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ootemfe* owwor, omoidoro0Xo i^^#Xpti« of tte rooixi moisimd 

otea trootod in thio m B m  e&tett m£ Wi&m t̂ srmlyoiii 

mo oh.om h f  tfoo 4#«p dloooXomtlm of i&so

pw&aot sm& tte formfcian of teoocopmXtloo fractal to#



m 4S0 m

lngi O»0 1 0 & W 0  m s ^
n o to *

i *  1 0 *4 #  m « ig >  * • »

ft* jyw#i§ 6 * 1 0  &«*•

* *  $ » & £ !# * *  and  t l i#  - » # t  m£f%m$M& nmmm

m£ & m  r a f t ta  mmm ‘bsy to #  u s e . # f

I% lJ ^ ix ig f  i n  ft & e « ftr l$ » $ £ o a  f t f  t h i f t  satth o& S  

M  ipaii* o f  mmm c tfiod , tuy « to t ic m  to  t a f tK H  &n&

ft&NMKxam& m a o * a i  #f %hm « l f « l  t*y tKl «*#•
*$ pm*# 01% ^  nast f #f dry &$gO war# tarn netted*
tlaa a^ntnsa m i  al&ft#& witfo a m A m im m  rn iA m ^ M m  M b rn  «m&

ij'fc ftjtftftH  flllS # #  fttftft tmfiMl %# £3#ftt

mm  f M A  mm tt& A t b#S 3,tog m i.  mmwm^mmM 0 m$&

agitation. <*f fS m  ^ ^ 0  4 % t4w  and of ttiin tstoa
«nacl §> #*e* af tl» Cll^l ftgXm$icM& til

la o r d w  to #&#&!& 11 m m ig&m  f m 4 aml/alft* ^iia 
«tatto®i «ftft ©oil#?! wtt& aaat*#!* to rta ôir# all tMkftMi
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^Mt#4 owr u,,jSQ̂ # îaan fcha mmm smpdrm^ill
1*1 of §mit raaln w&# ob&a&tfMKi* For fitt*%is» purlfisrntim 
t$a» osfusi# pro&uafc wm di m sc* XtocI in 80il .aqnomui ja»fcb$l alaohol̂  

«rii#lj mm® tfmm tSrr## t fasts with pm trotot&a otter*
f l i t  o o s iM tio ti p ttiN s lim a , # t o »  o x t r a s ta  mmrm ^&mu I

with noli agones** wfchgpl aloohai sat fcl.il* axfcraofc wan
with tli#' Sill mfehyl fcXMolk r#ita aoiufcioeu * *1® 

*M taM ,o n wti JPtlfc#m&# tim sasfchgl aXooh«& muI tls#
a^tinous mmpmnmlm# «frldh ra suits!# was ox&rau&fe#! with fto# 
IKtrfclcms of afchsr* ftm ofchsr solution w m  clt*i#€ an Juafc 
d n a m ib a ti*  to #  1&®% o f  wan f t :m X k ^  r e  j&vod

iti m w w t  fi®Ms 0*11 u»*
*fh# fc&Kioltsr to ^sllfish -of all of fch# 

t o  to #  s to p s  r a  % iro l to  o b ta ir *  t l i#  1 *3  ip is *  o f  m$mtn

mm® 4«fe#wi,?»cl* Ilf this » « »  to# of lh« rnntm m ^ttm

mm® fomm to fc# vwf good*
I n  mppmm^mm® to  i s  a i& iip i#  o f  r o u te  mm® s t e l l a r  t o  

tost &#£m‘lh«& togr 0 » M i # s  ofc al* Its
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Fig. 4 - Curves showing toxicity of Croton Kesin and Rotenone. 
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Fig. 5.- Distillation Curve of Methyl E3tera of Fatty Acids from Croton Resin.
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[Reprint from the Journal of the American Chemical Society, 57, 774 (1935).]

d-'Ribose fro m  th e  C ro to n  B ean

By Joseph R. Spies with Nathan C. Drake



[Reprint  from the Journal  of the  American Chemical  Society,
57, 774 (1935).]

d-Ribose from the Croton Bean
B y  J o s e p h  R . S p i e s  w i t h  N a t h a n  JL. D r a k e

Cherbuliez and Bernhard1 have recently iso
lated from the croton bean, Croton tig liu m  (L), a 
new glycoside, which they identified as 2-hydrox3r- 
6 -amino-purine-<f-riboside, and which they pro
posed to call a “crotonoside.” They did not, 
however, succeed in crystallizing the sugar residue 
obtained by hydrolysis.

The accumulation of a quantity of this material 
has afforded us an opportunity to examine it. 
We have succeeded in crystallizing the sugar 
residue and have conclusively established its 
identity as d-ribose, thus confirming the findings 
of these workers.

Experimental
Isolation of the Crotonoside.— T h e  g ly c o s id e  w a s  e x 

t r a c t e d  f ro m  t h e  g r o u n d  u n s h e lle d  b e a n s  w i th  m e th a n o l  
a n d  i s o la te d  a s  d e s c r ib e d  b y  C h e rb u lie z  a n d  B e r n h a r d . 1 
F ro m  125 k g . of b e a n s  w a s  o b ta in e d  3 4 5 .0  g. o f  c ru d e  p r o d 
u c t  w h ic h  c o n ta in e d  a b o u t  2 5 %  o f p u r e  c ro to n o s id e  
(0 .0 7 % ) .  W h e n  r e c r y s ta l l iz e d  to  c o n s ta n t  m e l t in g  p o in t  
a n d  d r ie d  in  t h e  A b d e r h a ld e n  a t  1 1 0 ° , i t  d e c o m p o s e d  a t  
2 4 5 —2 4 7 ° . (A ll m e l t in g  p o in ts  w e re  t a k e n  w i th  s t a n d a r d 
iz e d  A n s c h u tz  th e r m o m e te r s .)

A n a l .  C a lc d . fo r  C i0H i 3O 6N 6: C , 4 2 .3 7 ; H ,  4 .5 9 ;
N , 2 4 .7 3 . F o u n d :  C , 4 2 .0 1 ; H , 4 .4 7 ; N ,  2 4 .5 6 .2

Crystallization of ^-Ribose.— T h e  c ro to n o s id e  w a s  
h y d r o ly z e d  a n d  th e  r ib o s e  i s o la te d  a s  d e s c r ib e d  b y  C h e r 
b u lie z  a n d  B e r n h a r d . 1 T h e  s iru p  o b ta in e d  w a s  d r ie d  in  a  
v a c u u m  o v e r  p h o s p h o ru s  p e n to x id e ,  a n d  w h e n  n u c le a te d  
w ith  a n  a u th e n t i c  s p e c im e n  of J - r ib o s e  i t  s lo w ly  c r y s t a l 
l iz e d . 3 R e c r y s ta l l iz a t io n  th r e e  t im e s  f ro m  a b s o lu te  
e th a n o l  a n d  o n c e  f ro m  d r y  is o p r o p a n o l  g a v e  a  p r o d u c t  
t h a t  m e l te d  c o n s ta n t ly  a t  8 3 —8 7 °  w i th  p r e v io u s  s o f te n in g  
a t  8 0 ° . T h e  m e l t ,  h o w e v e r , w a s  c lo u d y ;  [ « ] 20-25d  — 17 .5 ° 
(c  =  5 .0 0  g ./lO O  m l.) ;  (L e v e n e  a n d  J a c o b s ,  8 5 ° , [ce]20D

(1 )  C h e r b u lie z  a n d  B e r n h a r d , I le lv .  C h in t .  A c ta ,  15, 4 6 4  (1 9 3 2 ) .
(2 ) T h e  a u th o r s  a re  in d e b t e d  t o  M r . H . M . D u v a l l  o f  th e  U n iv e r 

s i t y  o f  M a r y la n d  fo r  t h e  m ic r o  K je ld a h l d e te r m in a t io n .
(3 ) T h e  w r ite r s  a re  in d e b t e d  to  M r . F . P . P h e lp s , o f  t h e  B u r e a u  

o f  S ta n d a r d s  o f  t h e  U . S . D e p t ,  o f  C o m m e r c e , fo r  th i s  m a te r ia l .



— 19.2 ° ) 4 ( P h e lp s ,  I s b e l l  a n d  P ig m a u , 8 7 ° , [cr^D  — 2 3 .7 ° . ) 6
Tetraacetate.— T h e  t e t r a a c e t a t e  ( t e t r a a c e ty l r ib o s e )  w a s  

p r e p a r e d  a s  d e s c r ib e d  b y  L e v e n e  a n d  T ip s o n , 6 w h o  g iv e  
1 1 0 ° a s  t h e  m e l t in g  p o in t  a n d  [ « ] 24d  —5 2 .0 °  a n d  [ « ] 26d  

— 5 4 .3 °  in  c h lo ro fo rm . T h e  p r e s e n t  w r i te r s ’ p r o d u c t  w a s  
r e c r y s ta l l iz e d  to  c o n s ta n t  m e lt in g  p o in t  f ro m  e th a n o l ;  m . p . 
108—1 0 9 ° ; in  c h lo ro fo rm  [ « ] 24d  — 5 4 .1 °  (c , 6 .5 2  g ./lO O  m l.) .

A n a l.  C a lc d . fo r  C 13H 18O®: C , 4 9 .0 6 ; H , 5 .66 . F o u n d :  
C , 4 9 .3 3 ; H ,  5 .88 .

Phenylosazone.— T h e  p h e n y lo s a z o n e  w as r e c r y s ta l l iz e d  
to  c o n s ta n t  m e l t in g  p o in t  f ro m  4 0 %  e th a n o l ;  m . p . 1 6 5 -  
1 6 5 .5 °  ( L e v e n e  a n d  L a F o r g e , 1 6 6 ° ) .7

p-Bromophenylhydrazone.— T h e  /> -b ro m o p h e n y lh y d ra -  
z o n e  w a s  p r e p a r e d  a s  d e s c r ib e d  b y  C h e rb u lie z  a n d  B e rn -  
h a r d .1 I t  w a s  r e c ry s ta l l iz e d  to  c o n s ta n t  m e l t in g  p o in t  f ro m  
a n  a b s o lu te  e th a n o l—e th e r  s o lu t io n ;  m . p . 164° (B k e n s te in  
a n d  B la n k s m a , 8 1 6 4 °)  (L e v e n e  a n d  Jacobs,®  1 7 0 °) .

(4 ) L e v e n e  a n d  J a c o b s , B e r ., 42, 2 4 6 9 , 2 4 7 4  (1 9 0 9 ) .
(5 ) P h e lp s , Isb e ll a n d  P ig m a n , T h is  J o u r n a l , 56 , 747  (1 9 3 4 ) .
(6 ) L e v e n e  a n d  T ip s o n , J .  B io l .  C h e m . ,  92, 109  (1 9 3 1 ) .
(7 ) L e v e n e  a n d  L a F o r g e , ib id . ,  20, 4 2 9  (1 9 1 5 ) .
(8 ) E k e n s te in  a n d  B la n k s m a , C h em . W e e k b la d ,  10, 6 6 4  (1 9 1 3 ) .
(9 ) L e v e n e  a n d  J a c o b s , Ber., 42, 2 7 0 3  (1 9 0 9 ) .

B u r e a u  o f  E n t o m o l o g y
a n d  P l a n t  Q u a r a n t i n e
L .  S . D e p a r t m e n t  o f  A g r i c u l t u r e
C o l l e g e  P a r k , M d . R e c e i v e d  F e b r u a r y  14, 1935
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Croton R esin. I. Toxicity Studies Using Goldfish1

B y  J o s e p h  R  S p i e s

T he oil of the  croton bean 2 has been th e  sub jec t 
of num erous investigations during  th e  las t century . 
I ts  pu rgative  action as well as its  vesican t and  toxic 
properties were no ted  by  earlier investigators, and 
various a ttem p ts  have been m ade to  isolate the  
active principle. R ecently  C herbuliez3 and  his 
co-workers have isolated an  extrem ely active, non- 
hom ogeneous, resin from  bo th  the  oil and  beans 
which is undoub ted ly  responsible for th e ir  vesicant 
and  toxic p roperties . 4

(1) F ro m  a  th es is  su b m itte d  b y  J o sep h  R . S p ies  to  th e  G rad u ate  
S ch oo l o f th e  U n iv e rsity  o f  M ary la n d  in  p artia l fu lfilm en t of th e  re
q u irem en ts  for th e  degree  o f D o c to r  o f P h ilo sop h y .

(2) Croton i ig l iu m  (L in n i)  is  a  sp e c ie s  of th e  Croton  gen u s of th e  
E upkorb iaceae  fa m ily . T h e  seed  or b eau  is  so m etim es  u sed  a s a fish  
poison .

(3) C herb u liez , E h n in g er  an d  B ern h ard , Helv.  Chim .  A c ta ,  15, 
658  (1932).

(4) B o eh m  an d  F la sch en tra g er , Arch.  Pa th .  P h arm ako l . ,  157, 
115 (1 9 3 0 ), c la im  to  h a v e  iso la ted  th e  pu re to x ic  pr in c ip le  from  croton  
oil b y  p u rely  p h y sic a l m ean s w h ich  th e y  d id  n o t describe.

In  a  search for new n a tu ra l insecticides, in  
which a num ber of p lan t m ateria ls were e x a m in e d / 
i t  becam e ap p aren t th a t  the  croton b e a n 6 con
tains a  substance which surpasses ro tenone in its  
tox icity  to goldfish. T h e  process of C herbuliez 
was modified to ob tain  the  resin for th is  s tu d y , 
and i t  was shown by  tes ts  on goldfish th a t  no a p 
preciable q u a n tity  of toxic m ateria l was lost in 
the  process.

In  the  hope th a t  some resolution of com ponents
(5) (a) D rak e and  S p ies , J .  Econ.  Entom ol. ,  25 , 129 (1 9 3 2 );  (b ) 

S p ies , ibid..  26 , 285  (1 9 3 3 ).
(6) D r . G . P . Ju n g  o f th e  B u reau  o f E n to m o lo g y  of C h in a  k in d ly  

fu rn ish ed  th e  m ajor su p p ly  o f b ean s for th is  s tu d y . A ccord in g  to  
Ju n g  a ‘‘croton  em u ls io n ” m ad e from  th e  beans is u sed  as an  in sec ti
c id e  in  C h in a; o th er  sou rces from  w hich  th e  b ea n s w ere ob ta in ed :
(a) S ch im m el & C o., A. G ., M ilt itz  bei L eip z ig  (th ro u g h  F r itzsch e  
B ros., N . V .) , sh e lled  bean s, y ie ld  of resin  0 .6 % ; (b ) A n an d ji V irgi 
&  C o., B ox  153, B o m b a y , In d ia , sh e lled  b ean s, y ie ld  o f resin  0 .9 4 % ;  
(c) H . C. N e ib ert , M ilb u k , P . I. Cf.  J u n g , L in g n a n  Sci. ,  J . ,  [3] 1 3 , 
557 (1 9 3 4 ).
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leading to  crystalline m ateria l m ight be effected, 
a solution of 50 g. of resin in 300 ml. of 90%  
m ethanol was ex tracted  continuously  w ith  re 
distilled petroleum  e ther (b. p. 55-70°). The 
color of successive fractions deepened m ateria lly ; 
the  first ex tracted  m ateria l was ligh t yellow and  
the  resin soft and  sticky, th a t  ob tained  tow ard  
th e  end of the  experim ent was brow n and  yielded 
a hard  and b rittle  resin. A bout 81%  of the  resin, 
in which portion th e  m ore toxic substances were 
concentrated , was ex tracted  during th e  first 
forty-eight hours. T he carbon and  hydrogen 
con ten t of th e  fractions decreased from  69.9 to  
66.4%  and  9.2 to  8 .2%  from  first to  last, re 
spectively, showing th a t  a  constituen t which 
contains m ore oxygen th an  th e  m ost toxic sub
stances concen tra ted  in th e  m ethanol. T he ex
trac tion  was continued  for one hundred  an d  sixty- 
eight hours and  th e  residue which rem ained in the  
m ethanol was no t toxic to  goldfish. N o crysta l
line p roducts were obtained  from  an y  ex tract.
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M illigram s p er liter.
Fig. 1.— C urve showing tox ic ity  of cro ton oil to  gold

fish.

T he m ethod  of G ersdorff7 using goldfish8 
(Carassius auratus) was em ployed to  s tudy  the  
relative tox icity  of croton oil, the  alcohol-soluble 
portion  of the oil, an d  cro ton  resin, which con
s titu te , respectively, ab o u t 25, 8  and  0 .5%  of the  
unshelled croton bean. T he resu lts ob tained  are 
illu stra ted  graphically  in Figs. 1, 2 an d  3, where 
average surv ival tim e is p lo tted  as ordinates 
against concentration  as abscissas. T he survival 
tim e-concen tra tion  curve for ro tenone published 
by  G ersdorff7 has been included in Figs. 2 and  3 
for th e  sake of com parison. Since th e  tes ts  were

(7) G ersdorff, T h i s  J o u r n a l , 52, 3440  (1930).
(8) T h e  avera g e  w e ig h t of each  fish w as a b o u t 2 g. F ou r  fish w ere  

used to  d e term in e  th e  avera g e  su rv iv a l tim es  on  th e  stra ig h t p ortion s  
of th e  cu rves  w hile  e ig h t to  ten  fish  were used on th e  cu rved  portion s.

no t m ade on the  sam e lot of fish, exact com parison 
is no t possible, b u t i t  is ev ident th a t  cro ton  resin 
is appreciab ly  m ore toxic th a n  rotenone.

400
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0 0.2 0.4 0.6 0.8 1.0
M illigram s per liter.

Fig. 2.— C urves showing tox ic ity  of alcohol-soluble 
fraction  of cro ton  oil an d  rotenone: A , alcohol so lu
ble fraction  of cro ton  oil; O , ro tenone.

E xperim en ta l
Isolation of Croton R esin .— T he ex trac tion  w ith  m e th a

nol of th e  ground unshelled beans was carried  o u t on 5-kg. 
lots in  a  large capac ity  S oxh let.9 T he resin  w as isolated 
from  th e  ex trac t by a  m odification of th e  process of C her
buliez.3 T he details of th is  p rocedu re  can be ob ta ined  
from  th e  a u th o r’s d isserta tion . T he resin  was sto red  in a 
desiccator o u t of con tac t w ith  air and  p ro tec ted  from  light.
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Fig. 3.— C urves showing tox ic ity  of cro ton resin and 
ro tenone: □ ,  cro ton resin; © , rotenone.

For rem oval of so lven t from  th e  resin before analysis or 
tox ic ity  studies, th e  follow ing procedure w as adopted . 
T he sam ple was p laced in  a  p la tin u m  b o a t in  an  A bder- 
halden d rier h ea ted  by  boiling toluene. A ir was a l te r 
na te ly  rem oved an d  ad m itte d  u n til no  m ore bubbles form ed 
in th e  resin w hen th e  p ressure was reduced  (w ate r pum p). 
T o  te s t th e  efficiency of th is  m ethod  th e  following experi
m ent was perform ed. A bou t 2 g. of resin  was dissolved in 
150 ml. of pure distilled  chloroform  an d  m ost of th e  sol
vent was rem oved on th e  s team -b a th . T he sam ple was

(9) D rak e and  S p ies , Ind .  Eng. Chem.,  A n a l .  Ed . ,  5, 284 (1 9 3 3 ).
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th en  trea ted  as ju s t described. A fter tw o hours halogen 
could ju s t barely  be detec ted  in th e  sam ple and  finally 
when no m ore bubbles could be raised in th e  resin  no  a p 
preciable B eilstein te s t could be ob ta ined .

T he physical characteristics of th e  resin a re  sim ilar to  
those described by  Cherbuliez. I t  show ed no tendency  to  
crystallize. T he resin is very  sparingly soluble in  w ater, 
slightly soluble in petro leum  e th er an d  miscible in all p ro 
portions w ith  alcohol, benzene, e thy l ace ta te  and  chloro
form. I t  contains no nitrogen. A nal. F ound : C, 68.6, 
68.3; H , 8.69, 8.84; m ol. w t., 600;10 H anus iodine no. 52.5, 
53.6; O C H 3, 1.13, 1.23, 1.19;lx sap. no. 254.5, 233.2.

P reparation  of Croton Oil.— F ifty-one gram s of ground 
cro ton  beans was ex trac ted  in a  Soxhlet w ith  petro leum  
e th er (m ax. b. p. 85°) for ab o u t nine hours. T he p e tro 
leum  e ther was evapo rated  from  th e  ex tra c t and  th e  oil 
dried  to  co n s tan t w eight a t  105°; yield 12.9 g. (25.3% ). 
A fu rth e r ex traction  w ith  the  sam e solvent for abou t six 
hours rem oved only 0.07 g. of oil of sap. no. 265.8.

(10) (a) R a st , Ber.,  64, 1979 (1 9 2 1 ); (b) S p ies, T h is  J o u r n a l , 56, 
250  (1933).

(11) C lark, J .  Assoc. Off. A gr .  Chem.,  16, 136 (1932).

P rep ara tio n  of A lcohol-Soluble P ortion  of Croton Oil, —
One hundred  gram s of cro ton  oil (ob ta ined  by petroleum  
e th er ex traction ) was shaken  in th e  cold w ith  150 ml. of 
alcohol (95% ). T he alcoholic layer was w ithdraw n and 
the  oil was th e n  ex trac ted  w ith a  fu rth e r  100-ml. portion . 
T he com bined alcoholic ex trac ts  were filtered, centrifuged 
to  rem ove suspended particles of oil and  finally the  alcohol 
was ev ap o ra ted ; yield 31 g. (31% ).

Sum m ary
1. C roton resin has been separa ted  in to  frac

tions which have different com positions and 
possess different toxicities to  goldfish.

2 . Com plete survival tim e-concen tratio  n 
curves, using goldfish as th e  te s t organism , have 
been determ ined for croton oil, the  alcohol- 
soluble portion  of croton oil an d  croton resin.

3. C roton resin has been shown to  be m ore 
toxic to  goldfish th a n  rotenone.
C o l l e g e  P a r k , M d . R e c e i v e d  O c t o b e r  2 6 ,  1 9 3  4
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Croton Resin. II. The Toxic and Vesicant Action of Certain of its Derivatives1

B y  J o s e p h  R .  S p i e s

T he work of previous investigators has indi
cated  th a t  th e  croton bean contains a  physio
logically active principle which owes its toxic 
and vesicant properties to  a  condition of u n 
sa tu ra tion . A m ore extensive study , using gold
fish as the  te s t organism , has dem onstrated , how 
ever, th a t  the  physiological action of th e  active 
constituen t is m ore in tim ately  rela ted  to  the  
presence of free hydroxyl groups.

C roton oil was first hydrogenated  by Paal and 
R o th , 2 who used a palladium  ca ta ly st and  found 
the irrita ting  p roperty  of the  oil to  be proportional 
to  the  iodine num ber. This p roperty  d isap
peared entire  y when sa tu ra tion  was complete. 
These au tho rs also hydrogenated  B oehm ’s 3 resin, 
causing a drop in its iodine num ber from  77 to 
12.5. The p roduct was no longer toxic to  frogs 
or rabbits. C ata ly tic  hydrogenation of our 
croton resin , 4 w ith bo th  nickel and  platinum ,

(1) F rom  a th esis  su b m itted  b y  Josep h  R . S p ies  to  th e  G raduate  
S ch ool o f th e  U n iv e rsity  o f M ary lan d  in p artia l fu lfilm en t of th e  re
q u irem en ts for th e  degree o f D o c to r  of P h ilo sop h y .

(2) P aal and R o th , Ber.,  42 , 1544 (1909).
(3) B oeh m , Arch.  Path.  Ph arm akol . ,  79, 138 (1 915). T h is resin  

w as ob ta in ed  b y  a  process w hich  a ltered  its  natu re. D e sp ite  th is  
fa c t its  com p osition , p h ysica l ch aracter istic s  and to x ic  action  are 
sim ilar to  th e  resin  used in  th is  s tu d y . A t a  co n cen tra tio n  of 1:108 
B o e h m ’s m ateria l k illed  ta d p o les  in th ree  to  four hours.

(4) Iso la ted  as descr ib ed  in th e  first artic le  of th is  series. T h i s  

J o u r n a l , 67, 180 (1935),

caused a reduction of the  iodine num ber from  53 
to  38 b u t no apparen t decrease in toxic or vesican t 
action a t the  concentration  used for th e  tests . 
T he product, a  harder resin, had  lost its  t ra n s 
parency and assum ed a tu rb id  or m ilky a p 
pearance.

C herbuliez et al. 5 b rom inated  the  resin and 
found the  p roduct to  be w ithou t physiological 
activ ity , as shown by  tasting . B rom ination of 
our resin produced a m arked  decrease in toxic 
and  vesicant properties b u t did n o t destroy  
them  com pletely.

T he im portan t relation of the  free hydroxyl 
groups to  the  physiological ac tiv ity  of croton 
resin was not observed by  earlier investigators. 
B oehm 3 reported  the  absence of free hydroxyl 
groups in his resin, while Cherbuliez et al.5 
found th a t  their resin contained approxim ately  
3.4%  hydroxyl on the  basis of the  saponification 
num ber before and  a fte r acety lation . T he la tte r  
au thors noted a decrease in ac tiv ity  of the  acety- 
lated  p roduct b u t did no t a ttr ib u te  th is  to  esteri- 
fication of the hydroxyl groups. A cetjdation of 
our resin, which, however, resu lted  in only 
partia l esterification of the  hydroxyl groups shown

(5) C herbuliez, E h n in ger and  B ernhard , Helv. Chim . Acta,  15, 658  
(1932).
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to  be present by  m ethy lation  by P u rd ie ’s re 
agents, produced some decrease in physiological 
action. Com plete m ethy lation  to  the  ex ten t of
11.7%  m ethoxyl, however, yielded a resin which 
is w ithou t e ither toxic or vesicant action. The 
average m ethoxyl con ten t of th e  original resin 
is 1.2% . D etailed  results of these studies are 
collected in Tables I  and  II.

T a b l e  I

T h e  T o x i c i t y  o f  C e r t a i n  D e r i v a t i v e s  o f  C r o t o n  
R e s i n  t o  G o l d f i s h

T em p era tu re  27 ±  0.3°; concn. 2.0 mg,./liter"
OCHs, Sap . Iod ine Su rv iva l

S u b sta n ce % no. no. tim e, minb'
O riginal resin 1 .2 244 5 3 .1 20
H y d ro g en a ted  resin 3 9 .2 18
A cety la te d  resin ( l ) d 3 58 35
A c ety la ted  resin (2) 336 30
M eth y la te d  resin 1 1 .7 181 f no d ea th s
M e th y la te d  a c e ty  i

la te d  resin (3) 183 [ in 1740c
B rom o resin (1) 62
B rom o resin (2) 71

a T his re la tive ly  high con cen tra tio n  was used to reduce 
th e  survival tim es to  convenien t lim its. b A verage of four 
fishes. See th is  series, artic le  I, loc. cit. c A few fishes 
showed slight irr ita tio n  of th e  gills. d These num bers re 
fer to  th e  num ber of th e  p rep a ra tio n  in th e  experim ental 
section.

T a b l e  I I
V e s i c a n t  A c t i o n  o f  C r o t o n  R e s i n  a n d  C e r t a i n  o f  i t s  

D e r i v a t i v e s

C oncn. M g ./
of sq. in. S o l In d i-

te s t of v e n t  v id u a ls
S u b sta n ce soln. sk in a used  te s te d  R esu lts

O riginal resin 1:1000 0 .0 4 A lcohol 1 M od erate  burn
O riginal resin 1:100 .4 A lcohol 1 Serious burn
H y d ro g en a ted  resin b 1:100 .4 A lcohol 1 Serious burn
M e th y la te d  resin 1:100 .4 A ceton e 2 N o  burn
A c e ty la ted  resin ( l ) c 1:100 .4 A ceton e 2 , M od era te  burn
B rom o resin (1) 1:100 .4 A ceton e 2 V ery  s lig h t burn

a A pproxim ate. b Iodine num ber 39.2. c These n um 
bers refer to  th e  num ber of the  p rep a ra tio n  in th e  experi
m en tal section.

C roton resin form s no w ater-soluble salt when 
its ethereal solution is ag ita ted  w ith  cold dilute 
aqueous potassium  hydroxide and its alcoholic 
solution gives no color w ith ferric chloride. I t  is 
probable nevertheless th a t  the  free hydroxyl 
groups are phenolic or enolic in na tu re  b u t are 
m asked by  substituen ts which repress their 
norm al reactions. This conclusion is based on the 
fact th a t  the  average saponification num ber of the  
m ethy la ted  resin is 181, while th a t  of the  original 
resin is 244, indicating th a t  p a rt  of the  alkali was 
neutralized by  the  free hydroxyls after saponifica
tion. T he saponification num ber would o ther
wise be lowered only in the ra tio  of the  m olecular

weights of th e  original and m ethy la ted  resin, i. e., 
in the  ra tio  600: 628.

E xperim en ta l
Hydrogenation.— In  a  prelim inary  experim ent 16.4 g. 

of resin was dissolved in 200 ml. of alcohol and  the  solution 
was shaken for five hours w ith  hydrogen  and  0.2 g. p la ti
num  oxide6 a t 50 -60 lbs. per sq. in. T his process w as re
peated  tw ice using fresh po rtions of ca ta ly st a t  45-55° 
for one and  th ree  hours, respectively. T he hydrogenated  
product, which was still tox ic7 and  vesicant, was harder 
th an  the  s ta rtin g  resin and possessed a tu rb id  or m ilky 
appearance, iodine num ber 39.2.8

To 18.5 g. of resin in 110 ml. of 90%  m ethano l, 3 g. of 
nickel ca ta ly st (R an ey )9 was added. T h is so lu tion  was 
shaken for tw en ty -four hours w ith  hydrogen a t  50-60 
lb. per sq. in. a t  40-50° and  the  process was repeated  
th ree tim es w ith  fresh portions of nickel. T he resin was 
recovered and  dried as usual, iodine no. (H anus) 38.8, 
36.2. In  an a tte m p t to  lower fu rth e r th e  iodine num ber 
th is  sam ple was subjected  to  fu rth e r hydrogenation  in 
alcoholic solution to  which 0.5 g of p la tinum  oxide was 
added. T he so lu tion  was shaken for five hours w ith  h y 
drogen a t 55-60 lb. a t  48-58°. T he p roduct, how ever, 
showed no decrease in iodine num ber.

B rom ination. 1.— To 1 g. of resin dissolved in 15 ml. 
of cold glacial acetic acid brom ine was added drop by drop 
un til an  excess was present. L iberation  of hydro  bromic 
acid showed th a t  some su b stitu tio n  occurred. A fter 
half an  hour the  so lu tion  was poured in to  d ilu te sodium 
bisulfite. T he brom ide, which p rec ip ita ted  in w hite 
floes, was filtered off and  again s tirred  up w ith  fresh b i
sulfite solution, filtered, and  w ashed w ith  w ater on the 
filter un til th e  w ashings wrere neu tra l. T he p recip ita te  
was pressed on a porous p la te  and  dried  in a vacuum  desic
ca to r over phosphorus pentoxide. T he m ateria l was 
am orphous and  possessed a  light yellow or orange color.

Anal. F ound : Br, 35.67, 35 .14;10 C, 45.56, 45.50; H, 
5.69, 5.55.

2.— One gram  of resin was dissolved, w ith gentle warm
ing  to  hasten  solution, in glacial acetic acid, the  solution 
was cooled and  tre a te d  w ith  brom ine as before. M ore 
substitu tion  seemed (o occur and  th e  p roduct was much 
darker in appearance. This m ateria l was less toxic th an  
th e  preceding preparation .

Acetylation. 1.— One gram  of resin was dissolved in 
25 ml. of acetic anhydride , 2 g. of anhyd rous sodium  aceta te  
was added and  the  so lu tion  was refluxed for one hour, 
a fte r  which the  excess acetic anhydride  was rem oved by 
d istilla tion  under dim inished pressure on the  steam -bath . 
The residue was dissolved in e th er and  the solu tion washed 
w ith w ater un til neu tra l. The so lu tion  was dried over 
anhydrous sodium  sulfate, and  th e  resin recovered by

(6) A d a m s, V o o rh ees  a n d  S h r in e r ,  “ O rg an ic  S y n th e s e s ,”  C oll., 
Vol. I, 1932, p. 452.

(7) S a m p le s  of n o n -c ry s ta l l in e  d e r iv a t iv e s  w ere  p re p a re d  fo r 
a n a ly s is  a n d  to x ic i ty  te s t s  as  d e sc rib e d  in  th e  firs t a r t ic le  of th is  series, 
T h i s  J o u r n a l , 57, 180 (1 9 3 5 ) .

(8) G a t te r m a n n  a n d  W ie la n d , “ L a b o ra to r y  M e th o d s  of O rganic  
C h e m is t r y ,” 1932, p . 142.

(9) C o v e r t  a n d  A d k in s , T h i s  J o u r n a l . 54, 4116 (1932).
(10) T h e  a u th o r  is in d e b te d  to  M r. S. A. S h r a d e r  of th e  U n iv e rs i ty  

of M a r y la n d  fo r th e  m ic ro  b ro m in e  an a ly se s .
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evaporation  of th e  e ther. T he p ro d u ct was dark e r in 
appearance th a n  th e  s ta rtin g  m ateria l, sap. no. 355.3, 
360.9.11

2.— F our gram s of resin  was dissolved in 10 ml. of d ry  
pyridine, th e  so lu tion  was cooled and  10 ml. of distilled 
acetic anhydride  was added  slowly. A fter th irty -six  
hours th e  so lution  was poured  in to  w ate r and  allowed to  
s tan d  for one-half hou r to  ensure hydrolysis of th e  excess 
acetic anhydride . T he aqueous suspension was ex tracted  
w ith  e th er an d  th e  e th e r so lu tion  w ashed w ith  dilu te 
hydrochloric acid and  th en  w ith  w ater un til neu tra l. I t  
was dried over anhydrous sodium  sulfate an d  th e  resin 
recovered as before, sap. no. 341.6, 331.1.

3.— Six gram s of m eth y la ted  resin (O C H 3 11.7%) was 
ace ty la ted  w ith  acetic anhydride  in pyrid ine as described 
u n d er 2, sap. no. 176.9, 189.4.

M ethylation .— Ten gram s of resin was dried by  solution 
in benzene followed by d istilla tion  of th e  solvent. F ifty  
ml. of m ethy l iodide an d  7 g. of d ry  silver oxide were added 
and  th e  flask was connected  to  a  reflux condenser closed 
w ith  a  calcium  chloride tube . T he m ix ture was refluxed 
for tw enty-one hours over a  sm all flam e so th a t  vigorous 
boiling and  consequent tho rough  ag ita tion  of the  silver 
oxide occurred. F ive ml. of th e  so lu tion  was w ithdraw n to  
ob ta in  a  sam ple for analysis. T his so lu tion  was boiled 
up twice w ith  acetone to  rem ove all trace  of m ethy l iodide 
and  th e  resin was recovered and  d ried  as before. Anal. 
O C H 3, 10.41, 10.61.12

T he m ethy l iodide was distilled  from  the  rem ainder of 
th e  m e th y la ted  p ro d u ct, w hich w as th e n  d ried  w ith  ben

(11) T itra tio n  o f th e  u n u sed  a lk a li w as carried  o u t in a v o lu m e of 
ab o u t 500  m l . ; th is  large vo lu m e w as n ecessary  in  order to  d istin gu ish  
th e  en d -p o in t, as th e  sap on ifica tion  p ro d u cts  produ ced  a ch aracter is
tic  dark d isco lo ra tio n  w h ich  ten d ed  to  ob scu re  th e  en d -p o in t.

(12) C lark, J .  Assoc. Off. Agr.  Chem.,  15, 136 (1932).

zene as before. T he m ethy la tion  process was repeated  
w ith tw en ty  hours of refluxing. Anal. O C H 3, 11.45, 
11.85.

T his is believed to  represen t the  m axim um  am oun t of 
m ethy la tion  a tta in ab le  by th is m ethod  because, when a n 
o th e r  sam ple w ith  a  m ethoxyl co n ten t of 10.6%  was re 
fluxed as before for two hundred  and  fifty-eight hours, the  
m ethoxyl con ten t increased only to  11.3%  T he p roduct 
gave no evidence of having been decom posed as a resu lt of 
th is  prolonged trea tm en t.

Vesicant Tests.— The tests for vesicant action  were 
carried  o u t in th e  following m a n n er: 3 drops from  a  pipet 
(calib rated  75 d rops/m l.) contain ing th e  te s t so lu tion  were 
placed on th e  skin and  allowed to  spread over an  area  of 
ab o u t 6.5 sq. cm. Each drop  was allowed to  d ry  before 
th e  following one was applied. T he trea ted  area  was left 
exposed to  the  a ir and  in cases of positive reaction  redness, 
swelling and  vesication resu lted  in from  eigh t to  ten  hours, 
probably  reaching a m axim um  w ith in  tw en ty -four hours. 
T he p u stu la tion  caused by slight burns d isappeared w ith in  
a  few days b u t som etim es persisted  for several weeks in 
m ore severe cases, as was observed in  som e m inor acci
dents th a t  occurred during th e  course of ex traction  of the  
resin.

S um m ary

A study  of the  tox icity  to  goldfish and  the  
vesicant action of croton resin and  certain  of its 
derivatives has shown th a t  th e  free hydroxyl 
groups, p robably  enolic or phenolic, are m ore 
in tim ately  rela ted  to  m axim um  physiological 
ac tiv ity  th an  is the  condition of unsa tu ra tion . 
C o l l e g e  P a r k ,  M d .  R e c e i v e d  O c t o b e r  26, 1934
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Croton Resin. III. The Combined Acids1

B y  N a t h a n  L .  D r a k e  a n d  J o s e p h  R .  S p i e s

Saponification of the  complex m ixture known 
as “croton resin” has been the  sub ject of several 
investigations. D unstan  and  Boole2 noted  th e  
loss of vesicant action and  the  form ation of acids 
resulting from  tre a tm e n t of the  resin w ith  boiling 
potassium  hydroxide. L a te r B oehm 3 studied 
the  action of 30%  aqueous potassium  hydroxide 
a t  room  tem pera tu re  on a “cro ton  resin ,” and 
found th a t  a dark  brown solution resulted. 
Acidification produced a m ixture of acids in a 
yield of 35% , am ong which form ic and  acetic

(1) F rom  th e  P h .D . d isser ta tio n  of Josep h  R . Sp ies. P resen ted  
at th e  8 8 th  m eetin g  o f th e  A m erican  C h em ica l S o c ie ty  held  a t C lev e 
land , O hio, S ep tem b er, 1934. P a rts  I and  II , T h i s  J o u r n a l ,  57, 
180, 182 (1935).

(2) D u n sta n  an d  B oo le , Proc.  Roy.  Soc. (L o n d o n ), 58 , 238  (1895).
(3) B oeh m , Arch.  Path .  Ph arm akol . ,  79  ,138  (1915).

acids were identified qualitatively , and isobu tyric  
and  tiglic acids by actual iso lation .4 Cherbuliez 
et al.5 also recognized th a t  the  resin contained 
esters, b u t did no t s tu d y  th e  products of th e ir  
hydrolysis.

T he present paper is a repo rt of a  s tu d y  of the  
saponification products of th e  resin, an d  in p a r
ticular of the  acids liberated . T he presence of 
tiglic, caprylic, capric, lauric, m yristic, palm itic, 
oleic and  linoleic acids has been dem onstra ted  
conclusively, as well as the  absence of any  ap-

(4) I t  sh ou ld  be n o ted  th a t  th e  resin  u sed  b y  B o eh m  in  h is early  
w ork w as n o t prepared in  th e  sam e m anner as th e  m ater ia l em p lo y ed  
here. Our “ croton  res in ” w as prepared by th e  m eth o d  d escr ib ed  in 
th e  first artic le  of th is  series, S p ies, T h i s  J o u r n a l ,  57, 180 (1935).

(5) C herbuliez, E h n in ger and B ernh ard , Helv. Chim. Acta ,  15, 
658 (1932).
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preciable q u a n tity  of u n sa tu ra ted  acids con ta in 
ing th ree  or m ore double bonds. F urtherm ore, 
absence of any  large q u an tity  of stearic  or o ther 
higher sa tu ra ted  acid has been shown by  m eans 
of th e  lead sa lt-e th e r  m ethod applied to  the  
residue after rem oval of the  m ore volatile frac
tions from  the  m ixture of m ethyl esters of all th e  
acids.

Experimental
Saponification of Croton Resin.— 30.4 g. of resin was 

heated  under reflux for one and  one-half hours w ith  125 
ml. of 1.6 N  alcoholic po tassium  hydroxide in an  a tm os
phere of n itrogen .6 A fter rem oval of th e  alcohol (n itro 
gen atm osphere) under dim inished pressure, a  dark-col
ored residue rem ained  which dissolved com pletely in 200 
ml. of distilled w ater. E vapo ra tion  of a  dried  e th er ex
tra c t of th is  alkaline so lu tion  yielded 0.5 g. of brown 
resinous m ateria l. T his substance gave no L ieberm ann- 
B urchard  te s t for sterols.

The alkaline so lu tion  was m ade acid to  congo red  w ith 
d ilu te hydrochloric acid, causing th e  separation  of a dark- 
colored m ateria l w ith  a  pronounced fa tty  acid odor. 
T horough  ex traction  of th e  acidified m ix ture w ith  p e tro 
leum  e th er (b. p. 50-60°) rem oved a  p a r t  of th e  substances 
th ro w n  o u t by  the  acid, b u t left a  large lum p of dark- 
brow n gum . T he la tte r  w as separated  m echanically, 
w ashed several tim es w ith  petro leum  e th er and  finally 
w ith  w ater. I t  was th en  dissolved in m ethyl alcohol, 
th e  solu tion  dried over sodium  sulfate and  filtered, and  the  
alcohol evaporated , leaving a  residue which was heated  
under n itrogen  on th e  s team -ba th  to  co n stan t weight 
(11.6 g.).

T he com bined petro leum  e th er ex tracts  were washed 
once w ith  w ater, dried, separated  from  drying agen t and 
evaporated  u n til all so lvent wras rem oved. T here re 
m ained 9.6 g. of a brown liquid m ix ture of acids.

T he aqueous solution rem aining from  th e  petroleum  
e th e r  ex traction  process was a  golden yellow. I t  gave a 
very  persisten t deep purp le color w ith  ferric chloride solu
tion . T he so lution  was m ade slightly alkaline to  litm us 
and  th e  w ater rem oved by  d istilla tion  under reduced 
pressure in a cu rren t of nitrogen. As th e  solution becam e 
m ore concen tra ted  a  sm all q u an tity  of d ark  gum m y m a tte r  
separated . Such m ateria l was rem oved on tw o occasions 
during th e  evaporation . W hen all th e  w ater had  been re 
m oved, th e re  rem ained a  golden-yellow residue consisting 
of the  w ater-soluble saponification products and  some po
tassium  chloride. T o  rem ove the  m ajo r p a r t of th e  in 
organic sa lts th e  residue was trea ted  w ith  absolute alcohol, 
filtered and  th e  alcoholic so lu tion  evaporated  to  dryness 
under reduced pressure in a  cu rren t of n itrogen. The 
light-brow n am orphous residue so ob ta ined  was readily  
soluble in w ater o r alcohol b u t n o t in e th e r (8.7 g.). W arm 
ing an  acid (HC1) aqueous solu tion of th is  substance caused 
some change in th e  m ateria l which gives th e  color te s t 
w ith  ferric chloride, for a tte m p ts  to  isolate th e  organic 
m ateria l from  its alkali sa lt by  acidification (litm us) and

(6) In  a lk a lin e  so lu tio n  a ch aracter istic  brow n color is produced  
w hich app ears to  be eq u a lly  in ten se  w heth er  air or n itrogen  form s th e
atm osp h ere  a b o v e  th e  so lu tion .

evapo ra tion  of th e  acid so lu tion  resu lted  in a  p roduct 
which was m uch dark e r in color and  w ould no longer give 
th e  ferric chloride color te s t. T his w ater-soluble h y 
drolysis p roduct gave a negative te s t for glycerol. F u rth e r  
w ork on th e  identification  of th is  m ateria l is in progress.

Lead Salt-Ether Separation of the Liquid and Solid 
Acids.— T he m ethod described by  Jam ieson7 was used. 
T he resu lts a re  given in th e  su m m a ry :

M ixed acids, g .................................................  3 .3  3 .4
K O H  to  neu t., m illi-equiv..........................  17.1 17 .5
Solid acids, g ....................................................  0 .9 4  0 .9 2
Liquid acids, g ................................................. 1. 53 1.74

T he presence of a  considerable q u a n tity  of sa tu ra te d  acids 
of low m olecular w eight gives these  figures little  q u a n tita 
tive significance. T he lead  sa lts  ob ta ined , how ever, were 
com pletely soluble in e th e r a t  room  tem p era tu re  (30-33°), 
th u s ind icating  th e  absence of any  appreciable q u an tity  of 
the  h igher sa tu ra te d  fa tty  acids.

The Bromides of the Unsaturated Acids.— T o 5.3 g. of 
u n sa tu ra ted  fa tty  acids, ob ta ined  by  a  lead  sa lt-e th e r  
separation  and  dissolved in 80 ml. of e th e r contain ing 4 
ml. of glacial acetic acid, b rom ine was added  a t  0—5°, 
drop by  drop, u n til an  excess was presen t. T he solution 
was allowed to  s tan d  for th ree  hours a t  th is  tem peratu re . 
Lack of any  p rec ip ita te  ind icated  th e  absence of acids con
ta in ing  th ree  or m ore double bonds. T he ethereal solu
tion  was w ashed w ith  d ilu te  sodium  bisulfite to  rem ove 
any  excess brom ine and  th en  w ith  sa tu ra te d  sodium  
chloride so lu tion  (to  p reven t em ulsification) un til n eu tra l 
to  litm us. T he dried e therea l solu tion  was evaporated , 
the  residue tak en  up in 20 ml. of petro leum  e th er (b. p. 
50-70°), and  filtered to  rem ove a  sm all q u a n tity  of in 
soluble ta r ry  m ateria l. C oncen tra tion  to  ab o u t 10 ml. and 
cooling caused separation  of th e  te trab rom ide  of linoleic 
acid. Owing to  th e  presence of th e  dibrom ide of oleic 
acid and  som e sa tu ra te d  fa tty  acids, separation  of th e  te t r a 
brom ide was slow. A fter careful purification by  recrysta l
lization from  petro leum  e ther, th e  te trab ro m id e  m elted 
from  113.5—114.5°.8 In  an o th er experim ent 3.64 g. of 
mixed acids y ielded 4.66 g. of brom ides, from  which 1.55 
g. of crude te trab ro m id e  was ob ta ined .

A nal. Calcd. for C i s H ^ B n :  C, 36.00; H , 5.38; Br, 
53.29. F ound : C, 36.11, 36.30; H , 5.59, 5.33; B r, 53.36.9

T he absence of M a tth e s  and  B oltze’s10 so-called liquid 
te trab ro m id e  of linoleic acid, which is soluble in petroleum  
ether, was dem onstra ted  in  th e  experim ent described 
above by  dissolving th e  residue a f te r  rem oval of the 
petro leum  e th er in a  sm all q u a n tity  of m ethano l an d  a l
lowing th is  solu tion  to  stan d  for tw o and  one-half days in 
the  ice box. N o crysta ls  were form ed.

Permanganate Oxidation of the Unsaturated Acids.—  
The m ethod  of L apw orth  and  M o ttra m 11 was used to  show 
the  presence of oleic acid and  to  confirm  th e  presence of 
linoleic acid ; 5.1 g. of th e  fa t ty  acid m ix tu re  w as used in 
th e  experim ent, and  2.4 g. of crude polyhydroxystearic

(7) Jam ieson , J . Assoc .  Off. Agr.  Chem.,  11, 303 (1928).
(8) A ll m e ltin g  p o in ts  w ere ta k en  w ith  stan d ard ized  A nsch fitz  

th erm om eters.
(9) W e w ish  to  th a n k  R . P. Jacob sen  for th e  b rom in e  d e te r m in a 

tio n , and S. A . Sh rad er for th e  carbon and  h yd rogen  a n a lysis .
(10) M a tth es  and B o ltze , Arch.  P h a rm . ,  250 , 225 (1912).
(11) L a p w o rth  and  M o ttra m , J .  Chem. Soc.,  127, 1629 (1925)
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acids was ob ta ined . T his m a te ria l was tre a te d  w ith 100- 
150 m l. of petro leum  e th e r  (50-70°) to  rem ove th e  sa tu 
ra te d  acids and  any  unoxidized acids; 0.8 g. of p ro d u ct 
rem ained undissolved, and  1.6 g. dissolved. T he dried 
m ix tu re  of di- and  te trah y d ro x y stea ric  acids (0.80 g.) 
was shaken  w ith  200 ml. of e th er, and  th e  so lu tion  was 
decanted  from  th e  residue. C oncen tra tion  of th e  ethereal 
solu tion  resu lted  in th e  sep ara tio n  of crysta ls  which m elted 
\ t  98°. Tw o fu rth e r recrystalliza tions from  e th er yielded 
a p roduct w hich sh runk  a t  117° an d  m elted  sharp ly  a t 
123.5°. T hree m ore recrystalliza tions from  e thy l aceta te  
resu lted  in  a  p ro d u ct which sh runk  a t  119-120° and 
m elted  sharp ly  a t  123.5-124°.12 Analysis show ed th is  
substance to  be a d ihydroxystearic  acid.

ra te d  w ith  d ry  hydrogen chloride a t  room  tem perature . 
A fter sa tu ra tio n  th e  m ix ture was allowed to  stand  for one 
hour and  then  poured in to  1685 ml. (5 vol.) of cold water. 
T he esters were rem oved by e ther ex traction  and  isolated 
in the  usual way, yield, 30.6 g.

Fractional Distillation of the M ethyl Esters.-—An ap p a
ra tu s  sim ilar to  th a t  described by  P odbieln iak14 was used. 
T he ra te  of d istilla tion  a t no tim e exceeded 0.1 m l./m in ., 
and  was m uch less th a n  th is  betw een pure fractions; Table 
I  gives th e  details. T he tem pera tu res  recorded a t th e  top  
of th e  fractionating  colum n were considerably lower th a n  
the  recorded boiling po in ts a t  15 mm. for th e  correspond
ing esters. T he v ery  slow ra te  of d istilla tion  is respon
sible.

Vol. of esters, 34.1 ml.

F ra ctio n

I
la 6
II  
H a
I I I  
I l i a
IV  
IVa
V 
Va
v r

V ol.,
m l.

1.6
0 .3
0 .9
0 .4
6 . 0
0 .9
2 .9
0 .9
2 . 6
0 . 8
1 .5

T a b l e  I
D i s t i l l a t i o n  D a t a  a n d  C h a r a c t e r i s t i c s  o f  t h e  E s t e r s  

Pressure (s ta r t) , 15.1 m m. P ressure (finish), 13.1 mm. Tim e, 6 hrs
M ol. w t. of ester  

from  sap on ifica tion  eq u iv .
C alcd .

T o ta l d istilla te, 19.8 ml.

d*>
g ./c c .

1.4351

1.4253

1.4269

1.4338

1.4387 
1.4512 
1.4581

0.9482

.8946

.8762

.8767

.8741

.8804

.8862

F ou nd

116.9

155.9 155.8

186.3 185.1

214 .7  215 .2

p. of J>-toluidide 
of acid, °C .

Recorded*1

234 .4
278 .3

239 .7

114

158

186

214

242
270

M

Fou nd

70-71 .5  

6 7 .5 -6 8 .8

76.5-

8 2 .5 -8 3 .2

8 9 -9 0 .2
95-96

78

87

93
98

A cid  in
/>-toluidide

T ig l ic

C a p r y l i c

C a p r i c

L a u r i e

M y r i s t i c

P a l m i t i c

a T he m elting po in ts recorded in the  lite ra tu re  v a ry  widely. T he values given are those of R obertson , J . Chem. 
Soc., 115, 1211 (1919). 6 T he fractions labeled a a re  m ixtures betw een pu rer fractions. c T he d istilla tion  was not ca r
ried fa rth e r because th e  boiling po in ts of th e  m ethy l esters of stearic, oleic and linoleic acids a re  so close th a t  separation  is 
impossible.

A nal. Calcd. for C 18H 36O4 : C, 68.29; H , 11.44. F ound : 
C, 68.50, 68.25; H , 11.88, 11.69.

T he ether-insoluble residue from  th e  experim ent de
scribed above was recrystallized  from  w ater and  dried. 
I t  softened a t 143° and  m elted a t  155-156°. A fter a 
leng thy  purification by  cry sta lliza tion13 from  alcohol, 
w ater and  again from  alcohol, th e  m elting  po in t of th e  
acid was raised to  167-168° w ith  previous softening a t 
156—157°. F u rth e r  crysta lliza tion  from  alcohol failed to  
raise th e  m elting po in t. Analysis dem onstra ted  th is  com 
pound to  be a te trah y d ro x y stea ric  acid.

A nal. Calcd. for CisHaeOe: C, 62.02; H , 10.42. F ound : 
C, 62.03, 61.80; H , 10.65, 10.56.

Preparation of the M ethyl Esters of the M ixed Acids,— 
33.7 g. of th e  mixed acids above described was dissolved in 
337 ml. of abso lu te m ethanol, and th e  solu tion  was sa tu-

(12) B ecau se  of th e  dan ger of la c to n e  form ation , th is  com pou nd  
w as dried in  a  va cu u m  a t room  tem p eratu re . M eltin g  p o in t ca p il
laries w ere in trod u ced  in to  th e  b a th  o n ly  w hen th e  la tter  w as neat th e  
m eltin g  p o in t o f th e  su b stan ce . A  large num ber of isom eric  d ih y 
d roxystearic  acids are p ossib le ; cf. L ew k ow itsch , “ C h em ica l T ech  
n o lo g y  and A n a ly sis  o f O ils, F a ts  and W a x es,’’ 6 th  ed ., V ol. I, pp. 
2 3 3 -2 3 5 .

(13) R o lle tt , Z.  physio l.  Chem.,  62, 420 (1909), has d iscussed  th e  
pu rification  of th e  te tra h y d ro x y stea r ic  acid  resu ltin g  from  linoleic  
acid on  o x id a tion . H is  m eth od  w as used in th is  in stan ce .

Isolation of Tiglic Acid.— 0.3 g. of F raction  1 was saponi
fied w ith alcoholic po tassium  hydroxide. A fter acidifica
tion  the  organic acid was ex trac ted  w ith  e ther and  isolated 
by evaporation  of the  ether. T he crude tiglic acid was 
crystallized  from  petro leum  e th er and finally sublim ed a t 
20 mm. T he purified p roduct m elted  a t  63 .5°.15

Anal. Calcd. for C 5H 80 2: C, 60.00; H , 8.00. Found: 
C, 59.76; H , 7.90.

Preparation of the ^-T olu id ides.— p-Toluidides were 
prepared  d irectly  from  th e  m ethyl esters by th e  m ethod of 
Koelsch and  T enenbaum .10 All th e  p roducts were crys
tallized from  aqueous alcohol and  finally from  m ethanol 
to  constan t m elting  po in t before analysis. Table I I  lists 
the  analyses of th e  various p-to lu id ides; th e  re la ted  acids 
are tiglic, caprylic, capric, lauric, m yristic and  palm itic, 
respectively.

Search for Other Saturated Fatty Acids.— Stearic acid 
or any  higher hom olog w ould have escaped detection  in the 
experim ents so fa r d escribed ; 23 ml. of mixed m ethyl esters 
were therefore sub jected  to  fractional d istilla tion  in the  
Podbielniak ap p a ra tu s , and  th e  high boiling residue, 
which should contain  any  m ethy l s te a ra te  p resen t origi-

(14) P od b ie ln iak , Ind. Eng. Chem., A nal .  Ed . ,  5, 135 (1933).
(15) T h e  v a lu e  64 .5°  is given  in B eilste in , 3d ed ., V ol. I, p. 513.
(16) K oelsch  and T en en b au m , T in s  J o u r n a l .  55, 3049 (1933).
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T a b l e  II  
T h e  A n a l y s i s  o f  t h e  p - T o l u i d i d e s

C arbon, % H yd rogen , %
N o. F orm u la C alcd. F ou n d C alcd . F ou n d

I c 12h 15o n 76 .19 76.03 7 .9 4 8 .0 9
76.16 8 .1 3

II C i£H 23ON 77.19 76 .86 9 .9 4 9 .9 8
I I I C 17H 2 7 0 N 78.10 78 .04 10.42 10.53
IV c 19h 31o n 78.81 79.09 10.80 10.92
V c 21h 36o n 79.42 79 .10 11.12 11.19
V I C23H 3gON 79.93 79 .45 11.38 11.36

nally , w as saponified w ith  a lcoholic potassium  hydroxide. 
T he lead  sa lt-e th er  m eth od  w as th en  em ployed  to  sepa
rate any  stearic acid from  th e  liquid  unsaturated  acids. 
O nly a sm all q u a n tity  o f insolub le lead  sa lt w as obtained , 
from  w hich 0 .5  g. of free acid  w as iso lated . T h is free acid  
was practica lly  com p lete ly  so luble in  cold m ethan ol; the  
higher satu rated  fa t ty  acids are insoluble in  m ethanol. I t  is 
unlikely, therefore, th a t  an y  considerable q u an tity  of stearic 
acid or higher h om olog  is com bined in th e  original resin.

The Saponification Equivalents of the Methyl Esters.—
T he m ethod  of C hargaff17 w as used . S ince no «-propyl 
alcohol w as availab le, isob u ty l a lcoh o l w as used instead; 
25 to  50 m g. sam ples w ere used for each  determ ination . 
T he resu lts are g iven  in  T able I.

Summary
1. T he saponification of cro ton  resin has been 

studied.
2. T he petroleum  ether-so lub le  f a t ty  acids 

have been shown to  com prise approx im ately  32%  
of the  saponification products.

3. Tiglic, caprylic, capric, lauric, m yristic, 
palm itic, oleic and  linoleic acids have been 
shown to  be presen t in th e  m ixed acids obtained 
by  saponification.

(17) C hargaS , Z.  physio l.  Chem.,  199, 221 (1 931 ).

C o l l e g e  P a r k ,  M d . R e c e i v e d  O c t o b e r  2 6 , 1934


