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lyst that  tie used was |here active thalt the one eiii- 
ployed ill this s tudy as tests ill our laborat()ry had 
shown. M a n y o f  his runs were a t a t c m p e r a t u r e  lower 
than LI15°C., the lowest t empera ture  of the study. 
The catalyst  used here was not appreciably  active al 
such low teniperatures,  l llvestigations in which vig- 
orous agitat iou is used and in which an effective low- 
t(,mperatltre catalyst  is employed are therefore  still 
n('('essary to d(~termine the variables of impor/arl(t( ' 
ill the solvent type of hy(lrogenatio,ls at  relatively 
IOW l ( ' l l l l ) e r a l  u r ( ' s .  

The IISO o f  a solvent ill the roactioi~ v o s s e |  was found 
l o  h a v e  a S i g l l i f i C a l l t  e l} 'e(q.  Oil the relationship betw(,(,ii 
l he  h y d r o g ( ' l l a | i o i i  ra|( '  a i ld  te l i lpera tur (~ .  Wi thou t  a 
so lv ( ' l l t  i l l ( '  n l a X i l i l i l l i i  | 'ale O('CllrS w( ' l l  a l l ow '  7( ) ( ) ° ( [  
(1), l)ut it al)p('ars l;o be al)l)recial)ly less with sol- 
V('iits, C-H., about 1;15--145°('.. when isol)r<)l)yl al(;ohol 
was tlS(,(I. Th+.' o p l i l i i l l i l i  te inperatur t '  is u i ldoul) tcdiy 
(+olitroll('d fly lhe ('oirll)lex relat, ionshi I) of the t, ru(~ 
r ea (q i o i l - r ah '  ( ' O l l S t a l l l N ,  i l l ( '  nl;-tss-tral lSf(,r l'('sistall(~es, 
and th(, solu l ) i l i l y  of  ] l y ( l r oge i l  in  i l l (  > Ii(tui(t l)has(,. 
E l t u i i i b r i l l l l l  s o l u b i l i l i ( ' s  of  h y d r o g l ' l l  ill  o)'gall i l~ 1i( I- 
uids ar(, intereslillg alld rehttively uni(lue sin(~c ill 
s( 'v( 'ral  (,ascs al ](,asl l he  s o l u l ) i l i t y  inl:rt, l is(,s w i l h  i i l -  
(q'eas(,(t lC i l l p ( ' ra l l l r ( ' ,  c..q., s o l u b i l i l i ( ' s  i l l  t r i g l y t ' ( ' r i i l ( ' s  
(1, !)) al l ( I  i l l  h) l l l ( ' l i ( '  ( ' , l ) .  A t ) ( ' t t l ' r  I I l l ( l ( ' rS la l l ( l i l l  7 Of 
lho solut) i l i ly  ph(' l lOI l l ( ' l lOII  Wollld I)rotial i ly h('lp (,x- 
l ) l a i l l  l h c  ( '~- '( ' ( ' l  e l '  | ( , l i l p e r a t l l r ( ,  a l i ( [  l ) l ' ( 'SSl l l ' ( '  ()ll 11i(' 

hy(h'ogcnation real,lion. \Vh(,n a s()Iv('n( is ('nil)il)y('(l, 
the hydrog('n solul) i l i ty,  no (Ioul)i, diaiig(,s ra(t i( 'al ly 
alld Inay be resl)()nsib](, for  tilt, low(,r OI) | i l l lU l l l  |(' i l l- 
peratures  fonn(I in li l iS invesl igal ion.  

The. preseil l i'(,Slllls in(li(.al(~ l i i l l l  ii ('onliner('ia] 
pro(less might  b(' l)ra(.li('a] ill wlii('h the (~ollollse('(l ()il 

ix hydrogenated while st i l l  ill the solut ion obtaine(l 
lly the solvent exlra(,tion of the, oil. The rates oi' 
hydro~'etlation are in the same order of ,lag)iilu(h, 
even though the solvent (lihlted the oil and hence de- 
(.reased the concentrat ion of lu isaturated ben(is. 
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Conclusions 

Mixtures of (~()ttous('e(l oil and hexan(', isol)rol)yl 
al(',ohol, or di-isol)rol)yl ethel' were hydrog(,nal(,(l hi 
a dead-end hy(h'og(iuato)'. Tit(, rates of hydrog(,ilatio)l 
of ih(, eott()iis(,(,(l oii for solv(,)it hydrogellalio)l w(,r(, 
solllewh&t ]ess than conv(,iiliona] nonsolv(,iit }lydro- 
g(,)lations. The se](,ctivily a)l(l Irans-isoni(,rization 
(.hltra(,teristies were ess(,iilially unchang('(l l)y lh(, 
l)r('sence of till' solvent. 
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METtIOD is presented for differentiat ing between 
epoxy acids and those without  epoxy groups 
that  react  s imilar ly in the Durbe tak i  t i t ra t ion 

of seed oils. Applicat ion of the technique to selected 
oils is discussed. The basis of the procedure  is titra- 
tion with hydrogen bromide before and a f te r  redue- 
tion of the acid with l i thium a h m i n u m  hydride.  A 
procedure is also presented for  ver i fy ing  one of the 
in ter fer ing  nonepoxide-eontaining oils, dimorpheeolie 
acid. The la t ter  procedure  is based on isolation of the 
acid by  solvent par t i t ion ing  and reduction to a erys- 
talline derivative. 

The discovery tha t  an epoxy acid, vernolie acid, is 
the pr incipal  f a t t y  acid in Ver~onia anthdmintica 
seed oil led to a search, both at  this labora tory  (] ,  2) 

P r e s e n t  address :  0 h i r e  Sta te  College, Chico, Calif. 
2 This  is a l abo ra to ry  of the Northern  Uti l ization Research  and Devel-  

opmen t  Division,  Agr i cu l tu ra l  Resea rch  Service,  U.  S. D e p a r t m e n t  of 
Agr icu l tu re .  

a i d  elsewhere (3, 4, 5), for  other na tura l  sources of 
epoxy adds  by examining numerous  seed oils. Ver- 
nolle acid, shown by Gunstone (6) to be cis-12,13- 
epoxy-cis 9-oetadeeenoie acid, has also been found ill 
seed oils of several other species, i nchd ing  Vernonia 
colorata (3), Hibiscus esculentus (3), Hibiscus can- 
nabinus (4),  and Clarkia elegans (7). In  addition, 
three other natura l ly-occurr ing  epoxy acids have been 
discovered in seed oils: 9,10-epoxystearie acid, found 
iu Tragopogon porrifoli~Ls oil (5),  coronarie acid, 
present  in Chrysanthem,tm coro~zarivr~ oil (7, 8) and 
15,16-epoxylinoleie acid, present  in Camclina sativa 
oil (9) .  

The Durbetaki  method for  determinat ion of oxirane 
oxygen (10, 11) is used rout inely  at  this labora tory  
as a screening method for  detecting epoxy acids in 
seed oils. I t  is based on the opening of the oxirane 
r ing to form a bromohydr in :  
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H H H H 
C C HBr C C 
NO/ HOAc " I I 

OH Br 
A sample, dissolved in benzene, is titrated with hy- 

drogen bromide-aeetie acid solution to the crystal 
violet end-point. The procedure is admirably suited 
to a screening I)rogram because of its s implicity and 
rapidity but is not specific for epoxides. At  least two 
fat ty  acids that occur in certain seed oils, sterculic 
acid and dimorpheeolic acid, interfere with the Durbe- 
taki determination of epoxides. Although they are not 
epoxy acids, they consume up to a mole of hydrogen 
bromide suti%iently rapidly to be mistaken for such. 
Sterculic acid, discovered in Sterculia foetida seed oil, 
contains a cyelopropene ring (12, 13, 14, 15, 16).  The 
double bond in this strained three-membered ring is 

( Ha--( ( H2 )r--C 02 H 

CH2 

Sterculic Acid 
highly reactive; presumably it adds hydrogen bro- 
mide very ral)idly in the benzene-acetic acid medium. 
l)imorphecoli('~ acid, found in Dimorphotheca auran- 
liaca seed oil, was recently shown to tie 9-hydroxy- 
lrans, trans-lO,12-octadeeadienoic acid (17). The re- 
action of this acid with hy(lrogen bromide, in acetic 
a(.id has not been fully slmticd, but apparent ly  it 
i,volves bolh a(dd-calalyzed (diminution ot' hydroxyl 
and replacement of hydroxyl with bromine. 

As a eonfirmal,ory lest 1o he] l) differenlial.e epoxy 
acids from interfering materials which respond to 
lhe hydrogen bromi(te tit:ration, we al)l)lic(t lithium 
a[mninmn hydri(le (I~AII) reduction. This reagent 
r(,(hwes elloxi<los to monohydroxy COml)ounds (18). 
Wh(,lher an epoxy aei(I is in lhe free state ~,r in 
(~ombine(I form as a lriglyeeri(h;, the epoxy group is 
reduced lo a monohydroxy deriwltive by LAII .  The 
('arboxylic acid or enler group is eoncurrently re- 
duced to a l)rimary ah'ohol group (181. This rc(hw- 
I ion pr(,(hlct is u .  reacl i ve I owar(Is hyd rogen bromi(h'- 
acetic acid under eon(litions of lhe l)url)etaki titration. 
In contr:tst, tile hydrogen bromide-reactive groul)ings 
of (timorpheeolic and sl:creulic acids arc unaffected 
by I~AII. Nunn showed tbat this reagent reduees ster- 
eulic acid to a pr imary alcohol in which the cyeh)pro- 
pone ring is rctained intact (121. l)inmrphe('x)lic acid 
is reduced to 10,12-octadecadiene-l,.()-diol, which con- 
stones the, hydrogen bromide rea~'ent in the same man- 
nor as the parent  acid (171, 

If  lhe hydrogen bromide uplake of an oil is sub- 
slanlially undiminished by I~Atl reduction, eI)oxy 
acids cannot be present in more than trace, amounts. 
Conversely, substantially eonlplete destruction of the 
rcaetive component indicates the llres(mee of epoxy 
acids. One should be eautious however about assum- 
ing that their presence is proved thereby. Other aeids 
containing the same functional gronps as dimorphe- 
colic and stereulie acids will no doubt interfere simi- 
larly in the Dnrbetaki  titration by appearing to be 
epoxy acids. For example, 8-hydroxyximenynic  acid 
has a structm'e rather similar to that of dimorpheeolie 
acid (19, 20) although it has one aeetylenic bond. Its 
B A H  reduction product is isomeric with that obtained 

from dinmrphecolic acid and certainly must  have simi- 
lar reactivity.  

Li thium Aluminum Hydride  Reduct ion Method 

To determine the percentage of epoxy acid in an 
oil, a portion was reduced with LAH,  then titrated 
with hydrogen bromide-acetic acid according to the 
Durbetaki  method. The result was compared with that 
obtained for the untreated oil. The method used for 
the reductions,  based on procedures of Nystrom and 
Brown (18), was as follows. Approximately 3 g. of 
L A t t  were placed in a round-bottomed flask, fitted 
with condenser and drying tubes. Anhydrous  ether 
(1.00 rot.) was added. The oil sample (co,. 1 g.) was 
dissolved in anhydrous  ether and added dropwise into 
the flask. Reflux was maintained for 2 hrs. The reac- 
tion mixture was then cooled in an ice-water bath, 
and 50 ml. of ethyl acetate were added slowly to 
destroy excess hydride. The step was fol lowed by 
addition of 1.00 ml. of 10% aqueous sodium hydroxide  
to decompose the eomplexes. The resulting mixture 
was t ransferred to a separatory fmmel. The layers 
were shaken together and separated. The aqueous 
layer was returned to the f u m M  and re-extracted 
with ether. The combined ether layers were washed 
with water and dried over sodium sulfate. The drie<l 
solution was evaporated on a steam bath under nitro- 
gen. Recoveries of 90% or better were obtained. The 
method can be adal)ted to reduction of smaller sam- 
pies. An alternative reduction method, using sodimn 
borohydride-ahnnimnn ehlm'ide in diglyme solution 
(21), was applied lo Ver,onia aJ~th~Imirltica oil with 
good results. 

llesults obiaim,d by applying this method to a num- 
ber of oils having an apl)re~dahle eontout of " a p p a r e n t  
epoxy ac id"  are listed ill Tabh~ I, Nvarly complete 
reduction of the " a p p a r e n t  epoxy ac id"  was observed 
for oils of sexeral genera in the Com posihlc. The out- 
slan(liug exception was l)i'morphothcca au, rantiaca, 
previously shown to conlain a high l)ereentage of 
dimorphecolic acid (171. Nh~rculia foeHda oil, known 
Io be rich in ster('nlic acid, was umtff(,(.te(I by redue- 
lion. It seems probable that the saml)le of Bracky- 
chilo~, an<)the, r mend)er of the Nlerculiaccac, also 
produces sterculi(: or a similar acid. In seed oils of 
tim Ma, lvaceae there is evidem'e for acids that are 
similar to ster(.n|ic acid. S<)me of these oils give a 
posilivc Ilall)hcn test (22, 23), a (.olor reaction used 
1o (Me(.t the cyclol)rOlicne riug. MeFarlane and co- 
workers obtained evidence t'or a (}~s-eyelopropenoid 
act(t, inalvalic act(I, ill oils of two Malva species (24). 
The ()is-structure was rec(,ntly confirmed by Craven 
and Jeffrey (25). A eyelopropenoid acid (bombaeie 
a('i([) from another source (kapok seed oil, family 
Bombacaceae) was reporte(t earlier by Dijkstra  an(I 
]lain (26). They tentatively assigne(I a C,.~-formula 
lo bombaeic acid. The work of l lopkins and Chisholm 
points to the probat)le oceurrenee of epoxy and eye|()- 
propenoid acids together in certain rnalww, e<ms oils. 
Oils of Hibiscus cscnlcntus and H. ca, nnabi,nus, :in 
which they found epoxy acids, gave positive Halphen 
tests (3, 4) .  Their observations afford a l ikely ex- 
planation for the substantial  but incomplete reduc- 
tion of "apparent  epoxy acid" of H. moscheutos oil. 
The apparent epoxide content of H. syriaeus oil is 
probably caused only by a cye]opropenoid acid. h >  
complete reduction of hydrogen bromide-reactive com- 
ponents in the seed otis of Arctotis, Artemisia, Cer- 
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Acid p r e s u m e d  p r e s e n t  

Epoxy  (conf i rmed  by  isolat ion [ 6 ] ) 
Epoxy  (conf i rmed  by  isolat ion 17, 81 ) 
Epoxy  

Epoxy I= dimorpheeo,ic- tyl)e 
Epoxy  
Epoxy  (4- some i n t e r f e r i n g  acid  ?) 
Dinmrphecol ie  ( conf i rmed  by isolat ion 

[171 )  
3i~poxy (~- some  i n t e r f e r i n ~  acid ?) 
Epoxy  (~- stone i n t e r f e r i n g  acid ?) 
Epoxy  (conf i rmed  by isolation [ 7 I ) 
Stercnl ic  (conf i rmed  by  isolalion [12 I ) 
Stereulic  tyl)e 
Stercul ic- type 
Ster<.uli<'-tyl)e @ epoxy 

Epoxy  

a (hd('n,at,~d as i)cr<.cntalze CJ~-epoxy acid  found  by the  1 )u rbe tak i  method (10,  1 1 ) .  
i) Some vah les  in  th is  (.o]lllnn a rc  f r o m  re fe rencc  (1)  ; o thers  a re  ~rom Unlmhlished d a t a  of F. IL E a r l e  and  co-workers .  

cidium, and Callia,dra, is IWCSUmlltive evidence for 
H~e presence of iniert 'erhig lumeltoxy acids in these 
,ills. The ln'obable l/restmce of a dinlorl>heeolic tyl)e 
ot! acid in +lrtcmisia absi.lhium seed oil was lminted 
out in a pr/wious repor t  t'roll| this lahoratory  (2).  

At ' ter (omph, i ing ihis work, we became aware of re- 
cent efforts of (;ther invesii~ators to find more defini- 
live means of amtlyzing for epoxy acids. Krul l  (27) 
has used argenl:ometvic, lmck-til rat ion af ter  reflnxing 
the epoxi/h~ with <.(dli(li,w hy/Irochh,ride. MotHs (28) 
has used spectral  examinalion ot' lhe <'.htor<)hydrins. 
l{eslllts obtained by Morris in alqflyimz his method 
are presented in a pal)er Imhlish,'d sin,ullaneously 
with (mrs. 

Identification of In t e r f e r ing  Acids 

The Halphe,l  (,olor reacti<m of sterculie-type acids 
has a l ready been mentiom.d. Exa,nination of the in- 
f rared and ul traviolet  sl)eclra of oils containing inter- 
t'('rin~ acids will aid in ident ifyin~ ihese constituents. 
For  example,  the cyclolwopene ring has a characteris- 
tic inf rared  maxi lmlm at !).92 > (23). Dimorphecolic 
acid, as well as any of its homologs or positional 
isonters that may occur in oils under examination, will 
give rise to infrared maxima at 2.94 > (hydroxyl)  and 
10.09 ~ (trans, trans-conjugated diene)  (17) .  The 
ultraviolet absorption maxinlum at 231 mm charac- 
teristic of conjugated dienes, will also be evident. The 
1-hydroxy-2,4-diene system of dimorpheeolic acid may  
be confirmed by boiling the oil under  s tudy  with gla- 
cial acetic acid for  2 hrs. and by determining the 
ultraviolet spectrum of the product. Dienoid absorp- 
tion will be replaced by the triplet maximum charac- 
teristic of a conjugated triene (259, 268, 279 m>). 

] f  confirmation of dimorpheeolic acid by a chemical 
method is desired, it may be isolated by solvent parti- 
t ioning of the mixed free acids. Dimorpheeolic acid 
is semisolid at room temperature but may be reduced 
by LAII  to 10,12-oetadeeadiene-l,9-diol. This diol, 
though low-melting ( 4 6 4 7 ° ) ,  serves as a satisfactory 
derivative for determination of melting point and 
mixed melting-point.  The procedure applied in this 
laboratory to several oils was as follows. 

A portion of oil (ca. 1.3 g.) apparently containing 
dimorpheeolie acid was saponified by stirring 3 hrs. 
at room temperature with 0.8 N ethanolic potassium 
hydroxide. The free fatty acids were isolated in the 
conventional manner, avoiding prolonged exposure to 

mi,wral acid; yMds  of 75-85% of mixed acids were 
ohtained. Free fatty acids (ca. 1 g.) were dissolved ill 
]0 lnl. of acet(mitrile saturated with hexane. Tile 
l'/,sulting solution was extracted with (5 X 10 ml.) 
portions of hexanc sa tura ted  with acetonitrile. The 
acetonitrile htyer was evaporated and yielded 75-  
81% of the lhcoretically expected dimorphecolie acid. 
Further purification of this acid will be described i,l 
a later Ilublicatio,L The material thus obtained was 
salisfaclory however for L A H  reduction, whieh was 
carried out as <lcscribed previouMy for nlethyl dimor- 
phe,'olate (17). Mixed melt ing point  detlwminations 
were carried oul with specimens of authentic 10,12- 
ocl ad eea/l ie n e- 1,9-d iol. 

Af ter  lhe discovery of dimorphecolic acid in Dimor- 
phothcca a]tra~diaca seed oil, it became of interest  to 
determine whether this acid also occurred in seeds of 
several other Dimorphotheca species that became avail- 
able. The results obtained by our isolation method 
C.<l,,firmed the presence of dimorphecolic acid in all 
of these, inehldirlg D. anmta, D. caler~.dulacea, D. sin- 
~mta, D. ecklo'nis, and Dimorphotheca aurantiaea var. 
"tetra-goliath." Screening analyses had indicated 
these to contain as nmch dimorpheeolic or similar acid 
as D. aura,ntiaea. 
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Vicinally Unsaturated Hydroxy Acids in Seed Oils I 
L. J. MORRIS, R. T. HOLMAN, and K. FONTELL, -° The Hormel Institute and Department of 
Physiological Chemistry, University of Minnesota, Austin, Minnesota 

METHOD for the detection and estimation of epoxy 
components of oils, based on near infrared spee- 
trophotometry,  has recently been developed in 

this laboratory (1). In the course of this work we 
examined several seed oils which gave appreciable, ap- 
parent epoxy values by the hydrogen bronlide titra- 
tion method of l)urbetaki (2,3). We found that all 
these oils Colltailted at least a. trace of epoxy con- 
stituents, as nleasure(I by near infrared spe(;tra, hut 
not to the exlent indicated by l l B r  titration. In a 
l)aper l i l iblistled silnll ltaneollsly with this (4) Smith 
alld co-workers describe it method (if differentiating 
between epoxy at'((is and some other aei(Is whi(.h lea(I 
to spurious elioxi(le vahl(,s tiy the l)nr l letald lil('ftl()(l. 
They have (hqerulhied the strneture of an hydr(/xy 
acid, 9-hy(I roxy-trans-trans-I 0,12-oeiadeeadienoic aeid 
(l, Table 13, which reacts with the I [ l l r  reagent (5). 
This acid is I)resent in the seed oils of several Sl)('('ies 
of Dimorpholhe, ca alld has been llaiiled dinlorllheeoli(~ 
acid. 

The present coniributio,l recor(ls studies, by ttle 
physical melho(Is (if ehromatogral>hy an(1 slieelroph(i- 
tometry, of six seed oils which show a (liserel)an('y hi 
epoxy values as measured by I I B r  t i tration and by 
near infrared speetra. By these methods we were abh, 
to show the presence of epoxy acids in these oils alon~,z 
with certain unsaturated hydroxy  aeids w}lieh giw~ 
rise to this discrepancy. In  sonic respects this publi- 
cation and that of Smith et aL (4) are eonlp{ementary. 

For  clarily the structures of some of the aeids dis- 
cussed are shown in Table I and referred to ill the tcxl 
by Roman nlunerals. 

Materials and Methods 

The mixed acids and esters derived fr(un the seed 
oils of Dimorphotheca aurantiaca (Cape marigold),  
Artemisia absinthium (worrawood), Callia~,dra erio- 
phylla ( fa i ry  dusters), Balanites acgyptica (lalob), 
Cosmos bipinnatus (cosmos), and Hal.fan(bus a~nuus 
(sunflower) were investigated. The mixed acids of 
these oils were obtained by conventional alkaline by- 
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TA BLE I 

C H a ( C I I 2 ) ~ C H = C H C H = C H C H ( O H )  ( C H ~ ) r C O O H  I 
t #'(t '#l,s' t ra~ l ,~  

CIEa(Cne) I C H = C I - t C H = C n  CI [ (OI I )  (CI [~)gCOOH II  
e i x  ~ r a ? t z  

CIIa(CH'2)4 C [ I ( O H )  CH--C[ I  C]I - -CH(CI[2)7  COOII I I l 

CII:~(CII'-,)4 CI I (OI [ )  C I I : C I I  CH:CI I (C t [ ,2 )7  COOlt  IV 
~: t ' l l t ts  tl'(l'll*~" 

CII:~(C|le) I CI[--CII CU:-Cll (~|[::CU(CII,-,)~*COoII V 
t l ' ( l  R,~ t I'H II,S' # I'H II,Y 

dl.'olysis at r(mlU teniperature;  lu'olml~Zed ('mlta('t with 
mineral aei(ls after  aeitlifi(,ation xvas avoided, l~]sters 
were prel/ared fl'Ollt the a.ids wilh diazl/nwtham,. 

lrltravioh!t anti near ilifrared sp('(ql'al data were 
obtained with a lh,eknlan I)K2 lh'eOl'dilllZ Slieetro- 
pilotonieter. Methanol wits the solvent used in the 
ultravi(flet range, and solutions of 3.0 or 1.0% in car- 
lion tetrachhu'ide were used for near infrared studies. 
Silica cells of l-era, path length were used throughout.  
Inf rared Sllectra in the 2-]5t, regiOil wei'e determined 
[ ) y  ItS(fig it P e r k i n - E h n o r  12(} ~]) t ,etrol)hotOl l leter w i t h  
Modc, l 8 ]  lnil',i'OSel)lit; a i ld ;4 l{eo, dl ;r  therlnoe, ouple.  

P a l ) e r  e h r o l l i a t o f r a i ) h y  w a s  earriell Olit OI1 silicon- 
ize(l Whatll lan No. ] l/aper (6) with solveut systenis 
of aqileOllS aceto i l i l  I ' i le fo r  e s t e r s  and of  aqlleOUS aceto- 
nitr i le alid avel:ie a(~id for aci(ts (7). 

Sili('ic acid was coated as a th in layer Oil 7lass lilates 
I/y the, procclhlre of ~tahl (81. The, acid aud ester 
l l l ixturcs \v,,we ,,;hronlah)ffraphod alld hldivid/utl Vmll- 
ponents were :isolate/l, using methods and solvents 
al ready described by Man gold and Malin s (9,10,7). 

(]as-liquid chrolnatography (GLC) was carried out 
on a 6 ft. x l~-in, coiled copper column having, as its 
s tat ionary phase, 15% L.A.C.-2R446 3 polyester resin 
coated on Celite, 80-100 mesh. The column was het(l 
at 1.96°C., and the flash heater and detector at 25(1°C. 
Argon, as carrier gas, flowed at a rate of 60 c.e./min. 
nnder  a head pressure of 25 p.s.i. The fl-ionization 
detector 4 was operated at 800 volts. Some stndies 
were also carried out, using a 2 ft. x l/l-in, straight 
copper column, containing 20% Apiczon M hydrocar-  
bon grease on Celite, 80-100. This column was run at 
204°C. with flash heater and detector at 240°C., and 
argon, at  9 p.s.i, pressure flowing a~ 60 ca./rain. 

Fractions were collected after GLC by passing the 
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