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azelaie, and adipic acids but was greater  than that  of 
the phthala te  ester. 

A mechanistic seheme of plasticizer-polymer inter-  
action has been presented, proposing tha t  the rate  of 
diffusion of plasticizer through the polymer  mass is a 
controlling factor  in both good low-temperature  per- 
formance and the resul t ing high migrat ion losses. 
Methyl esters, some aromat ic  esters, and esters con- 
ta ining three or more polar  centers have improved 
permanence but  show a more rapid  change in tor- 
sional modulus as the t empera ture  is lowered dur ing  
the determinat ion of the Clash-Berg stiffening tem- 
perature .  
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New Reactions of Long-Chain Isocyanides  
ERIC ] U N G E R M A N N  and FREDERICK W. SMITH, Armour Chemical Division, Chicago, Illinois 

T HE ISOCYANIDES were discovered about 100 years 
ago by Gautier,  who prepared  them by t rea t ing  
all alkyl iodide with silver cyanide (1). In  the 

late nineteenth century Nef (2, 3) invest igated reac- 
tions of short-chain and aromatic isocyanides with 
many  reagents  such as halogens, acid chlorides, sul- 
fur,  hydrogen, water,  or phosgene. These reactions 
indicated a peculiar type of unsa tura t ion  of the iso- 
cyanide group located entirely at  the terminal  carbon 
a tom;  this is nowadays usually presented by the 
resonance structures:  

Addit ion reactions were reported to take place at the 
negative carbon atom, giving products  with the fol- 
lowing structures:  

/ 

In  1920 Passerini  (4, 5) re-investigated and confirmed 
many  of the results of earlier workers and also dis- 
covered several new reactions. Some typical  reactions 
are shown in Table 1. 

None of the earlier workers  investigated the reac- 
tions of f a t ty  isocyanides. In  our present  studies a 
series of f a t t y  isoeyanides were p repared  by the 
"ea rby lamine  reac t ion"  by heating a p r i m a r y  amine 
with chloroform and potassium hydroxide in a sol- 
vent sueh as ~-butanol: 

C12tI25NH2 + CHCI3 + 3 K O H  > 
C12H2~N -- C + 3KC1 + 3H20 

The reactions of the long-chain isocyanides were stud- 
led with three classes of compounds: halogens, alkyl- 
a t ing agents (e.g., benzyl ehloride, methyl  sulfate) ,  
and acid chlorides. Dur ing  our investigation some 
s tar t l ing differences were observed between the behav- 

1 Presented at Fall 2~/feeting, American Oil Chemists' Society, Chicago, 
IlL, October 20-22, 1958. 

TABLE I 

Reactions of Isocyanides 

1. ArNC + BC}IO ~ RCO.CI:[ = NAt ....................... 
CI 
N 

2. ArNC -1 RCO.CI ----> RCOC ~ NAt .......................... 
C1 C1 
\ I 

3. R C N + C O C I ~  RN ---- C --  CO -- C ---- NI~ ............ 
IV 

4. RNC + I~'MgX ~ / ~ N  ---- C --  MgX ......................... 
5. RNC + C 1 2 ~  RN = CCle ......................................... 

H 
I 

6. RNC + HC1----o RN = C - -  C1 ................................... 
7. R N O +  H2 ~ RNHCHa ........................................... 
8. ArNC + R'CHO + R"COOH ----> ArNItCOCHR'.  .... I 

OCOR" 

Reference 

(4) 

(2) 

(5) 

(6) 
(7) 

(7) 
(7) 
(8) 

ior of the f a t t y  isocyanides and the repor ted behavior 
of the corresponding short-chain'  or aromatic  isoey- 
chides. These are the subject of this paper.  

Experimental 
Preparation of Isocyanides 

All the isocyanides were p repared  by the reaction 
of a p r ima ry  amine with chloroform and potassium 
hydroxide. The prepara t ion  of dodeeylisocyanide is 
used as a typical  example. 

Double-distilled dodeey]amine (370 g., 2 moles) 
was dissolved in chloroform (400 g., 3.3 moles). This 
solution was added slowly f rom a dropping funnel  
to a well-s t i r red solution of potassium hydroxide 
(400 g. 85% pellets, 6 moles) in 1,400 ml. of n-butanol. 

Af te r  all the amine-chloroform mixture  had been 
added, the resul tant  solution was refluxed for  five to 
six hours. Wate r  was added to dissolve the salts, the 
butanol layer  was separated and washed with water.  
The butan(>l was. then s t r ipped under  vacuum, taking 
care to allow the pot t empera tu re  to reach no higher 
than 140~ An inf rared  s pectrunl of the crude iso- 
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cyanide mixture  showed a strong isoeyanide band 
(4.72 microns), also a strong amide band (6.05 mi- 
crons). The crude isocyanide was then distilled, and 
pure dodecylisocyanide was obtained in 60% yield, 
boiling point 104-105~ at 0.5 mm. The residue con- 
sisted largely of N-dodeeylformamide, distilling at 
170-175~ at .5 ram. and was identified by its bo41ing 
point and its infrared spectruul. The infrared spec- 
t rum of the isocyanide fraction showed strong ab- 
sorption bands at 4.72 microns and at 6.28 microns; 
these have been reported as being characteristic of 
isoeyanides (9). 

Table I I  gives a list of the isocyanides prepared, 
yields, and boiling points. 

T A B L E  I I  

F a t t y  I s o c y a n i d e s  

R N C  B o i l i n g  p o i n t  Yie ld  R 

C8~-~17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C~oI-I~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C ~ I - I ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C~4H2~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cls/-/~a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C~sI-Ia7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C18~a~ ( o~eyl ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ 
34- 35/.4 mm. 
59- 60/.5 ram. 

I04-105/.5 mm. 
129-131/.5 ram. 
140-142/.5 ram. 
160--162/.5 ram. 
152-554/.5 r~m. 

% 
7 6 . 4  
75 .0  
5 9 . 0  
70 .0  
56 .3  
4 7 . 5  
65 .5  

Reactions of Fatty Isocyanides 

With Halogens: Chlorination of do deeylisocyanide 
is given as a typical  example. Additions of bromide 
or iodine were carried out by similar procedures ex- 
cept that  with iodine the solution was refluxed for 
several hours. 

Dodecylisocyauide (9.75 g., 0.05 mole) was dis- 
solved in 50 ml. of carbon tetrachloride, and dry  
chlorine gas was bubbled into the solution. The reac- 
tion is exothermic and was kept between 25-30~ by 
external cooling. Af ter  a few minutes a white pre- 
cipitate was formed. When the tempera ture  no longer 
rose, the gas addition was stopped, the solution was 
cooled to 0~ and the white solid was filtered off. 
Obtained 7 g. of crystalline material, m.p. 160-165~ 
with decomposition. 

Anal. Caled. for  Ci2HesN.C.Cl: neutral  equivalent 
(potentiometrie) 230.5; N, 6.07; C1, ]5.4; C, 67.6; 
t t ,  10.9; found: neutral  equivalent, 230.5; N, 6.12; 
C1, 15.6; C, 67.47; I:l, 10.83. 

Results on the halogenated isocyanides are sum- 
marized in Table III .  

T A B L E  I I I  

t ~ a l o g e n a t e d  I s o e F a . n i d e s  

Compound % I~alogen % Nitrogen 
F o u n d  Ca]ed .  / F o u n 4  Caled. 

C ~ H ~ N . C . B r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 29 .9  [ 2 9 . 1  I 5 .02  / 5 .09  
C~:H2~N.CI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 3 9 . 4  [ 3 9 . 4  I 4 . 2 8  ] 4 . 3 4  
Cx6HzsNC.Ci  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 12 .3  [ 12 ,6  [ 5 , 0 7  ~ 5 .00  
C~sI-I~NC.C1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 11 .8  J 1 1 . 4  ] 4 . 4 6  ] 4 . 5 1  

With Acid Chlorides: Preparation of Dodecylisocy- 
anide-Acetyl Chloride Addition Product. To, 48 g. 
(.24 mole) of dodecylisoeyanide in 100 cc. of Skelly- 
solve B were slowly added 16 g. (0.12 mole) of 
aeetyl chloride in 100 cc. of Skellysolve B, using ex- 
ternal cooling so that  the temperature  did not exceed 
30~ The product  was allowed to stand several hours, 
was cooled to 15~ and was filtered. Weight  of prod- 

uet 32 g. ; (1st crop) ; m.p. 148-149~ A second crop 
of crystals formed ; weight 14.5 g. ; m.p. 145~ Total 
weight yield: 46.5 g. or 73.4%. Recrystallizations of 
first and second crops yielded products  melting at 
151-152~ 

Anal. Calcd. for  ClsH2.~)N= C.CH3COChC1, 12.9; 
N, 5.11; found, C1, 12.6; N, 5.28. 

Preparation of Dodecylisocyanide-Lauroyl Chloride 
Addition Product. To 24 g. (0.12 mote) of dodecy]- 
isoeyanide in 100 ml. of Skellysolve B were added 23 
g. (0.1 mole) of lauroyl chloride in 100 ml. of Skelly- 
solve B, not allowing the temperature  to rise above 
30~ The product  was allowed to stand several hours, 
then was filtered, giving 38.0 g. of a crystalline prod- 
uct (yield 71.8%). M.p. 143-145 ~ Recrystallization 
yielded a product,  m.p. 148-149~ 

Anal. Calcd. as C12H2sNCCllH23COCl: C1, 8.58; 
N, 3.46; found CI, 8.31; N, 3.66. 

With Alkylating Agents: Several typical examples 
are listed below ; analyses are summarized in Table IV. 

Preparation of the Dodecylisocyanide-Lauroy~ Bro- 
mide Addition Product. Twenty-four  grams (0.12 
mole) of dodecylisoeyanide and 25 g. (0.12 mole) of 
lauryl  bromide were dissolved separately in 100 ml. of 
Skellysolve B each. The two solutions were mixed 
together and refluxed 16 hrs. The mixture  was then 
chilled to 15~ until  the crystals separated. These 
were filtered and dried. Weight, 15 g. The filtrate 
was refluxed another 8 hrs. and again chilled to 15~ 
when a fu r the r  crop of crystals was formed, weight, 
10 g. Reerystallization from+ Skellysolve B yielded a 
crystalline material, m.p., 160~-164~ 

Preparation of the Dodecylisocyanide-Benzy[ Chlo- 
ride Addition Product. F i f t y  grams of dodeeylisocy- 
anide (0.25 mo.le) in 100 co. of Skellysolve B were 
added to 25 g. of b enzyl chloride (0.2 mole) in 100 ml. 
of Skellysolve B, and the mixture refluxed 8 hrs. 
The solution was chilled to 15~ and the crop of 
crystals was filtered off and washed with Skellysolve 
B. Weight, 10 g.; m.p., 153-156~ 

Preparation of Dodecylisocyanide-Ethyl Sulfate 
Addition Product. Diethyl  sulfate (15.5 g., 0.1 mole) 
was slo.wly added with good agitation to 20 g. (0.1 
mole) of dodecylisocyanide in 200 ec. of Skellysolve B, 
not allowing the temperature  to rise above 25-30~ 
The solution was allowed to stand for 8 hrs., then 
chilled to 15~ overnight. The crystalline product  
was filtered off and washed with Skellysolve B. 
Weight of the product,  25 g. The product  was gummy 
and was, reerystallized from Skellysolve B. A crystal- 
line product  was obtained, m.p. 45-48~ 

Prep,a/ration of the Dodecylisocyanide-Methyl Chlo- 
ride A,ddition Product. Methyl chloride was passed 
at atmospheric pressure into a solution o.f 50 g. of 
dodecylisocyanide in 200 cc. of Skellysolve B for  24 
hrs., refluxing the solution at the same time. The 
solution on chilling to 15~ yielded 45 g. of a crystal- 
line material, m.p. 175-177 ~ 

A summary of the results of some of these addition 
reactions is given in Table ~V. 

Reactions of Isocyanide Addition Products with Base 

Some typical  decomposition experiments are given 
below. 

Reactions of the Lauryl Bromide Addition Product 
with Sodium Hydroxide. Five grams of the crystal- 
line dodecylisocyanide-lauryl  bromide addnct  were 
slurried into 200 co. of warm water and the s lurry  
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T A B L E  I V  

A n a l y s e s  of  Alky la t ec l  I s o e y a n i d c s  

VOL. 36 

% N i t r o g e n  R,nn 
P r o d u c t  

~Io_ " Found~ Theoretical a 

cl~m~Nc.c~mo~ ................ ~ ............................................ - 5  ~q~2-~ - 3 5 0  3.1o 
C mK25N C.c6nscI - IeC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 1 3 B  5 .32  4 .52  
C:tuttI~N C ( CI-Ia ) 2S O4~ .................................................................... 1 1 9 3  4 .32  4 .01  
CloH~Ne.Cd-IsCl-I~C1 ................................................................... I ........ / ...... [ ...... 
C~I-I~sNC. C}IsC1 ........................................................................... j 1 2 1 2 C  J 6.49 I 5 .70  
c12n25NG.Et ISO4 .......................................................................... / 1 2 2 8 A  ~ 4 .63  / 4 .01  

F ~alo~en ~/o~O Sul*ur 
F o u n d  T h e o r e t i c a l  a T h e o r e t i c a l  ~ 

1 3 : 2 0  17 .83  ...... 11.48 ...... 

14.5 ...... i~:~ 9.~5 l i : ~  9.4-- ...... 
/ 15.:.5..0. / . . . . . .  " . . . . .  

a A l l  t h e o r e t i c a l  r e s u l t s  a r e  ealculatecl  on  t h e  b a s i s  o~ 1 : 1  a d d u e t s  t h o u g h  i t  i s  r e a l i z ed  t h a t  t h i s  is  ~o t  t he  s t r u c t u r e  of o u r  p r o d u c t s  in  m o s t  
cases ,  i t  s h o u l d  be  n o t e d  t h o u g h  t h a t  i n  al l  cases  t h e  N : h a l o g e n  o r  N : S  r a t i o  is  e s s e n t i a l l y  1 : 1 .  

was made strongly alkaline with 50% base. An oily 
product  separated immediately and was extracted 
with a 1:1 petroleum-ethyl  ether solution. The ether 
extract  was washed several times with water,  dried 
over sodium sulfate, and evaporated to dryness. Fou r  
grams of mater ial  were obtained, which by t i t ra t ion 
for pr imary ,  secondary, and te r t ia ry  amines were 
found to consist of 89.8% secondary amine (calcu- 
lated as didodecyl),  0% ter t iary,  and a trace of pri-  
mary  amine. An inf ra red  spectrum on the product  
purified by vacuum distillation was identical with 
tha t  f rom a known sample of didodecylamine. 

Reaction, of the Be.nzyl Chloride A.~2dition Product 
with Base. Five grams of the benzyl chloride-dodeeyl- 
isocyanide reaction product  was t reated with sodium 
hydroxide, and 4.1 g. of material  were isolated which, 
by t i tration,  were shown to be 45% p r i m a r y  amine 
(calculated as C12I-I25NH2), 53% secondary amine (as 
Cr, H25NHC6HsCH2), and 0% te r t i a ry  amine. The 
mixture  was separated by distillation, and inf ra red  
spectra on the products  were identical with those of 
known samples of dodecylbenzylamine and dodecyl- 
amine. 

Reaction of the Methyl Chloride Addition Product 
with Sodium Hydroxide. Five grams of the methyl  
ehloride-dodec.ylisoeyanide addit ion product  were re- 
acted with base as above, and 3.8 g. of a product  were 
obtained which, by  t i t ra t ion and distillation, were 
shown to be 100% dodeeylamine. 

Reaction of Lauroyl Chloride Addition Product with 
,%dium Hydroxide. Five grams of the lauroyl  chlo- 
ride-dodecylisoeyanide addition product  were t reated 
with base as above, obtaining 4.35 g. of a solid prod- 
net which was neutra l  toward acid or base t i t rat ions 
and whose inf rared  spectrum was identical with a 
known sample of N-dodecyl-lauramide and had  an 
m.p. of 45-46~ Melting point of a known sample 
of N-dodecyl-lauramide was 46-47~ A mixed melt- 
ing-point showed no depression. 

D i s c u s s i o n  

Reactions with Halogens. The fa t ty  isoeyanides were 
found to react with chlorine, bromine, and iodine to 
yield products  with the empirical  formula  (R NCX) , .  
Reactions were run  in an inert  solvent and proceeded 
most readily with chlorine, least with iodine. The prod- 
ucts are crystalline :materials and soluble in water  
and appear  to: possess some surface activity. Nitro- 
gen and  halogen analyses and potentiometric t i t ra-  
tions checked closely with the above empirical formula  
showing a 1:1 ni t rogen:halogen ratio. (Table I I I ) .  

The behavior of the f a t ty  isoeyanides differs mark-  
edly f rom that  repor ted for  the corresponding aro- 
matic or short-chain isocyanides, both of which gave 
alkyl inlinoearbonyl halides, RN---CC12. Good evi- 

denee had been provided by the earlier workers for  
the 1:2 ni t rogen:halogen ratio with the short-chain 
or aromatic adduets. This points to. a basic difference 
in the chemical behavior of f a t ty  isocyanides when 
compared with their  low molecular weight homologues 
and analogues. 

When considering the possible s t ructures  o.f the 
products  formed f rom the f a t t y  isoeyanides, a definite 
complication arises since, by using the normal  valen- 
cies for  carbon, hydrogen, nitrogen, and halogens, it 
is impossible to. write a simple monomeric formula.  
Rast  camphor molecular-weight detemninations were 
run  and indicated that  the compounds were probably  
dimeric or t r imeric  though exact figures could not be 
obtained because the nature  of the halogen, i.e., the 
relative amount  of covalent or ionic character,  could 
not be clearly established. Some of the possible struc- 
tures are shown though at present  we have insufficient 
evidence for dist inguishing between them: 

"RN= C-Og L" _/ 

Reaction,s with Alkylating Agents. The reactions 
between isoeyanides and alkyl halides or alkyl sulfates 
had not been investigated previously to any  extent. I t  
was found that  f a t ty  isoeyanides reacted surpr is ingly  
readily with a large number  of a lkylat ing agents, 
such as benzyl chloride, methyl  chloride, ethyl sulfate, 
or do decyl bromide to fo rm well-defined, salt-like sol- 
ids resembling qua te rnary  ammonium salts. Elemen- 
tal  analyses of some of these products  indicated tha t  
a 1:1 addit ion took place: 

C12HI~N = C + C12H25Br > C12H~.~N = C.C12H.,~Br. 

With  others the reaction was more complicated, and 
compounds were obtained which had the ni trogen and 
halogen or sulfur  present  in a 1:1 rat io  but  in excess 
for  a simple 1:1 adduet, i.e., a loss of carbon and /o r  
hydrogen had occurred. Thus, with the dodecyliso- 
eyanide-dodeeyl bromide adduct, 3.10 and 17.70% 
nitrogen and bromine, respectively, were found, which 
is close to theoretical for  a 1:1 adduet.  I towever,  
with the dodecylisocyanide-ethyl sulfate adduet,  4.63% 
nitrogen and 10.53% sulfur  were found;  theoretical 
are 4.01% and 9.17%, respectively, that  is, t he  theo- 
retical for both ni t rogen and sulfur  is lower by an 
equal amount  (13%) than  the found values. 

We considered that  several different types of struc- 
tures could be formed dur ing  the reaction between 
a lkylat ing agent  and f a t t y  isoeyanides. The two sim- 
plest are based on at tack on the ni trogen yielding a 
"qua te rn ized  isoeyanide"  (s t ructure  A) and at tack 
on the divalent carbon yielding s t ructure  B. 
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4- - / _ ~  I 

(A) (B) 

Support  for  these types of s t ructures  was obtained 
by studying the reactions of the alkylated isoey- 
anides with sodium hydroxide. Treatment  of an 
aqueous solution of the alkylated isocyanides with 
sodium hydroxide yielded pr imary  and /o r  secondary 
amines and sodium formate. The alkyl group of the 
pr imary  amines formed corresponded to that  o.f the 
start ing isocyanide; the secondary amines contained 
one alkyl group front the isocyanide, the second from 
the alkylating agent, e.g., the dodecyl isocyanide-beu- 
zyl chloride adduct yielded dodecylamine and dodecyl- 
benzylamine. Some representative results are shown 
in Table V. 

T A B L E  V 

Decompos i t ion  of Alkyla ted I s o c y a n i d e s  

% P r i m a r y  1 %  Secondary  I s o c y a n i d e  A lky la t i ng  N u m b e r  I~'N = C a g e n t  t~"X a m i n e  as  amine  as 
R ' N H 2  R ' R " N I t  

1 C~It~sN : 0 C ~ H e s B r  t r ace  / 90 
2 C1,.,HesN --~ C CHsCI 100 / ni l  

4 Ca2H.~sN --~ C O6HsCI-I~CI 45 53 
5 C16HssN : C C6HsCH2C1 62 37 
6 CzstIaTN ~ C C~ItsCH2CI 64 

From the results shown in Table V a considerable 
variation is noted in the relative amounts of the 
decomposition products  formed. No ter t iary  amines 
were ever found but in Exper iment  3 an unidentified 
neutral  material  was formed. Experiments  4 to 6 
show a definite shift in the pr imary  to secondary 
amine ratio as the molecular weight of the isoeyanide 
radical increased. 

The possible source of the decomposition reaction 
is shown below, using the simple two forms proposed 
earlier: 

From A: N - -  + .?OH - . - - - . - .  ~RNH - + X "  

.p.i 
F r o m ] ~ :  " ~ N = C \ X  * 2 O H ~  ":' RNHz +7~c00 -  * X -  

The analytical and the decomposition data f rom the 
dodecylisoeyanide-dodeeylbromide adduct  check well 
with s t ructure  A. With other adduets, where decom- 
position gave mixtures of p r imary  and secondary 
amines coupled with high but  equivalent nitrogen 
and chlorine values, it is believed that  attack by the 
alkylating agent is competitive at the nitrogen and 
the divalent carbon, giving structures of type A or B, 
respectively. Interact ion of these structures to form 
higher molecular-weight products containing higher 
concentrations of nitrogen and halogen or sulfur  also 
seem to. occur and would fit our analytical data. 

Although it is not yet possible to draw a precise 
chemical picture of the product  formed by the reac- 
tion of f a t ty  isoeyanides and alkylating agents, this 
reaction represents a previously uninvestigated area 
of isocyanide chemistry with some interesting theo- 
retical and practical implications. The isolation of 
secondary amines from the base decomposition reac- 
tion is a very  definite indication that  an attack on the 
nitrogen of the isocyanide group is possible by an 

electrophillie agent. I t  is believed that  these are the 
first reported samples of such reactions by isoeyanides. 

Reactions with Acid Chlorides. When an iso.cyauide 
reacts with an acid chloride, the acyl group can be- 
come attached at either the divalent carbon or the 
nitrogen: 

(9 

0 
~'/q-C: + ~"COCe - \ / R  t - o  ~+ _ | 

Nef had found that short-chain or aromatic isocy- 
anides react with acid chlorides to form alkyl amido 
chlorides (s t ructure  A),  which on t reatment  with base, 
decompose to the start ing isocyanide (2, 3) : 

qH= .o + c. coc -. > q. N:c 
"-,c,-% 

O 

/e l  
q ,~N :C \cc .  ~ + ~ o - - - *  c,u:m.c +c%coo.+Hce, 

0 

F a t ty  isocyanides were found to react readily with 
acid chlorides, such as aeetyl chloride, to form prod- 
ucts which on analysis indicated that  a 1:1 addition 
had occurred. Decomposition experiments with aque- 
ous base led to. the formation of the corresponding 
N-alkylamides, which were identified by infrared,  
independent synthesis and mixed melting points. 

The behavior of the fa t ty  isocyanide acid chloride 
adducts on decomposition differs markedly from that  
of the corresponding short-chain or aromatic isocy- 
anide derivatives. For  the latter the alkylamido chlo- 
ride s t ructure  (A) had been demonstrated by Nef. 

I 1- Structure  B -  R ' - N = C  

is proposed by us for  the fa t ty  isocyanide-acid chloride 
adducts. This view is supported by the salt-like prop- 
erties of these compounds, their water solubility and 
surface activity, and the decomposition experiments 
with base, which are summarized below: 

+ L 'i H,. N =C~ r H3C ~ 4  C2-+.70H: >CVt~N"C,H.,r+"CO0 
+ 

These reaetions furnish further proof that, with 
f a t ty  isocyanides, attack o.n the nitrogen plays an 
important  role, which is in strong contrast  to the 
behavior reported for  the short-chain and aromatic 
isocyanides. 

Properties. Some Very interesting and practical 
properties are common to the three types of f a t ty  
isocyanide adducts discussed in this paper. They are 
all crystalline materials with vary iug  degrees of water 
solubility. Their  aqueous solutions have surface activ- 
i ty with definite foaming, wetting, and suspending 
propensity. All have ~/ low oral toxicity and have 
good bactericidal activity against both gram positive 
and gram negative organisms. 
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Summary and Conclusions 

Three new reactions of f a t t y  isocyanides were dis- 
covered and are summarized below. 

a) Wi th  halogens, products  of the type  (RNCX)~ 
were isolated; this differs front the aromatic  or short- 
chain isocyanides which form I~NCX2 under  similar 
conditions. 

b) With  a lkylat ing agents, such as methyl  chloride 
or ethyl sulfate, the f a t t y  isoeyanides formed quater- 
nary-l ike surface-active derivatives. This type of re- 
action has not been repor ted previously. 

c) Wi th  acid chlorides, the following type of struc- 
tures were formed:  

CI- 
\ R'N C 

this differs f rom the aromatic or short-chain isocy- 
anides which are reported to form 

C1 
/ 

R ' N  = C \ 
C - R "  
II 
O 

under  similar conditions. 
I n  reactions of f a t ty  isocyanides with a lkylat ing 

agents and with acid chlorides evidence was presented 
to indicate that  addition occurred at the ni t rogen of 
the isocyanide group. These are the first examples in 
the l i terature  of such reactions by isocyanides. 
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Identification of Rutin and Isoquercitrin in Cottonseed 
C H A R L E S  P R A T T  2 and S IMON H.  W E N D E R ,  Chemistry Department,  University of 
Oklahoma, Norman,  Oklahoma 

B OATNER ( 1 )  has stated that,  al though many  of the 
pigments  of the cotton flower have been isolated 
and identified as flavonoid compounds, there is 

little evidence tha t  these or related pigments  occur 
in the seed. Gurevich (2) repor ted microchemical tests 
which suggested the presence of flavones or closely 
related pigments  in the epidermal cells of the cotyle- 
dons above the palisade cells. Goldvoskii (3),  also 
Boatner  (1), pointed out however tha t  before one 
could draw any  definite conclusions concerning the 
presence of flavonoid compounds in cottonseed, one 
would need to supplement  the microehemical tests 
with the isolation and identification of these pigments.  
This present  paper  repor ts  the separat ion and identi- 
fication of two such pigments.  

Pape r  chromatography  of isopropyl  alcohol extracts 
of crushed, delinted cottonseed (kernel and hull) in 
our labora tory  has revealed the presence of at  least 
six pigments  which pre l iminary  tests indicate to be 
flavonoid compounds. We have therefore under taken  
studies to ident i fy  the individual  flavonoid pigments  
present  in the cottonseed. Two of these have been 
separated and identified as isoquercitrin (quercetin-3- 
glucoside) and ru t in  (quercetin-3-rhamnoglucoside).  
Quercetin is 3,3' ,4 ' ,5,7-pentahydroxyflavone. 

Experimental 
Extract ion and Prel iminary Svparation o/ Pig- 

ments. Delinted cottonseed (1 kg.) ,  obtained through 
the courtesy of the National  Cottonseed Products  

1 This manusc r ip t  has been taken  in pa r t  f rom a thesis submitted by 
Charles P r a t t  for the M.S. degree in Chemistry, Univers i ty  of Oklahoma, 
Augus t  1958. 

eAided by a Fellowship f rom the National  B~edical Fellowships Inc .  
th rough  funds  appropr ia ted  by  the National  Founda t ion  for  Infant i le  
ParMysis .  

Association Inc. f rom a cottonseed oil producer  in 
Lubbock, Tax., was crushed with a food blendor and 
extracted in Soxhlet extractors  with a total  of 3 1. 
of 85% isopropyl alcohol-water unti l  the solvent in 
contact with the seed no longer gave a br ight  yellow 
color. This extract  was concentrated to 20:0 ml. in 
vacuo, then t ransfer red  to a beaker. To it were added 
100 ml. of hot distilled water, with st irring, so that  
the oil collected together. The mixture  was kept  in 
the ref r igera tor  (5-10~ for  3 hr. The lower layer  
was decanted and concentrated to 25 ml.;  50 ml. of 
95% ethyl alcohol were added to. the concentrate. 
The result ing solution was streaked onto 24 sheets 
of Wha tman  No. 3 MM chromatography  paper,  181/2 
in. • 221,~ in., and the chroinatograms were developed 
for 18-20 hr. in n-butyl  alcohol-acetic acid-water 
(6:1:2 v . /v . ) .  Three major  zones that  fluoresced 
brown in long wavelength ultraviolet  l ight (3660 A) 
were observed. Rut in  was one of the compounds pres- 
ent in the second brown zone (called zone 2) f rom the 
top, with an approximate  Rf value of 0.39. Isoquer- 
citrin was present  in zone 3, with Rf value of ap- 
proximate ly  0.59. 

Separation of Rutin.  Zone 2 f rom tile u-butyl  alco- 
hol-acetic acid-water chromatography  was cut f rom 
each paper,  minced, and extracted in a Soxhlet ex- 
t rac tor  with 95% ethyl alcohol. The extract  was con- 
centrated in vacuo to 25 ml. and streaked onto sheets 
of W h a t m a n  3 MN[ paper.  The chromatograms were 
developed in 15% acetic acid-water for 5-6 hr. Three 
brown fluorescent zones resulted f rom the one original 
zone 2. The brown fluorescent zone with the lowest 
Rf value (about  0.61) of these three contained the 
rutin.  Identification studies on the compounds of the 
other two zones are in progress. 


