":'tent toned aba'".''- ,~. .:... t ,;,.. , 

"5.8 gener~lly ~ocepted as estahl1sh1ng~ their lS0rr~{~r1$m. 
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.'.reo-leo'Mero ot these tlPpa",.ntly :ptlH lub.tanoef:, '{itt;tlln 

'.1 .... , •• rlOtl$ QU .•• lion,* .hloh oocur!l~'<:~ th$ n,t~§':nt1')rl 4~f ,1;,:,1."&

_\le.ot won ••• f~ 1.lt~O Oft __ 8. 

0&11110,29 bad p:ttrJV1(JU81r (lA 1814) been m.ble to w't~~k~;;; 
~" $ppan,,,' •• pa~atlQft ot _arloa.141ni~~ ~~l~:~;~)l.A':l' a"\};:;t?'}1.~.: 

(.)4extro-pt,mn,rt e~.oid.ti1:tfl~~1'11 801ullle lf~ \.J. ~.xJhf)l; (b) 

pfl1Jl1eJt't tt 8:el~:l. l"o".,&.t.o., J "ftl:' 11 I.lu'bl~ tn r~lcr:) ~lol ;. (c) 

• 'raft.ltton l'rlduot 'bet-...en th~~ ~'b;~ve. The .. all 'h~H:I ~~i.~tino

t:lve orr,ta!11ft~ ,.,... I.$¥o.."tmfh.n~ ~eld a,~,e~;~"1f;d tf.') be ~1>t 

••••••• 
VC!.'t(';!'b~~ "nU ... Ut. "'o~t !\\l'\(i by pH'''t~ln;:- 1~1\hl,. 

1JQ~'lfl.6. "41~1~SI~1'., •• :1 ~hlil; t.t.) t~l~'t,t~ ~'n~.~ t/~~~·tt.fy" on 

pl.~~:.ri(r act400uld ,ield th~ee alttt.n~t m!),r:,\lum $a:lt.t:!:. :~~~ aleo 

1'01,,'.4 ••• ' .... 'lm .. rl0 aold, an:1 ~entlo'n~da t~:~lr~l ,~e14,' 

eea1tlr le.' •• 'ato17, Y.r~1 tm.tjlbl~. ~rE~ 'not lt$/)l~te~r 1ft 'r,\ure r... ""_._lMJ"I clalmtlrl thttlt. ell pr~~vlou~' !,lms.rr1.o ~:~r~!d. ~r. 

'''p1,' alstunl or ,ne •• · tnr ••• 

It lIU'.' be tlentleMt'i tb~~t ,be d~)xt~· ~,n.{l 10.o-'J)ltll~,r·le 

.,et4. , .. ·la"., so t~r ",. ebel'~ll,_l lQOr~~1"8 ·of t.he CQtr"~;"n to~ 

'Ilula O""'~'t ., Dd ~(tt opUOtU an'Upo«lhi_ 1.$ the Rf:r;,ea 

.'.114 lapl),. 

~,. ene.· 81.'. lft.· •• A.·!,,·,,· .... ,ton. w ..... - e .. <.tr·~1e\t out by' 't .... b~l 1" , ",' . ,''1.': ':;, ~:.. ,'. ;, '~"'1 l"r, ~"l' , (, . '.' . ","/' f~ A·., ,.;I _ 
l " , ,,,', . . ". ,VI, i, ••. >.~ . . """',.,,~ '" •. ,. I " " ,f. , .•• ~" ,f ...... 

18", !le obta1Md J.\ "17 pure tf~~Ql1~H~'n off!lbtetto .~ot('. '1'rom 

lmori_M eolopboB7. W' ,0 ".e·ry'tftl.l.l •• tl~n.t:ro~ ?ftif.,th71 al-
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cob.l c, He obta1ned ~,n ld.entlc~l produot by 'luOklger's23 Hol 

method. He showed. 'hat dtIJ',crepanoles in ·o$.rbon and. hydror:eft 

.alueeln.pHY10ufl. work were due to the degree ot puti." an4 

tba' f~actt.o,ft,.lo~8t.lllzatlGa 8hou14 bave been ouried fur.· 

,he. 1ft pz-epa;r1lii: the produ.otS(.1 'S8a180 olaimed. to show that 

ps.llute $014 was nelthe,t 1dent1,oal nor isomeric with abietiC, 

but "a,8 a _olope ot 1t. Hla anal,'1oal figures aupport(;d 

tht. clearl,. 

Rlmbaob)2 8ubaequentlf pr$pued delltroplmarlc ac1ti frQ" 

A..vne:r1can col,ophonYi able'tic (or .,117'10) ami.d bad alret~d1 been 

obtaine4 from Freno'l"l and .the~ :re.ln$,~Q tb.t' t~e old reetrj,O

tlon ao ftg-ards the dlat1notlve ·.o'Jr'~~ a~r th"$e, two .cids wae 

no lo1\ger tenable" 'he york of VeeteJ.'beJ"g f};nd of !Jaoh were 

t.pO~'ant _"all.ut, bat there 1Ittll rem~tned, con~~id.-r.able con

tueloft ~,. ~e,g&:rd~~"e id.en.tt ty ?1tbe resin a,oid$j;, ~Jo I3ne h3Jd 

yet mttempted'" $hftOltgb 1\1;\';$$'11,.'1,011 l'e~9rdt~ their ~.otu~l 

constitution. 'al_10ttSb ·~ft:rta1n bypotbetes h~d been $.dvanced33 
It 

Ab8U' 1900. a v •• t amount, of work was .n.e by Taobtrch34 
, 

... • 1a1'f' _be. of co-wo.ke~.'J on a gl'eat .a~lety of re.1n •• 

".,tat. pan- of lb,i. wOl'k h~ve value, f~ aohemleal and botan-

10al .'aa4polo" bu'. as :re.aJtds the l'fu!lin aot4e 111 putlc'.113,r, 

7 •• 111».11 .. _._ to . have be.,n greatly misled. ft1amet:~!.odl tor 

o'btalnlnc t,hl •• aa'id. wer'et faulty. end 'ne cheuilcal evi4enoe 

'In lIan":-,,a.~'. 1. ))l"ao'1o&111 of no va.lue •• ln4ica\tng the 

lated. about tlt'" new aold8, tJ'Oll, 8al, a f' •• , pa1n., •• 4 gave 

.'&'01\ one 8, nru~. l'eoalllng t tl 01'1«180 tJupont35 le 01 the 
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&01(1.$, and the :purlty <)1 ·the ul tit1tat~~ ,1"<)J.u'ots (fre'Quently 

non-'C~18t,al.11ne);~.rr; tH.loh; 2$l to rel1der his work ()f t'le~~11g1l)le 

A e~.reful exar'~l:!'H~'.tlon.·!lH,~,de by tbe 'tI1"1 teJr. of the met~-H)~'i$ 

11.$4, a.nd the ~e8ultl obtained by TDchtrch, haD led 'tt) the 

by tl11a alle)dlet 1 t is solneon;olu.stV'e. and, at tlmec u.ncert8.~lnt 

t·he.t notb1.ng was ::teallf aid.ete' ~ the knowledge of these re$ln 

Bei4e. In faot, Dupont d0-81 not ~~,:)pear to 'be f..~J:~{:,;ger·:2!ti!le: when 

b:e' $.Y8 ill.' 8,fH'''''' co.tutiQn resul ted. 

Te.birch e, .. 1n.·4 •.•• 10111 kin.ds QfOolophonr. a.ndlaolt}~-

'h. otrt·al,,',A:r •• 80148 whi.obh. called (1-, fj-, and y-'abl€i~t10 

.ol~.'. , .•• ·al"oucba l1ttl& unoel't.~.n abo\lt the1]!' compost \10ft, 

lnol1ne4 .o:.ari'-;~}l. foNUl.. 02OH)002- Re tJOft$ldEu!te4 tbem 

. to .. 13_01'8, a'Q,dla·14'~at.all pr."touely ~eJ).~·'ed able·t·1e 

01' .,lv'o Gel·d,. "~e ~eftl, .'lxt~)r.8e:fth ..... 

4 ~tul lnYe.sttpUon 'by hul "..,,1 In 1,.,. 01' .,bleUo 
-./ . . 

•. et4, s.",!·.,.teJt· • .,d 81t., .. finitel., el,·tll)ll!I2t.d t,. iden-

t! t, ,.d ,be to.111a 0Iffll,OOI- Le., dl'tt. ·.ot ,..ly "en1, on 

o •• 'bea-Ily ..... c, .&1,. •• , "btoh ba .. e·al.,. __ eD unoertain 1ft 



.' o.e. Of 1h'~.e unst.,blu aubstafloea, bu.ib ••• 4 1118 oonolu-

alotul on 4e'\.Nln.atlclna 01 fAoleQ'.11ar wellh, 1)1. the ebul11oacop1c 

lIe'bod. and .., a·lka11m.e,.,.. . Ta. d1sorepaMies in ~be figures 

• ..,.r"ed b,· ••• bl1 wae·."ldently'due to impurltie8 eau.ad 'by 

oatdatlon taking: p1a" durlag.· tb.' .1 •• '_ •• 1'.1 •• ot recryatlll-

11.· •. tl0tl •• 

hoh or 'fte l'eoenttl"gr ••• i.n the:ohemll'tlY at" t~H~ 

r.l~n acids bs. b~en 4". to 'he work c~.rJ!tle4 .'ut by J. 'Jrohler)8, 
- '70 

and ,.,Il •• en, and KOhl(~:r-'~···', frotn 1906 to lql1. There wa. 

MB .• iderabl- uaee:rtainty a8 t.o 'he actual. •· •• t .• noe- of tbe 

l"o-plmal'tc .cd.d., whlch v.ate:rber·g3001at.med t\, heve ob

tained 1. a. elmplo experiment &flU by more obaD·.e •. l(oh.ler. 

however, 4 •• 0'1.4 }tal·t:';,oulal" att,"ntlon t,) tbt. flu_silo·':;, a.nd 

_as tin·ally rewar4e·d, by dlaooverlDi thl. ac,ld. ·pr •• ent in 

1.,.& _aunt lntbe .la'er .CI·a-ine.t Flcea J::xacls,$, ttl6 Hed 

'whol •••• t waR lndl'.d .. ,;rc~at aCCOilI)11$hmen~,' becauet\ In ad41-

tton to t.lolat.1Qi the °lev:opltaalrlc &014. l{O);"ler fOQ<iotheJ' 

J;)):odllote, whiCh Re; .. ldenttfled wi th t.he .o-oall~id t~.ap-lnl()." 

or '· .... 1 .. ·• 6ei,48 postu.lated bJ' hl_, allot which enabled. 

b1m '0 d;.r.tltmpol1ta.fl't oonolui.lon, reg~<r(11 YlT the f·oJ'fn~t1()n ot 

tb ••• r~8iftle .,old8 from their ttfl.ata'ble lntermedl~.te •• wht·ch 

lat'e~ ha". neYElir 'bee:1 teGl~'ed. ~nd ~ .. re not deftnl tell' _own. 
'. 

fhi$ 'fUntel'l' •• ln 19 oontained 111 fl~Jt turnl 'Poeket.· in the 

F:ror~; . .,ottle 'Pockete, 11:1~11d pr.odu~t. we!". obtained., 



paint to ,_tb •. r t'he .ubetanee 1ft 1 ts pl'lt1.t ttv~ state, \rt thou' 

exposure to 11$~ht ox' air. Re ex"amined tbe~ naturel eubst~no58, 

·e:n4 I4vanced certain hypotll ••• s w1 th ref~~":rd to t~~e tran8ior'":lS-

tl0lJ.8 o,t th.~e Sul1$taflo •• 40• In oel'ta1n 1 flola.ted oaae;~1, thf:l 

re:eln pockets we.'e found. in the upper pa,ria of the t·res', and. 

:la the •.• , the eubetanoe wae alllOI-·t erft1rely th,c pur~ 1.vGP"lma~lc 

&Q14 .. 1:1en'loa.l w.ith that desoribed. by ,eaterberg'O 

lohlar found the l."o.aold to be very ur.ui,~,"able and. 

re.dll, ol1d1aable. 

"4e-flnl t·e ~n a"CQQunt of the" le".8Jklaatlon by heat. 

Tb.. "' .. plnlo- EU:,llde which accompanied the abeTe, are. 
• • yen muCh .ore .en~.t t1ge to bea,t and, ox1d~tl0,ft. ~{ohler pro--, 

pO". a ol •• ·.'tlo~tt.ft1tl otthe Heln ~otd~ of the oonlf('r'., e:nd 

Ooft."tdesaed, lnthe ligbt. o·f h1e 1nveetlg1~tlons, t llat theBe ·con

elete4 of 

ta) ... tural rel1n aoids (tf'ft~t1veJf aotd .• ), ~l.o. cfil1e4 
. aterebenthlc .old .• " by Dllpont. 

(b) Colopben1c acld"s: •• hi"oh are tran,to~::at1on p.:r~4uot8 
ot the abovet uodtl' the In.fltl~M1~,e '0.1.' hf!~'?,. t or' of 
mlnt~al a,ot"~I. 

fhe natural resin aclds!a) area made ut) o.f: 

(1,' PlfJlu·loa.o141.cle.l·tro- s.n~i 101'0--. 11eld1ng lnsoluble 
8041u.'4 .alt~ .• 

(a) '.pinl0 a.old8;.' le.a' two. llever 1'801,,'.4 puJte, Ye" une1uable. and . fielding very 8o.1uble 80dlutn 
.al ..... 



rbe oolopbenlc acids are oharacterized by their yielding 

Sel·.'tRou.. ammOnl\Ll1 $e.l'8; ,,11118 those of croup Ca) are said 

'\0 J1e14 erratall1ne ammonlu."M salts. ICohler considers thr~,t 

a' 1 ••• ,· three forme of' oolophenle aoids exlet, nnr·~e11. 0" 

orl."o-tc:rm. f;. or 4est:ro--torm, and ~. third ln~,·~t;ive tom. 

rhe aold now commonly rmterred tonfJ ttabletio nota tt be'long8: 

~ •• 1ft', but 8~e t!*ansfoftt!tlon prodt.l<)te. 

It! view :::rf tb.. readytr&nsft)r"'"1ation~ not,ed by tcohler, 

it is QO;t aU~1'181n"t that levop1~!"':tle 3.014, the more lL~ntal)le 

of the t_~ had ne.vtr b·een l'SD1,,,ted 'P1'eriously, exoe~)t on the 

Ol1e oeoa,li,on repo'rted by 'elter'berg. 

lluSM)nt 42, 1n his YfOrk on. ttU! ftga11pot ~ ot JP _ lJ:lrl t1ma~ 
ha. 'been able to conttr:'tlthe work ot !{.')hler on 'ht.~ reflj1..n of 

Picee. Excel_a., 

rOhle~1IO a180 Ita. &ble t.o th~."muol1 11i<,ht on tt.le reln.-
" v~,\ 

'lon.ill.p ex18t1nt~ between the 8o-oallt~dab1ct10 aclt£, ,:~\:rlt:i the 

na'".r"ll' •• 1n (lold.. The ld(i~&. ef $ept':~,.r~~Nt111(:\ this able-'tic 
r 

aoldlnto ,1mpler OO!lstl 'ttents r)xlg1tH?ted 1f!fi th Kohler (and, 

rlaaon) -.. Re 8hc~"d that ahlet1,c, acid lVaS a. ~:1:roduct 01 the 

leome-rlla,tlon o'fplmarle by 'heat; ~;l~of 'that ~:bletl0 was not 

oo'l1tt1\.,(l to ;\."nE!l't oan eolophol1Y, but~~f'. always fount'! as a 

pHduct ef taomerlaatto!l of np.,tu.ro.:tl l'€~ln1c aoid". The -tde 

dt •• ~.l1Of! in the ,,~.,tlee ~eVGrted for abietic ~old 1ndl

tinted that t t cWtilld aot be a 1~l.re .UtH:tt~.ne" ~ 

fleltlna-polft,t, from l!Qo to 183.1. 
Optical rotatl()n~ fro'n 660 to 940 • 



I.laa,on and Xohler4) then ~'tttemptetJ the eep'::!,ro.:t1on ot 

thie mixture. 'by' a lon:!~ eerte.a of rectys·tal11Iat1on8) w\d finally 

tll·:tl.ld a,t 3- produot with a m.p. 171 ... 172°, Cl • -940 • Their 

material he,d van18he~d. t~t this tiltr,;ge .. 

Later (1)17), $Ohul.." .howed. th9.t an alooholic ttH)lutlorl 

of Ar'l{r~:r1can rOBin, or1s:1nally levorotfl,tory , 'bec~me dextro

rotatory whe'n tl's1f;tad w:1 th v~.rying 3~OUlltS of hyd,l"oohlo:rl0 

aot-d .• 

'~-'" "'t'1--.. ;.111"'11-",. '. 

u1 t1m~,te'l1 nrrived ~t eon~ta'ftt v,~lnwe~ .01 -960 ror Cl t and 

$.oonstant ~. p .• ot 17'1~ ,and '~~u.a~~l,1~:rpe~:r~ to tt~ve obtained one 

pure const1 tufP']t t:rorn thE'1 T-~lxtll.re known aGab·i.et1c acld. The 

p,.oduct tree fOtlll(~ to be identical ·¥:'irith. the one obta.ine4 by 

loh.ler atar-tin;;I: with levot)lm~rlc acid.. The isomerization of 
"") .," 

\ 

these na .. tural t'iota. under the influ.ence oot he,~t or of min~;~ral 

I 

the conflicting: data 'that box: hi therto been reoor,ded. 

In "centre·are (1919 ~o date) lnterl$lve research on the 

01$OHa1n of P .. Mart ttm~~ bae ·been oarr1t-'d out by Dupont and. 

OO-.~'1,er.4a, which h,. helped. oonsld.e'rslbly 11101es~1"lng up 

man, pO'ints in oonneotio,n "j .. th the lnt~)r-:r81ntlons of' tbe 

.tu! Oliqtoalmethoda' fer the 1801ationof product" ot a hlgb 

d •. gre. 'Of purt ty~.'le: obtl.ln€Hi hi ~ tI.et.det c,hletly by reOJ7~ tal

Itaatloft of the -«&11,ot* 'fron ~lcoholto 801~.ltlon.t oonvertlng 



ib. into the 80ditJm 1~,lt8. t~nd the-n eet)~_:rB-t1n;t these by the'i!' 

d:lttel"ent lolu,bilt ties It Tl~e rr:re~er~oe o'r 'the (h'ax'tro- and le.a .... 

top..!. of pl~,~-rl0 ~e1d W,~,\~~ e~tg:t),l tflhed, ~.(! 'well ~.~ or certf:11n 

oth(~r ver., l.m,:~:t.l)ie a-etde (rH. linte). in addi ttOJl to lntermedl~te 

tran.format1onpr'o4ucts. The mother liqu.ors fll'trtlVS y1.eldecl 

abietic aoid tlnal11. By employing -the ph1~rioQ-ohetu1oal te·ob

n1que ot n'ar~noll4r5, l't W:tit8 .·hown th,f~,t plme,%'10 ~~.cld is made tlP 

of t.~ 8ubstanoel only~ the denro- aud tbe lev'c--plfl;:,.:rloa.) in 

the PtopQ:~tlon of J7~t1tnd 6)t;~, retpeo.tlvely. rhe e.tre1ne in

stabtl! t1 0:[ tbe la"ter.aloo~!.rm$4. 

Th,e' aap'itlio !!.\t"l'tds we~e found t~) oOf~etl tu.tetbe sre~~t't:er 

part Qf the *fgr~lipotff. and were very lU'U1Jtable, als·o y161411'1g 

very lolu).)la s,odlu!!'f't e~lt.. fhay. h~ve nevt?r been ol:rt~:!ned in 

their ort~i,n~l ·et~te-.. nupont 'found: evideno;f:; o,f at le'8..s t t'JfO 

tOM~ of tl,e~e' ~e'ld:s .. 

nupont al~o found tb~t de~tropt1~,~rl(' ~\~1d could not be 

rf!u.,<!ll, t.omf~~'rt.8d by' beat f}~ Hnl. while the levG-tt,elt'.as 

reallly 1fiJ0m0r1aed ..• · He fOllnd, that i$ome'rl.llltlen o'fthe5e 

two ao14t:t toolt 'Place in two S'lJoc"ftuBi've $ta,ge~ ~ a;n un~t31bl$ 

lntermed,late acldb·e:ln.r~ tom,'ed in ea .. chel'."., ;I;n<1 the ultimate 

product be,lag one forf~ of abiGt1c aotd~, fhe $tltrlG w~a 'tnt·. Q,t 

the •• pintc acids, but the c11ange W~. extremely rapid. tor tbe ••• 

Du.,oat conf1rliled bie rU'Il1ta tor other QleQl'@stn .• :t.2 ia .d4t Uon 

to tbat hom P. ~~a~t tt... . 'He p~o".d th~~,t th~~ "'8;riou$ Q:~s~·llpot.'. 

41tfer gHe,tl.y 1n ,their oO~,po81t1onItHe Qotu~14e:r1 that oOJ't,ai,a 

of the terebentht'cr I.ot;ch, ma, be common to 'a l-a~8.numb.r o·t 
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re.ins, but th~>t tbf' r:;ctn~l nu.rnb~-r of the'~e ~old.8 Is prob?bly 

small, .hile their rel~tivc' nl"·.,nortions in t~.1ef.:)e~ v;,rious resina 

d.1ffer widely. ~ln'"\nt f011n:' th . .,t the colophon1es, ~8 well a .• 

the n~tur~·l (te't~l"enth1c) ~cla.; ~,11 yielded, by 1!omer1,zat1on, 

the tere·bentblc acids exhlb1 t ~.1~ila.:r cryeta,lllne: fom~ and. 

If not qu.ite pUl!e. the 

prod.uct alwaY8 see:-n8 oryst~llog':r~fphlQalll' hOmOi1$eneo'U8. The 

1 f if 46 l' " e;ame is rlrg'ely true 0" a:bl~~tle a,cld. Du.",our 0 alms to 

have 1d.ent1fied many of tile ac1d,.spreVloualy n1$·ntiiJned in the 

11 teratute. 

bu.t possibly i8omorJ~~;nol.l& m.ixede crystals. DuPQnt states that 

if the tt;rebenthlo[{o1dp h:;·:.ve their own o:'ystallogr.a >1'110 

Ind1 vidual1 t1, all the aoidad.erived fr::y:'r them, the l!lxtnre o.f 

subetanoe8. 

two ohem,1eal lndi vi ih.'.~l~. It is evident fl'Ot~~f t~~e3bove that 

ordln~r1 a.b:!.etl.o R;eid ca,n· n{~; lonrn0r be ttOn@lt1(~r'ed 11 dei"lnlt·e 

clH!!!,t 091 eu.bg tance • 

The elucldp,:tl0·n of the chemt{~m·l ocnstt tution of the 

res1nl e eelde ba. b~~en a. very slow pr'ooese, ba.vlnJ{ been 

greatly 11'1nd.er;:::d by the publiem.tlon of IHlCh oontrs,diotory data, 

a very small portion of wh1chhaa been. referrod 'to, brl~~flYt 

a.bove. It bas alea been o:be$oured by t'he queet10n of whether 
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the abiet10 scid. existed, particularly in rosin, i?1 t·t-le form of 

anhyd.rlde8 or ~9 free r?c1d8. This qnest10n was f:t.r~t rr'\lsed by 

. 1 22 1 '1 r:.\ ~'1 h dd A • t' h .. 1 t d lfay , n .:..;o;e a ",uoeu ev1(I,ence 0 eh·7>w t;r~ t rG.~,n oons·. 8e 

almost entir'ely of ablet1 ranhyd.rlde, flJnd thl0. ?ra~ 8U'P'Oorted 
. "J 2, '.' ~t=:. 

late!, by Flucklq'er • but denied by 'leter1Qh"~"""J At violent 

cont.roYeral' exieted f~r m.~ln'lf ye~r~ cOfH,,'"'rnlng th~ m~Tk ;~j'd oplnlons 

... h"25. h . ."47 rf 4.. itS ~f 'io...... b49 ~ 'h! ,.50 0;, nlet~rio· , ra rloft *,:snr.lquee , ~. ~OnJ.l'O.. I ~,e. o~ • 

and others, In this matter, p.nt] on the eotlst1tu.tion of abieti0 

acid. The v~lldlty of certain oon8t~lnte for tb,El subat~noe, 

8u,ch .e the q.apon1f10·~.t1onnumber, ~7~fjter mmber, Iodine v~.lue. 

Aoetyl f..nd.x.. etc. J Wa,s brought into Question. 

ber lt waa a1-&1B found for the aold, and oould not be 1nter:preted. 

It was eometlmes attributed to the anhydride supposed to be . 

preeent. and Henrlques/4.! even olaimed tf,) ha.ve prQven the exis

tence ot a, l.act.one, a.nd· later51 
fit isotonic aoid. w[~en the 8,n.

hyGi.rld.e the~ry was disproved. All seemed agreed on the a'hl~enoe 
I 

. ..' I ' 
of al4y€ater, however. lurionS! (190.3- 15) 1 a1801nvetltl;\~at.d. 
the changes whi~~h took plaee in the re;in a.oid,r; an hef.ltln€~f or 

when e~·)Q.e,d to ail' or O:r":i;:ren.· Ha workefi onl-.1,r wl th A.nH!~~1 c~.n 

r08in, e.nd. elf.J.imed to na1fe· oht~ln(:'dhtlt one ~~1dJ "sylvl0 aoid·'. 

"'" ""' 0 'ro.T1 $ theorv.. t:,)1: i t~formet1on W·tH~ t'hnt 1 t 1'.'l'o-e.··e4.· .... '''20B 30' 2~ ~ wu. 

from the oxldet1on- of ter:p-enes: 
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'by .11 prevloue worke:r:i;) a.rid eboftd th~:: t 1 f ~,11ow'anee 't,~~~·r. 

u4e to· .. a 4.tlalio amount of OlJlen, due to osld9,tlon in ·the 
~~1 

\:11"01 .... 4 ~.olT.talllaatlon }l:HOe&1 C'H:;,J'i%1ed out t'yn~oh) , tbe 

re..ul ta of the l·~ t tez would b~ In 03mplete etitreenlent "1 th tbe 

to NU la fJ2.0'ft)OOa. '''hr1()n:>~ abo provi.ld tu pHoenQO of 

0.1141 •• ' re .• la aalAs and of tlU,apoaitlable matter (resen.) tD 

.,1910 (.bl~tlc.) a.old; alao the Wlt01'P~' 1i~tu.re ot 'hfJ pl'Oduot 

after hlatlftg, f{1Jldtb. r~\::8ult.lnEt:tt$e in !loleeul1llr ~1f~ht. 

'be odd.at.1ont)rodtt.o'tt were 'f:)\tn4 to be 1n~oluble, l'n pet·roleum 

·4at10n of lttulet·d ot1, end eu'P~'o'tt~·:,~ hi. ~~auto:rldr.l',ttontl.).~)~'" 
-

ift nig11t., eh.B;7flct.:rl~tl1'} "aoti.on~ tor p.rr~nd8.t etc .. , but 

-d ••• ao:talYP'e1lT to h~ .• #.rtaolntet1 l\ny ot the tr;~n.t'~m~tion 

double bc~nd8. all·a henee w.e ver)1s\u!@·f)-ptlb1.e tOft;:~dfJ~utoxlda .. 

'10ft, the pJ'fOduotl late·r re$.!rrlU''t@rin!~r to ,oluble b14.~:&J 1.014 •• 

He 00 •• 14e".d ti1$"t ·the toftttatlon: 01;0 the n~utr,:.ili \In·f:Jt\rH'r'l1f1.~le 

-l"OI6ne'* found in mOt~~t r' •• ln, wa' the. "efl.l·t 0:1" •. afloon4a", 

oaS.cl_tl011 prOotlulUI. lth/ 1.1-10 acbaltt~~d t.he pl' •• enCt6 o~· 8i .. ~al1 

·amount ot anhyd.rt4. in ra.U·. t.ok1r·~ la extremely ·01'1 tleal . 

of 'tM au'.xld~,tlon thllol7 of ralllflQn. and cofto14e:r4l bis J-.'.lte 
r.; 

at tAu. 'Q ',he Uti. 0.1 'taptt,:re •• bat·an_l. Tec.nlleh·;~ bae· reoentl, 

(19") eo_en_cl al} lnvf;l·.tl,atlo!1of e.u'ox14a tton. p!rtl oula~l.., 

or tUl'pe •. tt ne 011 •• 

rherelatlou.h.tp ot ~.bl.'l *' i·(\14 \Q 1 tl' .o-o~,lled 
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ann,dr1d., and the a~ruoture of th.se substance •• ha. oooupied 

the attention of eeveral inv8ati&ators reoently. Knech' and 

.a:. H1b'bert56 •• :ourecl oonaicif'rable exper1mentcll d'1.ta to 8upport 

their 1'low tha.t rosin 'lon.lats a1moat entirely 01 ,he anhydride. 

They abowed ihatthe 108e 1n weight on heating abietic &c1d tor 

a lODg tlml at 180°. corresponded with t,110 theoret1c,'j,l value 

required for 3Dh7<lrld.e fornl;~\tlon. However, aohw'<,lb.5 ? refutes 
.':; 

thle 'b7 his uperlm8nt.J.l evideaoe ahowins that, as low as 1200
• 

oolepholq commences to show 81&n8 ot deoomposition. with 108S of 

C02. HeDoe, mere red:u.ctloD iD weight dOG. not neoee.ar117 meaft 

r8lloval of Ha<> in this Case. 42 . Dupont also poi~t. out that 

oo1opholQ' o~n be oonverted into 017.t~1.,111ne abta'le &c1d by two 

p.~f.otly 4r7 methods (a) by heating in a sealed. tube at abou' 

1300 (Labaut58) and <_> by the action or dJ7 ItCl las on tu •• 4 

rOBin, a' 1500. ~upont :1180 cl,\imu that the form:).tioD of 

~r'y8t3.11ine sodium :tOl,d. a'b1et 't t.. prepared. ac'cortl!,. . to hi,. 
,'j, .,~ 

• j i, 

d1reoi10 •• 5i • from -oolophoD,7, 1s oontrary to the ~Ulnydrid. 

ib.eoJ7'12 The YU10UB tere'benthia a.a1de do not form thi8 8~1,1' 

(3CaoKaoOa.CaoHa.02Ia). Oolopnol17,in alcohollcaolutlon wh4Jn 

'bo11e'wi,th aqu.eou8so4a ~11ao doe'8 not yieldthi8 •• It.;wt it 

th.iaitial solution 18 teomeri.ed by ad41ns HOl ttlis llberating 

ab1'et10 '~o14t a. yield of' 16_ of 'the S~.l.lt o~~n be obtt1net1 roadl1,-, 

, 5' atU1 tne. yield an ablet.io acid of fairly high puri ty • Du'pont 

oonsiders 'hat the anllldr1de, if present, oert~lnly oould not 

exiet after tbe .. 4clition of 80 mucb aqueou8 804a aolutlon,. Th1. 

18 quite tru.e, but it must be point.ed out 'hat D\1pont ;;i,nd hi. 

co-workere pla.ce wh"} t seems to be too muoh reliance on the in-

aolub111ty of such a aalt in aqueous r:a.nd a100bo110 solutions, 
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or mixtures of the two 'solvents, ;1160 on the conditions of 

oryat,1.111ne 8t"1.1t fonaatlon in ~3.b1e'io a.cid solutions since It. 

val-iat1oft in oonoo'ntratlon often h.~t8 been tound to lead to 

gelatiDous pr.oip! tat1ons. where oryat~llline formations oould 

be obt·'~.1n8<l under qther oGn4! t1ona59• The)" have even adva.nced 

thl. 9,8,\ po.sibl. method tor the quantitlltive estima.tion ot 

abietio ao1d in rosln&9. 

Dupon,ao disoards the 1488. of ·in anh74rlds in rosin. and 

115 of the op1.nlon that, oonsidering (a) the original aoid. or 
the na·a11po'-, (b) 'be intermediate tr~l.n.formatlon prodtlote, 

.. ; ~ 

and (0) the ultimcl.te oolophenio .':1.0148, - there are ten possible 

ao1d8 in colopbora. The In'ermedi~,f.t. Don-orY8tJ .. lllz~'tbl., inaot.ive 

aDd. solu.bla prodao t. usu:.:t.l1.7 predom1nrl te. 'l'he:-,.sul \1 ~ Qomplex 

mix·ture. whioh be consiciers to be mer~ly a solid solution of a 

uwaber or 1somorphous a01d., (analogous to thal.la, •••• ). does 

no1r readily cryutu.l1ize at ord1narl tempertt,turea, but jf the 

tranaf'ormt .. tlon to the ul tlmat,e :' orm' ls oompleted by 18omerillsf~1on 

under the 1nfluenoe 01 nea.' or oh.m1oAl"re,'tg~nt •• a. or7stalltnEJ 

produot 1a ob~1.1n.4, the purltJ ot which dependa on the con

dl~1on8. Henoe, from o:olophoD7. which undergo •• ~tlmo.t oumplete 

tr&uformat1oJla during ,he period of it. formatioil •. , a yield ot 

80-90!$ of ab1et.1\J &cf.d 1s obtaine·d. 

DUPont61 further supports t~he v1ew held: b,. JahrlC11152 on 

autoxld.~t1on ot these acid,. 

A' the ,present time, Illere are 1nYeet'cat1ons in progress 

on tbe qu •• 'ion of the existenoe of ab1et10 anhydrldet~nd ot 

the compo.1t1on of the orYlt~::!111n. product u.sually c·~.ll.d "abietio 
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ac14". The oareful work of Kneoht and. H1bber,56, nteeleS2 , and 

others, the results ot whioh clearly supported the t:lnhydr1de 

theory. o~l.nnot be ignored. sanorger63 ha,s produoed evidenoe to 

ahow that the a.nhydr1d.e Ct'Jnno~ exlat in oolopho117. HoweTer, in 

1926. )"onrobert &Del Pa.lla.ut64 brou.sht torw."~rd 8Tidenoe prol'i.Dg 

th.1.t the product of Vaouum distillation of a.bietic a01d was a 

orY8t~1.111ne anb.74rlde. 

out c3.reful inveatig'l.tion of thie 8ubJeoi ;:;~nd oonoluded that the 

disagroements in a.na.l¥tio~.l.l figures and values for the various 

constants o'bt(lined previuual}"-.oould. be tra.ced. to the presence of 

""' .. '" 
not merely a4sorbed or ocolu:de·Ci·. rhe formula tor this hydrate 

appeared to be 40~H3002.H20. FUsion 1n vaouo oJ.used 1088 ot this 

water, g1v1ns ·rise. to the oryet·:t.lline "anhydrQus &cid d , with dift

erent properties. The loss of water was tlluiT~.lent to 2~ of the 

whole, and took place at the beg1nnins ot the distilla.tion, 1ndlc

~it1ns a. loose chem1cJ,1 'bondJ anhydride formt:tt1on corresponding to a 

3% loss. He ,°'1.180 prepared a. "P7roab1etl0 aoid'* ~ 

The work of 7onrobert :.1.:nd pa.llaut was repeated" by Base16e 
t 

a.nd he agrees v:ith their view.; be found the H{1,nhydr1de ff t,o be even 

more resistant to hydration thrtll ·>they h~td reported. 

Fo'nrobert a.Dd Greth61 pr;!.pared thepyro;ibietia ao1d of 
'<I'" 

Dupont65 
t Qarry1ng out some a.dcl1t1onal work and proaldlnl some 

adcltt1on·ll evidenoe tor tho struc~ur. a.s abietic anhydride, as 

41siinct from "w·ater-free abietio aoid". 
An eX~:UIllnatlon ot the evidence on both sides makes 1t app-

a.rent th:,l.t the question of the exletenoe of abietio anhydride or 
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ot the free &01<18, dB the ID'Jor constituent of rosin ,Dd aim11'!.r 

mixtures. i8 still an ope~ one, aa is ~18o the matter of the 

relat.ionship exist1ng between the aoid "tn::l the anhydride. Con

s1der;:tble attention ha. been devoted in reoent yea.rs \0 the 

.tructure ot the a.o1d, a.Dd even it th •• e other questions h,'1ve not 

been settled, the matt.er of the ohemical oonet1tution1s OD .r£ muoh 

firmer beteia due to the very careful re •• aroh tn:~t has been cn.rriec1 

out. 

The old idea held by Taoh1rCh68 that abietic: ct.cid was a. 

d1pheno11c subetJ-1.nee, was not supported by the c£~~reful experiments 
69 

of rahr10n on v~il.r1oU8 pnenoli0 substP.Ulce's. The 1,r1.tter came to 

the conclusion thtt the a.oid h.ad Doph.nul1e pro'pertios, but was 

a trae carboxylllc acid. 

Oertain fQrmula., proPQsed D7 Biaohoff and Naatvogel'O. and 

b7 :la8 terf 1e14 ud Bagl.,.?l, werfJ looked. upon t:,\v ourably for' m"1n.y 

ye'.lrs, but ther~1 was in8\f:ficient evidenoe to establish their 

identity. 

LeV772 , in 1916. Jll.unmar1zed tbe evidenoe to d~~te, a.nd showed 

th'lt the atruotural formula of 3asterfield and. Bagle.y?l, if brought 

into agreement with. the .. roe. to·rmula CaOH3002' eXpl'tined the faots 

in a 'Yer7 comple te w~·J.Y.\ brief sUlnmar7 ot the data quoted by Levy. 

18 given belowl 

1. 

2. 

Abietic ao1d readill' givee &o1dand neutrtl.l salts, ~lso esters, 
and an acid ohlor1de J hence it rous t be a t,rue oarboxylll0 
acid. 

It ls unsa.turated, the Iodine Bumber has "~.l\Vay.i1 be"n found 
to ,,~ry grea·tly w,1th. the oonditions, but points '0 t.he 
"'Jresence of tlg etb)"len1? 11nka.ge8~ '1fl'!-18 waG finally 

proved by Levy • and. by liUzlolca and 1\{eyer74 • in prep'lr1ng 
the tetrahydroxy-and tetrahydro-;:l..b1etic acids. 



.. 26 -

3. Able'10 a014. when 41st111ecl .1 th iron filings. _ 75 
yields the h¥droarOUlftt1c hydroct:Lrbon tttbie tene" , 

C20H30oa -.... C19H30 + CO2 -

':this 18 ,~llf5o obt·"3.1ne4 by treat! ng the aoid w1 th 
h¥4rlodic acld. Ab.1e'ene. d1sttlled 111 th eulfur. 

glTee rise to th, phenanthrene derivative, "rotene", 
CleRt.. Henoe 1 t 18 CObQlu.ded. th·~·t a.blet1.~ !lcl4 has 
s. b:y«rogen3.ted phenanthrene skeleton. FUming nitrio 
ao14 acti:ns on a.bietic acid has been fOi.Uld to giTe 
d1nitro-ab1etl0 acid, whioh can be reduce4 to a 
41 .. m1ao aoi4. ·It 1s therefore assumed that there 
!~re 010.04 oh~l1n8 in abietio acid. not neoesaar1ly 
0-: the arO-rfk .. tio type. Oxidation by ui'rio aoid ha. 
beGD found topro4uoe IJOtl& h.exahydrophthall0 aoid. 
·indicating the presence ut So very stable hex,.h.ydro
benzene nuoleus. 

4. P1 .• ene'\nd abietio aCid 'lre f1U'pposed to be 010se11' 
related. not on17 beOause both are gener.';;.ll.Y found 
together, but &lso on aoc-ount of the f'aot ths.t to.rabic 
ac1d 1s one of the oxidation produc'. of either DUb
.'ano •• D7 aotion ain! trric (lo1d. 

S. The o~\.rlt • .1t71 group ls Qom1deredtobe at\aohed. to a. 
ter'1arl f.)arbon atom, on account of tbe imposs1b111 tl' 
O't 8st.erifyinu abietio .:1.01d by the usu,'tl method using 
B.el or BaSO. a.nd aloohol. 

6. The presence ot ft isopropyl group is a.swned, trom the 
fa.t that Levy obt;~~lned. 1aobu.tyr1c ao1d by vigorous 
peFimanganate oxi4ation. 

,. 'the presenoe of a Tno1;hyl croup on n tetra.8ub8tl tuted 
Q·a-,:'ttoJl i>\tOlll of a hexagoll''ll nuoleus wasindlo~tted 'bT 
the fornu,t1oD of retene 0,- distillation of 81 ther 
&a1.'10 or d1.b.l'ci!,oablet10 aoid8. The presenoe of &11 
.'thyl"nto C~ gr.;) '-lywaa thus exolu6od. 

'?heee tacilJ are~l;CCOtlnt'ed for.1lDost oompletely by H~aterfle148c 

',i .' _ Balle7' 11 formula ,put fonar'd. in 1906 t exoept that they ba.ed 

it on atormula algll2Io~·. The same skeleton struoture made to 
. 

agree with th.eformula 0'101'1002 by addl\1on of .q, OH2 group was 

considered formerly as being ·the true one -"i"or abie·t1c ·acid. lio"·. 

ever, tbe poat tlona of the doable bonde, and of t·he aubatt tuent 

grou.ps, were not def1n1,ely establiehed. and it retru1.1ned. tor 
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aua1Cka.'77 and hie oo-workerato fln'~117 clear UL~ the :problem 

of the oonat1tution of this aoid. Based on his results of 

hydrogenation. permanganate oxidation. and other methoda. he 

WR.S able to pu t forward a formula that seems to h~·ftye reoei ved 

unan1mou.. acce ptanoe,-

.. ~?~alL 
-20' "0. 1I~ 

HOOC/ ~~.. ~.1I 
Bao~o~~OafQl8)2 78 

Rualoka has recently given a. ~:rnplete aocount of his 

work, a.s well ·'U3 of th,;.t of v.:tr1ous other investig Ltors of the 

subJeot, and no ~1.ttempt is m~\de to describe it here. The 

whole su.bJect has ~·~lso been reviewed b7 !;:evy,g, t),nd by Dupont80 , 

on the 8WJ1e oooaa1otl, a.nd the matter of the constitution of 

this versa.tile ohem1o:~1 substance is now c.onsi(1ered as having 

been Battled • 
. 1 

The isomerio fOrlr1a of this 1:)rodu.ot have not been expl·\1ned 

how.Ter, although th1s matter ia receiving attention. Grunn81 

has -put forward oertain struotural formulae whioh.plain most 

of the above triota, and. naa .~lso attempted to ao,;ou.nt tor ·the 

asaumed relationship to Bhane, nop1nene. r1.nd isomerio terpones. 

HoweTer, hie Tiew. are Dot ,\:~OQep·t&bl. in the light of the find

inss of Rl.\.1oka~'7. It is apparent that 'l large ntunb~r ot 

struatural formulae are possible for the a.bove •• hi ch may h~),ve 

some be'trillS Oll the taot th:~t eo m~ll.ll7 1eomere are knoWIi. 

R\la1oka82 ha. reoently established the prusenoe of two 
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4oubl.. boncle in d-pimaric a.oid. I"e.".83 has also provided similar 

8T14enoe. Other important work on the aonat1tut1on of abietio 

ao14 8Uld i t8 isomers, during 'the P~18t few months has been reported 

b7 DIlpont. DLlbourgan4 HOU11184 • who olaim to h'Lve 1eolat.ecl two 

aapillia ao1d8. r • ..r8ulcamoto86 by the dry distillation of abiet.io 

acid and of Ja.paneee rosin, obtained aeveral dlfferent derivative_, 

inoluding anthraoene, phenanthrene, tl.nd retene. "?8 well all a11-

phat1c hydroc:-1.-rbons from the side oha1ns. This ahl)uld ha.ve an 

1mport.l1\nt ben.rins on the possible isomeric forma n,ssumed by the 

acid.. T.he oleoresin. of Russian and Finnish pines tl'1.ve been 

thoroughl¥ eXt\mlne' lately86 to' .88. The question of the desree 

ot unaaturat10ll of the resin ~:tcld8 ha. been taken up by lJ·irgofiches, 

K. l'Uoh •• a.ndW. Rua1oka89 (1929) •. and from their work and thu.t of 

others. th.el' :.i.re able to oonfirm the opinions of T). Ruziokat 

mentioned above. a$ rtlg~lrd. the structure of ~1b1et10 acid. i\8Ch&n90 

'<Lnd co·workers h~.Te provided valuable data. OD the subJeot and ha. ve 

1solated aniaorderie 87Dthetio acid, p1n180871Tic ''1.oid. \.8chan has 

pub11,,,hed a cla.ssif1oa\ion of the rosin &014.91 , all extension of 

41 tha.t previously' proposed by I(l~:\..on and Kobler • 

Other reoent work of interest OD the subject has been carried 

OU' 'by DaPQnt
92

• in support of his theory of the origin of these 

re.in10 aoids. -1nd. the nature of their atmospherio oxid.'-lt1on pro

duct. and their oalalyt10 auiox1d1~'ion93~ Various n1tro.gen 

derivatives of the re.in10 acids have beenprept-tredand examined 

b7 Dubourg9·4. and the chemistr1 of this branoh of the subJeot 

revi.wed. An extsaSiTG researoh on the ohemistry of retene la 

being oarried out in Du.pont'a la.boratol7 b7 L. U. Ch8ung95. 



· la the .ltO.,8 r.Y~.", it 18 '.po •• 1ble to eYea mention .""1')" 

pi ••• ot work thA, ha. bleD oarrie4 ou' and ha·. lA bea:r1D1. OD 'he 

nbJeo\.. The :reoeA' oontrlbution. to the 1.1 ... rature ma4e b7 

aualolca ' •• ,Le., 79, Dupoa,80 t RoU1IlDe , and 8"",e19', .'Dr111ar1z11l8 

,,,.lr worJc on$he re.lllt. ao.148, oonat1 tut. a very a4equa'. aDd 

&00 ••• 1\)1-. reoord otih18 fle14 of ohem.1o&1 res.aroh up '0 tile 

pr •• en' \i •• ·• 

ID the preaen' 1n •• ,ltsa'ton.. l' w ... firat necessary to t1n4 

a method tor treeing t.ne 0178'a111n. &0148 trom the amorphoaa . 

_'_1'1&,1 (ox14ai.loa pro4uo'.) aGooapaD1'iq \h ••• and the T&r1oue 

.e'hocla 11l ...... t1,,&"84 In ai' •• p~1ns 'hi. are firet 4180'\1 ••• 4. 

fo]J..o •• " lIt7 a ' •• orip"oR of the. .... 1na'10ll ot' the purifie. 

or7.'a~11 •• &014_. del 'll. id.en'1t1oatloD ot the individual 001'1-

,tltu8.Q. 



Tbe exper1mental re~Qlts obtained .in ·the 00 J:t"se of a 

t().oroagb. examinetlon of the orademixture of resin colds tbteined 

from Jeok pine ~P.Baakslana) indioate olea.r11 thEt. la tilis 

m1xtGre. there (.t,re three group. ;.of BO ida: 

QrOllp 1: 

!the, a,re Itl¥~e1s foaftd. prE>sent wl·th the "arystal11ne (~J1lLaft 

(Group 2) Otlt ClaD .e sepal"a.ted by l'epoeted re:orllstf:lllz6iion. 

frOlll Bloobol t in ';~ hieb the er.uor photls f}.iJlde c're muoh. moxa ~olQble 

.,probably b~lOlll to the ff8ap1nlo~· group of'che iSo-\;e-lled 

;'ru:tural resin tu::lds tl {pase 16). Tbe ..Letter have never 'been 

lso1ated 111 tbe pare f!\tete si.CHle the1 B·re ex·tremel1 un~'tabl.tl.42 

reedll, (lbal\i1na lnt·o oolophal'1ia •. 01d8 onder '·he luflllenoe of 

hest end ohemical reagents. 

The1 are ~lso obaraoterlB&4 by l1elding verJ601Qble sodium 

salt.s as distinguisbe' fr(un the less solnble salts 01 the 

tr orystalllne't soid8. This offere f),notber ~alll for separatiug 

ihose substallaee. f tiee exper1.men1;el par' .. ) 

Group ~: 

~t·J~iYJ:r:~L1I."b ~,Ql.oA~f .~~~I. (:ii.- me .• _. era of botb the "ustaral" and 
1 r cl' • F,. ,It_. • 1.1t I" t ~_rJlt2;a A I. J I J" I "al . t... . ten • "'p L In _._ E Faq,. ., 

the "oolonhenioit tV'O.... ('))a.ae 15.) 
, I , " ., ... ~. 1.1 I . 1 I &'iA. I flfnrUJII::.:&J'r

j 

H,Mll.1· I 

The p1mario ao148 Gome under tbe boadlns of fl ne,turalf1 ftald8. 

while tbe abietic &01do 8,I·e in the'foolopbeniottcla.a.41.42 .soth 

of tb.eee two tlPf1a pf acids wereisoleted. together v~'ith the 



•• ,lnle ecldl. wb..n tbe erQ48 t'ra~Ul aoid'" Da1xture ~&. tre.t.a. . 
-a ••• 'lTel,r w~'b. .. 'role ... '.er. fbe •• ,In'. aa14 •• ere reoove .... 

•• • Jell.. ao .. trom ibe •• ml-oI.'YBtall1na 1I1¥:iare. 6114 tbe 

..... 11l1ns eq.;'1.1·iM: pro" •• '. 'M!'). .. para '.4 111",0 (1.) 'be 
.. ;. :lO, 

"aa_aJ-at" .. 14 i .. ,.. .... fp'-:it.i.) "'if~.) 'be ·ool.,unie" 

..... _, (..ble'''' ... 14)". " ·me •• 01. 'be~·.I7.'a111 .... moalum 

_~,. '01 1;be tor ... :r. 8.4 'he oQat.ll,!.", aoid .'041_ aalt 01 tbe 

la".,.. '-'·Joolo,beal. (1eoaa·lrl •• 4) .old,i·onat l1e14 

8J78,.Ul_ IJIIlOnl ... '''It.;O~ w1111. a.,14 8al.... • ••• a8 8014 il041W1l 

a·bl.taH_ ~,o •• ao' ...... 'tal .. , la "rl.tUl! .. tor. troll theftnatural" 
5 • • ·014e. 

(la-•• , I. 

The..,ttM".,. al'. ia •• l-,l. 'a ,."roleum et.er ( ••• .i.Ohler~<i.3 
IU'ld )'allrloa52J. tib ••• Il11~.o' •. 4\e ".pr '.:flJOra'aJ'8. as in t,be 

I 

41.'"11 •• 1· .. '01 ihe t .. 8014.01' of iAe .a'ero. .tn t .. e pre •• at . 

in,.· ••• l ... tl •• oJ:l.taUl-..o14 4e"lYattv •• w ••• obklned. The •• 

oq .... U .. J ........ ~~ .... ; or .e:, 110t.. ltentloal wl \.ll 80me of lb. • 

•• l48 pre-H.' 1.8 'he orlgtDal M,ll .. , .tie 3 •••• 11e4 nb,itlre1" 

8'c1de geaerall1p •• rl· •• ,.'·OQ10_Dl0 tf 80141 -be a aea, • .-p.Q 
ba' 4 • .xil'o-plma.~1 •• 0;1,4 fa -.. tarel$f • .,14) la •• oe,·\lQU' •• la 

,_, li .a!l be 41,tUl.'. lA V&o •• , 1;l'UQ~ W1d,erSolll1.Is .... ~ 



the ce i~f.: rr "; i. on of . r.. . _ T' I J 

!foe d1ftlcul t.1es encountered dUl·1n,~~ ';;ho ecrlier stageD of 

'he ware, in f.tttompt1ng to isolate the orystalllne acids from tbo 

orade ra1-xtare, oan be auderetood Y~ben oouaid.er~ltion is 5iven to 

the f60t tbet 'tbe orl,lnal orud.e ro~lu acids 0011s1s' of sueh 

a OOllplloet~d mixture emb.~~eolng groups l.~ ... end ;;'. 

Tbe earlier eXl~jerlmen tel methods oU11;loyed (See r;:Kpel"irnentvl 

.t'v,rt. a to 1) to 1s01at. ~e cr~stel11ne pI'oduots. \-';0re !..i,ot 

suooeesfal iD aome oases. end, 1n other IJ8 fH~S t .tor example t (V[\lUiUI 

d1r:rtl11atlon of the fre.e eaids or tbe eatera) ;ylelued m-olftly 

'trenaforma,tlon prodtlota. l;~r!t\Jti·.)nal cryatal11z[. tion, frcIJ ti,)nal 

precipitation, pur1ficet1on 'by means of t6,nlmal ~harQor.lt aei?t-;ratloa 

bl means of the pheJ2¥1h¥drsz1de or me tbllam14e. wo lIe of flO use. 

on aoaaunt o.t the preoenoe of tUluh large peraen'tases .of itilp.lre. 
10-' 

lunorpbous Ul$terlal. Teobiroh J.~oported bevlng ~onsldel.~t~ble diffi-

ooltl i.n. pur1tNl118 the acidio .prodaots whioh he obtalned. b~' 

fraotional arletelllsat1on. etil •• eud freql1entll 611d .• d upi~ltb. 

1nsuff101epi material for 1nvest.1 tsetlon. Tbie diffioult,. 1e 

present to en even Iroeter degroe in the a~:se of the more 

oomplex mixture. from the wood-ret]lns obtained in ,the pl-eaent 

investigatlon. 

bfdroohlorl0 aoid gaa. arid the nation ol' heat ander 'pr.~sure. "i;Jere 

found to be of no Qse on aeoOlln't of the tarr¥ nature of tbe i$uostanoei 

formed. 1t nese are probaDl, transformatlon .produots due to 



';{ ~:l 
-ti.;.~-

isomerisation under the influenoe of beat all(l minorel 601d (see 
42 Dupon1 and hoblerf1 

~i~2lL~.1,: in tbe separation iYy meane of the lo&d S(llttl. 

the e.nal,tlo8.1 rEtelll '8 abOV1· that the produott:i (soJ...uble i lv,i In

soluble aalis) are impure mixtures. s.nd tbet no aotusl seperation 

haa been efte4ted. Tbe voids r'eoovered from those StJlts oould 

not be leole..ted in ar'$s te,111ne Dtl.\ to. 

Ma"hbBAa 'h \ Anii l t \. Vf)Ca.UIl o.1st.l11s.tlon O.t the ~rud.e ~'A=3t.llj ='&t ILl&iiiIt, m=,' 
mlxtureof tloida. or of t~~.est.t~r1fied produat involves oQl.is1der-

: .' ,., .' "' .. 
-,'1 

able 10S888 of material. due to dec~oa:1tlon at hilt;. temper

atures whioh must be emplole4. so the.'t ro-fraotlonat1on 01' tb.e small 

lielda of tile distillates Is almoet out of the question. :rhe. 

aclds thus obte,lned e.re oh1.efl, isomel-isatioll prodaots formed 

b, 'title 8.ot1on of be&t t 41 •• 2 and c.ollt{}ill oona.1derfole e.u.owlta of 

anno~pb.oue substanoes, ~be ordlaarl methode for eaterif.1aat.ion of 

rrbletl0 801d106 are 8u.l"'able only for tbe relatiYel, pare auld. 

!he dark, tarrl pr.agot •• in ihe IJretsent 1nv86tlgat1oa. bad to be 

esterif1ed ander cl lfterent uondl t i Ot18 in order ·to field e. produot 

tha' oould be isolated in oo{~per£tlve17 'Ptlre form. The lnethod 

used (JohnS$oJ1101 ) waa one lnteno,ed .partloulsrll 1:or tbepurlflo-

8'&1011 of .dark ooloured rosin. 

~." it h tlA .(;4Y. Exhaustive extraotion 'b1 mosne of petroleum ether. :l:1li !I ;aw..&fIIV Mlj"" 

w'e8 III t1..metel, found to be the onll prooedur·e bl ;dhlJh \;b8 pare 

re.in 801ds oould De 1801ate4. in Qnoben\,~e4 aonil t1on. from the 

tar!', mi:xtl1re.. AIlOJfphoUB. ~ell.w SQbeftanoee (l"l'obebll i1 sapirJ.io·· 



801(8) ';vera elso found wl to the orlstel11ne fhJ Lds, b1 this 

method. and tbese had to be removed bY' a longttq series of 

rear,atel11zatlons :from slooholl0 solutions. !fhe oap1nl0 eoida 
10i are .,er., tloluble 1n eloobol. 

~he rea tdue 1nsoluole in petfro,t,ewn e·tb.or. ,dlon dried. formed 

a dark brown IDess. resembling very imp .. e rosin., I'hie mt·;teI'·1nl 

pro'bab17oons 1.'. ;Jhlefl, of ernOrph0118 tX'€tnSfOl'"rr. t ion produots 

C oolopbenio aolds) derived frornthe nnaturf~1~'tl01d8~~ 

four resiDlo &old prodaots 1&01£\e4, 

.a,{O s Lnl £J .'Jld CA) 07 vacuum 418t1118 tton, (l~;~reen:r~;"ood prod aots) 

liesinio 8014 (:8) b7 esterifioation. 

0, petroleum ether extrf;lot1on{ n green~f '.-.ood prodtlots) 

07 petroleum etber extraot:1.ou(sesa:.)oned wood produot) 

libo~'Js tbei. ae alr&8.·dJ mentioned oel'"t·eln of' these uOllstarJ.tkj ere of 

11ttle or .no value in ohe.raotel-'1z1ng the lndlvldu8,1 8aldD !)rotient 

slooe the,. 81vt.,8 de pend on the experitnent&l oOtId1 t.1oue. f t$$e 

lies1nl0 801d (0) 

ii.esln10 ao14 iD) 

pega f.!O.) The tJ Iodine nu.bern alldtbe H S ,-~'pol1ii1Jtt 'i on lJnd g~ ttor 

numbers Tt reported 1nt,he 1 i ter8ture. for aoiet10 aoid itlld i ~s 

ltdomera, vatl over a ooneldel &01. renge. These very Ben~31 t1ve 

801d10 subetsneee resdl11 aha,age uuder 'the inf'luenae of beet, eIld 

ot ohem1c8.1 reegerlts generaU,_ fb.e. val08s obtained for the 

produots in tbepresent lr:rf'Gst1:fs'8t ton 8gr.e~'~ 1. tb. eome of those 

that beve been re ported J;1"eviouellt07 

HI.J1D UU1LB.2:l1:". lib.. neut:t~t 11se.t1on Telue ( lYAold number") 1s 8 
1 • . J SI PI'" 



pr.~an' 08 •• , baoali •• 1~ t'~f.l,. determined bl neutrl.f.llzetlon 

of ,be tree fleld. 1n tile (jolt. ,',itb .. 0.'1 dUutefL) aloobolla 

pot.ah. A mioro-t)Qrette J~:8~ ue·e4, tor greater aO;)llteol-

tbe d.'.·rmlDa11on of tbc neatrflllztltlon '.loe. Ond(~r oe.4~e.t'ul 

aOD41'lon8. of tela. probebl1 tbe i)eat meane of aU\lcrt.(~1J11nB 

tbe sol.oular w'.iga, ottbea.cld ve.r., 80oUrtttelltOa 

Tbe mol.eular~;~'clgb'. (~04.8) d.'er~i .. lned in tble ~1Je·iI. for 

tbe .a14 (C) o.t~.lne4. '01 .petroleum .'ber .x'l~tu)'.lcH:~ IU1Jl re-

01",.'.111 • .,4 ,wont1 '1 .. 8. a,reoa :;\.lth tae. 'heore'loal T8.l.Wt 

'501i~.2) for 0'20:'1:4 0a-

ft. 8014 .• fA) 0:04 Ill) l1iGr. touad to bs.ve • iSllg'il'tl, 

bl·sber mol_oGle.,. ¥181gb'. J09.0, tb,ll ~., be ,_, •.• 11~~sb.t 

Qx14a11on ba"lr:t~ oooll.rn4 darlng 'be oa'erltloetlorl en4 ·tlt'tl11-

8;'1011 of 'b ••• proda",.. Ultimat, .. 1181a (for aaroan and 

b,4.ro,.8) erG 110'& of 8111 partloQlt::;l~ ".lue 1n. 'b. aaBe of thest) 

eOblltelloe., on aOCloant of 'be 41tt1.~:Ol'2i in o~tolnlns (~baolllt·.l1 

pare,ro4f1ota. T'he oontuelon reeultl118 from In'.rpI.a'~lan.s 

of 8aob .. 1111·t10.1 jCt'a. In tbe past.balbe.n men'10»e4 81".41 

(pP. '-.14'. 
Tile _1,_ pol.' 18 of no slplfloanoo be.... .'In .. eaob 

ot , ... ,14 pW"Q."8 e .. alae4 ... oW10.811 • mlx'ure of :L .... r • 

•. n4 the •• 6014e are mown '0 ondo:rlo isomerisa.tion near the' me·lt~ng 

pola.~·ot 'MOb,110 repo:rto4 a mol'in, range (149,-161°), for b18 

eo148 from •• frl •• D r08Ja. and aitrlba'ed 'be ladefiniteness 

'0 'be for_'ton of abl.'10 aolaJ4r14... tbe_'emperatar •• 

oox-respond all1O.' eX80t1, w1th tb.e rl.Dge ob.omt' (lGo-16aO) :La 

,he oee. 01 lbe •. 0148 In· the pre,aen' lny.a'l,.t.l~lll. fbe llel'in8 



polai ·la of use 1r1 abaraaterlz1ng the 11ldlvldQal oompoIl.ent •• 

OD1, after emplol111g some suit •. Gle pJ:ooeaure for s8J8-ratlng 

tbe mlxture into simpler .ons tl "oent8·. Tbe .produo ta JI1a¥ bave 

all the ext·.lDlel appearaDoes of be1ng uheuiQal1l pure. 8S in the 
-

aaaa of tbe above ilQoste.noes.end Jet mal De S -.Jom,Plex mixture 

of laomorphola8 18o .. ret2 

fbe oomplete lde:ntif1C1allon of e:1lJ of the il).(ii vi(lual 

a01d8 domprtalnl sao. a oomplex Id..xtnre. ls obvlol1s1r a 

41ff'·,u~lt taek, and reqairea uORa14erablo t1Jae. as well a& 

• large amount of workl;l1g material. In tile 08S801: the a01ds 

troll oer1ieln oleore~d __ n •• tblb has been s,ocompllsbe' to tiCme 

extent!ll Some of tbe produc1Ha baYe De.*, ment10ned frequentl, 

1D tha lntroduotor1 remarlQ( p_p. 11-19.). 

Al»1etl0 sc14 bee b.en •• tlmete4f9 ln the pre~enoe of 
' .. 

otber re.1nl0 e01d,:,. b, means of the cl',atalllne 8014 8.1i. 

SCao l:lao 0a- O~O Hat 0a la. wbich 1t forms. '.rhe rtnetural" 

e0148 do not yield or,..'&111ne ao14salti ot 'Shls tl.P8t' 

In tbe CS8. of 'he aold8 in 'be preaen' UV8811ptlon. tbe 

. 0J78,allUie a,old. 8alt,.~.8. obta,lne4 witb.ollt d.1ttlcitl" and tbe 

peroen'ep of abietlca.o14 present oalouJ.e'ed troll the p1e·14-

of the sal'_ !fb.. neutral sodium eali oould not alw.,. be 

obta.1ned in z;!7atalllne form. DaJoJl'~" ea,. It ... ie~.~alwtlys 
""" 

I'elatln.oue. 

J. or,.'all.lne ammon1wa salt watS oQta1J'~4. 1n41oa'ilng ill. 

preeenoe of Jfnataral" ac14_ ({,plmar10 81'0DI). Aold.s 01 tbe 

otb.tr c.... (Qolopaen1o) have 'b •• n fount 1·Q r i eld o~ 
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~elatlnou. e~on1u;m salts. 

Tbe formation of th.ese t'w\,O orystalllne derlwetJlv8s ludloates . 

the p;resenoe of 8c1ds of botb the ptma,rl0 (Ilsttlr81) end ~bletl0 

(oolophenlo) groaps. Th~ further a&paretlo1~ of ibsse d,erlvat1Yos 

into the lndl'f'ldllal isomerio "omponents t opt1oal antipode •• etc •• 

18 an extremelJ oomplloated matter, and 'bel0l1dtbe soope of ,the 

present work. 

It .1s nail.GOBble tbat the aold prOtll1ot. (A and B) '~ih1oh had 

been distilled In vaouo, or 8eter1tle4..: ,e,vI a hi.her l1e14 of tbe 

t~c1d sodtum salt than the produot D. \Nhlob bed been isolated D, 

petroleuID ether exlr·aotlon. fbe latter 'prob81J~ oonta,tnla 

o·ona1derable peroente.ce of tbe Hnatu%'el If aold.; ihit') 11 oonf1rmed 

b7 thet11;;b l1eld. of 01:78t&11111 ... mmoniam salt. ~b1s aold prada,a' 

D \'80 rear7stalllae4 onl¥ tw1oe, "blla the otil.r·s (A.. B. 0) bad 

been' "iU1rlf1e' to 8. muoh highe,r degree (see '1'6,\)le et end. of 

Bxperlmental JIlr'_) Abietio 8014 is fo,rme:i irom the Jfru~.taral tf (-;014. 

during reerl'.,.lllzetlon fro. elQobo11a 801utlot.us. 

fbe erJ8tflilllne ammonium 8alt ".;8 obta.inl4 from both tbe 

8clds preaen.t in' 'he ug ... en" wo04 (0), an4- tho,H ·of the n •• asoned tf 

wo·04 (1))'.. !be ,1e14 18 b1gbGr 1n the C8se of "be latte:r • 
. " 

probebl,. _eoalla. l' was DO" ~ •• "7.'.1111.4 as often as tbe tormeJ'. 

henoe mon "'.tural lt a014._ were present. 

Iil woal4 be po,llibl. '0 separate a m1xture of 'wo a014 ••• GOb 

a8 pi_l'l. aa' abl ... 10. lat. tbe 1ndlv14gal lomp .... ' •• D, 

tra,,"lonal reoJ7stalll •• 'loa. 'but an ex\r."l1 :&-arge number of 

reorlstall1s.'lon8 woo14 be requlft'.a. !he 0178ta111»8 ao14 (0) 

in tbe pnaent tn., •• ti t;ailon. _l'ea. at 142-156°. 110-1.080. and 

1&1-161 ~, at •• r .l,8t. toar' •• n an4 'u." r.o:r~·.'.111aa,'lo1l8. 



ft8,. •• lvel,..!1le fiDel ,le14 of prodt:lo' waa aboa' l-~~ of to. 
o~l.1aal oro... .014.. ~b.n •• ob ot· the three .10'& of 0178,.1 • 

• "0._. H" exell1ne4 _ol'oeo'oploall,. El m1xtllr8 of a' 18~st two 

ory.,.l tor .. was 81 •• ,. ob_net. !be .ppsren'tll-pllI'8 ".04 .. , 
• 

ooul.'.'eb1etlJ of ,..41.-11b 017.-',18. \)i'1tb wbloh wa. alaA 

a oon8.14en'le .per.enta,. ot 'b·e JII01l11flr 'rlaaaJlls,r o~·.'als.t 

all 1. '10 aol&. 1'.u 1.,0 •• 11»1. to a.pera'. tbe" bl lleobaD1oa1 
... 

.fare .,.·.,1_a8of .er, •• I •• old. of 'be Jllal'10 en4 •• 1.'to 

po.pe .... 1) .. n "'IOneA " pzt.vloua la"ea,lgli,ora11ii '0 haft 

IMlt.taa-,.lll' ••• followe: 

x. ••• »i_r18 ao14 

Ala,,_ £014; (Al,.., 

A''''''. ..14 (al,_) 

:1 i$11-4U;;0 

« 148° 

ft 1'3-1,',0 

fhe ,.tal oru4e a8,14. ettl.lne4 from ttan8Dlf Jaelt .floe, were 

ltoa '0 oeat .. 1Jl " .•• ~ -oI78<t.ll1ne tf 80148. wbtlA 'h ... from ,bAt 

... -one' woo4 7".14e' 11._. Tbe.. tll.uee 81". 0J'll, 1'0.,,, 
iappnxl.tleaa on 8000b' of ,be quea'loa 01 the 881gb111 tl •• of 

*be nna'n&l" .. 1u. 111 petrol ••• "ber. 8114 01 oompl.,.ne •• • f 

.x",rao:tlon 1ID4 ... 'be eX.,.,1_., .. 1 001141'10118, •• well Il8 the ohtllllPs 

r'''~O'' it. Aatue1 •• _$UDOe8 aaa..... in ,he OOUl'H of obelldoel 
I . I.ft.'..... S.,,, ~ p1mul. and &0101110 801d .• a:t:e ~_:·oluhl. ln 1*lroleWl 

~'bel' I lbe b.Uer -, _. p:nlllent origl!1Ull.l1 in th .. ~ "*004. or 11. ., 

6 •• tranatorutlcm,r04ao't of 'be "nehral" (I.aide a:ne:r th., 0. .. .,. 

~".ea 18018 •• 4. 

I' t. po.'81Dle '0 ob'ala _.11 a.\~·U;ln' •• f OJrletalllne reLiln 
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aolds. probsbl, 1n nnohanged con.dition. ( cnd ee,Jompt.1n1ed. bJ 

other substanoe.) t bl eXlreot 1ng the wood '.,·1 th pe tx·olewn etber. 

aloobol. or 'bensene t et;o. t at Jompe.rr;"t;lve17 low temperatures. 

'be l1e14 12 extremel" .mall a,n·d the extraotion iL fe,I" from 

quantitative. Tbe prodaot, 1,n an1 oase. ~H)uld probablN have 

to be eub~ooted to obera1OfJ.l. treatment of some kind. in order 

. to 1s01ate tb.e rCE.,in e01d8. free from. the oth.r sQbstenoes.-

EXire,otlon c of 'the wood bl means of 1" aqucoue Bo41om 

hJdroxlde. at e.boat '0-1000. we .• trial in 'tbe presell' il1Yeertig8.'tion. 

ill sttemptlnl' to remove the crystalline 1~,es1naold8 in uneDellged 

oontttloa. Tbe method wile of little ose, 011 aoaount oithe veri 

larp amoun1us of oellulose and 11~~nln removed witb the rea1n10 

sab.,encee. Tho acidio prodlleta :flnal11 obtaineAware found to 

(~ont.ln oOllslderebl, :tait7 aOids, LSO that the reeinla t1(..~ld8 

~ould. BO·t be obtained v;i thou' ree,rtlng to e ohemical prooess 

-of separtl.t1on .. itnd th:le involvos the pos:albl11tl of trar18iormat1ullS 

o1:~ tbe original prodtta'S, to some ,xtenti, in the QOUre8 of kb.. 

or.u.unl0.1 treatment. It does not seem possible to obta,in ~,h. 

pure res1nl0 ao14s troll wood-reaine (!t ptq'slo1og1oal re~ln8t1) 

f/1 tboot •• ploying a obGllical trestll&nt 0.£ some kind. 



s ••• 1. A"t •• p'. '0 se,.raM _J78, .. 111ao ,ro4ao'. 
t~om. tae orad. a1x'tare ot re.in act148, ,.41. 

Seo. s. 14eatlf1oatloll of ln41y14ual reeln ao148 Dl 

\JOllT8:rslon into '''air 01*1 ... ·alllM eel'atP,N. 
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roducts fro!,J the orude 

crzst~,*11z'l t10R'· t, • "11 _, «If 

The orude mixture of resin acid. w:~a dissolved bl' 

hea\1q with ftrlou8 organio solvents, a.nd the dark red solutions 
'.1 

a.lloYle·cl to ~8tan4, atter :the aid,ea ot :the dishes had been carefully 

8oratohed to aaoiot form!.;.tion of oryet-als. The tol~ow1~ solvent. 

were
t
, used; .liher,Benzene, ,Aoetone, Chloroform, Glacial.\oetic 

./~o14t lIt.hyl Acet·f;tte, Methyl Aloohol, i~th¥l l"lcobol. 1'l.nd a mixture 

of the 1190 'latter. rhe oolu.tions were kept In dosiocatare under 

vaouulD, ah1elded trom 116ht. '.,nd suoh _ter1a.16 aa calolwu chloride, 

phosphorous penlox1c1. t paraffin. 11s·*o1n. eta., were put in ~h8 , 

desiccator. to a'baor'b thssolvent elow17. The desiooators wero 
.~ 

kep~ in the ioe-chest, &D.4 aleo lil.ter at roomt .. perature, Oooling 

to -lavO. had no etteot. The solYent was frequentlt replenisned, 

an4,i, 'the dish soratohod YIcorous17, 'btl~ the 8o~utlona did not yield 

were" surrounded. 
' . . ,' 
.' .,1, 

compl.'ely. 
".'. ':"'~ 

the, 'Hd,1.Bolved read1lJ when solv~nt 'tIae added. 

(lr) U!.ihoJl o~ t,rfl,ct10.Ua:! Jla.~tl~ql~~a.t~on fx:0U! m~;x'l~ 9Io,~vent.E!. 

the a01d8 were dissolved in benzen., some petroleum 
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ether adcled until turbid! t1' appeared. the solutio n oleared :1.gain 

b~ warmlns, ADd the sides of the veseel well sor:-1.tohed.. In other 

experiments water was added to an alcoholic solution. a.nd the 8~me 

treat.ent 81'9"811. l'h. precipitated oolloidal tractions were remo'Yed 

\),- tiltering untl~r auction, in an atmosphere of carbon d1'Jx1de, 

but thee. 1181484 0817 0111' rea1dufIIs. not 0l'78t~111.a.b1. from alcohol, 

etc'. The 001101d8 generally settlod to the bottom 'ot the vessel, 

forming ;':.1 dart soum. 

(0) t.~c~1on. of {le.at, .undt?r J~re~.~r.a-

The crude mixture wae heated in leflled tubes 

at 1100, tor •• vera.14UJ1I (Labatut58). !to orystals separated and 

the products would not crY8t~tl11ze trom solv,_~nts. 

( d ) f,Uri.~ 1 q a. ~ ~.oFn bl !!!~~a,lJ <:h~r()Pflll-

/\.lcoho110 solut1ons of the r'es1n ac1a. were 

boiled w1 th anim-·}.l oha.rco(f~l, fl1 tered hot, and left to ory-et ~1,111ze. 

Some oryatala formed aft.r complete eVaporat1on Qf the solvent, but 

the impurities h;'l.d not been removed, ""nel still surrounded the cry

stal •• 

<el ~Be 9t ,!J.Xa~!oqlor1LoJ a21t\ tgal~'-
Hydroohlorio aoid gas was passed into an 

alooholic solution 01' the crude &014.43 • When 95~ aloohol \'fa. 

used.. a precipitation was noticeable, but this "16&1 diffioult to 

obt~11n with abllolute aloohol. 1'h1s prec1pl tat. yielded only a 

aot.1JllfQ1 re,,14 •• w}len at,t.mpa were 'rn·~,de to sepa.rate it. 

(t) draz1ne and 

The orude Qcids were treated w1 th phenllhydrazine 

in equivalent proportiona, bT he'l,t1ne- at lOO. for three hour.'S. 

/\ttempts to purl!)" the "isoous residue from ether. benzene, and 
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p.'roleum ether, and a1x\uree of these, were unauoces8tul. 

The formation of the me'h71 ~ld. was also triad, by pa8.1ns 

dJ7 (OaO) methylamine gal into an absolute methyl alcohol solution 

of the &01499 • The separation of the pure substance, oould Dot 

'be effeoted by orga.n10 solvents. preoipitation of t.he phel111-

by4raz1de and methJlam1de from mixed solven'. (benzene and petrol

eum ether) was ineffeotive, on a.coount of the l:.-.rge amounts ot 

impuritie. present. 

(g) Lead I~~~t .8.~at_~on (~SCb:J1rOh~OOl2-

A hot, dilute a.lcoholio solution of tne crude 

re.1n aaiel. was treFt.ted w1t-'-;t.D axoaas of hot. <toncent,rf~ted aq •• oue 
I 

lead. aaelate solu.tion, ca.using the preoipit-ailon of a yellow, 

gel·atlnou.8 produ.ot. The mixture Was al.lowed. to stand and 0001 Bll4 

then filtered. 'The 110114 matter was wtlshecl tree from 1ea4 .&It. 

witih warm water. It wa.s t.ben repeated.l1 extraoted. with hot aloohol, 

and. the insoluble residue d;lr1ed at 65° in v"ell.,. The~.1.1cono11c 

moth.er liquor 1'leld.ed a similar yellow!. amorphous 801id. on ·eVa

porat.ion. and this was drted in the 8J.UDe wa;r • 

8~ple. 4.476 mga. 
W.t~ ?bSO, ,2.111 tt 

~ Pb •• 32.2". 

. AnaAz't.J.~ I ... 

Sample, 5.205 IllS •• 
wt.,p'bSO,,2.546 .. 
~ Pb •• 33.4". 

I 
f 

Tb.or)" tor the lead eal' of pure abietio ac14 (.~4oK680.)Pb; 

P'. equals 25.e~. 
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Theee lead aalta were decompo.ed b7 the addi tion ot dilute 

hydroohlorio a01d, and the f.ree aoid. remoyed by shaking with 

ether. RemoYal of the solvent yielded brown. visoous re8iduea 

from whioh no crystalline mater1al oould be obtained.. 

As only smilll qU~U1ti tie. ot material were 

)~i.Va11a'ble and the distillation temperatures '1\11 te high. speoially 

des1sne4pyrex flasks were tnade. ranc1ng in oapa,oi ty from 1 o. c. 

to 50 0.0 •• whioh wore fitted with very long neoks, to avoid 

decomposition of' tho rubber stoppers. ~}~ho aide-arm of e~ob. had 

\0 be plaoed almost direotly at the to~ of the balb. otherwise the 

'rapid oond.en.at1onp'rE'tvented diatl11atlon at 'theae extremel,. low 

prea.urea. The fla..,lcsba4 ·to be ftlagS84·· well .. i th aabeato8J 

Wood' It metal W!". used fora h.e.:l.t1~&-br';.'h, and it was nac.essary to 

keep the :rl&$~ immersed up to the s14e-arm. 'hue. making the boiling 

point t, .. per~~ture readings on the iheraometer inBide tbe small 

flaSK dependen\, to some extent, on the b~'tth _mperature. ~~very 

preoaution WJ;\8 'takeD to m1n1mlz.e 'the iMocurac7 due to t.hi., by 

keeping the bath at fixed \.aaper:1turea for e'1..o11 fraci1oD, eta •• 

and, caruful.ly obeervlll1 wfUlt seemed to be the ~rue boiling t •• p

erature... Ae m1xture.. of sub.t.ano •• were btt1ng dealt w1 tb, whioh 

oould not be oompl.~el¥ aeparate4 by fr~ot1onal 41at111atlon, no 
\ 

correotion of the bol11q po1n'. W&8 made. :~ Llt\8p1ull' merouq vaoU.um 

pump was Wled. in the •• experi'ments. 
I I 

Di.tillation of the ta.rry mixtur •• 1nl. a,lwa,. an ex\reni011 

slow prooedure. .31eYating the 'eapol'at.ure helped Bomewba\, bui 

eee.acl ~o aQU •• decomposition of tbe matter!al in 'he flask betore< 
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it had time \0 d1st!1 over. A pa.le yellow inItial traotion, 

tree from darker Hu.\t.erial, oould De obt:iined by slow !raotion

:~tton. Above 2100, very clark fraotions were obtained, with a.n 

odor of burnt t-a.rt ~.nd as the oath temper"lture rose to 270°, 

iaae-ous decomposition ooourr.;;d. eo tne distillation. were stopped 

ueual17 about this temperature. The residue in tbe flask, upon 

oooling,formed a brittle, bl!l.cl< nv!4.Ss. ht1.ving the oo.or ot wood 

The (average results of .evf~ra.l suoh experiment"'. are tabulated 

below:-

1 165-180° 

2 laO"2~Oo 

3 210-2509 

Re.idue, blaok t.a.r, 

O.Ol~O.O5 m.m. 

it " 

.\ulber"ool
oured ;rosin. 

Dark brown, 
brittle. 

Very dark; 
tarry- odor.< 

2~ 

~ 

lO~ 

40% 
The.a distillates were then dissolved in !J.loohol a.nd other 

solvents. as in the oryat,tlllz:ttion qxperlments alrea.dy d .. a

crib.d. Bothing oould be done with tra.otion :5 on acoount or its 

impure ch •• oter. It evidently oonti-.... lned consider~!,bl. amount of 
i .. 

amorphous trR.ns'jrnu~tion produots. 

Fraotion 2 showed signs ot orystnlllz1ns on stJ.nd1ng, but 

presonted the .~me d1tf1oultiea as regards removal of the cry

stals from the J .• Ulorphous solid material in whioh 'they were 

embedded. 

i'rtllotion 1 readily yielded solid materi:}.l when depoai ted 

from 95% aloohol, but a very l·~trge proportion of a brown soum, 
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very vlaoou .. in na.ture, surrounded the poor17 formed orystals. 

Thi. yisoous ma terl:-J.l oould nut bo Ilamoved even on porous tile. 

Repeated eeoryatalllzati,1on ~r()lth etllYl.'; &l.001101 did not serve to 

separate the orysta.le fran the .~cum'. Finally, the addit10n of 

w{\ter to the alcoholio solutions appc ,tred to have tl ben.ef1c1~:i.l 

effect, and a rna8B of fair11 well-formed or18tals resulted on 

standing, but sttll b:lving muoh amorphouB materi'l,l adhering to 

them. The solid. were f11\ered from the brown mother liquors, 

and redissolved 1n boiling a.lconol. \Vater,,8 a.dded slowly unt.11 

turb1d1t7 ... just reached, the precipitate dls801ved again by 

"'amins, and. this solut.ion left to stand. fne 8148S of the 41 ab. 
·4 

, 1 
! 

were scratched, tO~A,as1st oryaial11z·,\tlon.Atter one bour. amall 

orop.of rosette-shaped crystals belan to form. These seemed to 

ba centered on .~ nuole\1s of brown. amorphous mt).ter1al. Better 

aryata.le were obtained by allorirJg to stand a.t room temperature than 

when kept on ioe. 1'11e ,.-ellow, V180QUllm'}ieri:].1 oould now be re-

moved la.raely by a.llowillb 

hours. on pDrous tile. in the refriser.fttor, at f1r8t waBh1n& 

,,1 th a vor; small 8JlOUD\ of oold alcohol. By re pea t1 ng the •• 

oper,~\tlon8 8ever fu time., a crop of s11aten1nc. pure white cry

stale wae obtc:tined (aoid A). These were dried for three or tour 

4aye, over lulfurio aoid. and then for one day at 1000 in vacuo. 

before belna analyzed. 

(t> ~r1t:~cfa.tl,2~ l~PX:~'!!i~f \h~ .ethll. e,J~t~rl-
101 This was based on tha me\hod at A. O. John.ton .-

The dark ooloured rosin mixtu.re (1&0 plt,rt8 by 

we1ght) was added to an alooholio cn,uatio soda. solution made 'b7 
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d1 •• o1y1na 20 parts BaOH in 25 parts of water. and diluting 

with 150 part. ot 95% ethyl a1cohol. The mixture was reflux.d. 

in a am~111 pyrex flask .1 th high neak t sui tn,ble for sub •• quan t 

yaouum distillation. When a olear solution h~d been obtained, 

40 parie of d1.'h71 l1\\l.phate (ll~ of theoretioal) were added 

drop by drop, w1 th at1rr1ns_ The ,~lloohol "!~\. then distilled ott. 

and the last tr~OEJ8 remo'Y8d by,,- EL water pump. The rea 1due Was 

be·ated at 1'50 tor two hour., st.irring at 1ntervfj,ls,. An extr(.~.-

11 .,ieeoue. dark brown ma8S WaS obtained. 

Th18 p-roduct wa. el'i.tilled in vaouum. and generally yielded 

a lisht 'brown, -yery .,1808\18 c11st:illate,bol11ng between 155 and 

180°, at 0.05 m.m. Three, rediatillat'i.nns of 'the t1ateri'~J,l )fielded. 

a. pa..&.8 yellow vlsGoua. and odourle"s liquid.' f10me Tery dark 

tract.ions of the rosin (ao148 mixture) were found to yield slight .... 

considera.ble:~lnount of 11' 4,arker .,ter ~roduot., however. 

t,:~.rry residue alw&7f1 rem~inec:l in tbe dist1~ling flask. 

Prase. 
••• , IIIlIp" • 

1. Dk.'.brown 

2. Med.. dark 

3 • Very dark 

4. ft 

b.P.195-2000 at 4 m.m •• ancl n~? 

very d1tf1culin,_s~lPoD1fl.d). 

Wi );"o14! x~+.a nB2 
I t .. :ej I .b • VI 

10.0 gms. 3.05 w 4t7.~ 1.5440 

7.5 " 2.75 .. 33.r.% 
} 

1.5395 

'1.5 -(if '-' 35- 28.?~ 1.5520 "". 
8~O tt 4.30 • 49.lS 1.542& 

• 1.520 J 1 f.!;W~ltl . 1. 0 una 'to oe 

The abovoproducta wero:U8.d for getting the pure acids. 0.8 

tollow.,. the eater w.~a .~tpo1l1f18d by mEH~n8 of .:~looholl0 ,potaah, 
~ .. 

on a. bo111ns-water ba'h tor about 28 hours, four times the 
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theoret.ic:-l1 :~llnount of KOH W;l~ used. The aa.punifioc,~t1on luixture. 

atter oooling, WaB extrn.otad with e.ther to r:Jmove unoh~i.rJged 

ester, and the •. there~l.l .xtr~.ct wasll.ed wi th water, these washings 

be1na added to the mn .. in ~ukiJ.llne part.1.Jn. The latt·-.:r W~lS aoid-

1f1e4 b7 addition of hydrochlorio acid, a white coll01d being 

preoipitated. rapidly turning yellow. This Wa.s removed by ether 

extra.otion, the extract wGalu,d w1 th water, and dried over tused 

sodium. sulphate. liYaporat1on yielded a very viaooue,yellow 

residue, whioh Wr.JtB i ound to crystallize readily trom ethyl '"Llcohol, 

aocornp"\n1e4 by some yellow a-cum. Pur1tlc~l.tlon ot' this product 

1n exactly t·he same ma..nner a., desoribed already !o.r 'he d1st111~~te 

fro,m the crude resin aC id8 71eld.ed pure whi te oryst.ale (a.cid B). 

The •• were. 4r1ed OVer sulphuric &cld and then at 1000 in Vaouo. 

The other ethereal solution cont .tinlng the unchallled ester. 

slml1:ji.r17 1'1e14ed a. brown oil, whioh W,UJ dried ~J.t 1000 in YaO\lO, 

and we1ghed. Tbe peroe'ntage 8~,poni.fied W&8 c:J..loul~\.t.d .. fr~ thl~ 
" 

by differeno., to .;),vo1d h;,('v1ng -to dry the original yield. of reoin 

acids for weishing. 

/l.DOther lot of the esur WaB saponified, with isoamyl ·aloohol 

;:Lnd pot~t •• 1um hydroxide, in order to get to a higher 'emperature 

and hence effect greater saponifioation. the mixture was heatecl 

for 28 hour •• ~t 130-140°, then the produc\s obt~i.ined aa de.-

Time of 
1 J 1 

:ja ~ ~ n.tD. --=-=:..:.=~.;.:., 

2 1.848Ua28 hrs o.? gm. 
(.Ethyl alo) 

3.40~ 28 hra 1.24« 
(is.oalll11 a.le)-

.. 
28.~ 71.2% 

The aoids reoovered after sapDnifioation using iaoamyl &100-

hol, were found. to be le88 pure and more diffioult to obtain 
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0l7st&l.11ne. th~'Ul when ethyl aloohol (lower temperature) had. 

been llsed. 

t.f\,. I to~,lo.w1ai R!~~.h~d .:'!'f\o ~·1n:"tl!;y ~.mp,loxed (ox:. t,he ,ie-o,l.lI:,;tiop' 

,~,' lut.h." crlsl~lt~1!}.ra,~1d ... 

(J) of the or stalline acid. in uncha e« 
ohem,cal oond t onJ-, .t: . If) TP . F iF ,': 'f HI. " 

The c~d. mixture of aolds waa treated with 

peiroleum et'her (b.p.30-500) until no more could be extracted. 

~t :first. this was done by '\f'lrm1ng the mixture, with IaraG 

volumes of petroleum ether, under a. reflux. Then the residue 

was broken up. ;~nd. triturated. repeatedly with the solvent. and 

t.he extract deOf.lnted. 'rh! s procedure W~:t8 round very 41tf1cul t 

:,;tnd ,.d1oua. a. the residue bt!tQ?~me Gummy, ~Uld the extr,~tction 

was not thorough. The v1scou$ ma8. could. not. 'be treated in t.he 

ordinary manner in Elt Soxhlet. The onl7 effioient method found 

wa.s to grind the oru.deproduct. .. 1 t11 a. large amount of f)ure 

qUartz sand t and. extra-at this IDassin:Joxhlot ex tr:5\,c tors. 111 th 

petroleum ether. 

The en;1re materia.l was tr~a.ted oont1nuouuly in this w&7 

tor 48 hours, then renu)ved. dried, and thorouch17 ground. acaln, 

now torm1na a var,. tinely powdered. mass. 1his was again ex-

traot.cl tor 24 hours. '!:'he whole .prooess wau repeated until no 

more ma.tdrial W'a.8 removed by ttlO petroleum ether. This required. 

seven daTe extraotion, ueing one large ',;"nd two small Soxhlet ex

tractors. The extraot was removed at 1ntervm.le, to avoid pro-

longe.' he~\ting or the dissolved acids. 

The petrole,um ether extraot was pale yellow, with green 

fluoresoence. 11Vaporat1on of the solvent left ~ yellow. granular 
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residue (acid C). Where the yield WtlS to be determined, this 

ma •• wan broken up, dried oyer 8ulturic acid in vaOuum tor two 

days, and then d.t 60° in "'a.cuum, tor 8 hours, and weighed. 

rhe m:~S8 (0) was dissolved 1n hot aloohol. and left 

to orystallize. Only some crusts of solid materialtere obta.ined, 

aocompanied })1 rosin-like masees. (The snme result Wa.s obtained 

1f1 in aoe\one). The.· •. masses were left to drJ],in on porous plates .. 

Several suoh treatments with alcohol finally yielded large maesee 

of 8011d, pale yellow'in colour. but not definitely crystalline. 

When the a.looholic solutions were trea,te.d with water, however. as 

desoribed prev1ou817. 'beautiful orystrl1111ne Dt!tSStle were obt'1.1ned. 

'fhere waS sometimes a separation of & rosin-like ma.sa ai the 

bottom of the flask when the turbid aqueous ~~looho110 solution 

was boile4to rediseolve the precipi'tate. T:be upper liquid WaS 

deoanted tram this, and left to stand. ~1e rosin, when dissolved 

separately in/ilcohol and repreoipitated, 71elde4 some orystall!1I8 

material also, whi.ch. W:1.$ added to the mair! .lot... 

The crY8t~1,111ne masses obtained. trom the various solutions 

we're washed once w1 th aloohol, and then allowed to drain on porous 

tile after each reQr)'8ti~,111z~_1.t1on; this improved their oolour oon

ai4erab17. Thore was a tendenoy to become yellow on the surrace 

when they were ex.posed. to air. The dishes were i{ept in desiccators 

under vacuum. away from 1 1Sht .~. 

Another crop of crl'iiala oould be obt:::Llned from the mother .... 

liquors. rneee oomprised the more soluble a01d8. 

The above treatments finally ,ielded a lot of beautiful, -
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needle-like or-78\a18, (purified acid C). appa.rently free from 

impur1t1e •• but still hilv1~a very tn,1nt 1e11ow colourat1on. 

even after twenty reorY8tal11za.t1ons. These ware dried as 

usual oyer 8ulturio acid and then at 1000 in v~ouum. 

The ,Portion of the crude acids insoluble in petroleum ether 

(ac1d8 et) t was also 1rlve8tlg,~t'd. It Wf,t8 retuoved from the sand 

,by extraotion w1th',llcohol. It showed no signa whatever of 

crystall1.a1t1i. The dark colour indicated the presenoe of muoh 

ox14ise4 ma'erlal. 

'When 'he orudtl aold. (et) were heated in sealed tu~e •• as 

alread7 de'flor1bed. no crystals 'were formed. and the product would 

not orl'atal11ze trom aloohol. even ·'·lfter sat.urating w1 th hydro

chlorio acid ga8. On distilling {:l.t 0.06 m.m. pressure, a emu,l 

~UBount of pale 'brown distillate Otlme over, betweon 165 and 2100 , 

and after repeated t:tea.tments by the methods alre.ad;y desor1bed, 

(p-. 41) ,flome ory'8talline produot was obtained, whloh •• em6d 

1c1ent1oa.l .1 tl'l th.a.t, obt.ained by d18t111tt-t1on of the original 

orude aoid. (produot \). 

Some ot this insoluble m-1~ier1!:il was a.lso ester1f1ed101 • and 

yIelded the produots mentioned under 3aterif1oatioDII 108 3 and 4, 

(page 47). The produot from No 4 was 8aponified (page 48), and yielded 

some amorphous material, wi th fi 'small qu ~ntlt,y of oryst(llllne sub

st.anoe, iDentioal w1 th tilo prOdtla' ot die t111at1on ment10 ned abo.e. 

of or sta.lline o1ds in the orude 

(a) Orude resin aoids from Lots H08 1 to 11 (part I, p&le~7), 

of resina from figreen&woods wt. = 98.8 grams. Heflux1", and stirr

ing with petroleum ether remoTe' 33.3 crams cryetalllne aold8 (0). 
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Inaoluble residue (Ot) = 65.5 grams. 8.0 grams of this 

residue gaTe 4.30 grruna. eater (.oe~~ateritioa.tlon Io 4. p~;l.ge 47)", 

: 49.1", C'1.1culated a8 a.oids; 65.5 x 49.1~ :: 32.2 gra..ma eeter-

1fiable acids in the residuel (33.3 + 32.2) = 65·.5 "rams, total 

orystalline acids, :::i x lOO~ • 66. 3~ :lppl"Ox1mately of 01'78 tall

lne ac1d8 in the orude aoids mixture. 

(b) Crude resin aoids from Lot No 13 
re. nB from Olea sone wood:-

art I of' 

We1ght : 239.8 S.; extracted in8oxhlet, with petroleum 

ether, for'" days. 

'i"e1ght of cr.ystalline acids (.u) obt~lin.d :: 124.25 g.; 
• Fl od" .) • w;' t 

of the total orude acid8. 

Thea. acid. were obtr~ined by VaCUum d1at111ation,(A) t and 

from t~e ethyl 8sters.(B). 

151-1G1° 

Iodine llUmber ~O.9 

Sapon1t1oat1on ~39.0 
liumber: 

Aaid Number 181.5 

~8ter IUmbsr 51.5 

Moleoular Weight 309.0 

Deta.il. 
:~;low deci

ompoaIt1on above 151°, 
completely liquid at 161°. 

0.1146 p. equivalent to 8.33 c •. c. 
1hlos. (0.01250 gm. Iodine per 

0.0.), 

0.1669 gm. equivalent to 1.3' o.c. 
RCl (0.5179B.). 

0.0917 gm. neutralized ~ 5.78 c.c 
~rtllo. KOH (O.05127lf.), = 0.01665 
KOH. oalo*' for C2OHJOOG• 
0.01100 cm. KOH. 

(239.0 • l81.5) = 57.5 J 

56,100 mg.KO!V181.5 • 309.0, 
Ca10'4 for QaOHS002' 
mol .• wt •• 302.2 
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~min!l.t1on of Res in Aoids C. 
I q.. . 1FT 1 F • 

.. \oide obtained by petroleum ether oxtraotion. 

Iodine Number 129.2 

Sapon11"ioatlon 243.4 
Bumber 

Aoid. )lumber 185.3 

.. ~ I n ('It>' t~T .~, IJ '1 i" (" 1\ l' T' 0 a r\ yU '->, " ... J '1. ..,;!,..u <.) 
• '. 1. • U' F I • .J et - •• I • F 

Detail-
111 I. • 

Slow deaompos1tioiabove 150°, 
oompletely liquid at 181°. 

0.1442 gm. equivalent to 
14.91 0.0. Th1os. (0.01250 gm. 
lodi,n4 per o.c.) . 

0.084'1 ,me. equiva.lent to 
0.71 0.0. HOl (0.5179B.) 

0.1420 am. neut. by 9.13 0.0. 
ale. ROH (O.05127B.), 
= 0.02627 gm. KOH; C'lla -4 i'or 
" ~~H300 2' 0 .'~2633"":, gm. KOB. 

1.'; . 

(243.4 - lB~.~) • 58.1 I 

ROlOI' INTO 

(1) rre2f~r~ t10q wOf. !J~d1H!!! iC,~f.! /lbi,8
1 
t!};~5_!I_ 

lfaterin.l used for the experiment: the m1xtur.~ of 

h1gh17 pur1f1e4 distilled ao14. (A and B) reoovered from the ~ap9Di

f1oat1on :lnd aoid number determ1Dat1oDa (seepags 52 ) on products 

from green wood, lots 1 to 11. (p~l.rt I. ;&,827) was employed. 

llet,noci. 0.1886 p., of the dried mater1 '1.1 W~8 dissolved in 5 0.0. 

a.lcohol, '(n,j 1.&'1 0.0. aqueous BaOII (O.l004N.) run in~~o the hot 

solution slow17. with oontlnun.l .haking_ The a1d.es of \ h., Te8.el 

were soratched well. and tne solution lett in a desiccator over 
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oalelulIl ohloride. Atter moat ot the 801ven\ had d18appetl.red, ., 

lo.e tine solid part101ea were precip1t.ted.; a.tter further 

sora,o'h1ng, needle-like orystals began to form. T118 so11d was 

filtered trom the emall amount et mother liquor. tUld wa.bed with 

.. little aloohol, 

'I'. of Ol'1's'al11n.e product a 0.1' g. t 

Yield - 88.'_ (OM,lo'&, on 302oKaoOa·C,oK2,OII •• ) 

!his produo' "'.as purl1'ied 117 reor-7_ta.l11aat1on tromaloohol, 

y1el41na colourless needle. of aoid sodium abietate. m.p.170-1?5°. 

nlJD11ar treatment ot ihe aaiel. (») rdmoTe4 by pet,roleum 

etl1ertrom 10' 11 c.pa.-t It parSe 27). which had not been further 

purifie" beyond two reorystalllzationllt from alcohol. resulted in 

on17 &. mlnu.t.'rqU~t.nt1', of cryst .. ~111ne salt, but oonsiderable 

g.1~t1nou. product. 

(2) J?reRir~ltion of' neutr~l sodium aoletat,·e. 
,1" 1 r; FR' lib • , D1 _ : U L ."" t" 1 111 U f .. of d • • ,ut. 

-
1Io'h04. 0 •. 1000 iram ot the aoid. (A and :8) abo., •• was 

·418.01 •• 4 1n &10'oho1, treated w1tlt aqueous Wf~OH antil neutral, 

.. d tbe olear solution lett to stand. atter v'1SQrOUB 8cratoh1rc 

of 'he' 814ea. Attor some tlaue f a. very alight preoipl tatlon of 

tlocoulent material tookplac8, but 4 or78tal11nepro·duot could 

not be obtained, even a.tter pr·olonged. treatment. 

(3) rr.l!rr~t1on~. r~h. !"'()J~lum saltst.-

fa) Katerlal us.d.- rhe 111ghly-purlfled acids (0), 

orlctnall3 ob,t,,<;tined. DJ' petroleum ether extraction. (flgr •• D

wood pro4tlot) • 

•• 'hods Di.solve' 0.1000 118. aolds In 5 0.0. alcohol, 

and. .44.4 ooncentra'.d _a·on1a water .1owlY, u.ntil a alight ex-

08.8 was pr •• ent. At'er .'an41ns 8eTer:'l1 h our., a .mall ;;\l1loun' 
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of oryetalllne matoria.l Hpara,ted. 9.8 well all oonaiddrnble 

solatia'QUe produot. The mixturt! Wa.8 &110wed to stand in a 

va.ouura 4e8icortt.or for one ••• k, du.rl~ whi\Jh tlm. moat of the 

801T8D' had .vaporated. 'rh..e preoipitate VIae I·emoved b,. 
, 

:r11tr:~.a.tlol1. and w~~.he:cl w1 th !i.loohol until the gelatinous mater

lal bad been removed. the er7stalllne 7f!aldue W.~8 dried at 

800 1nvaouot {\,nd welshed. It was further purified by repeated 

reorY.'r\lllz~ltlon from aloob.ol oon'a.ining a tew d.rops of lUIDloa1a. 
,,;, . 

and f1nall¥ obtained in the form of oolourle •• needl ••• 
I 

wt. of prod\.\ol; obt~lne4 • 0.00 S-. 

Y1e14",t.8% 

1[.1'. of .pu,rl1"18Q pro,(luot, Deooap_- 116°; Utull e." 161°; { eee Delow). 

(b) .aie,~i1&1 .ll"-!!; The acids (D), originally o-ota1nedb7 

petroleum ether e~traotlQnl (ttsoasone4ft wood produot)I 

V.tbod. :118801v.4 0.5000 gm. -in 25 0.0 .• ~llaohol. aDd treated the 

solution in the &ama manner a.8 described under (ft). above. Moat 

of the preoipitate .aa orystalline, in this CaBe. 

Itr. ot produot obt.ained -0.36 S. J 

Yield • 68.'/", 

)I.? of purified produotl~OOJa1li:. ~ 111-, 11,1114 at 1610 .(10'8: 

n •• oa .. Xobl.~lt re,.",., tbet 'Ih18 ... It "ooape ••• rea4117 with 

loa. ot _.om.). 
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fA) Introdootlon. 

1'he loosene8S 'wl th \~h1ob tbe term "ree1nU bes been applied 

in tbe paal. and 8yen et the preaent time. 18 onGoubted18 re

sponsible in a sreat measure for the general lack of apprec.18 .. t1on 

of their ac"tQa.l oomposition, iDsofa.r as the nataral res1n10 

prodaots B.re oOfloerned. Ever7 natu.ral 80-oalled resln ia a 

~lCi"~~r~! t obemloal17. ana. a more restrioted use of terma 111118t 

hODoeforth. be adberea. to. if aonft.ls1on is to b·e avo1d.eA. fb.t 

oompo81'lon of .. certa in"re8Ul" may be oompar.a'lvell simple t 

that ls. as resarda the groups of orBaDie eubstanoo. ot Wb.1oh 

1 t is made ap, on 1he oontrar7 1 t ma, be '1er 7 oomplex. .~l ')1' 

eX&lmpl., the u r8a.1n" whlch exo4 •• from oerta.in Qonlfere after 

woundlns, oonslstl. ln general. of a gron» of volat1l. terpene". 

and oerta1n 80114 80141. Another t'resln ff
, oolopaonr.· or roa1u. 

oon."l.,. almost entl:tell of oertain solid, 801d10 substanoes 

whl1e ihe ex'rem. oompl.ex111 of anotber olass of $o-oalled 

"re811l.~'. seoretea. In the inner. woodJ portion of oOn1feX's. ls 

oIll, now b •• 1n.l., to be 1'0811 .. 4. 

Even the 11a1'ecltn.owle488 tbat &.crtuel11 ex1sts of the 

oomplloa1uld pQtoobemloal obanges oooQrrug 1.n the o.ll,,,wllll 

an4 tbe .all proper. of growing plants, 18 aafflo1en't 'O~iarl·an~ 
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tbe asaWl'pi1on tbs,t e. large variety of ohem1oal sabstanoes 

L.1I18t be pr.sen' in suoh tissues. and quite a numb. I- of tbeso 

ba ... e &11' •• 41 boen lso1ate4. It ma, be sa.1d wl thout besi tatlon. 

tbati tbere 18 but o~le effioient m.ethod known, 01 'iihiob. suoh 

suhataneeB Qen be removed trom the vlfoodl tlaeues for examination. 

and thet 1$ b7 Dae of a eDitable solTont. usuall, of the 

organl0 01a8s. It ls evldent the.t seleotive removal of any one 

group of substen08& 1n th1s wq. Is eo extremel), d.1fflotllt matter 

in thoa. oas •• iw~b:er. various ma:te·r1ala present IllS, bave alm.oat 

identioal propertles 88 regards eoltfbl11tJ .In aZll oue of tbes8 

solTenta tllat oo·uld be 8I1p101.4.. Oonsequenil,. it ls to 'be 

expeot.4 tba' wben 'wo 047 t1s8U88 are extraoted ~1 tb. orga,nl0 eolventa. 

tbe r.eelnou prod-Got w1ll be nothlll1 but Cl ver., oomplloated mixture 

of e 1ar,. number ot sU'bs_enoee; i t 1~/~111 a180 be foand that 

a not lnooIls1dereble portion of thte m1xttlre ls made QP of fait¥ 

material •• 

The pr •• enoe of oonslJ.ox*able amounts ot tat, in l1l8llJ kin'. 
'" 

of seed. 18. 'ot oourse •• ,.11 ~:IlOWllt- ·for instanoe, flax aeed, 

.o,~-'b.'an. eto.; aerte.ln IOlng plants also have Cl high OOfltent I 

of fa.._ fhe extatenoe ot relat1velr lar::;e peroenta8',es ot fats 

in the woo", portions of aged treas. bowever. has never been fu.ll, 

appreolated Witll qaite reoentl,. Ihis fattl 8ubstance pl..,. 
1 • most lmp·ortant role ill the SX'owthof ibe tre.. Oaapet. oons1d.era 

the pro'oll.sale membrane of tbe c.Ula • compounl oollo1dal 

871' •• conaiatins of •• lIlalfie' fata suspended 111 a hldr •• ol. 

11 18 .... ral11 CO.naidere' that 'bea. fat. oon8tltHll. a :reserve 

tood 8app1, "or' the '1'0.1111 plaD'- O.apeJr. ;$ d •• orlD •• tbe mete'boll .. 

in plan,a .1 flnotl'onlng tbr()Q,gb a meohanism of pr801p1 tatlon. 



wberebl sUbstance. to be stored in reserve. suob 8$ .taroh, fat 

end pro,1jeln., are deposited 8S insoluble eo11ds. nlwt1Ys on bend 

for use and read1 to be dissolved a,s soon ss re~] ulred in &oe 

11fe prooess. Other substances which are formed at the i;1amG 

t1me. and of a useless alld poisonous nature. areit~1 thdl'Hwn 

fromtb.e sJ)b,.re of the reactions normal11 taking plaoe il~ti;le 

living protoplaea; oxall0 aoid. resinous 8ubstana8S and essential 

011., are mentionea. 01 Olvpek tUS examples of the latter 01as8. 

It has been found that the average fl1s1t1ngtemperature 

of fats in .Gede and In plants" 18 remarke.bll adapted. to the 

surroulldll1g8. a8 regard8 o11mate." £1.180. there has been found 

to exist a' •• r'ta1n balance b."ween tne proportion of 

oarbo~dr&'.8 etore4. e~nd tile content of fat. 1:he latter seems 

to be at its maxlmuta dar1ngthe ~\:1nter mouths a.ooord1ng to the 

evidenoe obtained by pa,toohemie\.,4 d.ne to 8 uO.nverslon of 

staroh, meterlal lnto fate. EX8;Glnet1on ot various btelUs shows 

the', 1n 'tbe x118.,. or woody part. there is a gradual obenge'. 

darln;'J the '.!i1nter, of the etarcb. gra1118 into tiDy 011 dl~ol!lets. 

The formation' of l1uoh liquid fat (ole1n.eto •• ) reuults from ttJ.l~ 

proae8B. Under the mioroscope, the progress of 1:'012 obange OlUl 

be followed 'b7 atm~e 8,pplloe,'t1on of tlle lodino teet for .turoh. 
1) 

and the reeotlon of fats witb e. reagerrt i.:H10h e.aosm1o Bold. 

The above seems to bapert1ouls.rl,. true as regfJrds 

the conifers. In oel"ts.U1 otber trees, illcl tHtlng O&nl$ bard-~',oods. 

Flsober 6 reported tba' ve17 11 ttle 'obe,ng. OQcure 10 the 

osrbobldra,te aontent d,ar1ns the \ilnter t aud that theBe spoc.tea 

.how onll 8 111,bt tend.ncl toward. tile storage ot fats. 



It m.gh' be 8.ntloipaled tb,s.t aou1fera indigenous 

to tbe more northerly le.il·\udes. would. from 80010[51061 

aoneldel"stlons of tbe1r environment. sbov:a higber degree of 

fat prodaation than other types_ Tb!s seem. to -be the oas. 

general17. from data ga,thered 80 far. , Apreponderarloe of 

tat ba" b.en notea. in tbe 2epwood, where the above ohange. are 

st111 '.k1ngplaoe. while tbe mature beart-~\;ood ano-we a 

higher 880r8t10n ot resin. 8 There appears to be no definite 

41stlnotlon to be made Net. however. sinoe tiablbers 9 found. 

ln pines and spruoea, 'that there ~va8 8 verl 1rregullir distribution 

of res1r18 aat tate from iaJer to la,er in the tree. llnd the.t 

tb-ere was no re.galet varia.tioD. \,.1 th belght. Tbe d.istribution 

oftheee 8ubstanoe. arotindtb.e olroQmfel~enoe vtaaaleo fOWldto 

sbow no r88Gl.arlt7 • .,~ 10 bad P1~eYlofl.ll fo-amA ,hat 'hert. 

was. in general. 8 concentration of resinous and tatt1 material 

on tbe south s1de of aaoh tree. 

'ihl1e the etu4, Of natural fate. in general. constitutes 

011. of the, most hlgb.l, d(tTel.oped f1elda of ohem!oal reae·e.roh 

to-4." it oannot b-e 8&14 tbat this lB true &8 reS8-rds the 

fata mOW~J1 to exls .. 1n var.loQI wo04.. In faot. toe etibJe,", has 

'reoelYe' prao'lo.ll1 no attent10n heretofore. and onlJ a few 

.oa".re' ob •• rvat1ona wererecorae4 up 'ooomparatlvell few 

years ago. Bawl., cl W18.11 ment10n two ins'tanoe. of earl.ier 

work: .. , ••• ..u examine' -the 011 in tb.e hear" all4. sap-wood of ou, 

and foand 1t to be a m.ixture of olein. l)fllmi'tln and .l,arin. 

t~.lobID8D11 repor1fe' a .eml-4rl1ng 011 from b ••• wood, bm' d1d not 

,.t1De " fu~_r. 



Inv •• tlg.tlon in tble f1.14 was negleo".d no doabi 

for over., ,004 reaSOlla, It did not seem fee,alDle '0 ma,it. ase 

of aaob. 0118 eommerolal1l. in ihe qa.ntlile& available fro. 

\l'· •• 'lng largo amol1nie of tbe wood. 8a4 .. in addition. extremell 

8mall propO.,.l1oaspr ••• n,'t·lIl the VJoo4 cel18. and tile admixture 

•• _11 VariOD' o'her ex'raneoue cotapo.a.'s, proba'bl1 rendered 

ver., 41ttlouli .bt l.,Anlatlon of tbe f~.t8 in suffioieni quantiti •• 

for lnvea,l,.tlon. It.· ma, not l). 8QrJrlu1ng. the •• tbe:t bl far the 

greater ",~, of tbe au,)wleace aeculIl",'e' to date' oonaerllina 

'be, •• WQ.o4.' ..... , bail b •• n gatbere' from a few examiaalio118 tba;t 

ba" .... a oal'r1e' on Qerteln b7-prodao'. of lndll.,rl •• \\81111 

.GollwOGt,. ,.... .,-products ha.,ll11 totm4 important eommerolal 

ap,11eat1ona wi,.in tbe la., few ,e·are. On a·oeoant of the 

vl,OrOQ8 "reatmell' '0 wbtoll the tate have beens'''.Jeo'.4 

in ibe uualaotar1Dg proo •••••• 1t le not to be .'xpeotea. that 

the reaglte of ibe examination. WO\lld india.'. aooo.rate17 

"bit natare of th ••• fa'. in tbe original wood., n • ."r\bele.8, 

tce, Daye atford.' eome In_er.8lias and valubl.e da'. on a 

SD.J .... VJ'ulob. Bae otberwlee been noale.'.o.. 
Slae. .boa' 1906, tbere haye been .. :few lnves'ilga1tlollfl 

ct)n4uo'.' o~ • ma'.rla1 ~U.cl "Llqald .no.1n" (~.ll&l. in 

Swoden,) • this la also· ref:erre4 1o a8 "~l1l.fa te· -"_.lnn tan. 

u808111 oOllsl.t. of \he ma ter1al obtained bl "'a/ij'ilng off 

'he t1.p»tr l.,.~ aI'er a01W,1., 3t11fat. ,up li,aerl t or 

41a.:L111n.g tbe ,1'04110'_ 11; ls a m.1.xture of .oidie afloat .• Does 

dorl"e' froll reslnl and f.,. in 'he woo .. , '~iltb some of the 



'.rptn1,· au·betane •• as wall. A 4ark 011 ("pine 011") oan a180 

be dietiU., fro. tb .• mu'ture. Another aort of Hp1ne oil l 
•• 18 

obtain.' .. , de.tructive 41atl11atlon of pine st"mpe aud other 

we,,'., 'hl. pneral17 18 the produot oalled t1:vlu.t oil" i.n 

A.aerlo:a. Ta" r'eoovel7 of tb.e 0117 o7'.produote from tue epent 

1.1quor. of the alkaline pulplng proG.asea has not been developed in 

Amer10a a8 it b..·a D •• n 1n Europe,. faes. materiala have be~n fOWl& 

'0 ae:,. a veq large namber . of oOl'lllllOrola·l US8S. !b.e ier.penio 

lIubatences aDd the reeiA &0.1d8 (roein) aval1aole·from·tllls source 

b.a.,.e been rev1e.e' thorourbl, oloertain autbors. 14,lL~t16. and 

tbe fa", produois that have been identified so far wil.l be 

referred to below. 

Is. 0:r1.et .'xaalnatlon Of Swedieh n pine 011 U (ibe b;v.produot 

or 41.,tl118,tloD b,-.p,04aote from 8ulfate pal, waet.e lIquors) . . l' 18 wa • .,u1a la 1906. It, E. LarasoD, followed 'b, lab.r1on • in 1901; 

th •••• ere on11 of • 8818..-110·1&1 nata.H. la 1111 .. 1913. Bere;8,ro.19 

oarried out the fire' lnYeatlgatlon o·t intereet; be eet.J)llsb..d tbai 

theaolll. oOD,t1toe.'. were made rip of approxl"'elJ equal pro

por'lol18 of rosin $014. and the fatty EUl1,4s. so_ nout:ral substantiae 

w.~ a180 pr •• ea'_ 1nolud .. lq terpen ••• bot tb:esG 'were n01 lnve.t1gai., 

the t.", e0148 0011.slsie4 ofpellm1 tl. ao14. l.rJ. small amount. and. 

tbtre 'were a180 indioation. of the pr' •• enceof unsaturated. au148 of 

ibe 01.,10 •• riea. nben sape.rheat.o.. oons1derable aabaGio 'ao14 

re.al'.&. • ,bJt,os"erol. a.p. lZZ.S' t waa a180 pr.-seni in small 

quan.l',. lA i:u aoa" ml.xtare.but not in jae 41st11184 pln. 011. 



~ blaok re.tiue tu. the alkaline mixture, wben separated and 

aoldifie'. was found to 11eld lignin. Tbe heart'<4ood LSB found 

'0 be ri-ca 1n ros1n, ~'ibl1e the sap\~ood was high in fate. Tbe 

tat oontent v.~aa foand to be hl~;he.t in tbe t;lnter. 

1aa4qU18t20 found that 'l»lne oil!' froUl dlfterellt mills 

val'le' w148-1, In compos·lilo .. and published oonsiderable data 

Goneerains the relative amounts <>f Tsr.1o •• groQp. present in 1'

aeob'alned muoh atearia 8,014 upon l'qdrogenatlon of tlle tate, 

110 alfUJaMa the pre.enoe of tae 0·1·.10 group.. Re w-a. une·ble to 

ttnd 8117 palml'10 8014._ lie mentions tile presence· of .. substallOEt 

whlob he oonsiders to be a 41baalo aoid, of 111gb. moleoular 

we,lgbt. pro'~.bl, over 800, and contaltllr18 but 11t'leoxlgen. 

li _118 at 72-,aO. Sandqa1.' cOJl$1d~r8 this ·to be It lao'to,n1c 

ac14. for reason. \'!Jhlob. he does no'tdisQUt.l8. ne elso otrtalne4 

a 8(1'0.'.110. of the na'ure of the pbltoeterol-a. an4 melt1ng at 

lZe-la,-. Oertaln otber substances \,:.:ere noted a180. 111 tho 

orate 011. 

aUl4qall\20. a8 "WJel1 as "fon E u.leri1 ba.ve lriecl '0 a.T1ee 

8· metboA tor separe.t1na on e oommeroial eoale tJ:l;& ta,,' trom the 

rosin. .to.. in tbe onde 011. Tha7 were llGi sl10cesaiul in tb.ls. 

Dlttmeral invest1,.,., Swedish "t.llGn , obtaln1na certain 

fraot1ona oonta1ning ohie:l, resln aotA.,.fat', &olde,ox1d.\lon 

prodQots, .an4 unsapoal.t1able. The latier oonta1.ne4 a pb¥lolterol. 

m.p_ 1560. anA aometnUlentlflel tl74rooarbona reseul1na rc.in 

0118. !rbe 1.4100 IUlliber of Ihe fa:ttJ portion lndloated partle.l 

pol, .. rilailoa. a,4ro,au.lon ,1.1644 onll stear10 Quld. whlle 

no sa'araieA acIde 0,ou14 be 4eteot.' 1n the orlg1nal 011. The 



pre.enoe of Gl.l •• 11110~10 and linolenic aoids was established 

1:», me8·118 of tbelr('x14at1on. 81!f! bromne,tloll prodaots. 

E. Pi_la •• oondllot.a. a alal1ar investi.gation, and in the 

partlealar oiltx.mined, he found eviden.e of a st111 greeter 

vari.', of fat.. The 801.48 vfhlob be ola1ms to heve identified 

were 01.10. 11no11., linolen.ic. :r101noleiOl be etated 'b6t 

maoh smelle~ amomts of ert101o. braeB1410 and palm1t!o were 

also .'present. S.,a1'8 were d.'.ot., 1u \11. 011. ~~oe1n ti·lld 

other s8b.lan... were aleo pre ••• i_ 

fhe d18t111atlol1 p~o'.e'trom 3w.41eh Tallal tAla. 1nvest'1gate' 
24 . 

D, K. 4a ~ •• Ilel reoentl,.wbo tom4 resine, fatt, 801de, ani some 

tmlapOlll11able _'ter present. Tlle faity 80148 \Vel". examined 

farther. and found ~o oontain moatl, 11qu14acJ.4a, folel0 and 

~lnol.a,l.) anA SOM laur:1e • .,r18t1. and palmitio ac14 •• A 

.'.a'ex-'ol \vae a180 fOGd. ~h. flQnaaponltlallle tf <:onsiete4 of 

"roe1n o11 rt _1n17. wlth a smell 8mouD.t of 80ft. w8x7 8ubar ....... 

llr'ro,.»at fon ,le1484a aoll! aoid. m. p. 67-68°. prob&-bl., stea,rl0 

•• 1el.· 

It ..., be pola'e' o'ut 'bErt 'tbe fat',1 eo148 from foml0 to 

1Dl1'1.'10.whloh 1Ia1. be preaeat 1n euob. bl-,rodau' material., 

are in all prc,babill'tl on11 fie.lon prodaot., formet dur11l1 tbe 

oookiag pr'oo •• ' tro. hl·lller, anaainra,te4 aold,s or1,1na11, preeent. 

Pal.itlo •. 4114 a180 oan r.sult froll 01e10 ,u)14.2't fhe pre$ence ot 

10W8" fat',' 8014a ot tbe aboye 01 ••• was 110'.' t1\1S'll11 permanganate 

oxide,loD of 11qf.l14 t."., in 'tbe preBent re.earoll.' 



u..e •• le':ro8mI6 'eVo\ed bie ot'ontlon. ent irel;y to the 

.'114, of tbo to·tty 8u14e in tbo pine 01.1 ot .j·/;edlab or161n. 

Tae .'hll •• '.re were distilled. at 11 m.m. proe.axe. end 

fraoilona'.4. file fraQtione \~.;re sepoa1tle4. and tb(~ ao'd.u 

examined. r1illlltl0 ao14wtt. foun4 ln large qtl8u1il.1... 01818 

a·nd linole.l0 aold.were 11100 ld.nt,ifle"; tbe latter one wes 

ph.eD' in -veVl •• 11 amount.. Evldeao. ot another ae14. 

anaature'-', and. 'bol11Da at lG5-1'O. at 11 11 •••• was a180 foun.4. 

bat 1t8 lillOtm\ w •• 1 ... tUn l~ of_he ¥jbole. A,011d Aal', 

not Tar; 8010bl. in metaJl aloobol .... ' be 1dent1oal with tbe 

al,a mol.oul. .. ' laot·onl0 ao14 repor ... 4. _,. 8aD4.ql1.'~O lialSe.l.'roe. 

'hinD ,hat the palml'10 8014 present mal 1)8 due to Qome abomloal 

"ban.- durLng ·tbe prooeDe of oooLtlnaJ o'tb.er· 8.utbore oou1·(\ not 

'ln4 't ln their workllli mvterlal. ae d,ra.w8 attention co tbe 

leo"hal l' be,. been ebown"""iha" 01810 aa14 s\loJeoted to oauBt.le 

1)0' •• 11. taslon 11e148 pal.ll1tlo &014 al._a' qU8Z111,.tl""11. 80 , •.• 

its prosence be'r •• , be 4t1e to ibe 8,l.kel1ae Qooltlq 'tre.tment 

at 111gb , •• per.iure. a., 8180 ooneldel-.lhet. tbe eolld &Old 

repol"." '" Sen4qa-1a,IO and 8\1.11 .u.ct.811tUle". ., btlvre orlg1na'.' 

daring the MUl 418tl1la'lona lnvol.ed.. Tbe pr., •• n08 o:t 11a0110 

&olel ~j.8 mere11 a •• tamed ' .. Oil 'l1e tao' ibe' ".pri. 6014 wall 811OD' tbe 

tllrJsloa ,·r-od1l0t. of ox.l4atlOD. 

AfJ re,ard. ,be pr ••• tins 4&'ta. 1 t ••• , De JolD'.' oat, 'ha' 

a .1x'ue of8pruoe ,and pln8 18 ,81181'8117 •• plo,84 1n. bat' 

and 804& ooou 10 8.e4e. IW4 ·I1Dl,. eo tbat tu •• "0". re.al,. 

OaDllO' 111 oon •• quenoe be .(p»11.' .peo1110a11l jo o1.,aer 01 .. 8. of 

wo04. 



H •••• ls'roam mentioned tbat, to the best of bis knowledge, 

tbe tat', ma'.rial. desoribed above came from the blaok liquors 

of variQus eulfat. cooks made w1 th a mixture of e.'pprox1mate1l 

7'_ aprlloe. and &;6~ ,p1ne. ~be raw material was obtai,ned from 

'Vario·Qs pUl'p 11111s in 'inlend. 
. .. 

81no. p1ne 18 generally r10h in fat8.wbUe spruce 1s not. 

the abo.,. a.la oan proba})l, be applied for tb.most par' to tb-. 

plne a •• d (,inoa a71Teetr~.). but l' 1A. not aeoe8sar11, 8,.01£10. 

tbe ~or. oolla of the 'tart. f.orming the h1,gbJ,¥ ata'berlle4 pb.ll ••• 

are no dOllbi 1'1". la fat" suba"tanoee. .A oertain amoant of bark 

alVl'a,. fln4e 1\a wa7into a1l7 kraft (,Hl.lfa:t.) oook. and tbls 

probabl, $die to the oomplex1', ,f the tatt7 b,.prodQQ,a. wb10h th •• 

do not repreeeat the oonditio. of tbe f .. ,. lntbe lrm.er wood1 , 

ti.eu •• , 'the.e la:iter t18sue. aloae are meA. uee of 11l otber pulp1118 

prooeas •• I-Elf', •. ,grcnm4wood. eto.). It la evident. bowever. 

tbe' the e,DOYe j DYes'1gatlons have been of great value in b.e1Ulng 

to .8'.Dl~8b "be I.\e1'alre of sheee fata. 

Veri.oas lD.Y, •• tlgatlon • .c;f ba"e been ou'rle" 0111 OB tu tats 

and wexea of amaller plant. ot.ludll8tr1al 1mporlanoe. saob. 8e 
.. 

ootlon. flax.. etc.. the seode of oertetn .. mberaof ~he pinus 

fam117 -bave been examined la a Glll'sor, wal t aB re,ard. tb.e:1r 

fa' Qon1teJli. tbe se.d-kernels of '.Gererdiana2S bave b •• :o fotmd 
.' '.~. '0 contain a oonsiderable peroentage of ta's, wo.ilJ olein and 

11noleln, with 0111, aboat 6" of a8,tare'.d 80148. !re. kel-nele ot 

P. P1B8,.~' were lound \0 oOll'taln aold. oons1.'.1q of 95:;[ 01010. 

w1'" oDll _ of .'.arlG. The fate oon'aUle' ,in lbe .ee48 ofoertau 

JapaDese oOl.lltere30 hav. been :fottn,4 '$0 OOl1taa bllh per-oentases 



-11-

of llnBfltnratet aoldl0 ma.ter1al. not bowever. iJl •• rll def1ned. 

The pre4em1nanoe of 11quld. Wlletura'ted fats tb-UB seema to be 

general ln these ne.·tarallJ'-oooorrlng prodl1ote. 

The numerous isomer10 forma that these unsatllrated ac1ds 

oan aasaIDe obv101181, add to ·tbe 41ft1oulil •• lnvolved in their 

lnv8s'lS.'loll. Several aUlobisomers al·. ver1 v:ell knoWAyl The 

oOIDplex111 lnvolved oaA be appreoiated ,. 20me extent from 

1--8oeni work of Bo •• eken anA oo-worl;era,1 Y#bobave been able to 

prepare several of 'tbe isomerlu torms of 11aole10 and relflte4 

8014 •• from natoral eogreea. The presenoe of bOih ~ and. ~ 

for_ of '11nolenio .ao14 wes found 1n 0118 from the seeds of the 

··'Alile/tine." grollp, lnoludlng p1ne and sprQoe. bl' E1.ane.!.' an4 

keltier33 , tb.eo 011. belong to the 1.11188.4 oil 01.... The 
I , . 

prescnoe of a large number of mlxed glMOer14ea of 'tbGae loomers 

was .180 Udlcated. 

The oal7 examination. of U&l oonseqaenoe oa:rrle·(\ ott\ on 

the fate of wooq, st ... 'of cOll-ifera in ttb.~r or1g1n·s1 state, 

appear '·0 hevebeen made Dl ~b.walbe~' 30b.lJls~fi and Siebor~6 
fheae.xaalna.lon8 were not b, anl me&De of an extellslve 

oharao'er \ua, wore luftlo1aDtto shov~ that the feta present 

w./re lar,.l, Gomposed of ansaturated ,1, •. er1488, tba' 1_, olein 

and lts two higher homologue.. 'he latter being pre.ent oall 

1n .... 11 amounts. the wool in qcte.tlon was pr .... b17 .Finoe 

8lly.atria. extenelY.1J. tIled in 'the EQropeen 9Dl, 1114GBtr,. 

Tbelr lllv •• t1sat1ona were limited on aOooWlt of tile ama11 amount • 

• vailable. 

The nature of the ob-ange. oooQl'rlng in \he.e tt4rl1DfJ" and 



'fIUIUlli-irl11l1" 0118, through Gutox1dation Bnd ,Pol¥merlaatlon. 

for .. en ex'ensive field of stud,. in itself, 88 indicated bl the 

vast literature on the sub3eot. 

The 'Iarla:t1011 of resin end fat Goniellt of oerta1n oonl.fer0118 

woodS wlih age haa received attention from e. small groap of 

woritera &lld a oert.ln amoonl of data 1a available ,fl'om \'Ii'hloA 

lome general oonclusions Oall be dra,~~~n. It.lla1 'be ae,14 however. 

that tb.e re.uli. do not slwa,lS agree, and th!s mal be due to 

differ.noes in 8xperimen'al OOlldlt1ons; in any 0&8e, tbe reeulte 

.wal' f.urth.:r ooDflrmai1on before the oonolueions Q611 be rege.rde4 

as tao' •• 
37 

J.n tbl~~~ 0011l1eot101\. 1, was lound 'bJ .i.\lohter that with. 

lncrca •• ' H8son1q of wo04 th.rei;'J88 a decline in the amount of 

etb.r .... xtrao'a1Jle mater1al, and an incroase in the a100&101 

exiraot t ba' tul. l.'terlncreaae did not equal the 10.8 i.n tbe 

tormer extraot J hellO,., no re.alar ratio was matnta.1ne4. 1 t le 

generall, OOllsldEtred the.'&; ethel' removes the non-oxidized resins 

and tais ~li·bil,. a sllb •• quen1; tree.'tmen,t If ltu l:klooholtG,kss Ollt the 

oxidized SUbill8.u.oo.. ~bls'-'. not 8trlotll ·trGe bJ 8111' meana. 

"lonier also fOWl' tbat tbe -8.01d and. se.ponl!1oa'lon numbers 

ot the 8z'$raote' _'.rlal lnoreaae4 wl'th i1_. and. the eeier 

Ilaaber. d..oreased, be ,",rt.' tba' ox1d8;ilon was the oauae of tbeee 
. ~8 .' .' obBll8... $o1\v.l.. also f0W14 the 6014 value •• 1norease with 

ae •• on1Dg of ,tl. "004; the res1na of tbe old-lO 04 a180 ahowed a&Job 

loweza- 1od.1D1 values tban1n the case o-f tbe fresb woo4. ln41oat1na 

oxldet! .. or pol,8erlaai1oa. 



·.~abllt.r.3' oonduoted an extensive investigation on tbe 

'Variat1on 01 tesln co-n'ani 'w1th t1me, tH14 metbode of extraotion • 

.tie trled various organl. solvents. t\nd found. disadvantages ~'~lth 

•• oh. He reported tba' 8 to 10 hour. extraotion wes aaff1(Jient 

to remove praotioall, all resinous me'iter, Dut small amoWlis of 

,nlbstame 001114 .till be removed even after a. \\~eet' atreatmen'. 

Jie found ·that dJ'7iu.g at 1050 oao.e' onensea in ,he woo·d. and 

deorea&.dJ tbe benzene extraot wlthoa\ affeoilna tbe aloohol 

.xt...... He repor' •. d very little ohange no'loeable in re·ain 

oontent at'.z- ohip. asid De·en 8t·ore' 10 da78. Re d.id not investigate 

'11. nature ot'be reama. .He dent., tllet rea1na were ooncentrated. 

on , ... aoa'b .148 of tbe tree, as If.apt40 bad reported. • 

.:lle~.rU qaotecl 10he followLn, data. for wood i.n the tora 

ot .mall ub,tp.' 

lumber 0" (la,. 801 •• n' t'!xtra.l It.sln j{at 
store'. % of wood. tj, of e~trect. % of extraot. 

86 
1};' 

6.9 
2.& 

a~.8 
1.:.1 

Tlleee figure. are riot ot lUtJOb. value beo&... ether remove. 

ol11J. partot ,he resina and fets, and 18 8 .poor solvent for tbe 

ox141sed poJ:-'lQn,. After 86 or 1.c!'1 da,e, tbe le"'er mast lie 

oonsiderable. The result. of Sobwalbe end Sob.\ll.~ are in aooord 

w1th tbe above figures. 

It bit. been found that ihe f1ner the stet. of dlylalon of th. 

wo04. the more rapldlJ tbese obange. 111 aolubl11 '7 oooor. A8onan43 

COIlMqaent-lJ oone14era tllat l' 18 purell a matterot oxldatlon. 

OOIUJ14ereble 4a'. ere qDoted b1 Sl.~.r4' on the sub3eot. but 



no a.efinite oonolusions (Jall be drav\n let. 

The solabl11tl of the extracted material in petroleum ether 

1a oonsldered .. criterion, of the progres~ ot ox14e.tlon, end this 

b. •• been dlacusaed Dl Jleber!5 \'tlbo quoted the follo~~lng: 
ae.l.rus ril5 tiOJ;ttwNn ether ~ of ~tb.r-.~·trtlot 

and aloobo.16~tra.' 801"ble 1n pet_ ether 

Frelh 
Old 

17.' ; 1 
4.7 I 1 

These uta aree1ml1a·r ·to those reported b1 Koblert' alld lord.ne-
4' l.~o14. 

It m_et be noted 'he.t, also here, ether 1s the extraction 801-

vent. It aAottld be evident bow neoeesarl it ls to take :1nto 

aooount the solven' ased, espeoiull,. 'v';·b.ell eOtnpf!.rll'lg the Qeta of 

d1fferent lnvest1ga.iors. This ha. been ·tbect\tlse of oonflualon 

in efl-oil ~;.orlt. Tbematter of sDitable ~olyents (l8 rageI'de 

. q alin t,1 ta t 1 ve de'. rralna t 10118 • 

:present the.is. (S.. part I.) 
has "be,ofl disousse' alroadl in thG 

1 

"the data oolleoted. bJ' ~31eb.r (Uld by sevcl"al other investigators. 

have been reviewe' a.t leag'lh 1n bis reoellt boolt~8 J~n In.apeotlon of 

)hl. shows conYinoingl, the dlf:f'loultl involved in 'the task o:t. 

interpretIng tb. •• , retHllta, aOll:t:used la, differences in e~per1roelltel 

condlttontJ, oboioe of solvents, eta.; ~leb.r quotes tbe OOl"lclUf,lotl8 

arr1".d at b, the various euthors and gives It general d1soussion. 

Howe·ver. 1t la qu it. apparent that 111 tbe present stete of bl0\~1.d.e. 

on the subJeot of tbo.e oonifors reelns, Slld tile ah&llg.8i~hlc.b. to,.. 

anderao, it le porel1" matter of o6ob lUdlv1dQal drawing h18 0,,11 

oonoluelon,. 

318bel'" has deyoied a ohf;p'er to the 4iGaU8elon of evlden.,e 
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oonoerning the Obtlngee ooourrlng 1n the wood and tbe ure~ln.n 

with seasoning; the Bloat important da'a heve been d1sotlssed 

alr •• 47 1n tbis review. 

It 8e.ms evlden't thet there la an appreol&~le; d.rop in the 

reela e,Qd, fe't oon'en' 88wo04 beoomes aee.aoned; bu't the extent 

o:t thls, o:t oourse. will deper.&4 almost entlrell on v,b.etber the 

wood bee been oblppe4. ground to sawdu.st. or lett 1n the form 

of 10 •• or -.11.,.. p180e8,. .Lt a1eo will depen.d on whether the 

log. were rafteA. end. barked, arld. the leng1lb or ti.me in tbe 

~W8 ter, the time or expo8ure 'to a1r. tbe eeason ot the ,tar. and 

the .,v'orBge temperature of the region. fhese tao'tora bave to 

be aoneldere4 1n 8llJ disoussion ,of tbe Btlb3eot. 

the ohef13ee 'wblob co·our 1n the re81n and :ra, substance in 

saoh t~ood ere s'111 oomparatl'fell unknown. ABsltfa,'lons have 

been lIeut. 0, enalog, tA'l tb the qalo11-4rl1nl 0118, as regard. 
00 

sG'oxlda"ion and pol1JD8rlaatlon.. Tb.e ,pr.sanae of 'the ter-penl0 

substenoe. and l1oaepoa1flable mat ... r ha. lerved '0 complioa.te 

the qae.tlo11 88 ·well. .Lt le 8,180 notioeable tAat oonoluelon8 are 

.ert freqoentll based on ~luotuatiotUl in the eold 11l1mber. 1041:ne 

namber. 8.,OJllflcei1on nurabar. sol.billt., in petroleum ether, 

eto., and .it 18 a moo' qaestton Jtl81 how reliable tbee. orl'e:r18 

ere un4er the alroumste.Jl08a. Oa141z84 mater1al 1. lnvaJ.'l1abll 

pre.ent here. In add. 1 t10.n,ih. oon81uln'. ar./e ""h11, ~.t.rr.d 

to G,.rt.1n trao,10n8. suob 88 If.th.·r-re.ln.~t. 'JUe·oaol-resin .... 

"p.'rolet1ll e'tber-solubleu 
t .to •• wb.loa e.180 ,laoe •• erious 

I1J11t,.tloDS on their 8011ua1 1"alae, Bud •• pbaa1.~8 the urloerta11l_, 

wb10. exi.t .• as resart. tbe compo.t.'1on ot 'be erGd. p;r04110\ •• 

and tbe obang •• which thel andergo. 
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!!_.lq.dlt.t~!!A l'B is.'''I8i9,.,'~~· &n!!I~,!if&~f&2B. 

fbe faitJ oOl'latltoents of the resina examined .in the 

pr •• ent lrrt •• tlgetlon were f.ound to exist. as elree<11 mcr;tloned 

(par' 1) pa .. lll 1n tbe form ot tree tatt1 acids End paX"·tl¥ 

in combl.ne' atet.. 8S glJQerlciee or olher esters. A ,"i!l,;~_t.~SJ 

W!a",y~ll, ~'"!~'2.P.tj ',2~." 1f~@ ,,·lnI!!t\t\~;:k1(t~2'w~,if,9~.1I9r., J;~;E?!'I t~a 

.EiS!!!,. sinoe it ~!aB found posslble to 1 •• 1a.e the"·e sftparatel,. 

( a) liR9!ulBn.II'a£"",~a!1~a51211 Itt ,.l!~ .,silg.e.~~~_~II. §·ltd!,i·t!r'.~ 

Tu po.r'tlo1'1 Of the resina Qontfllnlngthe glloerldes. esters, 

QfllUlpoaltlable matter, eto., ~rb.en oe.»oalfl., (par' 1), yielded 

a ,m1xtore ot. iu,1da. Tbis mlxture was eepare.ted 'DJ e1ther o! the 

m.e·tltloda 'eeortb.' In part; 1 end found to consist only of fettl 

aold8, .no res1n aoids l)elng pre • .-.i. fbe ethJl esters· ~ere 

elt.er 418t111.4 fr~o'loul17. and tbe prodllots e._lne4 0:7 . 

_'hod. 'l»' below, or the sold8 were 'reated a,8tollO~'i8: 

Arq vol~,t11. ao1ds pr.seni were removed bJ d1st111e\lon ,; ltb. 
.. 

bo111_ '~~ater. _4 1derltlfled in 'the distillate. The non-volatile 

ao14. wore tben aepara,te', \), means oftho sol.Qbl11·t, of tb.c 1r le." 

.al~.lD ether or aloo.01. into ( 1) ;r eol14 ft
• and (2) ·'11qu1dU 

t 

f.tt, solei8. Tbe nao-l14ff f.u)1de were divided ltl'to Jlp·gre Xalit)' 801dau 

and. "ox!41ze4- or pol,_ri.e' fatt, a.o 1'. " bl ;petrolot11n ether 

e~tract1oa.. fbe par'. 80114 aolde were· re,er,stal11zed freoilonall,. 

hb.ll. the liquid .0.ldl were identified 'b, their bromlnat1on. 4er1Y

ati ••• anA permeagane.te ox14atloa prodfJQts. Oonfrtanta t;.lUOB as 

lotllne nallDer, eepoD1floe.tlon number. "efraotlve index, etc., 

were oleo, notea.. 



In sorue 08.S08. glyoerol was ea t iAl. ted ~;r evapore, ting the 

aqG.ou8 rea1d1.18S from the initial eaponlt1oatlon. flnd extrs.otlng 

the residue with anhldrous .,aetone. to separate the glyoerol 

from tbe 8a1t&. 

(b)~l.Q9.~QI! 121:11 111'&t!l!\l,pn,uo&: liCit', ,!Sld,.lIi1ierefl~rtf.~ in free s.tepte. 

The "freo tatt7 scide" present 11l the reelns 'were alwa18 

oonverted into "he ethyl esters, in the prooess of sepe,retlng them 

from the resin ealds.{see part I) This mixture of etbyl esters 

we,a sub~.ote4 to fraotional dle,tillatlon, a:t extremel,. low 
• 

pressures. using a L,tngmulr merourl-vapour pump. Three defin1te 

fraotl,ons were tlsliallJ obta,lne,4, eaoa 011e probably a mixture 

of homologues. The various oonstants ot these ester fraot1ons 

were determ1ned. The a01t8 reoovered from. the ".ap()n1:f1'u;;~ tlon

Domberlf experiments thns co.pri.ed three groups, a8 well t~S 

water-soluble a01de whleh m1ght be present In the aqueous liquor., 

and wb10h \Jore exam1ned qualltatlve1r. fhe tbree 801d irl'H.lt1one 

were In.vest1gs,ted aepe,rato17; their oonsien's 4.etern,ined. (l,letllla'loll 

pro4aota examined. and their brom1ne and ox1dation derlvatlves pre

pare4. !he last fraotlon was separate' lnto so11d and liquid. 

aolde "DJ means of the le.d salll t and illese produots examl11e4. 

In order to e1mpl,lt'1 8,8 lAaon 88 possible the aotual i.taU. 

ot tbe above \1>'or.t. wh10h 8,%"8 ,g,1ven 1tl the exper1mental par' 

,bat follows, the desor1ption has been tak.n "I) in two aepsl--e.te 

parts, (1) Speoif10 metbods for identlflcation. and (2) General 

metbods of lnveetlgatlon. It has been thDught &d,,1 •• 1>le to 

glY8 fire' of all, (seotion 1) full details of parti~Qlar 

prooedure. made g88 of tbroaghoot the genera,l 1nvGstigation. 



a:nd tb.en merell refer to these lnthe deaorlptloD of the 

.,lteut1oexam1na'ion of the fata (seotion ~) t i.ltb a report 

of ana17tloal results, propertle8. eto-. wbere neoe8sar,. 
\ 

At the Gnd of the experimental part. the oomplete 

.ne17~·lCJ.l re.al ts bave been aGmmariled in a table, for 

eompari.on. (Se. fable 18. p. 6'). 
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DI ~ ""IU~' c ... .,.. .... ],j' 0, ,1 '; 'nIBJ'U;\·t.!~ At ~)','nUI Tr-, V ' ~ ~,J J. \ 1,. ..... r. .~!I{ ~,l" .a. " ~ .. , ,:. \.,. \.J A ;,;. 
»1 l 1 II • "id 'l &1 d 

The produots identified embrace (a) volatile ~a1d8 (butyrio), 

(b) liquid unsaturated aoids (oleic, l1nolic flnd linolenio), and 

(0) 8011d acids (preauma,bly aa,turated. - steario, :~d a laoton1o(?) 

aoid). 

,!o;a.!A~i11(J 10.1 el., I 
The prooedure used. in the present 1nves'tiga.t1on. namely t 

51 
distillation with boiling water, is ba •• d on the stHnd,l,rd method 

for detarmina.·t1on of tot~'tl volatile r-\o1da. The 14.Dti:f1c~1.tionot 

butyri0 acid, '1.8 the only vola.tile oonstituent, was made only by a 

qU':i11 t,~_\,t1ve tesi
2

, on accou.nt of the .mall ttDlount obtained. The 

d.istillation rnathodemployed proba.bly involves ~ certa"in amount of 

Qxidation ot the non-volatile produots. 

The separation of the solid and liquid acids by m·eans ot 

the relati'Y8 aolubi11 ties of the lead si.l t8 in ether53 • ie more 

difficult to Ot;trry out th::l.D by the lead. salt-aloohol method54 • 

fl'he latter is uncloubtedlythe more oonvenient to use, and ls said 

55 to be Just at;} aCQurtl.te ,n.lthough the aepara·tlon by t:i ther method 

is prob r lo17 not striotly quantitative. The "solid ao1d." "portion 

Was a.lways .).coompan1ed by some 0:1' the liquid 800148. and vioe ,.erea, 

in the caae of the products in the present. 1nvest1gt\'t1oL. 

'!'he products were alw~~ .. ya brom.1nated in the forr., of the 

acids, ttUJ. not ast.he esters, the broll:ln.~ted aoid produ.cts are 

ea.sier to ident.itl and h:~'tve be'en beiter studied. 

The new method of ~l' •• le and WashburaDa • for determination 
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ot hexabrom1des (of linolenio a01d) W,l8 found to be, better 

than the older ,1lethod of JT~1bner5', ·j.lthoUgh it ia long0r, and 

requires very oa.refUl prep.t1.ra.t1on of the reagents. Both methods 

were intended tor EtatlU13.t1on of the h8xabromides only. The 

isolation of the lower brominat1on products (dibrom1de and tetra

bromide) in tairly pure state, was found to be very diffioult and 

tedious. There Is no .~ti.faat(/)ry r.nethod for the eompl'ete separ

ation of the Y!~rlou. bromlnat.1on products trom eaoh other. 'rh. 

801ub111 tie8 in petroleum ether, eta. t 9.8 tabul:i.t.ed. by Lewlcow1 iaoh
5S 

are OD13" rdll~tiv8, and a length)" seriee of reorystal11zations 15 

p08s1ble only when & fairly large ttmount of oa.teri:;l.l 18 aVail,able-. 

'the he,xabro,mide fractions obt'1ined from the t~\ts of J~1.ck ?1ne 

melted at 172-173° t 111-1 '7 SO , .~.,nd 180 -183°. 

The teir'l.bromlde tr:lctlons ha.d very indefinite m,elt,1ng points 

and showed signa of decampoai ti!Jn between 95° find 1160 • trhe 

41brom1de wa.. a dark brown. oilJr produot. !..t1no11c ~oid is sa.i4 

to yield, in some c:~ses, ,~ oily tetr:lbrom1de59 1n addition to the 

cryst.alline one. 

Tbe melting points t 4 0r 11nolenl0 hexabromlde, and 11no11c 
60 

ltetrabromide, given by some previous 1nve~t1g~1.t.or8 , are a.s 

tollow.,· Hexrtbromides, 181-182° f 180-181° !tnd 1'1,,0 reapeot1'vely. 

TetrZlobromldes, 113-114° and 114-115°. 

The hexa'brom1d88 obtained in the;; pr.8\~nt lnyest18~t1on. 

establish the presence of linolenio acid.. The qU!'intitative a.naly

'10al re8tllta obt 1.1ned ind:i.oate th':.t this acid i8 present in very 

811&11 ::uriounta {l •• s than l}; of the to tl.l fn~ ts) ,. 

The brom1na.t,i,?n products were readily soluble in oh.loroform, 

which indicates the absence of bromides of llny' acids bieher than 

l1nolen1,oGl. 
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In addition to the evidenoe supplied by their brominat1oD 

product., indioating the presence of 01e10 and 11no110 a.cids, 

the taot that dib'ydroX1'-ste~'\.rio acid, and sat1Tio (tetrahldroxy 

steario) acid. were obtn,inecl, by permaDganate oxid~l.tion.~18o 

Berves to definitely eutablish the presence 01' the two tanner aoid •• 

Both «-aa.ti1'1c ( ••. 9.165°). and ~-s'l.t1v1c acid (m.p.1730) were 180-

1a.'.4. These twoproduots are ·1.saumed to oorrespun4 wl th two 

41fferent form" of lino11c aoi462 • 

No liquid unsa.turated acids other than the above three (oleic. 

lino11o :lnd linolenio), could be deteoted in the purified tra.ot1·ons 

obt'.lined by; distillation of the esters, or in the 1ntermed1.~ite 

fraotions. 

It 1apoflalble to eatizmlte the ~;..mount,8 ot these unsaturH.ted 

ac1dlpres8nt. trom{a) thelr .. brom1nat1on produots. a.M (b) from 
.' 

the d.esree of unaatura\iOD or the m1x~ure of them, althoUgh there 

are l1a1iat-1ontl aa l'e!l~:,"4!$ tbe use of thei). methods, and. the 4a

ire. of aocuraoy to be expeoted. \"'rUl diffioulties BlQIl't1Qn!d abC've 

in oonnect-ion with the isolation of the pure d1'bromides and. tetra-

bromides and the 10ssea oocurringdur1ng the proa ••• of purifi

oation, m34e it i.possible to use this method, exoept with respect 

to the nexaliroll1de of l1nolanio::l.o1d. The method ot Gteele and 

i.ahltunO• gives very aoour,'lte IUan\i\atiV'e resulta, when ~;l,pp11e4 

to the estimation of the latter &014, and was used tor this pur

pose in the ~·.:re8ent 1nveat1cation. 

It 1. possible to d.~erm1ne very aoourate17 the peroentagee 

ot 01e10 and l1no110 acid •• respeot1vely, in :.~ mixture oonslst11l1 

of t.h. ••• two acids only, it 'the iodine number 18 mown. In the 
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preaen\ 0&88, the percentage of linolenic aoid present in some 

o! the products VIas known from the hex~~tbrom1de datermin,ttions, 

so that it Wa.S possible to estimate the relative ·\.h1ounts or 
oleioand 1100110 9.oids from the unaa.turat1on vttlue of the 

mixture 01' the thr~e &01<18
63 • r,'he percent.ages reported under 

ftapproximate oompos1t1onn~ of the various fraotions, are on17 

approximations. because tho7 are based on the nBsumpt10n thi.t 

no 'apuri ties t suoh .!lS oxid ~l.t1on or po 11ller iza. tic n produot •• 

are preaen'. The mixture pro'bJIl.biy cont":tlna small, unknown 
I 

amounts of such lmpur1 ties. 

The two acidic produota found pre8f)nt in the fa·t. in Ter7 

small amount. (pp- 42.46.49.53,56txperimental pr.lrt) oould not 

be idall:t1fied defin1 tely. One of these is a oolourless liquid 

(b.p. 55-60° G~ 0.005 m.m.). The f~rmula of 1 ts ethyl ester 

correspondswi th C5K902; the acid has a pleas;~nt J a.romatio odor. 

and. it may possibly be der1veti from 'erpenes pr~f9Pr..t l{l the 

woo<1, a1 though it wa.s 0bt:.l1 Iled w'l th the (:'i t ty ac14a 1 n th~ 

ohemi C ;,'tl se para t 1 on. 

'fhe other produot i8a white so11d, m.p. 10-80°. b7 fr::lot

ional rec178t("i,111zat1on. a main traotion wo.a obta.1ned. m.p. 71-12°. 

as well &8 two Tory sJna,ll fraotions, m.p.,O"'2' and 68.5-69.50 

resi:Jeot1vsly. The melting-point ·of .~eario &6'1\71 1a report~4 aa 

69.3° usual17. and other values, up to '11.50 
, ha.Y6 be~1l givenS4 • 

It 1a poa.ible that .tear.to aoid 1s present 1nthe ta.ta of' .Tack 

Pine, in very small peroentage. The _all yield of the above 

,product. rendered further inTestig'ltion d1ft1oult. 

\With reg'trd to the solid produot, m.p. 71-'7~, the isolation 
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20 ot B. similar white 8011d 8ubstau108. m.p.72-730 by Sandqulat 

ha. been mentioned already (page '). H'J oonsidered it to be 

a laoton10 a01d, of molecular We16ht above 800. Haa •• lstroem26 

also obtainecl a sim1lar acidic produot. The aoid isolated In 

the present 1nTest1g.~t1on Was obt'1.ineci trom two 8011d ester 

traotiona, which were oontaminated by aome adheril16 liquid ester, 

thes8 impure eater fractions had saponifioation values ot 100.8 

and 145.5 re8.peotiYcly; if the acid were dlbaalc. a8 f,;a,ndqu18t20 
I 

reported, these vtllu •• would correspond ,,1 th moleoulu.r we.lghts 

of, 1112 and 772 tor the eater. or 1054 and '14 for the aOid. 

Tke •• figures are of the aame o~d.r as reported by nandquiet, 

r:tnd the substances may be identio;~.l. There was not sufficient 

of the pure material obtained to enable a thorough examinat iO'A 

to 'be made. I to ia present only to the' e:;{tent of 2-3% in the 

t.otal crude rosinous 1.:1:1.ter1al. 

It. is diffioult t~) efteot r1. separation of t.he f::itty oon

stituents "by tra.ctioItt"l.l dlst111~·l.t1on. the bol1iil8 PJini;~ at the 

unea.turated eaters are Tar,. cloe.· to each other, ~~nd oonatttn' 

boi11ng mixtures are eventually obt:1.1ned. It 1s 1\1130 difficult, 

to ae.parat.e the "11",14" tram the "so114" eaters by traotiong.t1on. 

so that the lead-aalt aloohol method of eep.1.r;~·Ltlon was usea on the 

mixtures obt;t.ined, in some en,les. l~epoated re<iiJlt111at1on of the 

1'raot1ona O:~lu.e. aonsider··1.blc 10888S in mnteri.:'l, on. a,co'Uftt of 

pol7mar1zat1on and oxidation ot the uns:~:tur'at.d aoids, even when 

very low pressures and. temperature. are EUllllloyed. In the ca.se 

ot eaoh lot of orude ester., a. oonsiderable resIdue of dark, 

ta.rry material t of unknown compol! tion, alwa.ya rem i.1 ned atter dls

tillation. It irs d1tficul' to treat the •• unsaturated acids without 

caus1ns a ohanCe to lome extent, 1n the orig1nalmaterial. 



fb ••• embrace the fo110wll18= 

fa) !91) liE . ltUiJBEii: &~411' •• 1 •••• ,1 Id •• 

.,.prOT84 method of Am.Oh.e •• · ~oc. oommltte.65 

ta.1n. 1i138 16Aine OAlor14. solution. 

C) ZA.i?Olil.b~lJ!*:rlON !iV~~ t 
• :: Utatal $ a,v. . t1 ~JF t d ! Ht .. ill" 1 ::':=;:;::'r5r 

66 
00-. ; exoepi 'bat Alkali Blue 6B waft used togeth-er with 

p.e:aolpbtbaleU. a8 lnd.ioator. on aooount ot the dart oolours 

of th., eeponl11oatloa JD1xture8. 

The aolde wore reO-Qverei. for furtbt~r ex.mina'ion in eeon 

0888, D, extrao·t1on wit·a ether .• wa.b~ng. drylns over fu.sed 

.oaiuaBalpa.t·e, an4 000l,l.,'e11 8vaporatlna '" 801·ven'. under 

vaouWl, OB tbe ... er ,bath,. 

Off101al l1ethod,.A.O.S. 67, the Bold.a ~:er. 

(4) if.:l*}jgI~l!. 'fA~IJfii·,1 

.. ,,.tuf refl'a(rlometer waa •• plOJe4.lte·ep1ns ea.b. 

.,e01:£10 ••• ,.r ... ~\lr. oOn.tent for 10 m1nut,. before taklnc final 

re.dina_ 
r .) l)r~tBj,U:lNI ~ 10l\t OF f::LVC,B.i.~tJl" i· 

'" ., r ' It la =: . X!! .. - ..... ~q ·':'0 . t , ~II!M-

!be 1,110·erol 8pll·t off tZ-Ofl 'he glloerlde8 

we.. con'.1ae4 ln 'the aq •• ou8 re.".e. t!tom ibe aapOllltl ... tlon 



of tbe mixture of g17~erldee, esters, end unaeponlt'leble matter 

(p.a2.I*~t I) end 1n oerte.ln aqueous wa.b1nS8 and distillates. 

(8ee p·.aa.;part I). The total a':iueou8 extraol wne eV&,poratec1 on El 

\\ater-bsib. under suot:1on (vtJ'(i1ter-pl2l1p). and tile res14tl8, aontaln111g 

oonslderable inorgenl0 selte ee well 1.18 the t1,oe;rol, dried 

tborou:!,b.l, in the vaouUDl Qvon at 60.. Tnt. dr1ed Qake W88 

powdered in a mortar. and extraoted with anh,drous aoeione68 

in .. Soxblet. for 10-l4 hoors. The acetone extraot wcs evaporated 

down, and dr1ed to aorlstent weight a\ 600 in vacuo. This gave 

t.be \1';eight of crude glloerol. 

(Tb.le method, as \'\Iell $8 all otb.ers for dete:rro.lulfJ.g glyoero~ 

in aqueo'Ds extraots, ls 1aaoourate on aooount of the Yole't 111tl 

of tbe gllcerol dl1r1ng evaporation of 'tbe extraot. The results 

Itlw&l. give (lnl1 an .pproximation of the amount of gl,'-lerol 

preaenty9 

Tbe .pr$eenoe i;)!::t:llcerol in t hI; e,bove e-~.tl"aot oan be ~bown 

, . 10 11 . i '11 bJ t.he aoral.i.n anU. the oxalio no d testa. 

( f) 1'''''''' mt/'l '1··'1 '1\ ,.", '. t'" o'1t) X', 51' .!,·,.m._ai' M' L,i'"' ·~.iA" ·im,Z· v 1i:·,x""~:li2;· ")l .. • J2:-:'.i',a '/J.;1.liPi ... ~ J: 1 ~l·).f.'i.o.; ~+ ... • 
F l j., 'I,. , • I t •• r ! ph •• i' Ij. A~.. . . . d' ~ 1dJt1 

A welgbe' qt.1ant1ty ol the fatt1 soid mlxttlre. 
. . 

waif .1Xi.a in a dlet1111nt] flask. wl 'h dbou' sixt!:... 1 ta 

weight of "boiling water. andd181iill.' over a alial1 1':1... !the 

dlstl11ate af'er passace tbrollgh 8 amal1 f~lter 'was 00118at·ea. in 

a flask. D1etl11atlon waeaont1naed ant11 neotral to pbenol

phthalein. Jio solld eo 148 were foun4 on tkle fil tor. f;1udtho 

amall amoant of 011 carr1e' overw,as ".tarn.' to Ibe main reQlda8. 
, , ' 

"eter bad to be added ,s,t interval. during the distlllation, ·to 

repla.e the eunount pss.lng over. The total .1It1eoue distillate 



w •• 'b.en ti'rate' with stande.rd alkali, 801dif1ed ~'ltb 

bJdroohlorl0 8014, extraotec1 with ether, the ether removed. 'l'he 

re.aldG8 was taken up :i.'lth 8 little bot water. lind 'barlta wa~er 

run tn slow11 Wltl1 neutral. After' oooling, ·tbe lnavluble 

'barlum 881ta were t i lteted off. 'be smallness of the a.mounts 
.; 

of tbaee yolat1.1e ac1d8 obt,nlnatle prevented other than qualitative 

tests for the aold8 be1nl tlsed. .~!tr this ,purpose. the aolu'ble 

and insoluble l)erlwn llelt. were deoomposeu. separatel, bl 

brdl'"lllorl0 &o1d.noutra11zed D1 the 'pOt88b.. elld each of the 

two sola.tion •• ·vtlpor*ted (i,own ont11 appl"Qx1matell 1.1" strength. 

!belle ~el-e. then .~a.m1ned for tatty acids. lnoludlng ·-form10 to 

o .• pl"lQ. b1 the qaalitattve method of D7Gr~2 base' on tbe relative 

101110111 tlea of the .iroll al,d oopperU8~ ts of tbee6 ao ide in 

weter and organl0 eolven'a • 

• ereua.'_ ) 

l:L'tlJ.'Hnp 1.- LEAD t.)£.Ill - ET1;l'~i1. laTROn~ (Mater" de KonlY'l3'.b6.~3 ib18 = 11 ~ qt __ ._ 1 .. "" 1.1. 7 IIIf .I .1._· 1.11. =. ~, ""'-0 i 

method \tv.. ..e' in par") .• 

Tb.. welgbed :r.'tr ao14 mixture wes dis801ved 

in 'en times 1tl weight Of 8100bo1. en~1 alooh.olio pot.ab. a,jdel.l1u",11 

f81"'~lJ elta11ne. fill. solQ'tlo11 was poured 810w1" w ltb uonstsnt 

st1rrlna. into It 1.6" bol11D, aqueous leed 80etflte solution. and 

tbe reaHJltln,g m1~ture 000184.. rapid11 'to 0.0 with at1rrlna. 'fb. 

elear 11.qald wes remo •• 4 DJ d;eoantett,OD. and tbe r'ee1dtlG v~8ehed 

several liMe Vii ih bol11ns ,.¥.~".r. lIther was edd.' to ihe re~i4ue 

(2J 0.0. etber tor ltaob. lram of original &all\ple) ••. od product 

•• 11 atlr"". Atter .'and.1n.gfOJrone boar. the mi,Xture '\fieS f 11 ,ered, 



en4 the rel.i1due t:gflill treeted \'Jith ether, u8111g Bbo:.t one flitll 

of tbe .previoas 6Dloant. ThlL,~ v;e,e flllov~'ed to i1ts.nd overllio·ht. L.ud 

then filtered. 

tlnt'tel, end the eth.er removed bl eVe.pore,t1on. Th.e rosidue ~B.a 

aoidified by slooholl0 hldroonlorio eold.(90 pts.alo.,lO pte. liOll 

and the 11q uldtatty acids reoovered b~ ether extl'eot Lon. 1'be 

ethe:rei.lextract W!3:S weeh.cl v\f(::ll v~'i th ~;Bter. d.rled ove~r i:used 

sodium sulpbate. theftber I t emovec1. sndthe residue iiried on l;.ile 

+:.I£'ter-pamp antil oonstent :;,eight. 

of al.ooboll0 b,-droohlorio. aoid, and the pol~d X'e.ity eoida reoovered 

in the seme wa,. 

f .i.'P) liiEtHOD 2: LtJ.J) 3liLT - J~1JOliOL iiiETliuD: 64 '0 , .1' . 411 ft. , ".,,,.tr I ,,', •• Cp.J., f J I" .11.",( I 11 •• Ut. 

L~ ,,I, D' '1'\'~':'I ,-~ "m~~'\'l ~~2LO' mlgu .. 
u rr.. J,;.. .., , ... 1 .1 J, • ..i. ~ lW. .i.,. V.llt :) 

r • L I I '" • I U Ft F1 r I 1. I, 1 If I1 • 

10 gram8 of normal lead nO'0'tete '~r~'(tS d1sso1'ved 

1n ~OO 0.0. boiling 96~ aloohol; 

dOLUT rON 01' J!'ATTY j;·JI.l·~j: 
1. I. l' ., I 'd .1.. . lJ .'1 ..,... t 

About GO grams (\.;~e1ghed a.Jcurst(17) ot tbe 

8,01d8 we. dissolve4 in ti:OO 0.0. of 95% llluohol. 

These two solutions. (or other ~~olQtlona uoncf;:ll;lng equivI11ent 

qus.ntl tiea). were heated to the'!' bOl11flg-pOln' end th.eu the one 

aont8inlnl~ the B\Jlde added fS10't~1~ to 'the le •. d aoetate solution, 

with oonstant stirring. Sometimes e brOWn ~/re<:lpltete o:f solid 

fett1 801d selte (A) JAIne down li·hl1e bot, end thla ~~ea removed by 

f1ltrat1on. The aleer solution wS.s ellot~EHi. to stcI.ul oVer111:;b.t 



1n the refr1gerl? ·tor. tben fl1 tere" froui tho ~,olld :ra t t1 6014 

881ts CA) and the +8tter weshed ',11th oold 61Johol. the t~e.8hll1gs 

being added to tb~ main port.1on of the filtrate. 

The co{~blned alcoho110 filtrates ~iere eVt.pore.ted ander 

reduoed pressure t and stter nOlirLl e.ll tbe e.loobol had been 

removed .. the residue we.s ,.lecompoaed hI the addition of elooholio 

H01, (l~). The 11qtl14 a01d8 Ill) separating oat were t.~keIl up 

in etber. aud the extraot weabed with i.-eter • end dried over 

fased sodtum 8ulpbete. }<~Yflpor·8.t1·:)n and dr~1ng ln VIlOUO to 

constant wel~?;ht. ylelde' 8 'brown, o.11y res.ldue of liquid fatty 

aold8. Cl) 

S1a11arll. bl deoo[!11)Oa1nl the insoluble lea.d salts of the 

so11d fatt, aoiell (A) end extrac'ing with ether, eto •• the $0110.. 

tatty a.aids were obtained. 

fhG traotl0Jl UOJlta tning 'tbe n~olldlf i'e.ttl 

801d8 (Seot10n (g) fla. C).arefully dried ~60o. 1n vaouo, mixe·j with. 

alar,. quant.1t,. of sand, and ground 111 Q morter. !hls amiSS was 

e.xtraoted in a Soxblet. with petroleum ether (b.,.30-50o) until 

no more \\IIU' dle.olv.cl. Evaporation of the petroleum etller 

extraul ,told.·d tbe pare so11d a014s that were pl'escn'. alld tbeee 

~:;ere agb3eo'ed. to fraotlone.l cr18tal11aatlon trom aloohol. 

The lnooltfble resldae after treatment with petroleum ether, 

consists of oxidi.ed 811d »ollmeri.ed fattl 8Qbatano •• of &01d10 

netur.!2 fh.se wer·. no' Invee.tlgl:t·ed further. 



", : IlD f' ,,': ~ ttl ,'~V ~ .-'\ 11\ ,~ , w _i,} ... ..... .... ~. V 1J' W 

Various liquid aoid fraotions, obteined b, 

aeponlf108.tlon of parlfied lo·~,.:-pres8ure dla tills tea of the 

mixtLtre ot etbJl est·ere. were cubjeoted to bromlnetlon. 1n order 

to obtain solid· derlv •. tlves for pllrposes G·t 1de,ntlfieatlon. Two 

main me'bode of bromlnation were tried. 

The m.ixed f8,tty flalds were dls$olvcd l.n 

8tlft101en' 8lltqdrOQa ether to ~1" a lQ;1bsolatlon, &nd 'tbitl ., ( oooled to ... I' O. ,About 1 0.0. of bromine la ~onsidered buff101en$ 

for eaoh .2 g.l. of aoid.used.) Hs,lt of the l~equlred qt1entl tl 

of 'bro:mlne was added, from a· oapl11a.q ptpet ie. duriug a period 

01 ebout ;to minut,.. The remainder \:~asthen added du,ring a 

ftlrther 10 adntiltes period. (The aotual o.l,ieratlng time 18 oonsiderect 

... eq important b, Elbner). ~he temperature wee kept et t~boa1; 

6° c. 'bllrotllhoa'l. '01 aSing an 1oe-aalt mixtare. After brom.1net1on, 

the f'l as!.t wal allowed to ste·nd at tbe tl8.metemperature t in the 

dark. for' two hotlxs. ,Arr1 80114 'brom1des separating ,~er. removed 

01 deoantat.1oD., Oe111rlfgglng l,!t;here neoesear'i .. 8u.dv~'asbed wl tb. 

five portiO!l. (6 0.0. eaoh) of. prevlo11al, dried and uooled ether. 

Tbe preolplte,te reOOYorea b1 centrifuging wes then Arie' at 780 

in VB,OOI, tor toar hoars,. and the hexabroa14ea 'v4ielghe4. 

'be etbereal.olution, together wttb. the :i\;e.s~l,nga from the 

hex.bromide were shake. 1n a .eperator1 i'tUlu,el 'iI\'1'th s 11·ttle 

'hie.all."_ solation. to remove eKoeas brom1ne. weshed v~ltb;£$Bier. 

ut! dried over oala1u.ra ohloride. The tilt,erea ~olf1'1ou weB 

evaporate'. and tbe residae 418801.,84 in bol11na petroleum et·her 

(b.p. 30-10·). 



r,o 
-..:;, -

01810 41bromide 18 verI aoluDle in petrolowm ether, 

11110110 tet.rebromlde 1s les8 soluble t '.'.h.l1e 111.~olellio b,exaln:omld.e 

1& our sperlng11 soluble in this solvent. 'lhe prodao~ Boparat1111 

on ooollD8 _he petrDleam eiller solution, as well as tbe material 

rell81nlng 1n the motber l1quor, wee repeatf'dJ.1 fraotlone.ted 

D1 meaDe of fresb petroleum etber, tbe produ<.;t& being examined. for 

melting point. Il'b1s wee oontinGed until cOllparativel, pare 

fraotlon. of the three kinds of bromides were obtained. 

(.)Qbloroforll' viaabed .·ell. wi lA water to' remove all aloohol, 

dried OYer calcium ohloride, and then retllail11ed. To the 

di.'illat. le addeel » 0.0. of e,bsolttt. aleobol for ever1 100 .0-.0. 

of .,arlfied. oblorofona. and t;ha solution kept In a stopperet 

brown boltle. 

(It)Brom1Ae 1 one· Tol .. ot C.i: • . 8romlne ls added to two volumes 

of tbe above o·b.1orOf'orm 801atton, 8 ne\,.; aoltl'lon being prepered 

a:t'.r ,,4 boar •• 

(0 )Rther: fhi. 18 WJ'asl:ut4 three times wl tb ioe-oold ¥fetor. dried 

over oalo1aa obloride. then dletl11e' from me~allio sodium. 

A I~ .olutIon of 'he fatty eoldl was prepareA 

uaing ·tae ahlorofora prepare·a as above.f11. solation. in a 

oentrl:f.glDg tab •• of proper el16 t wee ltept aft .. 60 0, and the 

brolline 801u'ion run tn troll 8 buret'e at the rate 01 one or two 

d.rop. per •• "owl. untIl a permanerl; or8D8e oolour appeared. Then 



0.1 •• 0. 8441110 .. 1 of bl·01;~lne eolutlou ,~e8 _4.484· rap1411. tbe 

801ut108 eba&eA *.11., eM ellowed t..o ~t.r.;'fld at _0° for te'J minutcs. 

in the tle~k. ;\811 .... 'ea 84.4..4 dro.p or drOi-J. "cl tb ~bt'~k1ng ,!Jltl1 

"be' .. p oolooJlt Y."(1B ':'~.l~~halfg.4. ~vbo. '.kins Utt 'be eau •• s 'bromine. 

fbe .,oiy.utl waB e.eporatfi4off cOftiple·,ell OU tbe 'loJV'Ol~

pomP. be.'lu,~ tln8117' ., ao.600 for 1& ·.luu'o.. Tbe 0117 

"u14 .. ~ •• _11 1"0"'." dUt'lr}!;~ 'Iblt1 ptl>ooeaa. lUid tbe·n (~llow.d to' 

d .. , ., '.00 allder «.480 •• praHun to 1" • turanor lti Ut,l.ll.Ut.OS. 

The ,."be \tee· nO\>1} »1.0." in all leo-Wttb. d! .;0 0.". ot tho 

.,.01811, »Gritle' e ' •• ". ~Y.)le4, 0°0 •• W&8 1".11 in. 811(.\ tile 

al.t· .... wol1 .tlrre4 ~~:ltb 81"84. :After 00011118 &6liln tor t~}o 

a1Dote .. lb.e ,1'04.' WGD ~1Ul'1·1r'uii:t':r:}4 81 *~{)O(j r.,.m. tor 6 ml.nG\ca. 

0001.·4 ef!81D\o 0° •• a' ,be "ark bJtown etbel,-' iiQl,,'101l no~ pou.r.' 

off. la '01& ',';£1111. 'be 411troa148 enil 'e'hblro.l·t~\.pr~_t~ ;4~·(}1' • 

.re .... 4. fa ••• u.blO1 .ft4~etltrl!u.}i.ll~~~ prooea8Ltte repeaL6a 

'uno "._, a .• lns ea.Qb t1_ ~o e.o. of pu~l,i,led f)'.er •. an~~ .• tl.:rl'1a8 

woll. '*117', ,be bea'tur,oll:lde reilll\oo Vtf'.ut. "prOfut a .• tl\a.J.n 48'." 
lnal_ 'be t8M, Ibe retfld.a.al o'tbor reQ;t)ved \);f;1 ~Ue. ~.'er-»WI». au·d 

the "r.4u4' a.l"le' ftt fOO "Mer retia".' vr •• tHl.re. ~n",11 ~ou&t~n' 

VM'.l.,.t ~8,. 1,.,.1 •• 4_ l' wee 9"111.4b, r.Ql'v~t.llla/;.:.tloD 

fWo. oalorol.ra. 

.",,."\,10:" of ,ft •• , •• ~ •• ,.b 1.1,uQI's ,1..14.4 'be al_4 

41 .. , .. 14 •• aad. 'be '.'r8J>toal,\ea. l~twM ~'dJtJ:. Al.,..rate4 li¥ 'rea'" 

MD'wltb pe'1'018. ether an4 frao'lonel 'il?ls 'aUl .. ,loa. exaa'l1 

•• al7eac1~ d •• or1 __ 4. 



-D.~-

01:" SOLID 

The mixture of 11qt11d aQ1ds C¥.:eld·htt.;;..8~ gre.ms) 

v~as neutralised '01 the addit,lon of .).5 0.0_ ot aqueous ,(lotasb.. 

Goat.ln1na 1.26 greme of lCOR. The potassium se::.lts wore dlsilolved 

In 190 0 ••• "\8.'er, and en equal volume of lHaqoeoua solat10n 

ot pot ••• l_ permanganate addea. at 20·. 1hl t'h oonstant stirring 

dGrlIH~ a perlod of 15 f!,'iinatee. After ilrt8.ndin,; for 10 minutes. 

Idlfuroa8 8.01d wes added un'tl1 the aolutlon became e.,oid. (.~lld 

'tae _ngen.-ese Dldroxi4e,eto.. had diesolvEhi. rbe wbiie 6011d 

proclp! 'a·te4 out enl Bonelet.lns .. 0£ dlb7droXJstef:\1"10 cnd eet1 vio 

ao148. W8.S :removed by %11 tr€ttlon. (A). 

The filtrate weB nc-utralized with oells"10 potasb. evapore.te4 

to one-twel.fth of 1 ts or111nel volume, e.nfi v.a1dlfled 'w itb Dulfur10 

ao14. The brown floooulent use separat1ng. ~:ies filtere d,: \i~aabe4 

w1th water"allowed to drl in the 81r, end tben v~"a8b.d well with 

etber to remo .... lower aoids :f'ormed 8,8 $,eeondarl pro(tuots of the 

oxidation prooese. Tbe produ.ot was reoJ:'ltrtalll,ed trom alcohol 

enA tben from water. in order to ,i~~olst. t,. t~lO bfsahldro¥;l 

eo 148. l1nu.to and 1£u,11nus1c. lfpreaent. 

fb.previous eo114pHQlpltat,.,(A) uonialn1na dlbldroq .. 

at •• ria enl t.lrabJdre:q-atearl0 (~etl"1o) ee148., ~~tla treed from 

mctbauge4 liqu1d a01dl8 'bJ. Iftf'sh1118 sevfJx-al times with small 

portions of oold etber. 'The 41tqdroxl.'.a,rlo 801d wes tben 

removed in large me88.0r. bl extraotiq tb. '~:rt.o1pi'i.;te (I) vl;i"h 

oonsider-s,bl • .,algae. of etber. at rc,om tempera1rare, \lnt11 ab.uat 

,otO 0.0.01 extract ha4 been ti~Qe o,btalae4. fh1a solutlon Vias 



t.aporate'. and tbe residue rearystalll •• dfrom eluohol 

se.Grel ttme •• lleldlng pure 41bJdrox,-eteer10 801d. 

tbe portlon of "the original preolpl\e:te (I) 1n801\101e in 

the .be ••• e8 elttracted repeatedll wl'h portions of bot ~O% 

aloohOl, until no more W88 removed. On oaoling th1s extraot. 

e.tlv1e ,,·014 waa obt.a1ned as a white 8011d., and we·. pur1f1e' D1 

rear,.'.111a • .-t1on firs' trom alooAol and then from water. 



. (A) Mill.. tt t "9!_~ltt.!_t~.!,,R. gll.~!!:~ ~L ... ::'! t~ ..t!._ ~ .. ~.~!! ... ".G,r~{ffi " 

iu1t.' \Pr,~ 
(Oru4e prod.u.ot of Estraotlona 51 G, 7~ 8. 9. 10, Part X) 

The OOllblned lote 01 tatty ftlyoel'-1r~6R and eater's, ob

taS.ed •• 4eflC'J'1bed. on 1). 22" Part I, were sa,ponlfled in order 

to ,.bt,.1ft the tree nolds (~l,ethodJ P. 2~~ P~irt y) • 
• 

rhe .1x~t1lre of ~o1d~ WA$ then t~t"·~ted by t~:e ~"rl?~ t~',\od de

soribed on p.1;, Pr,lrt I, In order to obtain the la) f~tty 

t"f'~·t';er (h). o'~l":P' t rft ..... ~ 
:; ,. ,J, ,_, . , ~ ~J. ~,I . .. ~'f " !!Jl VwaJi' IW 

of r~.ln()'lH! r~~tter (t~:1n~lr1 tie.) were ferund, eo th~t ell the 

8:014to constl ttl~nt9 hEr-re, were of the ·fairty ty~)e. 

This mlxtu~e of ft1tty ethyl ~etf'<r~~ waS 8ubjE!Jeted to 

f .. e.otloD:al distill.atton. by the !!lethod al~eady mentioned (r~a,rt 11, 

"). • d P. . tP; A ~8ng.ulr mercur, vacuum pum:9' WS~ uses.. A current 

of (us.rbon dioxide wae pa8sedtllrQugh the mlxture. 'by me:a~l$ of 

an ex'tremely fine Qapl1l~).:r1,. 

ne reeul te are' tabulated below .. 



.. 7 TABt! 

." 

Distillation ,of lttbyl t?gters of Glyceride. of "Gre'en- Jsok Pine 
.... b t. 1311' _ .... '.,. 18: f ......... r ., ••.•• ·IV .... '). . ...... " W. Ii 1t •• t Ut cl t •••• 1il.1_ • F I' •• ' , ,., ...... " fII 01 •• "P'!I". _ n 

t It II! l'I v VI 1ft I 
la_ tf _ ...... 14 •• , .......... 1', f '. '. l·'.t.rnrMtT~..r.~~~~"""·--',.''''-b "., .......... ;_'_t;lj"" __ ~ r '* e ... "., ft. t .... t'·illt! ....... rj'r'.~~~.~............·tt ... ., .... ' ... 

10. of Pressure 
fractiQn .• e~ 

B.F,. 

1 0.001-.0.03 60-69" 

:> - • lit2-150~ 

:) .. 155-1Ej,['jeJ 

Tany 'real4ue 

Volatile ;;;4eCOtlp. prod't.lcts 
(by difference) 

Total 

. of 
product Yield 

.--'tit .o!'it 
r
"':; .fI, ~Wt h I"",;, ~ ~~~ ~ 

0.) 

17.0 

Os5 

, 

1.9 
o t. 
V.q.. 

'.1.5 

84.6 

2.5· 

11 h .. ".~-

wa',,;" 11 I. ~ . .......,.,. ..... ~ -...l!d 

20.1 lOO(~, 

Desen ptloD 
Temp. of constant 
bot ling !li xture of 
oarefully refrao
t10nated ~atena1 

lIObile yellow l1q. ~ pleas- 41-49° at 0.004 .. 
ant odour 

vlsOQUS yello!" 11q,~ 
fatty odour 

paz'ly.ol~dt ,.el10"; 
1'21 r., ty odour 

"'la~. ..~ ... f.{.n.~':;; nt. 2~o ~"" "-tVUlt:~':'~~ W ~l_ol. Q CV 

135-1.37-

156-158° 

• • 

" .. 

.:ui:Miz ...-' ,,'n I!.Q' Ill .• i l' .. , • 1 'J' ••.. _tiEl I IN J f J~!* ..... ut.'l .• ~*,se.-'''' ... #,11 .1 CH idl ......... '''I 1. F 1 J I 1 ...... t_l: ....... , ....... ,. • ..... 'la .- ....... ----...,.... •• _8 •• 

i 
UQ • 
().1 

'" 



!he 4at •• how 1n coluMn VII ot the prevlouft to.ble re-

,,, •• eat the temper-t\turef.IJ of the oonatant.-botl1np: mixtures obtained 

b1 :,.,. ... ' ... Oal"etul d18t111~tion of f;"r~_ntlone 1, 2 ~nd 3. and 

of ihe lnter!tled1ate :trttot1one deri ved fro~." them 

Blnce the ytela.-s of FrAotione 1 and 3 were too 8:!l.11 to 

-pam1 t of l'nvea'tlg~tlon)the1 were added at Si l~3.'el' stage to 

lug ... "'antlties oftdentlcnl f,racttons. ob1ai:lned from other 
, b2 

10'* 'ot the f ata; their propcll'tte. are J.'epo':r".d 011 pages 
-44 ' 

_4 ••• epect1vel,. 
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TA'8Lb~ S 

Detail. 
,_ IWillll ••• ' ... "'*""'"'" (11111 .. n ... YI __ !; ...... ~ ...... .-..........,..~..". ............ ,~ .• ,.:_ •• _ ............ _ .• ,.., .... "'-L.,~"' __ ....... "' ........ At ... 1 ,_'. '...... W' ..... " .. ........... • • F'Q 

JAC:6 " #." 

Products o'bta1nec.t: 
(a) T~areea only. of l1nOlenio 

he xabronl1d,e, m.p~ 172-17)° 
Cb) 0.04 gm. impure 11nolio t.t~a" 

broml'de, lleltlng between 
95° and 115~ 

(0) Gonc1deraole awoun\ ofol1y 
d1 br()~~l de (or te tr1J!.'bromlde.) 

trl" 7 ... ';.... ~t It 1 1"\1' t ~ . • '/ ;',. n,r '~J. (~G ,e 
jv. ~.:'" }; flY'" .no r.:. e cm' J ,Jf Pt i!: 1 t· 1 t 
'r~oes of ~thyl t1n~lennte 

t'alct11~.tlon: x • ~ 01e-10 e8ier 
1n trac.. It 

y • ~ ltnoltc e.ter 
in fuo It 

Iodine noa. gl~~, 16~.O~respectively 
t!lnolenie acid l're.ent 0:n1y in 

tr~oes, ;,~ .'hown by 'P1"eaenoe of 
only tr~oe~ of the bex~bromtd. 

henoe x .... y 'le 100'~ (appros.) 
an4 81.8x/1oo+ 16~)11100 • 130~3 

(Iod1 n~ '~ab.orT.r. of mlxt\lre) 
t.o~ wbioh X" 41.1f olelc eater 

., .58·~'J· 1100110 I, 



8 (oontinued) 

Thie traet1on.(II), oomprlees 
84.G~ of the total tatty 0ste~8 
(see 1able . .,; using this HS 

a faotor, tnen; 

"::tbyl Oler:.:te • j5.3~;~· approx. of 
.. \2.tl~ esters 

ft " 
'?thyl LlnoleuH te = Tra~e8 only, 

of total ....... ,. .... ~ 
cst~re 

Tbis 1ff1i$ cn.l"rted out on a s:m~ll frf:~otlon, b~p~ lJo-14o~ 

at 0;01 !ftnt·. which could not be resolved further. 

lapon. No •• 195.0• 

The aoid.s r-eooV'(':red 1:r;"\1'1'l this 8aponlfict~ t1-on (eee 

method., P,~, 24). weight • a.ga sr·.e, wer-a osld,lzed by alkaline 

pe:ntl~nganate (1.ne. thod, p •. '2) * 

Product.·J 7 11 

DlbydroxYltearl0 ao1414) 

o-Satlvle no1d62 (cry.t .. 

"..aat! vto 11 ~td6; ( 11 

r!' . .,... 1 :,~ .50 • yt-ld iO ~'lC aw .. \ .',) ..:,::-0 _ t ~'~'" ~ C"rJ t.::tl~a et 

Tbe yield, of produott by!t~lS ~:·~1I:tht)d Ire never Ottantl

tatlve (Lenowtteoh75) 



(B) !!!,m\I,t\1~LQ~t_."~11~~': ~~,!:.~e fI " ra~wtt, . a:~! (1 '! .. l:W:Q1J .,~~~!~. ~n: \~ .. ~!SL_~~_i.~~e 
(Orude pro(lu.at of 1£~tra.otlon9 ~j, 6, 7, g, 9. 10, l',:':ct I) 

tbe ltfree" f8~tty Qo1de presen.t 1n 'the orude extr~:ct1on 

ptoduot ~e.reo~tain.edln. the form u::. their ethyl eetr::rs, in the 

iUJparat1011 (e8t~j!ri C10tltion) prooesseD ~:.'teacrlLl\:~ d on p.l) , cart I,~ 

The mlxtu.r·t: ot ethyl eaters W1\8 lubjeotc:d to fract! Jna.1 

d-1titl11al1on usl!Jg the methods already mentioned (p.44 ). 

The results ,:~i're tabul~~,ted in i~a'ble 9 on the, following page. 



.A.~~ 0 J. ft1'; ,\,;f,.., '7 

ll1atl~lat1Ga of' EtbylE8tera of -'ree*' Fatty Acid,of"ortt •• - J.ot PIM 
-f . •• ' at", &* • "I." ~ •• f •• It nu ""'101 •• , .. ~,. 11f •••. _ Q ida .... .... •• ,," Z'iI' h ...... ,It, U ~.Hr ...,f!l lla 1U1 me !:'la. • "al._. HO ....... Mf M. M ~~.. .Us. • ". f 'J1' 1'.44 '] L _. '.Mu., 

1 It lIt 

:lo~ot PHaSU" '8". P' .. fraction 

IV 

of 
pro4llot 

g'~p!',~ct:'< ,.,J ..t •. : . .l,.!.--') •• ), Cl 

. 
',,;,_. 

v 

Yield 
~1 

~~/ 

~VI 

DesCription 

VII 

Temp. or constant 
boiling mixture ·ot 
oarefUlly retr;?otloD
aied mste~lal .,' •• &11'111.' - All ,~.:;,\ ... iI'ai_j."·t ."'......,.~ .... ~.~ .• "~ .............. ~;.:~,...........,.,-.:~~ .. '-".,.,""-""'-""~~..,..~w.~,...~~ __ 'QO-,.....~_: .......... ..,, ..... -~-~~~,.. .. __ .... ~ ..... __ ~ -,-...-.......... '~~ ............. ..::'...,.,"'"'""· ... ~ .. III,._, .. A19·.' !I LiI%i»t ...... 1 I I .... , ___ ......... ,-.-: If •• , ...... 'lif I 

1 U"'- OO'~'i'\ 03.' -6' t'L :'~ll.O :4' ·'I~.· ~;:)~. ? 'l,A 
roOJ-k -. ,.,v 5,.4- moblle ,el10w l1q. 

pleasant o«OUJF, 
47-1~9t:} at Q.01 mDlo lI1't. 

2 *' 1. l~·o-l· 5~o ·1·tJ6 .. ~ , . J 0.,. c;,v 

:; • 
Tarry re$l~~e 

159-·1g5° 9.60 

7".90 
Vol.' 4eCOtlp. produ.ot~ 

(b e:" 4&:"' ff·~'!I\IilOn·A- \ ... , Q 1" >,:;;. ~ .~~ ! VV I 
1:>10 

46..9 vlscoua yellow liq •• 
fatty odour, 

1)5-1380 Jt 

21l.6 partly .o11d;, yellow, 156-160. ff 
tatty odour t 

20,.; (neeompoe,edat 2170 ) 

-;1: .. 
~_.o 

~~""""""",~~ 

Total w~. used 35'6. 90· ",',IJ ' 100 ...... ; 
' ..• '.7 < 

,_' ...... " la :;1,1114" 11. W 1 rr _. Ilsatsli _*-. $!1iI!II'II\C~''''''''''''''''''' .. '". ... _ ............ ~ """"A!.~",:,~",~-""""r .--~~"-.""-' ... .-,,,,,,,». ,.; ... ··N ..... _ .. ··~· --, "-~' ',-' .... -__ ,..,. __ .:.~ ..... ~._.':" .. -;o. ..... ,~--'.--. '-"-.1'-0_ --~- -'~.---~ 

t.f 

ft . 

.. 
&: • , 



The data .bown In oolumn 'XI Jleprea8n.' the tempe.ratures 

of tbe oon8tan"bol11nf~: ml.xturea obtained by JI'lpeated oareful 

41atl11a.lon of 'rac'lone 1. 2, and 3. aa4 of' the lntermedla,te 

frao'lona derived trOll th ... 

The ana.ly"is of the above 'raotlona 1, 2, and 3 tol-

10 .. ' 



TABLE 10 

F.x~mlnetlon of ~8ter yrr~~t1t1on 1 " ~"'~"""'''OIloI ...... ", •• rt'n ...... ,1 ..... , ...... , .... " ............ --..,' ."pr1 ....... 

I}. 7-49 0 at 0.01 '111;'1.; 1800 at 
1 atm. l' \V1 tt,,! deoomposl tlon 

O~1326 g~t1. tt'Qulv. to 3.21 cc. 
'1'+ 1 c. (0 Ol··'.~-"··'·~ 1 7'-1'''''') j, et Oa .• r:...;j ~~;.. OU , .. ,:.; 

per 00. 
(Insmffiolent materiel for a 

dupllc3tf' analysis) 

0.2794 gmc eqtllv., to 1.'75 OO~ 
Bel (0.,5179 N') 

(Insuffiolent material for ~ 
dl~plloate 8nalys1$) 

J.5~)O mg,~, .pl .• ' gave 7.46g rng-. 
002 .. 57 .,~71} r! 

:3. ;~o ~~~. apl..ga9.' 2,916 mg 11 

H
2
0 • 9.), 9'~ Tt ~ , 

corresr>ona. w1 th 0SH
9

0,2 

A9.tj!'A ~.~~~,rwo~' It. Cl ,2P ... *,.g~~~.;~]~~::!.tQ..f! 
(see method,p.24J After tb:ref~ dlertl1.1&tlo·n. t 

yielded • colourless, mobile 
liquid, b~p. ,,;..60· at 0.005 
mm. p03s8a81ng a plea.8ant, ' 
ethereal odour., Polymerized 
wh~n h$8,ted ln air.;. <~an
t1ty Of purified pr:oduct too 

".mall for tu~ther investigatioD. 

_
__ ~ • __ ,_ .. "_I _1 '11,_*_".' ._' 71_" ._a r __ "'_l ._:tt#II/fiIoo,W>$owi! _Pif _'.(1 _II:U _.t~."6I_p ___ ,._,,_p'. _ ..... ' ....... ~._.'.'i -j 

_' ......................... _ .. _._1 .,_L"_,.,....-...·' '~llIi_""_'IooI 4 ........ t ..... ,--.,.,'~fI!tV'l« __ ''''0. . 
..... IS 1$1 J1 ,., •• JU . 



-43-
TABLE:. ,U 

IxamlJlatlon of later Fra':-tion 2 
WiN ... _ •• ~, ..... •• we , ... ; ••• ' •• ,....... .... - ~ ........... ~ 

Details 
...... it ,or 5 ...... 4* It Cl •• """ .. __ ~ .... ., ...... , ........... P • __ It t 1 ................... .........,.._. _,. •• _,. _______ n ___ n_.~"""'''''-'......nJ I -~ ....... ----- -

Retraotive Index 
I .•• 't~ ............... tII .. ~".'''' ,. LA ..... ~ 

9aoonlflostlon ,., Iii. "\3.·:~~-!""t .-...~.-.~ ,,·m.er· 
U ... ·l ... 'l I'. t 

(tlbner's . 
m,6~bodt p. 29> 

n10 _ 1 4'702 
D • n: ... 1.4655 

n30 .. 1. t~(:16 
;~) 

117.5 

173.5 

at 0.01 mm.; easily decomposed 
by heatlnr: in air. 

o. h267 8!:j ':' e1n1 v. to !.to.26 co. Thlos ~ 
(O.012!!35 gm. tod1ne ner co.); 

O. 2'l30 fC~1.. e0·;~lv. to 23,~ 93 oc. Thl0IJ, 

todineNo8. ~ 117.;, 117.7: 
meAln • 117.5 

1.20)6 gm. eO~.1t.. to 7. 17 eo. ::'11 
(0.5179 w); 

1.0522 P;-r'10 equl v. t:> 6.29 co. ~101 

3aponlf .. noeL, 173.;, 173.S; 
~e~n =: 173.5 

"l-oducts obtalned: 
Ca) 0111 41.bromlde of oleio a01d; 
tb) A white, 80114 fraotion, m •. p. 

65--t}8l} J (possibly a bromlne-
8ubstl tut10n product); 

( c) A. tetrabrom1d.e f:r,actlon. m .. p. 9rl16o ; 
(d) Two heltabromlde frao~lon., m.p~ 

172--17')° ~d 180-183Q f res':' 
pet:rtively; present in tra~. 
only. 

A2~Xblc;.te 
k~me·rrron 

Tfstii"·;iio-tton 2) 

57.lt ~thrl Oleate 
42~91 Ethyl Llnol~t. 
Troo08 of ~~thyl tinolenp.te 

(lU.e'tbod. se. u?7 ) oalculated on the ~~lt fatty .,th. 11 
eater. (see P40, ·e a'hov. re--
preeent: 26.S~ ethyl oleate 

20.~ ethyl, l1nolate 



TAP-LE 12 

!·~~!~.9!t_~~a~_qf -11.!.s1l.2.U 

120.; 

., ........ 

·It> ·0.01 mm.; t1eeompoees .hen hep..ted 
in air. 

0,.1-'62 I'll ... qui.,. to 14.09 co. Thlo8. 
(O~.Ol:25J p~ Io41ne· PCI' cc,,) . . 

0.1550 am. $qulv. to .14.t!S oc. Thto.~ 

lod1ne noa. 120.7. 120.2; mean 
120.5 

).1124 p. e·quiv. to lO.$O cc. Bel 
(0.5179 H) 

J&.~}t! ... , .. ~.1,~~~.;t:';~'!~~(.M~tL~~~ .. ~t!~.eA!~9l! 

Reoovered by method Gb J). ~a.. 
W·'. of ac148 .. 2 .. 94 pe •• ,,-,.4~ yield . 
(ru~'hett ae-ps.l'!.ted ~, desoJltbed O!l the f~)11o.1n. page) 



The acids. (wt .. , 2.94 f~8.) were sep8.ra ted by the letll~ 

•• It-ether met~'od (see J).26 ), tl"nd r000vsred r-tS 

Ca} 

(b) 

-solid" tatty acld.; wt. 

ffliquid" fatty eoide, 
difference) 

(b, 

Tbe 81iqu1d ft aoid .• (b) were "brom1n&ted (."ethod n. 29), 

andy1el.d.ed mostly th€~oily d.tbro~11de of oleto aoid, to,:~ether 

w1 th .mall fraotions of tetrahromld.e 8ind. hexabromld.e, the Set';1e 

88 l).ad been obta1ned al:re~.dy fror:"raetlon 2 (see p. 4);} . 

. A. 8.mall fraotion very strutlel" to'r,::~ctlon '3. but boil

lng at lL!.S-190o (0.01 mm.) was also eXamined; 

Saponifioation nu.~bert 

1". of acids reoovered: 

lt~5. 5; 

o46,am · .... 0· ..... • , 

.Solld"·ae1d .• , 1rt., 0.10 gtftc: were obtained by reory
stallt zat1.Jn from aloohol; 

TO~al weight of aolds used: (2.94 + 0 .... 6) • ;.40 p. 

.. .. solId acid .c~~re4(Q21+ 0.10) • 0.)1 gm.) 

• 9.1~ (.PP"%.) 
ot Eater ha.(:t10·t\ 3~ 

'ractlon , '* 21.,~. 6'11 of total est·era m1xt'tlre (see P. 40); 

Heno', this $01t08,014 .. 2.2ls.'1- (3.p-prox.) ot the original 
mlxture~, 

The stlba't!l,no-e. after one recrv~t~111z~tion fro~~ a100ho-1. 

and. d1"11n~ a.t boo In va,ouo.waa ··pure wbite, of waxy OOftSi8tl"rnCYJ 



and without cJ'ystal11ne tOM; BL1> •• 70-801'> 

A second. rc.cryetalllzatlon yielded ~ product of M .. fl. 

71"'120 , .1 well as two fraotlonl trO:'1l the mother liQuor_, t!!.p, 

69-720 and. 6a~5-69.50 l'e8peotlvely. 

The8e purified fractions w,trre o~;~tai:i2::d in suoh extremely 

emall ql1antl ties t}lCr.t further examln8t1on was not p .. ,sslble. 

'bolling 81sturea) jUlt 4 •• orlbe4 (see Tables to,11,& 12.) 

• .,'rt.in emaller lntermedtr;ttt fraot1on~ w'~'r. ()r'talned, ha111.njt' 

the tol1o.1n~ propertlee:-

Fraction . 

.. 1;0-1)5 

.. l,t}.l50° 
~l~. . ') 

very viecou. 
ye 110. 11 qutd -

234 Ottly oily d1tr~1d. 

1'7·· . -
1!~1.5 011y dl'bromldeand 

' ... ce. of bex.
bro.l.aGe • 

2.07.6 All tllr·ee bromide. 

.,.,u.,,,, : ".',.' t ,u .. , ......... ' · ....... 61:".4 •• (j1J'''I., •• tF?t" a!lt"1 .*N!'i .11'. t.: ..... ___ .,..36.-14 JAiII,j..,..,";."",· l I .~~ .... 1fI'_ ...... ~'n·"'~,,..,. ......... t' ... J ..... i_ .. .,'" I'·.~ ? ............ ..,.. .... A' 

, ""'. 



The v'al'Jee t01' the oone:fan.te 1nd1o~te that these trac-

ttone are mixture':: o·f' the ~~ln· fr'lr.'t.tonl: th0 tlbeenoe of other 

unsaturated ~c1ds t:')8,n oletc, ~tno11o and l1nolenl0 1e to be 

tDter~.d f1'Om the f·~ot th~t onl1"l the bromlde~ of these three 

.ere obtained .. 

(0) 

t_. m~xtureot ,i~,lycBr1d.e$ ea,,~ es·ters (obta111ed a9 ae

.o:rt:bed on P-22). l~art 1). was $aponl11cd in o·r4er to reoover th43 

tatl' aold,* the llothel' liquor (a) being retained. for the gly

.. rol, anal.,.l.~ 
Slnee no re81uaelda had' beat\ 1'ott.nd 1n' preVloum \e'Xamlna

Uon. 01 thh portitni frOl'!! otbe:t tot.. (see "P*34 • ,Part !Ill. 

tlle \11U81 t@paratton 1nto (1) resin ~ei,d. and (2) f~t'y etllyl 

•• ten (8.~ 1'.1) ,P~l"t r) WIU~ omitted t in thiS! oue, 

·.tem'ftAtl '!r.~ Olvoerolt Glycerol W~~ determined it. the, 
. b & akhl:t. ... .1:.:e,w ilI'ir-' ~~ ....... ~ ... :.I-""'lltf'H~ .. ~ 

a .. aoul ' . .i,..<;Jl18S fro. the above sAPon1'ica,t1onfa) by the method 

.... ortbed .already (see P'f2~. P~,rt 11) 

Wt
t 

of glyoerol ., 2 •. 20 pe. J frOll ;6.90 pe, original 
errJ.d8 reiln,,; .. o~"~ y1,14. 

The .,,14Q ~eooye".d f~om the abo·ye sapo1l1tloatlon (a) . 
formed a dark brow. ,emi-liquid maes; wt. • 2lt .. 50 pe,:; 

A 

Ana,lx'tl.._,~_:tt!!~_Y2~~~l.~r!!-!g.~~;! ,("''''''''---'- Y\ "tt) +_...... . ... -. . • . I~W" tiM,uu1lill r" c;, 4i 

)70 00. aqueoue 418'11la\8 otitaln.d. in tbe distillation, 



neuthllaed by 21.90 00. ot 0.1004 N.!'la.O;!. When examined qua:l~ 

tathe1y tor lower fatty ao1da(method of DYe%', J).~f Pnl't IlI). 

a eca.tlye teata were obtained for all except butyric acid, 

whloh "8$ lndle~~ted by the tollo1Vlni~ rcsu.1 t: 2 oc. of the 1. S'1, 

solutton of 't)Ot~,~al11~ _8.1 te of the Yol"l tile ~olr8 "al treated 

,,1 th 1 00. of dry et1<;er 8.nd t"t.) drops of the ferric chl·,:r1de 

re~ent; after vtfZor~'tuJ !V!~i tati.on, th~et'he:r layer waft found 

to be ele'sr nndcol0'lrl~9s. while f!;n e~?\tll~ton h~'.·~ fo!"fted. 1n 

the aqueous layer whloh .~" coloured brown • Insoluble ad t 

.. a.8 d..poet ted at the ,jut!crtlon 01. the two layers .. 

(te~rl0 butyrate); Indl0a'e$ the pzeaenee of butyrio aoid. the 

otb.el' volatile actds b~J-vlng been shown to be absent 

21..90 00. of 0.1004 I.HaOH -= O.Ogg gm .. laOH 

88/40 O;~088 #I 0.19.36 ff Butyrio aold 

On 24.50 pe. t~t.1Qo.14. • 0.19;' Itll,rl0 acld,. 

~l!e .. 1 .. .t,?!._!q~~~!o!.~.!!~Ql~ 

The aolds re~~''1-alnlne after the abon aqueous 41stillatl,oll 

.. :re r:emn-eJ'ed by ether 'extraction. fj,nd dried to constant 

nlgbt. in vacuo, at 65 •• 

'b ••• aetds 'Wt:?:re thenee-patated bv ,tb,e lead 8&lt .. aloohol 

Method ( .••• p.27 t Part Itt) into fa) solid. and Cb)' liquid' 'Iat', 

a0141: .. 



01'111811 .,_ of •• 148 U •• '. 2).55 .... 

(a) 8011,4 &01.48 obtained -12.02 • • 5l.~ 

(b) liquid" • -11.45'. lNI. ~ 

LO ••• a '(by difference) = o.,~ 
If" 

The -8011<1 acid. contained considerable ox'141 •• 4 .at.~ta1 

10 we" aeparate1 'b" 'tbe method descrlbed on P. ,28 Part Itt. In •• 

10114 (pure) actu" ",.90 PI.' (- 40."~ 01 mixture) 

0Z141ae. ff 7.,12" (. 59.~ ft " ) 

.1011411 a<J,ld't.~ t~ O~lgln;a1.2;,,·5' ~ •• ' 
o .. d. .0148· .. ,,'1.,.'~ 

tlQS141 •• 4 tJ •• icla 41tto • 51.'~ 

~ .. ,~ -20.'_ 
59 .. ~. )0,.'. 

fM' -.114" acid f~.,o'1ou ft. ,oontdlnatedby8ome of 

tbe llqa14 aold., ho1r.~~tv.,~ (ThGI.~ara'lon· by' the le.d ... 1'. 

'a Be"., ooanlete.) The mll1m.M " •• ·,be1!'efDre·41eaol •• 4 t. 

at.hol, .ad ••• 11 t1014 .t ,elle" 8011<1 ob·talfttul.fhl, wal 

al10 .. 4 t. 'H1n on 1)O"U8 tl1., 8Tjdlt'rec.,.tal11 •• 4 e.ftral 

., ... t.om alcohol. The fl.al'Plroduct .. - ~I'. wblt., of~" 

_'.Y) .... ~.ten.y., ,and ... 'it •••• 1l-7tel "". "'all ~nt .r l' 
.e" ."'~J' •• 4 W.8 e ••• J.fte4'.'b.r. w, tnt'be p,.ft., {a. P.11.-'120} 

.. "t;, ... · 81l P. '4-6 Pa3rt It,t. ..1 '" ft1:~b t , ..... 4 to be ld. •• ~loa1. 



(~) 

I!III ....... ., ..... i">- .... IiN .............. "' ....... l ... ',i~~ ,¥...,....~ ..... V-~. tI.1t ..... ,~ ....... ,-..,. ," ~ .,.~~.~.> ....... _........,.~. " ........ _ .. __ ..... -.. .... I$¥~_ ............. .......,... .... .........-•• t .,................ • ... ~ 

119.4 

("eele-Waahburn 
•• thod. .ea pJO ) 

o.696f! gr. eq'li". to 66. 73 00. 'fh1os ~ 
(O.Ol~lf ~~, Y"r1lne 1)Et}'J 00,) 

O.4651~ gm. equl'l .. to 1!h*~5 cc. Thios. 

tod!.neflos., ~ 11g~9; 119.9. ~eAft 119.4 

Mean :111 

1.1~ 
1,.O'~ 

~, ...... ., ... lit •••• 

1.07J 

'rOta the mo.ther liquor., obtained 
(method. »)0 ) a tetrnbroa14e fractl,ol\. 
1I.P. 101-11;-, anti considerable 0111 
dl'b:romt4 •• 

69 .• 00·~r Oleic Aoid - in the ftltquid- .,ldl; 
29. 93:~ Llnolte Acid 
1.071t Linolenio Ae1d 

tbt~ .traotlon repreaen'e (approXimately) 
~.1~~t tbe total maid.) 24 .. 50 gralft8, 
(, •• TA7 ), 80 that the o:r1,~1t\al' ac14 • 
• tStU1'8 oontnlnl: , 

latrrJ'l'Oa:.) 33.61, Oleic acid, 
• 14.6·~· Ltnoli.o acid. 
ff o.5~ t.lnolenle aot4, 

t08. et. bet· w1 th tbe -.01a'l1.1.- ~4 -'0\14-
•• 148 ,o~'ton. 



~." 
Dt.tl11.'101l of 1'_1 E..tare' oftfhe.· Pat'ty Acid. ·r_. -se ... -3a« Pia. 

~.~ . 

I 

.0. of 
tnCtloa 

1 

2 

, 

It 

Pressure 

Ttt IT 

. '.i·~,of 
B.P. prortuct 

gram_ 

O ·oo~· o· 01 ~~~~~. -, 'f"~.' -- ':J~;J~ .... 2.00 
mm 

• 1~150· 16.70 

'ff 150-17CP 9.95 

'lanJ ft1aldue 8~50 

1.,)0 To1.:, deCOlt}?_, 10 .. 
(by 4tfterence) us, 8M ... 

n" 
;! 

Tteld 
S 

5~ .• 

"" .. 5 

25.8 

22.1 

3~4 

}8 .-'5 '4 100 iIf O~ 

VI 

'Descr1'Qtlon 

lear1,. colourless l1q •• 
ple·a.an t .40.u~ 

~al. 7&110., Yi.COWl'; fatt" 
o40ur 

Pale ,ellO')f,.partly so11d, 
taUl. __ ·· . 

DeeomD. at 220'· 

TIt 

1!e41et.l11ri 

Once 

.. 

• 

,11 )1.W'!;a 4, ..... ~ ••• .lIIY .:1]0.'. ldfl".· .... Jsltgi'" ••• ...-...... _'IP'IWI'ilJ~""ItM __ ~ ••• F' .. ·.An_.; '.UflPllil"'j~'''''i''''''''~_'':''''''''' J ..... "'~ .... y ............. " •• '·I[ 1:1 

,I. order to a.void. 10..... and the' e·tteote of '11eat Oll the pl'6duc·'., the &boy. 
f%act.10ASwere not dlstl~led furt::er·. ttf 

I .. 
\1f 
N 
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Detail. 

0,.92428. eQulT. '0 1 ... 65 cc. HOl 
(O.5lAI) 

0.-'S11 .. tI 1~55 .. *' -

Sa,ponl:t. !c ..... 51.9. 50.4. lleall 51.2 

fte &old reeo-vered (taeth". p.24) 
waa tnv~gtl~~tedwtth the B&me pro
duct f:ro~m previous lot of tat. 
(s,ee 1'.1l8 41 Part tIt)., 
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Details 
,,..., .lIJllp ':"" ~Ii."'· ,a .~."",_""""",,,, tf~ __ AI It H.'" ••• at; .,,.. .. r...-__ -....-.~ ... ·""""t '!I .... t ••• _, ... t ..... ,..·~.~ • ......-..l<A_ ...... ..,.... .. _~.~~.," ..... ...,.. ,_ ...... ~ ____ ~- ..... .-.~ 

1'041_ b mber 
)MI ",.,;, 1.,.lil,hl1l'" "'1t.~IoIil:""" 

127.8 . 

1~7 0 ... ' . 

p.~,~m~~J\~li qtl~-2.L.!~J d.,! 

( 9"8,11.-Wash burn 
me'thod., see 1>.30) 

.00': ·.(ggl~6"·· ~.equlv. to ,:9.84 00. Thlos. 
" • " ·1 ~1 A~ • ..1 ~.,., 

Iodine Nos •. =: 127.5. leg.l. ~Jean. 127·.8 

(Thtol.~ .O.Ol24lf.p. Iodine t per co.) 

wt.ot . 
",of bexebro
acids mide 

•.• p..177--1~ 

. '%r llnqlenlc 
~. he... acid t 0·al0·· 
bromide· from wt. of 

he.b ... lu 
..... -.. ',. ... 1'9 -".Ie Od '1 t ........ lI, _ ................ _ ...... _. _'e, _1pCiI'''_'r4ilili''~_'!I''_A'''''''''~)'''''''' ·' ..... 1 ... , ..... ,.... !fIttf.~"_ ,' •. '.IJ;l.l •• ~' .. r~ 

~:~ g:j~ 
...... hINtl,' i .. " 

1I.'an Ut o.,6~ 

AI,. obt~tl\ea .~ tet~abyom14. fr~ctton. 
meltln,g bet'wean 10&'11, ••• ,,4 consla.. 
e~.bl. otly dlbr&!11de. 



-,5-
TABLI 16 (continued) 

!!_!!l,!j.~E-tLt~)rJ;r!g:t~q!...i (cont.) 
Detail. 

~"".tt""'i'N.IW 'It. '~11 If ."SI-!.4 ... '.!. ••• , i .... 1& , • .".It "'I .•• '~l.Ni~' .. ,,'..,. , ......... _c, r ............ , .... " -.r wt. ,....,." ......... .,. "'· .. IW ........... q J d I, , ••• •• ff • 

,.r ~~~'t, ~:U n~11 ~t::i:te 
,; O.,,~ .. tinolenate 

C.,,;Jmetl\sUl 
011 P.)I, Pat-t tt!) Thie frrlotlon rtl)reaent. about 

J+;.5~ 01 the t.otal ethyl ester. 
(lee -p.;,t2. T~blelJf. ); hence: 

( aJ)p~o:r .. ) 19. 6~ ·~thyl Olea te t 
.. 23.7~" ttnola'te, 
.. O.16~ ft Llnolenll.'., 

pl' •• ent 1n the total weight of 
eaters. 
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TABU17 

lO} •. 2 

·])et811s 

at 0.001-0.01 mm. 

1.lJa1 g .~.qut. . ",0 4..72 00. ROl fO.51SJ.tt. 
1.Ms! g. .. .. ~-.)4 It .. .... . 

'eaJ)Onl.t.~ WO •• 103d O, 103.5. !~eaft,. 
103.2 

the &0'10.1 reQovered (method, ~4 ) aoneleted ot a· 

very v.1s00u8 11118a, wblch wu crystallized t~ alcohol. The 

80114 material 80 obta1ned Was allowed to dralncn porou·. tile, 

ln the, refrigerator. and. Jteoryetalllae,d r.epeat'edl" from ,\ " 

aleo,hol. A whl te,. waxy p~·o4·uct was tlnally obtalnfCd, ·m"pf 
'. I 

,1 

71-12.0 , tn very .mall _ouat" Tibla .at ;adde4to the preV1QU8 

-quan\l·,yot the aaY'jf$ 1I&'teJ:1al (aee ~~ t l~art 111), at14 

•• in,cd w1th 1 t, 1n one 10'. 
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a!,~"'rox~~ of ' 
"" 

Wood. Exam'd. traotions. of cs·te.r at eater 
each aoid. ~ «r~lctlon8 frao"lorut 

1 I 1t III I 11 III I 11 

Green G1, cer- ~5 ~, 1 • 1 ~~, Si! 6 ~ C" 130.) U15.6 . ;i"/JO' ;':'; 1 C G.) 
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aoid. ic. 

Tra08s,11n-
olenl0, 
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e4 Idee " 1 it t:.. -·11 no 1 " ....... ,. "'.;' -

esters 10, 
Otr5~lt7101-

enle, 

.. Free 19.~lelc 5.2 h ~l. 5 25 ~ 127.g ~~l 2 ~57.0 -
f";e . :ti ,.-....~ .,' . 

fatty 23.r;..~11nol ... 
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Ae$1ns alld fe:ttty 01180£ all kinds. whetbe.r of animal or 

"egeia'ble origin. ~ be f)aid, in general. to ;Jonalut oblefll 

d 8014a. ei1tera and gl,oer1de.. In addltion, bowever, there are 

luvar1ebl¥ present some hydrooaroona. alo,ob.ols end ox 1 f1a 1;: 1 on pro

&u",_ ~b.r.of •• 8 well fl8 degradation produo's of the E\)lde, ea-

. ~~r. f1D4;~'1~oerld.8. and poaslbl, pollmer1 •• a. 8ubetuo8a from 

tbe above, all these aano. oOllsldered under the tiroaCl b..adlns 

of -•• eentle,lo11e and ansaponlflable matter"'. 

Tile" ff.if'q heve & tremendoos'~lmport.aoe 11l wl<tell different 

fields. fae essential 011s of tbe geaue P1naa form the b'a81s of 

'the 'laarperl'tlne lndustrJ ell over the \~()r14; plnene •. the Jilt.·f 

~onelliu.a't 18 ibe It.Jston. of one of the ,rtua'tes"t oranah •• of 

or •• nlo uc.mi.tr7 .... tbe a'tldy 01 thl terpene.. Aga1n. oons1der.1q 

tor the Iloment an entlrel, ~ilff.rent i'leld t lt '~8 fOQn4 tba't certain 

otaar 0118. part1oalarl, mar1ne en1mel oils • .:.lont61n larp 

q8"11'188 o,t ansaponl!ie.ble matter wb10b ha. yer., laporie.nt ln4a .. 

trial applloailone. ea .el.l as medioa·l a.... ,;be stUdN of fla" 

0118, lnQlucl.illl 1;b.e 11.1fer 011. of tbe tlaamo'brenc/fb. ee reps-ia 

\bel:r: un.8eponlflable Q.Otlstltuenia. bae led to a vaa' aooamal.t,1·0D 

of lJ).yal uable 1tno'~:jl.tlg. 1,n tbe f1elda of oraanio en4. \)101081«1&1 

o helD1a tr,. fbe d1800.8r, of the very hlgb tqdr008.rbOJl 1tequalene"l 

an4 'b." laoletloD; of the st~rol aloobol Iterlo.'.rolJ'f It •• ring tbe 

antl-ra<Jb.1 'le vi t •• la. are og·tltan.41ng fJucample·e ln th... field •• 
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~t 1s evident from the above that the o'Jnstl tillehts under 

this head1~~ deaene more oonsideration than night be imagined 

troll thelnmi. t;nlfloant propol!tlons in whioh they are present 111 

some resina. The ol,:~ore~'Jll1tJt of oOUl~se, usually oontain a high 

p(~roentage of volatile 011s. and a rather low proportion ot 

rtanaa,onlf1Rble" produotu. Hosin is free from volatile 011s, but 

contains ullsftponltla.ble matter. Hea1ns &xtre.o~ed. from the ~.l{oody 

tissue oontain Maa.pon.ttiable eonstl tuents generally ~ lst1not 

trom thos. extraotetl from rosin and usually refcrred to as "waxes". 

without 1*egar4 to their ohemloa-1 constitution, whioh is unr..nOfl~. 

The percentag. of f'unfJ8.,onlf1Bble ft in SUM woo4-res111s 1s usually 

yuy 811&11;3 there are .isolated oases. hewevel', F!here 1t ha. been 

found to be quite large. 4,5 for unknown reasons. 

The 8J'llOuntO of volatile oils pregent in resinn of the inner 

wood. are very small, and this is to be expeote4. The large amounts 

of' tU 1:"pontlne 011s are obtained from the oleoreslno.us exudation 

on the outB1de or oerta1n troes. The visoous resins of the 

ba.lsnms t high ln volat1le matter, are also external secret1ons. 

Th. essentlal 011a existing in the wod47 stems with the resins, 

have not been thoroughly invest.igate4. on acoount of the extremel)1 

small amounts available with whioh to work. Sohorger 6 states 

. that ·t,here are approx1matelJ 92 t:1:pecles of oonlftn:·s in IiOlirth 

Amerloa, the oils and resino of whloh fora e. field of investigation 

whioh haa been soaroely touched. The 011s obtainable from the 

needles, oleoresin. wood and bark, respective17. umally titfer 

materiall" 80 that there are at leaiSt 366 011s posa1ble. trom the 

atove, apart trom any resin .. ' fat;. waxes, unsapon1f.!able, eta. 

50horger 7 blu, published an excellent contribution tc the ohem1stl-, 
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of Amerioan cOlllfero, in hhlob he i urnitlbea r~uoh V'e.lusbie de. ts 

on oleoresiue and volatile oils of severel import8l1t tl.t;Jcoiee, 

together ~/itb. s,nelyses of the \.oods. Verlol1G othor oleoreuins 

have been investigated. bQt there ls vor'3 little dote 011 the 

oils in 'the ~,'OOU • 

. .i?lnene ls the ohief aonstituent of the volatile 011s 

of the genua .Plnlls,fnd is vor, \\·ldel1 distributed. .finene 

'~a2 the first tel"pen.G investigated, and an extensive literature 

has been bullt up 1n its stadl! levertbeleas, it 08nuot be 

said that the meohanism lnvolved in its various transformations 

has 'been d.e:tll'll tely eetsb11eiled and ma.ny of i is reactions a.co 

not let understood? 

The vfll."ious isomerio forms in 't:"ibioh pinene can ex.ist as 

suoh, 8S \llell t1S 1ts transformations to different isomerio substLllces 

under 001'tn1n conditions, give some indioe.tlon of the oomf!lexlty 

of thls terpene. end tbe dl:Cf1cul\1 involved .in the luvestig(;;tl0.u 

of 011s oontelnil1g it In its varions forma • 

.E!o:isenoe of turpentlne ~~eller611y iJonaiats oh1ef1, of "-pine.ne. 

but (i-pinene tnop1neJ'l8) end oa.mphene are often :found 8.S ~·;ell. in 

smeU amo t1l1ts. 01iner terpenes8 have been ast:u;tyd to be .,iJreeellt 

in oorLein 011s of this alass. and.. 8esqalterpenea' have also 

been de teoted :in !~ ts'., "ins tcnoe8...'llile terpenl,ohJ'drooe.rbons. 

ablo!11 plne.nos, mel' be sai.d to be 1nvarlebll present in etJscIltle,l 

ol,l. of the (Jonl:fere8. it is ~iorthl ox' p&l-ticular no~e (jtla't. 1n 

leole-ted asses. certain allphatio bl'droaaruoJl8 are v.Iso present; 

for example. JOAorger10 repor·t. that the volatile 011s of 

.PinQ. Seblnlana and 1~lna8 Jetfre.,1 oOllslet »r1uo1-palll ot 
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n-he,ptane, wb'lle Sllllo11aen end .datl11 ueteoted n-ulldeoane mixed 

\\~ltb pinene and other terpenes. in the olcorol;)ln of .Plaea 

Exoelea. Sinoe these two hydrocarbons are Gommon eonat1Laents 
l~ 

of Ameri~.u~n petroleum. S1mouaen has been able to mBke some 

var., plausible speoulations oonvernlng the veg. ~.vble origin 

of petrolfulDl. 
1 A''' 

IJ means of speoilll i~ti8tl11r:t1on apparatu8, DU,~~ont c; has 

8uooeeded in effeoting a eeparet10n of «-pinene from the 

inactive (i-form (noplnene). The ~prodQot.1on of olmeIlG en.d 

oolopbene by 'be aotion of phosphorus pen'taoblor1de on pinene. 

has 'been reported bl L. :Bert~4 The tranefor,matlone ~~'htob. :pinene 

., ttndergo bl trefltment wi th mlnerel fiolds bave also been 

discussed!!) 

In ad-d.1 tlon ,to 1 ts industrial importanoe aid 8 uonsc1tuetlt 

of oommeroial tl1rpentlne. p1nene ls the source of f'S1llthe'tio 

h " 08JApo:r • 

polymerized 'into en artifioial rnbber, 8.1thollgh this hea !lo·t been 

oommero18.11y fe8~;lbl. )tet. 

(X-pinene le .probabl, the most abund.allt ot tile tii~O forma, 

but the presenoe of (J-plnene aB maJor oonstituent in several 

.Amerloanoonlfer 011s, W88 noted b1 ':.oborgert6 

The aornposlt1on of "wood turpent1rr~". ebta1n.d b7 dis

tillation of pine stumps, 1e not exaotll the same ae that of the 

eseen08 of "gum tarpent1ne t
' l~rev1ouel, referred to; 1t OOllt.oln8 

17a 
more terpen88 also OS7'erpenee, End 1 to proper"1es ere 8ome--

what 41ft.rent.? It ma., be remarked. e.leo, th.at "spraoe turpen--



iine'n. a by-product tt the 8t11pb,1 te pulp 1ndustrJ, oonsists 

largel, et St-olmene. 

fhe nn&G41e.oils tl of conifers d1ffer $s8811'&lalll in 

oompo81"lon:f~'om tbe "1~. I)resent in tbe wood, be,l'k er oleoreb.in 

of tbe same tree. Tbese, lieedle 0118 contain various terpenes. 

Be;2qal terpenes fi,nd es'tera suob E,& borntl 8,::;0 to te. ~-:I~lch glveline 

(Jba~aot.rl.tl.~od()ur.l a Pine needles heve b,een foundt;o oor. ~.a1n 

waxe.t9 also. '~'.h11e tha exist.no'e G,f SUCh bodle'8 iu the wood

re131ne baa never been shown. although often assumed. Comparisons 

of 011s from ditteren'u pe.ris of the same 're., b.eVG brought ou' 

lD.t,ereatll1::~ result.e;O Hawl.~l :tound. th.at tQrpentlueoil from 

th. 88!>-';~ood of freshl, out pi_ (lol1g1eaf) bad. elJaoet ident10al 

propert1e. "\:1 th those from the oleoresin exuda,'tion. 

Ord1nar7 tllrpent'lne 011 1£1 8. mixture of prodllot;s from d1ffol"en' 

rotation depends upon lis souroe. The oommeroial oil from tbe 

longleaf pine is dextro-.rotatoJ7.wbile that fr •• t·ne slaab. 1,,1ne .1s 

l.vo--.f'ote~ot»'. The Frenoh "(<Jssenee l
' (fr.- 1'. Maritime.) 18 

lnve.riab17 18 ... 0-1'0 tat9r7~a 

The role pla1ed bl'ile terpenea and ·tbe r-elflted resin 6·010.& 

in the llfe prooess of the ,lant he,. not yet been olear1, 
~3 explained; Cs.pelt believes that tb.se saostf',noes are a1mpll 

poisonous e,nd-produots of normal methool!8. 1n the plant. and 

are exore ted e,s such. The 111 origin 8.11d mode of iOl-ma·tloB 61"'. 

being oe.refl:lll atgdle4~4 and the relations,b!» or tbe 'terpenea 

to tu a01d10 sLlbstalloea 11 bel,1l8 traced qua,ntltat1velyf6 The 



essenLlel 011s of the nUl001"QUS .\U86i011 ooniferu 6lae being 

.,ater1l8.tloalll 1nvostigated now t wl th reg6rd to ox·1g1n 

and ohemioal propertle.~6 

Very in<terestlng experiments have been oarried OU' 

reoent17 'b7 E. Gerr1;' on longleef and elash pines. Pairs 

ot trees were eeleoted. 8.d3aoent to eaoh uthe-r. whiah 

were identioal in external appearanoes. size. 8;';;-8, etoe These 

',i.ere tapped fo-r turpentine oleoresin. 8S U8Qal. end reoordk) kept 

of the ,ields over a period of tn8117 ,ears. It ·)t~a. remarkable 

tba' 'farintionB ot" over 10(1% in ,1e14 from tw~o tt_toh.A lf trees 

'~Jf~re reoorded 1u come 08.888. Tbe relationsblp a& regards y1eld 

aeemed to st·.,. oona\ant. .Some tl'"eef& tended ·~o Sr'.)'~ij muoh iJJood 

at'ter, ,.~o\lnd1ng. vIRlle others prodQoed oleoresin at the expense 

It ls thus evident that the field Qf re~1nOU8 substanoes 

for 8117 speoies ls not rl.eoeas~:r11y oonstlw:i. fUld mal varl gree.tll 

from tree to tree. 

ita. method seneralll used in obta1ning tile Gssentlal 011s 

for aolant1f'io lnve~t18at1on involves IJte~18't111atlon of the 
.' 

wooA or needles; ",er, often. slaperbee.te4 8~oaUl ba. to 'beemplole4, 

and addition of alkall. In the lr,l'veet1:atior.oX the ~'.¥~~2gd-l"esill!S:', 

aOt1iever, a8 a8ed in the present reesarub. 'beessentiel oil 18 

removed witb tbe resin and te.t 01 extraot1on with. a suitable 

solvent, and later reoovered fJ:orn the mixture bl sieam.dlstl11at1on. 

In eittler oa88, a oertain amoullt ot oxidation· and polllDerl.atlon 

llu8i be .~p.o'e4 ... 1110. the •• ter»ene. are 60 .eneiti". to be.' 
and air. In the oast of the 011 in ·w~·ood-relln.. there ls also 



·tile poselbl11tl Of a acrtsin de~~reo 01. trau.Bforma~ion due to 

aheL110al ree;,;ellts vlhiuh must be employod in the lengthy prooesti 

of €1eparatln.g the orude realn (~~.ixture into t.}onsti t uent group •• 

These ere only some of the faotors '~~'hluh reqll.iJ:e oOllt)iderQti~n in 

arq plaB 1"or 80 1
';' rt~·t1ng thocs produots.~l th the obJeot of 

fUrther In.e8tlgf~tion. 

A tho:cou,:~~h investigation of the aomposition snd properties 

of the wolat 1lo 01113 aontelned in sucb 'i?ood-rt?, si':'t:;; t Is nDt 

possible to any extent ap}):roaoL~ln;r thEft Qttt).ined ir.;. t~be f)Jtamlnatlon 

ot the olls i"TOm oleoresin., largc~ly because ot the t.~:tter of 

tbe eapvly of the oils in 6il:rr101ent quantitl ~or illv·esti:-.~[itioll. 

l\he 7ield of tbis internal eeere't1on, eVGn from hl!;hly resiuo us 

pinea, la e.lw81s very Bmall, and snob oon81d.l~6tionB as Ofl .. ::.;acit7 

Of appart;tus for treating enormous quantities ,)f the ,,\ood, under 
,.. 

~)ropor condl tlons. and the &monnt of time involved. 1n~sG·ttillg QU' 

the small qu£ntlties of meterial offer serious difficultles .. 

Jleb.r~a reported that pine s.ncl sprue,e chips, distilled li.! ill 

steam t:~t atmospherio pressure. ,:?;8ve only 'traoes 01' turpentlne 

011. r thersnd cloob.ol extracts o=rthe~e ~oods nsuall1 ge.vG 

negative results V'tnen tested quell te.'tlvelr for tgrpentl.l1e. But 

1f the ohlp. were cooked 1 .. 11 th li,11~~a11 t in an &atful.l1aTe t some 

8aaentlal o11oould be reooverei from the relief gases. 3tore4 

pine C)hl~p8 yielded only O. 3;:~. 00.1\3u1c ted on the boue-drl v"eigbt 

of '.vood, w bIle spruce l:i.elded no.ne. Jrom verl freeh :i~ood.O. 811' 

01: 'turpent1ne o11wlla thus obtained, in the OGse of pine; from 

spruce. 01111 O.ll)~. 1 t ie evident that some of the 011 1$ 10.' 

b7 evaporetlon;.~Ib.en 'the wood ia stored in tbe fO'l~m of "hips; th.is 
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ls plloobably true to a mu~b lessor extent hhou Lhe viood ia 

left in log torm. These t-erpe'nlc S;.l~fJt€n,oos blive been thou.gbt 

to pl&, some pvrt ln the Iorril(;t1011 of trou.ble~ome pi. tuh-lli ... e 

depoal ts 011 thG 'wlrG6 of paper fIl&oblnoa~9 butiihis ObS not been 

prov.n. 
";ro 

.Bergst:rODl~ removed_ the total roeiL.oua me· t tel" from pine t}nd 

sproce trunk-woods. 1>1 eltt·raotion ~~ith ethor and aloohol (nd 

obtained V8111Ga in agreer.nant with tbe above as follo~iis t 
-

~iood :fo based 
r1' of turp_ ol~ on 7~ 

used B.D.wt. ~< 

~\oo4. in total ex·tr[~Qt : 0.1: 

.t.1celn Turp • 

" fe.t 011 

Pine 6.0 0.t5 6.5 
Sprooe . " t'- 0.05 ~.l t~.D 

, r 
3001 

~.I'" o' 
f re pox-ted a similar set of J. i.~;ures. 

In examinat10ns ot 011 from pine and from spruoe woods. AsohanZ2 

end Bergstrom3a reported the presenae of plnene. dipentfu18. and 

811veetrene. 

~:UnS~RPDlta1a:bl,l )~YUter. n 

t~ha' has been st11d \Jonoern1ng th0 smell emoun~s of 

vole. tile 011 available 11 ond oonsequent dlft'lo~l ties connected \;.1 tb 

their lnvcstige : .. ion. perhaps epp110e even mOl·. so ats regards '&",0 

non-vol(~tl1e, Ullsaponlf.lable metter 0:1 'the \-~ood·re~in.. Ho 

attempt bas been made heretofore to estt\blleb wbe.tt1l1e ma torts1-

aotaal17 .Jons1sta ot. 81thOllt~h Tsoh1robNt mentioned itB inert 

properties, Bnd Ie..ve ultlmrrte a,na17tloel data" Ttl('h1r~1l \:.'£\3 

id II 1~h('o'\.' n ')'.llIlsAn&"'. ~.(3 he r!a!JIt:uea. 1 t. (10 ns 8 rl g" ~ '" IQ ~ CO'. ~ 

Das a very 'broad e.:ppllastlon. It ma7 lrJ.olGde hydrooarbons, l'GSene. 



oxid.ized· and pol,merlzed produots, d1ffi~~ultll ~epon1f1((ble 

esters or ";'i'l.Xes. and free aloohols. The u .ref.:one ff refers 

partloalarly to a ccrtnln mt:"te~lal Bl'\',rY8 .cO.1H(\. in. .re~ln8. and 

oh.reoterlzed b7. ita inertness tG~~~(lrdB rett~:r·ntlJ. ~i}BohlrQ.h34 
' .. ~' 

reported t~t t t does !lo·t sho·:. the USUt.l r6f30tioHG t'or tJsrboxl'lio t 

aldEt'p.~~18. t",,~!·tonic or h,ldroxl1io groupe; neither ':.cc i~ an 

anA OXJgeu, in vor.1a.blc pro·portions. le conside.cod it to 

be made UJ: of oxyterpenea or OX1.PoJ.lt$1·"f~enes. but had no deflnite 

proof of this. lie ttoes not ap;.:,ce~r to hiJve ~rled to rebove 8111 

ste!-."ols U0UZins 8uoh are pre$ent. 

The "reaeno ft 1& obte,ined b, removing eV'er1thln, als. 

from the QI1S8pOnlflfr.ble. 01 chemioal or pblsi.al met1IlS. Tbe f'resene" 
.' 

mel be e, viscous 011. or s "waq l!l8s.a. It ien.var orislIe.lllI1e. It 

1e soluble in most ollls-enl0 solvents. It is usuf.~lly o'nl~ e. minor 
35 

(Jonstltu6ut 0:[ r~"e1na"j exoept in oertt,:in oases l"'e.tio,i''ucd, as IDttoh 

'le ;..;(;-~5;~ of the rosin e.ppeers to be made up of this .we.terlal, 1'or 

oontaln it in vcr~ small amonnt8. it 11 extremell diffiault to 

free it from essential olls oompletel,. It is oi~en preciplteted 

from tile ether:eA,l.:.olution of orude re;Jil~J(;' in ex't;.rac ting ~'; ith 

aqueolls f~lkaline oolutlona. It oe,n be purified bl ad,llng ailute 

lCOIl to its ethe:tealsolutlon. or b3 Qd~iing alcohol. 'flleeenes" t 

.pb.1tosterols, a.lld a'biet1c 801d f:l1 ~l:lve ver:! siml1t~.c (lo·lour re!:Q cion •• 

. ~eih1~b ma, lnd.loflte womo relet loneb.lp. 

The per Jen:tag. ot ~fre8ene" in var10ua rea:ains has been determine' 
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34 

b7 raohirch ,and by Her1)7 t:i.nd D1ckson35 • The l1l.tter reported 

from '.1 to 7.4" in oert"'~11nplne8 of ~ Americ9..· They later 

oommencea Lion investiS'ltion of the chem1c~tl nature of the resene of 

Plnu8 heterophylla (el.eh pine). but this work was abandoned36 • 

There 1s no information in the 11"terature on the aotuf'\l oomposition 

of suoh ttre8enee n • The uDaaponifiable D1t~tter in oxidized tur

peDt~1ne 01ls h:lab.en 1nvestigated reoently bYT5ch1rOh37 
t who 

claims to ha.ve isolated some aldehydio sub.t~J.nce8. 

other possible oonst1tuents of' the unaaponiiiable portion of 

resiDe • "t,retne hif.>her aloohols. Taob,1I'cl134 reported Ill';lny oases 

where positive oolour reaot.ions for sterols could be obt~inec1. 

He all10 mentioIlsthe presence of resin <lloohola in certn.in oleo· 

reslDs38 , and the •• have been identifiad also by other invest! ... 

8ators39• The,. generally resemble the phytos'terols, H.nd mq be 

010 •• 17 related to thorn. 

Phytosterol. have been found in the l1quldreein by-product 

obtained in oooking su.lphate pulp (see part Ill, pp.6-10). 

Wax •• or cliff1oultly-sapon1fiable esters have not 

been shown to exist generally in the woo(l-reslns ot oonifer •• 

Tsch1rOb40 reported. thA.t amber was the only such resin oontain

ing ihase esters. His work did not inolude f~tt, oonstituentl, 

nor take into aocount F.AZJY est~rs of sterol. with fatty aoid •• 

The needle-oils of pines differ essentially' from the wo04-

re.1ns ,:A.nd. Kaut'"marm and }'rledebaob,41 o11t.1m to h~lve isolated 

some higher waxes from th ••• 0118, ~~,nd id.entltied the oonet1 tuenta 

as oetyl, 08171 and myrloyl a,lcohols, oombined with 01e10, 

palmitio, bydrox1palm1t1c and stearic ~o14a. These wax •• were 
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extremely d1tf1cul t to 8:'~lP0J1ity. and had to be hea.ted w1 th 

alooholio pot:'lsh in aealed tube. tor four hours ,:~t 1400• 

The produois ware separated by a lengthy series of fraotional 

preclp1t.at1(}ne from petroleum ether solutions. A substance 

resembling a. sterol was also obt~'l,ined. Similar waxes were 

reported previously \)7 other worlcer.'2. 

Cutin: 
• I bilk , ... 

Ou tin-l1 lee aubatances were o'bt:~l.in.d in traces 

onl,. by Kon1g le Rump43 t from 'beeoh and fir. Cutin is norm'11ly 

a conet1 tu.ut of the op14erm,~'tl 1{\7er in the bark, a.nd is pro

bably a mixture of wax.a. nor"· reportecl it absellt from pi nee 

whioh he .x~1n.4, ~nd does not oonsider it aD important con

stituent of wood. Its presenoe is soarcely to be expeoted in 

wood-resina, a.nd it probzl~bl.y 18 not present norm~;t.lly in the 

raw IIlt:l\er1·:tl used in pulping processos. since this wood 18 alwaye 

barked previous '0 cook1ns_ 

The ftuDaa.ponifla.ble matter- of oommeroial rosin '1'"'18 ex

amin.et by KDecht and 'M~ur1ce45, a.nd yielded some interesting 

comparative results. They found no 9X¥genate4 substance •• 

Some residual pinene was present. tou.r "high molecular weight

hydrocA.rbonB were isolated, comprising three dlterpene isomers. 

020H32' aDd oolophene, 0lgHSO • The la,tter oould. not be to·tmd 

in the original oleorosin {~lthough it ls pre8ent in rosin oil. 

)1hen turpentine, essenoe" 1e po17merlzed by heat or b¥ sulphurio 

aold, the three h74rocarbons CaOH32 are obtH,ined. Th81 are 

fOUDd to form substitution produots when brom1nated, 'but do Dot 

7ie14 any n1tro8oublorides or n1troslt •• , nor do they combine 



with ba4roohlorl0 acid gaB. 

The ·'unaapon1t1able matter" of wood-resins prob:tbly con

'a.1ns 81m11ar 8ubstancee46 , formed from the orig iDl!.l terpenee 

by the action of heat, ~irt or the oha.1aal reagents employed 

during the lengthy prooess ot extr~Qt1ng the crude resina anG 

later separating them intO' various group. of prod'ucta. 

!he effeot wh.ioh the "ullaapon1t1able matter" of rosin has 

on the sizing of paper, has b·.en discussed at length b7 :\. H!'\ug41 • 
48 

!jieber MS expres.ed the opinion thn..t the "unaaponifiable 

matter1t ot wood-rosins 18 probdl.bly made up of phytost.erol-like 

sUbstanoes and w~:tXe.. Up to ihe time of the present inveetigtltion, 

this had never been established. There 1a .::tlwaya some of this 

ma .. teri,:f/.l in the resin-extract of paper-pulp,1.nd Sieber think. 

that the Munsaponif1a.ble" ma;y pl'l.Y an important role in rei:~rd 

to pulp riIld paper pro bleme • 

1.~ethod8 tor qU'int1 tat1vely est1w.l.t1ng the un8apon1f1~iblG 
.. ,~.\ 

portion of resins t~nd f~lts have been very oarefully studie449 .. 

Suoh analytio"tl metnoQsl,trC often of no use in the tre;a,tment of 

very large volumes ot extracts for purposes at isolating the 

matorial for fur·ther invest1gation, but can be m,9,de use of in 

modif1ed forma. rhe methods employed by He11br,.Jn -iO. TeuJ1moto51 • 

Andr452 , and others, in investiga.ting unliHlpon1f1able ma-.tter of 

fish 011e. might be of some use so far as the Tesetable produot, 

1a ooncerned. They generally used fra.otion~·tl distillation under 

low' prossure, fraotional cryat:ll11zation; hydrogen!\tlon, and 

a.oetyl~it1on. FTaot1on"Ll distillation was praotioable in this 

cna8. beo!luse lr].rge quantities were aval1nble tor investigation. 
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Of all the constituents ot resins. in general, the 

uaaaponlfiable portion is probably th~).t 01" which least 1. 

known. 



.Es.ential 011ct 
F I .. e" 1 

The coastante of the two produots ahoVl that there 18 no 

notioeable d1fferenoe in the 011 from the green wood and that 

fro. the seasoned wood, al~o that the amount of volatile oil 

obtainable in both cases is extremell small. 10 oonstant 

variation in qUAntIt; With the age ot the wood, i8 shown. 

The quantltl secrete-' probabll var1es from tree to t:t •• (see 

Geft'ff' ) 
!he specific ~aY1t, ls higher than tor mos·t ~t\U.'p.nt1ne 

0118, but th18ls Jrobabl1 du.e to the presence of pol.)"Il •• l •• a. 

pro4uots along with the pure pinene. The mater1a~ coul4 not be 

purified completa11 bl redist111at1on, on aoo'ount o,t the small 

quant1ties obtained, so that no ele •• nta1'1 aual,a •• (tor carbon 

and h,drogen) were mau. •• 

!be optioal rotation [de];'" I: +39.00. 18 of the /Same 

order as that tor dextro-rota~orl, Aaer10an turpent1ne .asen •• , 

rotation +35 to +50°. Tbe taot that a pure a1tro80ohlor14. 

coult not be obtained 18 no doubt due to the presenoe of 

aubatanoes having a h1gh ollt1oal aot1·v1tJ. Souorg.,,53 and 

Dupontt>4 reported that this derivative oould nol b~ olrtaiu4 

from pinene speoimens with this propert l. 

Tbe inoonclus1ve results reported 1n the search for 

ouph8De t 811vestren., Upentene, limonene, and (J- ,i.'" 4o not 

necessar11J prove that t he3 are absent ablee theee reactions 

are extr ... ll diffioult to oar1'1 out, where suoh 8_11 amount. 
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ot material are ava1lable. 

lI.~~~aRo~+~abl',Ka~te~. 

Tbe two main methods ot investigation •• p10,84, (a) 

tl-aot1·oaal preoipitation, and l1ltlaate aep.arat1on b)' means 

of the 'l~lton1de or the aoekte and Cb) fraotional 41atl

llat1oJl, t\D.' pur1fioation b, means of »etroleum ether and 

aloohol, are both very tedious, but are Jrobabl: tbe on1l 

etteotlve means 01 'Whioh such a m1xture can bl investigated. 

rr.ctlonal distillation, however. oause. a Ter1 high percent .. _ 

ot 1088 111 tbe working llater1al.tn aooount of deoomposition 

antS. pol,mer1zat1on of the pro4uo't at t,ue hlSh temperature 

ne088sar7 to distil it. 

The 4iB1ton1A separatIon method is suitable for is·olatlag 

small amounts ot the pure phytosterol. fhe exoess 41s1ton1n 

oontaminates the "resena" an4 has to be remove' from lt bl 

further treatment. This m(~tbo4 is too tedious for general use. 

!he aoetate .eparatlon ls also unsat18tao~orl on acoount ot 

the' d1ffioult, in aepal;'at1n& the aoetate from the "reeene" in 

the snme solution. their relative 801ub111tle8 )e1q almost 

1dent.ioal~ .. 

A thorough separation b1 means of fraotional precipitation 

from aloohol tollow.' bl fraotlonal reor1 8 taUlzatlontroll 

this solvent, or aaetone, without att.~tlDc to .eparate 

turther by aae111&tlon or use of digitonin. would seem to be 

the most eft10ient means· ot 1801atlna the indiv1dual o·onatltuents. 

The ol',etal11ne pl'oduot actuall, 1801ate4 WtlS shown to 

be one ot t.he,pblstoaterola, m.p. 152°; 1t 1s p.r8eent 1n 
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.xt~fua.l1 small amounts in the original crude resina. The 

amorphoua. wax, material, melting over the raIlg' 620 to 68° 

ooull not be saponified even at 1400 under high pressure, 

.. hioh proves that l' 18 not a tl'Ue wax. Its properties 

ln41cate that 1 t ls .. ~4.11t1oal With the "resene ,,34 usually 

foun4 in tbis 01a.8 ot res1nous material. 

The th1rd tract10n obtained t~o. the "unsapon1tlable" 
i 

bas the properties of the Jol,merlzed terpenic substanoes .• 

u.uall, present in the residues attar distillation of 

turpentine oil. It i8 not as hart a8 ra.1n. but otherw1se 

re ••• bles it in external appearanoe •• 

!rhe high percentage (83.9%) of this material found to be 

present ln the UIla&pon.1t1able matter fl'om the seasoned wood 

a8 eOJlpare4 w1 th an averas, ot 60 •• trom the gr •• n wo04, 

.1n41oatea that exteneive pol, •• r1zat1on ot the .aGential 011 

has ey1dentll taken plaoe dUi·DB the .eaaonlD1 of the wood. 

!rh. ,1.148 ot pure sterol and "re.ene" trom the sea80ne4 

wo04 were' al'80 tound to be l1uoh Ul&11er, than in the casl of ihe 

green-wood,. this probabl, being due to various trall.formattOD 

hav1Dg occ\UTetdUJtlq the time of eeaaoll1ns. 



;E.Xl~ERlIlEJ'TAL 

It:~lnB~,\1op.. O.t .. thf!. E.!9..s~ntla.l 011 ~ nUnaaponlf1able Katte£" 

!~fl .. the ,e8~D:'. ext£~ctedg t,ro.rr.t .J'tck l)ine ,p~n;u B~~1!!! ~ • 

'.,a •• nt,~!l O~'J:-
!h1e Yolat11e 011 was separated b7 steam-

Uat111at1on in the Initial tle~a~t1on of the orude resins 

a1xtUe (p. 21 part. I J and when recovered from the ethere a1 solu

tl0D. was uaua111 1n the torm of a 1811091 01.. ..111118 of 

turpentine. 

l!!1t1o-.;t.1o!!: - When distille' on the ~r pumP. 1 t pas.ed 

oyer bet .... 650 and .,0, at 0.007 m.m., ln tbe first 411-

tl11at1on. Several t-eUatl11ationa tinall, 11.148<1. a 

oolourless p):04\1ot .• bOillua at 59-630 at 0.01 m.m. This was 

almost odourless when freshl, d1stllled. On aooount of the 

.er1 .mall quanti tie. obtaiAMl it wae not pos.1~1' to trao
i1onat. tbi8 pr04"et. All 41at111at1on residue. were It.,, tor 

examination.. A polym-.rlzed residue a1wa19 remnlne·d in. the 

flau atter distillation. 

Jo111D1-pol.~ anA refraot1ve ln4ex indioated that the 

•• 88nt1al 011 obta1ned troll tbt qgreen" wo04 (Extraction. 

1 to ll,part I) was Identioal w1 th thut fro. the ".eaao.nedtt 

wood (Extraction l3.pari 1). 

(A) ~,fUiL ~D'i, DaA.· 
B.P. 59-.680 <:.:: 0.01 lD.m .. 

B.P. 156~l080 @ 1 at.. 

R.~.I_ .. nnO = 1.4914 
nnO :: 1.48'1' 

DBO = 1.4826 

SpeO.GI'. G 20°:: 0.9289 

(11 ) 2.&1 'lo,:, U P~!l ao,~.4·~ "" LO~ 

B.F.. 59 .. 620 ~ 0.01 Il.m. 

B.P. If>t .... 1600 \:; 1 atAl. 

aetr.lnd. za:tiO. 1.4t92e 

D~O = 1~'8'19 

nnO = 1.48'5 



Ifr2ta t~o~lI o~ r~i~:t1C;~ j'~lt a 

0.1242 p_ in 10 0.0. absolute aloohol. 

meu l'ea41Dg = 0.4860 

[a:]:4 = +39.00 (0 == 1.242) 

Y1e14.: from eombined lots of orude resins: 

mE OJ' 
WOOD 

"Green" 
If 

"Seasone4ft 

FROM 
n~A.CTIOlf 

10. 

» and 10 
5,6,1,8,9 

13 

Wf.TO'fAL d.OI ESS. 
CRUDE OIL 

RE81KS (:rO! PURIFIED) 

72.1 p. Z.lO pe. 
292.8 n 4.40 tt 

480.0 f1 8.55 It 

fbese data are inoluded in Table V. P~rt 1. 

1 ••. nt~~~I~"'Jt~on 0,," ~~A.s .. y.~~;~!1.A~' r ... or~l .. t~~. e·"'l!~~.t1,~~_Jl.11. 

/!.1!.fJ»a r.fl ~1AA, .f"l~ 1> 1~p.e ~+i:tl'Ot~o,O~;t9~1d,~~~ 

~ 
E ,r'P"EBT I ~ L ~a:;a. "~4 

OIL 

4.3~ 
1.50" 
1.'15 tj, 

Equal parts ot the essential o1~. ,laclal aaetic aOid. and 

180 .. ,1 nitrite were mixed together and the mixture saturate4 

with U1HCl Bas·, th.container being kept in an 108-aalt ba~h 

4ul_ this treatment. !he lntonse gr •• n oolouratlon Oharaoterlatlo66 

of the formation of pU.De n1troaooh16r14e was obse'l"vect. !he 

801ut1oa beoame qvJ. te Ylaooua. b'Q;tJ no so114 separu ted even a.tter 

8e·veral boura in the refr1gerator. On allowing it to epporate 

in a 4lab. a white solid waa depoa1tec1.. !his was waabe' tl'e. of 

the 'Visoous 'brown material 'bl meana of methl1 aloohol, and 

recr 1s talllze' trom ohloroform'. From 1.866 gms. of the essential 

011 oall 0.060 gm. of thi. 8011d was obtained (11.14 = 1 •• ). 

It begaa to 8how sips of deoOllpo81t101'1 a.t lO,lo, bu.t 41d not have 

a 4et1ni te' mal t1ng point. (Piaene J11 troaoohlor14.6'7 ;mel ts at 
lG80 to UDO. 
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Cb) m Ea;t;fi.~12P .. , 9&p,IJi:q.!ne ,sl,tf21 -,Eip!rlq.1Dfl ~6 

Tbe above solid prodaot was warmed on the water bath 

w1 "b. a 11 t'la aloohol s,nd plpel'141De for t hoor. Jo_ 

wa'.:r wes add.e4 end a white preclpl1at. formed in very 8 .. 11 

amoant. ~a1. was separated b7 oen'r1fagtns. and dried. ba' 

lae to ,the smell amount available no pl1:rlf1oatlon WElD pose1ble. 

It u4 all 1»48£1111'. meltU, :poin •• 

(0) l:r!RU:I'&O~ NI!' :e1t1!~J IIblAl!I~Q~lA!f' . 

0.3 p. of eseenilal. waa 41sso1Te4 in U1 ohlorogor. t 

and the solution saturated. (ver1 8101111) with U7 liOl g.a. 

keep1rJg it et 00. Then ~n eqw .olu.me of water wae added. the 

m1xture neutraU.ecl b7 804.1. blo,ar'boDa'. ani d.istilled with 

eteam. A yerr small amoant of wMte 80110. distilled over wlth 

the oblorotorm.but not suftloien' tor examinat1on. Tbe residue 

1n the flask wae 8xtraoied with eiher. and the ethereal extract 

evaporated. 10 8011d separated from the 0111 residue after 

several da78 etanUns. l'be small amOW'lt of' white solid d1stilling 

over with tbe oblorotorm, remained on the s1des of tbe reoe1ver. 

It bad 8. distinot odour of p1nene,:,Il74rooblor14e (SJD"het10 

oaJIphor). 

+'1'. for QlI2bepa, 
(1) After standing for several 4a18 at-2000 t no 80114 

" .. pun. ee,psrete4 from the sample of oil. 

(~) ~,~ Jjo.f_~~l!l!@Or M~, F691Hla60 

.10 a4d1 tlon product was ob'aln.t,e 

T~!~. f9' . .s'1.Vf'"t,reB~ L, Dl.p!!n'ene f',:pdll,IdelueS!\' .0 eo114. 41 h:rdroohlor14e8' oOllld be isolated. even 



after keeping on 10. for several ~ve.ke. tbe produots obtained 

oonsist.' only of Ti.Goas, oily material. 

BroJl1netlon 1n 11aol81 aoetl0 aoid lolution 41d not J1e14 

.., eol14 •• trabrom1de.. The solution \liSS kep' 1n the refri

gerator ~Ol' three week., and tilen eTaporated to smaller volwne 

bot nu solid produot could be isolated. 

A 60 rl:,:~p.1DJP' C"2SD!D!J I 

A~te:r oxlde.tlon \~;1th alkal1ne penaanganste, and steam 

41stillation. the filtered sol'utlon l1elded ,R very small amount 

of wh1'. preo1pltai.. This wae removel and e.nother amallorop 

obtained from the mother l1quora. These produote were 

r8or,8tal11ze4 tram water, &Ad trite, et '00 1n vaouo. 



yp.»~P9P~;C~eble Ma~iel 

HfI#ll!1YlW 
The oomplete analJt10al resalta beve0been tabulate4 at the 

Gad -of th1s aeotlon. 

Ma.5914 1;- l'rt:c,tl2n!+-. we91R.~ ~,i~l9.Jlt. 
!I'~l~l. ,.8IA:-- The tttmaapon1tlable matter" separated in tbe 

proo.ss de.or1b., on p .22, part It oon.i.ted of a 11ghtbro'~,'f1 

VlaXl maas, YU'10Q8 .pealmens m.el'tlns between 66 e.n4. 680. 

lI09!Am: It was 418s01ved end allowed to stanci for several dB78 

at room tempel·atnre. A precipitate of ver., f1Ae needl •• (a) 

aeparated oat., often acaompanied b1 some floconlent, white mat.'Jr1al; 

in some oaSGS tbere wae elso 8 deposition of a b:roWll. 001101dal 

substaDoe. whiah sottled to ·the bottom as a BaWD. 

The pnolp1'ate was :filtered off, end a second lot of 80114 

mater1al (b) obtained l)l allov'~'1n8 the t11tre:te to ata.n4 in the 

loe-box over night. and f11 taring e,ga,1a. 

The residual aloohollc solutIon wee eTapors'ed on tbe water 

bath under Yaouum to about three <illerters of 1\. original Yolaae. 

an4.. after allow1ng to stand for a few hove. the so11d material 

was filteret (0). This eTaporatlon Of the mother liquor. enA 

removal of tbe preolp1tatedproclDot (4 &; e) was repeat .... , atter wb1011 

the 8mal1 amount of reo1daal solation beoame ver, y180008. 10 

more 80114 material 00014 be o'bta1Ded from it. even after ellOYJ1ll8 

to stand in the loe-box several 4818. or dilat1ng with more aloohol 

and 00011118. After removal of the .'olatl1e solvent eomplatel,. 

under reduced pressure, a mass of pol~rlsed terpenio material 

was obtained verl 51milar to the resldl1e tr'om tl1r,pentlne dletl1la-

t10J18. 



~he f1ve pnai,pitntes obtained (a,b,o,d.e) l1bove were 

sabJeot to fraotional Orl$te.lllza~lon from alooholl0 e.)lui1one. 

The 1nit1al orop otmaterlal from eaoh produot wae fo~4 to 

Goniai» or78talllne 8011ds. The ~unorphou8. waxy mcterlal 

a·QoomJ8ll71111 ,he latter wes :found to dissolve more read11, in 

tbe alooho~, tban the or,siala. so the solutions were warmed 

sen"17 att,.r preolp1tailoJl and 'then fll'ered. Tbe amorpaol1s 

pro4aota were thus oonoentrate' ln 'the mo'ber liquors. A 1001 

series ot euoh treatme'nto w1th al.l 01 tbe 801utloJl8 of these 

I18.ter1ala. aa well as all the mo'.l1er liqQors. ti88l1, yle14a4 

three produots:-

·tA) A pare white 0178'.111118 sllbs'an •• (needle.). 

(B) .It ,.11011, emorpaot18 produCt1 of waq consial.no" 

(0) A Aark brown mase of po~.r1 •• d or oxl41 •• d terpenl0 
subs'an ••• 

'HmUAll&Ol! ~ I W~d!!9' lA 
The OI7I'alllne ealuJtanoe was _,iU cODlaminaied by traoes 

of porpboaB ma'erlal. 'but bl .aplo,laa 88Yeftl reoJ:,8ialllza,1ol1a 

from aloohol. and fluallJ" d1'11., at '000 la V&Otlo. it was obta11'le' 

111 pare for •• melt1D8 at 1~1.1-1320. whie. corn.peals with the 

melting polnt of one of tbe 1*1'.8181'01.91 

Another yert pure speoimen of this .'.1"01 vias obtained b7 

'be digitonin separat10n .. 'be' de.orlb.' below ani melted at 

1320 • 

It wes furtb.ezt lden"1t1.l bl ~Tt1&ld1n8 a orlBi.U1ne aoetate 

when treated with 800t10 anbJ4r1de b, tbe usual me~h.,f2 ~b1. 

aoetate mel'.4. ., 1~5-1260. oorreapond.1q with JbJ'o.'erol 

Boetat.P 



!be sterol also gave the oharaotorls'io colour reaotlonsi4 

ot ptq'toeterol .• namell: 

(1) Llel>9~!!!y?:!!~. ~ r It?IO'jloa t w1,h. !S!~.l2.,,!*4:;ll~. ,(i,n,r! ogpoen,traj'!l 

~~~l:!I'Sn. !lglA!, Tbe material gave a pink oolonratlon rapidl, 

chang1ng to blue. 8.nd f1Dal17 to gr ••. n1ab-blae. 

(2) 1t!1!~~gw~k1 .. ~el~l\pl}il,: The sub stance treated wi th ohloro

form and ealtarl. acld. produoed " reddish-violet oolour in the 

oalorotOntl lqer, while the ao14 laNer beoame yellow. w1'h g.reen 

fluor.eoenoG. 

Illm!AAiigp sa RERaa!!.o~,,~,; 

!this ooall~ cOllplete17 parlf,le4 D1 frao'ional 1%78ta111-

zat10B. beoause it el.wals separated 88 a gelatine •• mass. st111 

co.t.SDlng some of tbe erystalllrle prod\lOt. 

Two methods w'ere tr1et in order io effeot & eamplet. 

separation: (1) Treatment with digitonin, to remove the et.roll 

(2) Aoe_llatlon, also to remove the sterol. 

(.1) TDliS!9~~\'i~bMI\11lRRla. 

Me tha4 2' k11Ufyta (see (\,11066) 

This mothod had to be Sl1.gh'lJ _d1f1 ... 1». the present oa •• 

as onknown pe:ro8n~ag.s of the ete~ol were pro.en', land e180 excess 

4181 tonln had to \)e remoTe! later. 

Treatment with l~ aloobo110 t1,lton.1n soll1tion had to be 

:repeated. severalJ timGs, until no more prlo1p1tatlon was obtained. 

on sianding_ The prodl1ot oonsisting of tbe o.oaplex OatK'6oa~ 065 

H94 0aeWail ~,w.a.shed with ether. The mother l1quors (.) oonta1De4 

,be amorphoaa unsaponitlable ma'erlal. with tbe excess digitonin. 

fhe 8011d oomli1e'.x WS8 d.eoompo •• ' b1 'rea'Gius w1tb bol11q 



:qlene for 10 hours the material belna suspended in a smell 

thlllble 1mmed1atel, above the bo1l1ng 11q1114, The dl,lton1n 

was then re.cove,r·ed uncha;tge\i from the thimble, ~ibl1e the pare 

sterol we,. obta1necl 1>1 dle11111Jlg otf the xl1ene in a ourrent 

of eteam. and reorl.t.alUa1D8 the rea1due several times from 

aloohol. The prodaot was ,ure phltosterol. 1n the form of 

"tar1 find needles Cm.p·.1320 ). 

The mother liquors (a) above. were evaporated. on the water-

bath, end the residue treated w1th boiling qlene oxaotly as 

de.arl"4 above. The excesad1,1ton1n remaine4. behind In the 

tbimbl., and the qlene solQ~lon was steam-dlstille4~ leaving 

a wax-liD resl4. •• behind.. 1hls was repreo1p1tated from a100ho1 

several tlmea. and final11 a pure white prodao't ("resene") was 

obtained. It was of w&X1 oonsistenOl. and its mQltlng potni 

(different ap801mens) varied between 620 and 680 • 

~he8bove method 18 long and te41oa8. 80 an aoe'11at1on 

.method was •• plolea.. 

(2) 4SfJ ~1,a5&2R 
0.5 gr. of the prodaot )1) waG belL'ted with i5 0.0 acet10 

8nb.y4rlde. on the wE\ter-batb for t~<,,'o hours. and 11eldod a 

homogeneous solotlon. On coollDl. a gelat1nou8 pree1pltate 

settled out, and this was filtered otf. A further 8mo~t of 

pr.alpl 'te.te we8 obta1ned wb~Jl the mother 11qao:rs ~lere evaporated. 

These 'wo aubatenoes we".e It.a.lve' in bQ111na ace'la ana,dr14e;· 

tbe pro4oot. whiob separate4. on oool1:rl& were then purified b,· 

solution in hot aloobol trom wb,lob. the, separated on GOOling. 

Tbe1 were then separate' from the motber 11(1\101'8 b7 centrlfug1D1 



.~ It 
-~...,-

elno. flltrat10n was almost imposs1ble. Var10us fractions were 

obtaine' ba' ,reat dlff10ultl WSB eXIJer1ena<;d 1n aepsrstlng the 

orls talllne Goata.te from the amorphous material. 88 their 

Bolabl11tles seemed to be practloalll the same. Aoe'to1l8 was then 

'tri.'t as a preoipitating medina, but W88 equall11neffeot1ve. 

The acetate fraot1on had 6 oonst&llt meltlng po1nt of 1100 : 

(pure phr8to.tarol aoetates. m.p. 1150 10 1~80)t2-GI 

The lower fraotiona melted at &20 to 660. These were merged 

wlth 'the pr04aots ( •• p.62-680 ) from the dlg1toalDsopsrat1on. 

The protiDe.' CB) now oomple1iel, free from the sterol. and 

melting between 6~ and Gao W8.8 now bea.ted with &lcoboll0 l'otaa& 

in order to determine lt it was a true wax. or no'. 

~R9!§9rt:· 

The sample of tfreaeneff stlbstanoe (B) puifie' as abo"., 

•• lghia, 0.5-0.6 ,ram, was heated 1n 8 se·alea. .l?p'ex talbe w1th 

10 0.0. of 8.'urat.d alo~bo110 ao41ws ~4r.xl4e •• , 1400 for 8 

hoars. The produot when 0001, wae trall.terre' "0 a a8paratins 

famel, 80me 88tlU!ate4 aqueoQs 8odlW1 cblorl4e solution adde4, 

ad the m1xtore extraotea w'1 th pe trolewa • 'ber. until noih1nl 

more oould be removed.. (~h. aqaeoa. 1.,.Z' cont·ainecl some 78110. 

10114 st1spe:tl4e' in 11; thla, wben filtered oft and examined, 

was loan' to oonsist of 1norsau1c aalte.) 

fh. protaot removed 1)1 petroloOll ether WQS recover.4 la, 
eyaporn tlon of the 801"l1t, 1 t wae u1a' OB ,01'008 '11.. ea4 

reo17a1.111ze' twl08 from 81801101. then dr18a. at 100 in V8.0ao. 

M.i. 66-66°. l~ ~8 •• _d to:be ldent10al w1ta the orilt .. l _'.rla1. 



The aqueOIlS ls7er. aflex- extraot1ng b1 ,petrolewn ether. 

an4 tl1'erlng from 'the 1norprUo salts, was aoldlf1ed wIth dilute 

bJ4rooblorl0 a01d. Onl, a VGr,y sllght tarb1d1tl was notioeable. 

The &0141f184 solution was extraoted w1th ether. the ether 

solution 4.rlea. over 8041wa sulphate. anA evaporated. 110 8014a 

were found a.nd oDl7 a trace of re.telae rema1ned. It was dark 

brown in oolour. and probablJ consisted oal, of impurities. 

DDII&at&9P .. ot tqOj .Ptl_i!~~j ;Oll?!D! ~l!lOJluot (c) 

This resldue was a '&ark brown mass o£ polJm8rized terpenio 

sabsta.nee. FODabll d.orive' from the essential 011. It had a 

"sofiening r8:ngett of 9-2500, and ~a. extremely viscous at 00. 

bot 414 not 8011d1', eveD' 8't-160 •. .ProloDged distillation \91 tb 

ateam fielded only traoe8 of vOlatile tllrpent1rle 011. 

llefraot1"e ind.x:- a~O. 1.6644: aSO • 1.5600; .r · 1.5569 

Me~&2d tJ :~tl FiEi9i1QI!t1. .. d1~~,Al'f!~an 9}!q.!.i, rl~UQ!9l9.11 'Q~t.sQ£"': 

lAuuAi.! The material used wa·s the orude ·'ansapoalfiable matter" 

(m.p.6&0 to 680 ) separated la 'the proceae deaor1be' OZl_p.22 pa.r't 1. 

ODlJ one lo-t of tll1. ma'ierlal was 8ubJeo"ed\, to fractional 

41etUlat1on; name17 the one from extraotion 11 (seasoned woo4). 

t72IeA9£I I 

The '.obn1que eaploJed 1n these d18t111a-,1olll (us1na a 

L8J'l8Idlr _roar), vaou.WI pwap) ba. been dlao\18Sed a:lreaq 1a 

oonneotion with tbe rosin Bold. fp.44pa~, 11) and the fa"7 eatere 

(p.3.4part Ill) 

It.10 ,rams ,ielded f1ve initial frsot1ona. Tae dlst111a

tlon was atop,.4 when the temperature of the blltb reaobed 8200 

beoao.. of 4eoompo81 tlon ot tbe re 81411. 1n tile fl.tk. 



: ~1; t !' b 

'11 

1 6D-l000 0.01 ra.m BearlJ oolorlesB 11qald O.GOge 3.1 

a 110-1,,,0 " tf Yellow 'V'lsoons t' 1.60 '1.8 

8 17'1-1860 Pale Yell .•• So11d •• 20 22.0 

4: 181-2200 " Dark u It 6.05 81. Et 

I) 2&0-2'0· " If 1l 
tf Y180008 11qui4 2.60 13.' 

aasiiae in flaek 3.66 19.2 

Q,§2 
" 

4t§ Losses ('b7 dlf'terenoe) 

Qr181Dal lit. of mater1al aBe' 19.10 g. 100.0" 

:rrfur'lons 1 and 2 were purified b7 red1atl11atloBa the other 

traotlons were not red1st111ed on aooount of 'the effeoi of ·the Usa 
temparat~re on these prO~Qot8. 

lD2Si9R.l' was red1stl11ed tt 0.01 m.m.: b.p. 66, ... 600 ; tbe proda.' 

was a oolourless. mobile liquid poaS888ing 1he odour of turpent1ne. 
20 Refrll'lt1'1e lnux: BD· 1.48'6; Yield. 0.6 ,r. 

(Tb.. above propert1.8 1nd.le. t. that this frao\loll 18 me:r.ell 6\ 

residue of essential 01" not removel oompletell in the arte .... dl •• 

tl11atlon (p. 21 part 1) 

11'2,1&& waB red1stl11ed at 0.01 a.m.# b.,. 168-170°. 71e14 1.2 gr. 

ot a vlaoolla. green 011, which formed a .elat1noQ8 maas when oooled 

'0 00. (This tr80110n probab17 oonsist.s of pol,_ri.e' 'erpenea 

r8eul_1D.s from ac'lon of heat on the essentlal 011; ".p.6. pa:ri IV) 

FX-fali.oBI ~.I1L, .~.~...1: fbese were a.oh fraoi1oDal17 01'18'&111.04 

_, d18801ylns in bot petrolews .tbe. ( b.p. 30-50°). rrao'lon 6 

dls801Yed oOlDple'e17.an4 11.141' o178'all1ne maS8GS on Goo11nl. 

'raotions 3 enl , d18.o1yed par'lft bD' I.oh lett a brown. 81lJ 



portion Ca) s.lm08' lnsolo'ble in petroleum ether. frolL. \~bloh 

the solution was deQanted. Oontinuat1on of this troatmeni gave 

rise tO$1ml1er 0.1l1 realdues. r~b1ch ?~cre united v.ith (e) and 

ell.solved in bot f.~loob.ol. A~ler eta u.d1ng at 00 for , .. ometlme, 

a 8mall amount of v;:hl te. amorphous produot separated, and iiJ(\S 

removed b1 fl1trat.lon. Bo farther separation aould be effoated 

from the dark brown filtrate. so it ·we. evapora·tod OlJ.tiUC ~~~ter

De.th, under eaction, and ,ieldea. e. redd16b-orcH'Jnmass of 

pol,Mrlzed terpenic subs·tanoes. very simile,r to th' roe ldue s 

obtained in the firet method of separation (see p_ la ps.rt IV.) 

i'be prod.llots from the petroleum ether fraotions. ~·:.iter 

removal of the above polymerized oil. were reorystalllzed seve~-al 

times from elcobol, as lt '~~8.e d1fflvult to effeot an e.p.:)reoitible 

fraatlonation wlth petroleaa ether (B.t.ijQ-60) or witb mixtures 

of tb .• lstter and higber-boiling fraotions (from 70 to 110°) .• 

Tbe pa:rlf1oat't1on i,ii 1;11 al;Jobol flnalll y1elde4 two Bm.1n frs.ottune: 

(a) a orlstell1ne produot,m.p. 129-1300; and fb) an EHllorpbous, .. 

wex-llke eabatenoe.m.p,. 6~-690; the prod_ot (Et) waa dried at 

1000 in vaouo. wbile Cb) ~;&8 dried e.t 60°. &18.0 in vaouo,_ {fh. 

products were tn,n weigh.ea.. 
.~ 

further reorlstelllzatlon of tbese main traotions from 

alcohol 1181d84 two' pure produots. (.) m.p. 1~1-lJ20. ti.nd 

(b) m.p. 68-690. (~heBe oorrespo,nd wl th the meltlng--polnts 

tor the two similar prod,nots already obtained, soe p. aa.part IV.) 



ADal1tlcal resul·ta bl the above me Lhods (I and 11) 61'S 

tebule ted in tbe tollow lng eum:i;817. .1 t ~·:e.s neoe~eLr1 to Droop 

t03s ther tbe ttnse.ponlflable products from d 1ffel--ent extraot ions 

4ue to tbe smell amounts obtained. 

In order to obtain tbe Ife,verag.·' !.Jercents$os of the 

lndlvldu.al oonstitaenta. for aaob of ibe extraotions lnv,.Jlved, 

(a8 reported on teble V' t part I), the peroentages report·ad in 

'he follov·.lna tables 'iiJere used ss is.utore in uonJunatlon with the 

origins.l peroentage of total uns~) pon1flable matter (see pp. -lq26 

tables 1 to IV. part I) ln tbe orude ret11ne from the extraction 

lrrvolved. 
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f+,Ull' IT;l I!. lp, 1 d,' fJ .• o.f. ext. r$.Qt:io~. .u:4 in! tiel ~~e n~rt1 t inn oftkA crutiA 
,;Iii;.I .• ' ';:IT W =_; 1 ~t III :="'1. =. 111 i&..... . __ .• 1 '., =_ .. 1 :~ 

Aloohol.bensene extraatlons of IT gr.enn~';ood li~er. me.de et 

lnterYela .• oyer 8 perlf)4 of Z ... 4 months faee Table. 1 - V). 

"See.sono'" v~'ood.. 5 ,eers l11n.G fell,tll8"':'~w"8el'o eX8.mined. The 
::~ 

re.la (lOIl'ten' 1n eaoh case was noted. Oertain mtrihodS ot 

.eparating tbe orude resin produot 1»:'0 simpler groups, were 

l11 ••• tlaat., and found UIleat18faotor,.. .A slatemetia proaod·ure 

was '.velope4 for 'b.e efflo1el1' a.p8.ratlon or tbLs ora,de material. 

into spoclfi. sroap •• su1t.able tor !urther 1nv8stlgatloa. in .. 

oomgarat1y.ell unobanged oon41t1oa, and. 418008810n siven (P.62, 

iart I) of the advan'al's of tble methQd. E~oh group of 8ubstanoes 

wal ex.una' ueparate1.7 later. 

feble 1 (p.10. pazi X) SDOWS that there la no marked. ' 

1"erlatloll ln reala oontent in the Mgre.nU wood. wben l' la st.ored 

in the tora of 10,.. Oth.~ investiga'ors have found 1\ pronounoed. 

trop 1» res1n oonten. wben the wo04 ls etore-d in t.be form of 

ob.1.8. 

~he • .,erap Taloeofol"llde res1n (It, altH"hol-berlzene eXlraetlon) 

le 4.88_. !be "etber-solublelf ream. oontent 18 ba •• ' OIl the 

".18bl of oraa., pr04-.ct le811 the IUDOunt of wttrtel'-solu_le Qonetl'tuenta 

an4 o,f l1p1D,. !rhe a".rag. ".,lu8 of ether ,ol-lJlereslna in all 

'he eX'ho'loal 11, 3.1._. 



The Hsefl_oned" JllO& Fi.ne log examined (5 years :.:tinee cutting·) 

ha,d •. 8 hIgh a reain oontent 8S the llgr •• n" wood. !hi. ma7 heve 

been a parttcalar17 resinotls log; the resin aontenil u8ual11 ve.1-1Gs 

from tree to tree. 

Table IV (".26. part I) t:,;bowa the.t the ftgreen'f wood bes 

approxlmate1i tbe ssme peroentage of total aoide as the '\ieasonecl1f 

wood, bat hae more tatty aoids present. and oons1dereb17 less totsl 

ansepoJ11flable lfJ8tter than tbe ee.soned wool. Tbe seasoned wood. 

oon<talna about i" less fats. tba.n ·the. green wood, and a oorrespoll';lill8 

b,1gber p.rcenta.. ot resin aaids. 

TfJ'ble , Cp·.2' t part I) a180 ehow8.'the highe%" Qonient of 

ta"l ec148 in the green wool. there are also more .17oer1de. 

pr.eent. Tae peroentages of pollmartsed terpenio subetangea (in 

the onaeponlfla.ble mstt,erl 18 quite high (6.6~)ln the resina ot 

._aeone' wood, Gompare' with tboee of Ire.en 11004 (O.8-3.1~). 

Tbere 18 a decrease in the amount of pbltosterol pl'eeeltt. ~'Jith 

8eaeoning, also (O.fQ'fo in gr.en wood, O.M,s 1a seasoned wood); 

this la Fleou.true of 'the reeone (0.8'_ ln green woo4., O.,~ 

in •• aeoned. wood). These are t'averag.'· ,.roent .... for all tbe 

8.'r .. o",lon8 ot flsr •• n wood". 

;rAil 11;,.. 8ID •• s.llii· 
Varioae _,)loti .• were 1nYestigate'. for i.oUtin,,?; 'the 

pure resln 801d8, tbe one 1'lJlall, Jnosea for effeotlnl ihelr 

reao"al from tu impure 801410 substances bei-1lI b.a.d OD the 

801.'111'1 of tb.. pure •. 010.8 1n petrolewa ether. This metbod 
\ 



A method of 1dent1frlng oerteln of the individual aaids wes 

8180 8"01"84. This was baee' on tbe formation of or7stel11ne 

ammoniam salts '1 aaids of the plmarl0 groap. and of ory~talllne 

801d 8041_ 8al ts. b7 a.oid ot the abietic group. 

Three .. in groups of e,olds were sbown to be pres.ent:

(1) Amorphous aolds, Of the ~fSap11l1olt olass; 

. fa) U178'al11ne a01d8. of the pt_rio and a01.t10 group_; 

I I) franstormetlon (amorphous) produots dar1 va' from the above 

'wo groap •• 

Tbe "orystalline acida" were oarefuilr pur1f1.' 8114. their 

oons'!mt8 exa.mine4. The moleoular welgb:t was determined b;y 
r 

alkal~"'17 and foand to oorrespond w1th tbe formala OZO &30 0Z-

The 8,014e .tMr 41."111atlon in vsouo were found 10 bave a 

lIo1ecalaz-we1sbt of 309.0. anA a lower l·od1ne :number (90.9). 

,08.11117 on flOCOuntot a s11ght ox1dation having teJ,en plaoe.· 

Tranatorllle.tlone near the meltlo, pOint were observed. ae la 

,be usual ·0888 wlih these a01ds. The presenoe of tbe p1ma.rl0 

(nataral) end the ebletl0 (oolophenio)tJ1j&s wee establisbea, lt7 

meana ,t tbe crlatalllne salts (see above). Ab1etl0 801d waa 

aleo 1~.nt1ile' bl 1'. orystal-fora (triangular) but the otber 
~ 

80148 coald B·ot be 1d.entified in tbie wa.,. on 8000UB' of the 

laperteoil, r.rm.d 0.,.,.18. 
It was foud t118t when tbe [;olde were not ".q oarefull,. 

parlfie' ( ••• 1.014 D, ,.bl. VI). 8 bigber peraerltage ot 

f'netwalft 80148 waa pr ••• nt (ba •• " on the l 1eld of orl.'alllna 

•• " .. 1_ •• 1'.,. '&Yldentl, ablatio 801d 18 forme' to 8 great 

ext ... t dorlTl1 'he l.ng'br seri •• ot reorl.'.llls.tlons. 
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• hilller peroon;age of orystalllne acids '1N68 obtained from 

Itgr •• n" wood (6'6 .• 31') tben from seasoned \:ood (51.~). pl-obebl, 

dae to tranoforrnatlo118 oootU'rtng in 'theee pro(luots during tile 

pr,'>ces8 of seasoning. 

O-tber means of removing these resitl 80148 from tbe ~"~oo4 

1n uJlohenged condition. were lnv6sti;gsted(petroleum etber,l% 

alka.1 e:x'raoilona. eto. t) but on aocount of the la.rge an~I)Qllt. 

of ot,aer material removed at tb.esame time, le -i.;es not poss1ble 

to .. laol.'e the or1stalllne produots. '01 theee method.s, w1thout 

eaplo,lng some &Qbaeqaent ohemioal t3eparat1on prooesa. 

2A.nT Ill: 
1."$ JAM. I 

j1/1 T1"Y J 0li J'r 1 T U1111' §. 
s , . ,.IIW t I + "r· I , ·1. 

lbe tatt, constituents were examilled DJ "fer, oarefull,. 

"t"oontrolle4 and aoourate methods. in order to :proven1; aD1changee 

ln the .'.rlal. 

Yarious method. empl018' 1n fat 81181,118 were examine ... end tu 
~; 

adventage", a,nil dised.vantege. of eaoh Q'fC beau. 41aous •• 4 full, In'' 

lBrs Ill. The fett, oonst1tL1en~S'i~ere laole,'ed. tre. from the other 

aomponenta of the resina. It was also po •• ible to e:A&mille the 

fre. tett7 solds and the fatt, glyoerld •• separate17-

Tbe eal, volatile a014 found was butll"io t 1n traoes oJ1l1. 

The 11118a'Gra,.d eolds. 01e1c. « .. and R - 11noll0, and l1nolenio t were 

14eni1fle4. 

'wo other uids .. re a180 loon' 111 'fer., 8mall amounts amons 

the t.'t7 ao14e: (1) a 11qu14 produot, 'b •. ,. 65-600 ., 0.01 m.m •• 

whioh wall eDJOlned as far •• tile quan'ity aVf111nble wOU1!i 'perm! t. 

1114 fa) • 80114 ac14, aI10r,bOG8, m.p.70·710.'f"blo11 •• ems to be 
acid 

14entloal "lib. the laotonl01\1aolated 'b7 8aBdqtl1.". (aee '_'.pari 111). 



Anotber vert sIQ811 frl';Qt1on. meltiL~; at 68-~90. pOSi. 1b1, 

Qonelsts of ".arla acid. 

The bromlnatlon and oxld(~t1on deriv8.tiv8S of 01e10 end 

l1nol1o a014 were also prepflr~d.. and usea. 1n estab11sh1ng 

ihe identity of tbese fi;oida. Ll.nolea1a acid wes identifled 

b)' means of 1ts b.exabrom14e. .No o'ther ul1set1lrated 801d8 of thls 

series were found to be present. 

Thevompo81t1on of eaoh frsctlon of the liquid (unsetureted) 

80i4s wae eetlmeied, by mesns Of lis bl"om1natlon produo18 and 

tlnset·uretloBVela$ • 

. Tbe ;!.l;~t'Lr1de8 8.114 tne free fatty t~clds of the green wood 

were eA:amined fispsrately. This ~:Jes also done \i'~'lth tue t~;~o slm11s.r 

group. fromtbe seasoned wo04. 

A oomplete 8umu~,r, of the il:lveztlgation of these fool' 

groups of fa'. hee been Given on Table 18. (page 57,part Ill). 

An inspeo'ion ot this sho\va that seasoned wood oontaills muoh leS6 

lino11c 8014 1.n the glloe:ridee then does the :s:reen wood. This 1a 

probfibl, du.to ox1de.tlon or po11merlzatlon during the \1me of 

aea8on1q. The a,mounte of 01e10 601d pr~H~en' is appro:x1metell 

tbe same in eaoh oa.e; l1nolon10 a01d We·8 never foon' 1n more tban 

'noe.. The tree fat" aolds appear to h~ve ,re.otlQelll the same 

pel"oen;agtl co.positioneof oleio, 11no110 and 11nolen1o ao1dIJ) 1n 

))oil1 kin4e of woo4. 

The amount of tho total (unsaturated) tatt1 8,0148 traction 

11 laisher la ta. green wood sl1foerl4ea (8".6~·) and free aold. 

C .6.~).· ~b .. iD 'he seasone' wool (43.I~). while the seasone' 

wo04 oontail1e4 a p.roenta.ge (aO.2_)of oxidized fettl &014 •• 
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of ,he greea wood beoome oxidized or polymerized dur1ng the 

prooess of seasoning_ 

0n17 «.pinene 00014 'be ldentlt1e' with aIl7 oertalnt7 

in thia 011. Vari0 •• otber ter,penea ., be present t bat the 

'.et mal. for these gave nehletlvfJ .or.indefini.te results. probab17 

due 'to 'the fe,oi tbat lnsufflo1ent of tbe pure Inti.terial wae 

available w'l tb v\°b.lea to trJ' the reeottons. The pinene was found 

to haTe h1gh optioal aotlv1t7. [a;]~': +39.00 .81ml1ar to var1ou8 

Aaerioeu illrpenti.nes. 

Th. essent1al 011 'Was fOUlllt to be present in tbe wood 

1ft very small IUiOuntS. 1n ever1 Oltse. It forme from 1.5 to 

4._ of' the total reelnoa8 material. .No apparent varle.tlon In 
• 

properties or In the peroentag& were not1oeable in the 011 

from green end aeaeoned ~OQ4. 

Tb1. W88 isolated from tbe res' of the resins and ooaplotel1 

separated. \)J ty,!O dlfferel1t metbods, into three 41et111Ot prodaotsl 

Ca) ,brtosterol, Cb) relene, (0) polll1erlled terpenic 0118. Jo 

wax •• were :fOlnd prEu.ent. ThO amount. of (a) end ('D) 'lttoere 

extre.11 .mal1 bot appre.o1able amounts ot the pol¥we:r1zed 'ierpenl0 

substanoe. w.x~. 'prf:~s.nt espeolalll 111 the seasoned w 004. wbere 

esteul.!". polperl •• tloll, Of tbe essential 011 ha. probeb1l 

oooarl'ed daring i.a per'io4 of storage. A8 alread¥ Enell'tioned, the 

amoanta of eterole and re •• ne presellt ln the seasoned v~ood were 



apPl-.clably le"8 than in green wood. probably on 8QGOunt of 

slm1lar transfor.matlona. 

The present thesle 1s (;onoc .cued O~l w.! th the devising 

of eppropr1&ie teohniql1G for the aepl1J::etion Of tbe .. ~.onat.1.tuonts 

wood,end wiih the lc.lentit'ioationot tbese ind1v1t(ual uOlls~ltuente. 

The .lnveati/~etlon itLJlades not on17 Hgreen~t but (41so rJset'souedlf 

'.\1ood, ~1noet in Lh.1s IJie.7, 1.t i;es hoped to throw ne~< ligb' on the 

faetors rels.tlng to the <Jb.engGs. if erq-. in the ..Jhemloal CCHllf)Oaitlon 

of tbe Jrade resine. 1~-dl1oh te.ke ,pla08 du.rillg tbe store,ge of' 

Deck .P1ne logs. 

In the eooV'e gcnerel summer" 1 t has been pOinted ou' tbE:l t 

tbe lru'}.ln n ointe Ef dl.t';teren,ol between the resinous oonten:' of n~~;roenf' 
........ d' .E ;: HP" r'q, 1( JiW I.. __ ..-

e~ .;soaps.re:i ~ 1 tb l' eeteoned71 wood. &1"6 tbo follOwlna: 

1. In "Sof.}·sone4n ~Jood. the gl~ioerld. fat iJontent has deores.ae4 bl 

e.boai 6%, while the free fs.tt1 s.o14 (Jo·nt.ent also shows a 4e~re!tse 

of e'bout 5~. 

~. The peroents.ge of total res1n Bold8 is praot 10al1, the ssme in 

eaoh klJ14 of wood. 'bdt. the tJ s.a~onedn wood oont~11.n8 a hiGher 

peroenta,. of amorphotJ8. transformed soid. ·then .be 11greenlt ~,oo,. 

3. Tbe peroenta,. of' the total tUlscponifia.ble fraotion ia LUuob gree tar 

in "the "se8soned" ~Joo4. thls boing doe -to a marked lnQres88 1n the 

amount ot pollmer1 •• ' terpea10 subetcmoos. 



·a-

It wl11 be not., tbe' the tilt,fer.noe. ln the aoer.o1ier. 

of. 'h. , ... 01a8 ••• of re8ine, tro. "iJeasonedtl ancl tt,r •••• Jao. 

11 .. , . ".')eo.·il •• 1,. 'a.re a.80010'ad wl,tb 'be obans •• 'a&l_ ,laoe 

ln' 'be .llataQ'eJ: and amou.' of' aer1aln eonatltuen'te. au~h a.8 the 

tll1 •• 'ara,.d tat. and t'ait1 .,olds.on tb.e one !aenl. aad w1lb the 

••• la ~.l' •. oa the o'ller.. the former oon~a111 un8 .. il1lrat.4, readll,J 

o.xlt.l ... _1t ead pelrr»rle,able .11".,,,,_8, 8aoh. as 01.10, 11noll0 anA 

1111,,1.;111. 8c14a. wbl1e 'he latt.:r "present a group of produo' • . '" ,; ~.::~ . 

oller.e'er1 •• ' b.1 "teel Ut.tabll!" 'Ltaaer the influenoe of 11gbi. 
. .' 'I' 

118." an' ·ox141elll8t.Nen' •• 

.Aa .H,u4e ttat' beariq whl01l 'a •• ·• Obanal. Slgbt baft on 'be 

M".Z- of pulJlac aOGb woo, etti;oleatl,.. tu qU88t1011 &S to whetho • 

• DJ Of ~aoh cbe .... are fac111,ta'.' b" the aOllon of solatiQn. 
. . 

.t ecaU,.ro .. 1\(114 ant b1au1tlt •• at an .leY8te4 '· •• perataJ'_. oanuo' 
. > 

h anaw.r.' ,,'"1 t.be ». •••••• 17 experlae .. ,. lnvolnt' In 8UO" a 
;-.' 

........ , "Te b •• a. c8.rr1e4 OD'. but l' ae ••• qul t·. ,. •• 101e· ,bat 

_:rhl obaua.. .t one or more oj ',he yon8'1 tuen'. _, .\·'ao pla •• 

..... 1' .ao" 00.41,10118.· On .the other ha", the opportGn.lty afforted. 

,la. ~ •• lll..Qa Gout1 tu.a',s la. "gr •• a" 11004 '.tlrlnl a'o~ tot .. ,e" 

" lIOn ea ihe wo04 :pt1t. Jo· •• lbll prov148 .• a 'i •• pertoA aAA .n"lr08-

.. at la _toll t .......... ia.ble OOlls'it.en'. 0" the ta,ta. ·ta'tl .~.48 

a ..... 1 ••• 1'. art •• aY.r'.' in1u) mo're t_i't aa"8t ••• 8 of 8QOb. •. 
. ...... • _ne'.. •• ,. lut •• ,. • .. rkla4e,Jit. of la.rtn.~. -&e.r 'be 

_ • .u" .. ""~"' 1:3 tM _tilfaot.re of aulfA." pal,. 

tile ..... 1 ... ' "",._ 'wo.'l.- 1,8 ~,":1t.ntl, e880<l1.'.'· '0 .. 
.... 1. '.p.. .$" ill. elant'1.r ot 'be tt""-' lD G'h.. wor'.. 1~. 
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·'aokine •• ". - a faotor previously 'pointed out 'by Jumpbell. 

Tb. ~oll1tlon of the proble(D, would seem to l1e in the 

proseoution of addit10nal lnTestlgat'1onst in \·~b1.ob ssoh of tbe 

lnd1vlduB.l ocnat1 taents of JfOlt f1ne real1'18 lrld.loeted b1 the 

resul-ta ot tbil; 1tlYeatlgatlon as pOfss1b1, plal1n:~~ a defin1te role 

lA "pltoh trouble" is treated. under pressure and. et various 

temperatures with. aulflU'oas aoiJ. alone, and. 6~~O in. the presence 

of the aoid and b1eul:t1tee. together wlth wood chips efld ~u~f1te 

pulp. The pOB81bl11.tl.qt ,::otlr.$ t exlstt1t tllat the effeo' of 

"pltoh trouble" ., be aue io the Gombined fiotion of I!!t.r., 

aonatltoenta. but this seems le88 like1,. 

Follov~lng the aboy.,v.{ork .. t.be neesfiUll\rJ oo:ndltloh for the 

prevent10n of t'pltoh trou.ble" during en 1'1nduf.J'trlal oook f
', e.g •• 

b,1drogell-lon oontrol. tuid! tlon of ea1l11s1fy11lg and diaperslng 

agent., .\c •• should then 'be 1n.vestlgated. 
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