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to a 55-45, weight per cent composition (53-47 mole per 
cent) of 2-carboxy-4,4'-dimethyldiphenyl sulfone and 2- 
carboxydiphenyl sulfone, respectively, according to the 
dot ted  data of Table I. Furthermore, a mixture melting 
point of 2-carhoxy-4,4'-dimethyldiphenyl sulfone with the 
unknown mixture raised the melting point, while a mixture 
melting point of 2-carboxydiphenyl sulfone with the un- 
Icno-n mixture lowered the melting point, which informa- 
tion supports the composition designated from the plot. 
The above procedure was used bv Truce and Norman3 to 
determine the percentage composition of a mixture of 
isomeric carboxylic acids resulting from the metalation of 
4methyldiphenyl sulfone with n-butyllithium, followed by 
carbonation. 

Determination of i factors. The diphenvl sulfone used was 
Eastman White Label sample recrvstallized from benzene. 
The Ptertbutyldiphenyl sulfone was prepared as described 
previously.2 The 4-methyldiphenyl sulfone was prepared 
from p-toluenesulfonyl chloride and benzene in the presence 
of aluminum chloride. The product melted a t  124-125' 
(reported" 125-125.5'). The apparatus, technique, and 
solvent for the cryoscopic measurements have been de- 
scribed previously.lj The solvent was prepared with care 
so that the freezing point of the 100% sulfuric acid was 
on the linear portion on the water side of the freezing point- 
composition curve as shown by Gillespie.lB The apparatus 
was allowed to stand several hours for the sulfuric acid to 
absorb the moisture from the air in the cell before the initial 
freezing point of the acid v'as determined. The supercooling 
of the solutions was controlled to f0.1'. The solutions in 
the cryostat were held below 18" throughout the period in 

(15) C. M. Welch and H.  A.  Smith, J .  Am. Chem. Soc., 
72, 4748 (1950). 

(16) R. J. Gillespie, J .  Chem. Soc., 2496 (1950). 

which freezing point measurements were being made.17 For 
diphenyl sulfone, three independent runs gave i factors of 
1.19, 1.20, and 1.17, calculated from freezing points taken 
15 to  20 min. after addition of the sulfone to the cryostat. 
Single runs gave corresponding values of 1.20 for 4methyl- 
diphenyl sulfone, 1.26 for 4-ted-butyldiphenyl sulfone, and 
1.81 for 4,4'-dimethyldiphenyl sulfone. 

Determination of solubilities. Samples of diphenyl sulfone 
and 4,4'-dimethyldiphenyl sulfone were placed in dry ether 
which was then refluxed for a short time. The solutions were 
decanted into glass-stoppered Erlenmeyer flasks which were 
placed in a thermostat a t  25 f 0.02" and allowed to,,reach 
temperature equilibrium. The sulfones, in excess of the 
amount required to saturate the ether, precipitated during 
this period. Samples of the clear supernatant liquid were 
withdrawn into a gravimetric pipet, and 10 ml. of the satu- 
rated solutions delivered into a weighing bottle. The solvent 
was evaporated, and the weights of the sulfones determined 
gravimetrically. The Erlenmeyer flasks containing the solu- 
tions were then placed in an ice bath and allowed to stand 
until equilibrium conditions were reached. Samples of the 
saturated solutions were withdrawn and their sulfone con- 
tent determined as before. The results of duplicate dcter- 
minations expressed in moles per liter of solution are as 
follows: 

Diphenyl sulfone 25' ,0830, ,0829 
0" ,0400, .039G 

4,4'-Dimethyldiphenyl sulfone 25" ,0436, ,0443 
0' ,0207, ,0208 

KNOXVILLE, TENN. 

(17) H. 9. Smith and R. G. Thompson, J .  Am.  Chetn. 
Soc., 77, 1778 (1955). 
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ThL selectivity in the direction of elimination during the pyrolysis of tertiary esters has been used to prepare a series of 
cu-alk3rlacrylonitriles. Thus a-ethyl-, a-n-propyl-, a-isobutyl-, and a-n-hexylacrylonitriles were prepared in 73 to 94L/, yields 
by the pyrolysis of the acetates derived from the corresponding methyl ketone cyanohydrins. Each of these monomers was 
polymerized by peroxide to a moderately high molecular weight polymer, with the poly-a-ethylacrylonitrile softening at  
110-140'. One must conclude that previous preparations of these monomers were not free from inhibitors. These present 
results arc additional evidence for the high degree of selectivity during the pyrolysis of esters. 

Previous work in these laboratories has shown 
that t,he pyrolysis of esters proceeds in a highly 

(1) Previous paper in this series, J .  Org. Chem., 21, 858 
(1956). 

(2) (a )  Presented in part before the Division of Polymer 
Chemistry at, the 128th National SIeeting of the   ERIC AN 
CHEMICAL SOCIETY, Minneapolis, Minn., September 1955; 
(b)  Abstracted in part from a dissertation submitted by 
John J. Hewitt to the Graduate Council of Wayne State 
University, December 1952, and from a thesis submitted 
by Floyd E. Naylor to the facult,y of the Graduate School 
of t,he University of Maryland, December 1955, in partial 
fulfillment of the requirements of the degrees of Doctor of 
Philosophy. 

( 3 )  Present address, Department of Chemistry, Univer- 
sity of Maryland, College Park, Md. 

(4)  Office of Naval Research Fellow, Universky of Mary- 
land, 1951-1955. 

selective manner to produce almost exclusively the 
least highly alkylated olefin according to the Hof- 
mann rule.'J7 For example, the pyrolysis of methyl- 
isopropylcarbinyl acetate gave almost exclusively 
3-methyl-1-butene with little or no formation of the 
other possible isomer, 2-methyl-2-butene. I t  was 
shown that the presence of an unsaturated clectron- 
withdrawing group in the P-position to  the acyloxy 
group resulted in the formation of primarily the 

(5) Research Corporation Fellow, Xayne State Uni- 

(6) W. J. Bailey and C. King, J .  Am. Chem. Soc., 77, 75 

( 7 )  W, J. Bailey, C. King, and J. J. Hcwitt, J .  Am. Chem 

versity, 1951-1952. 

(1955). 

Soc , 77, 357 (1955). 
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conjugated isomer.* However, the presence of a 
P-methoxy or a p-dimethylamino group did not 
seem to affect either the selectivity or the direction 
of elimination.9 It seemed very probable that this 
selectivity could be used for the synthesis of inter- 
esting monomers for polymerization that are either 
impossible or difficult to synthesize by conventional 
methods. Actually, since the discovery of the new 
heterogeneous catalysts for the polymerization of 
alpha olefins,l" many uses of this method in the 
hydrocarbon field are quite obvious. For example, 
the pyrolysis of rnethylisobutylcarbinyl acetate to 
produce 4-methyl-1-pentene is certainly the method 
of choice for the synthesis of this alpha olefin. 

Methacrylonitrile can be prepared conveniently 
by the dehydration of acetone cyanohydrin. 
However, the corresponding dehydration of methyl 
ethyl ketone cyanohydrin (11) 

CHa-C--C=N + I + CHr-CH-CSV 
I 1  I 
CII-CH, CH=CHL 
I11 I V  

OII OAc 
I AoCI I 376-4750 

CHB--C--C--N -4 CII,-C-CES -+ 
I S1-95% I 73-94% 
It IL 

V. R = E t  CH -C-C=N 
2- I VII. I1 = n-Yropyl 

X. R = Isobutyl R 
XIII.  R = %-Hexyl 

11. R = E t  
VI. It = n-Propyl VIII. R = n-Propyl 
IX. R - Isobutyl XI. R = Isobutyl 

XII. IL = n-Hexi-1 XIV. R = +Hexyl 

produces a mixture containing as t'he main product 
@-niethylcrotonitrile (111) plus only a small amount 
of a-et'hylacrylonitrile (I). Furthermore, these two 
isomers apparently are difficult to  separate by 
conventional distillation. Even though there are 
many reports of the synthesis of a-ethylacrylonitrile 
(I) and other a-alkyl derivatives,l1)l2 there has 
h e n  no report of a successful homopolymerization 
of aiiy of these monomers. For these reasons, 
Marvel, Miller, arid Chou developed a synthesis of 
I and other analogous a-alkylacrylonitriles from 
the corresponding a-alkylacroleins by dehydration 

I. R = Et 

( 8 )  W. J. Bnilcy arid C. King, J .  Orq. Chem., 21, 858 

(0) W. J. Bailcy and L. Sicholas, ,I. Org. Chem., 21, 
(1056). 

648 (1056). 
(10) G. Katt,u, J .  Pul!/nier Sci., 16, 143 (1955); G. Sa t t a ,  

1'. Pino, G. Mazzanti, 1'. Corradini, and U. Giannini, 
Rend.  accad. nazl. Lincei, [ 8 ]  18, 19 (1955). 

(11) ( a )  P. Bruylants, L. Emould, and M. Dekoker, 
Bull. sci. acad. TO?/. Belg., [5 ]  16, 721 (1930); (b) $1. Vossen, 
Bull. spc. chim. Helg . ,  41, 331 (1932); ( c )  A. Verineulen 
and L. Adrisens, B7iU .sot. chim. B e @ ,  38, 301 (1929); 
(d)  A.  Craen, Bull. soc. chirn. Belg., 42, 410 (1033); ( e )  
1'. Ceuterick, M i i l l .  doc. chini. Bel([., 44, 89 (1035); ( f )  C. 
Verliulst and C. CXoricux, Bull. SUC. chim. Bel{/., 41, 501 
(1032). 

of the corresponding oxime. 1 2  Even with t.his 
improved procedure they report,la ". . . .very little 
success was had in obtaining homopolymers from 
a-ethyl- or a-n-pentylacrylonitrile with either free- 
radical or ionic initiators." One of the explanations 
t.hat has been advanced for the failure of I to homo- 
polymerize has been the steric hindrance of the ethyl 
group. In  view of the fact that a-methylacrylo- 
nitrile homopolymerizes very readily it did not 
seem reasonable that the introduction of a CH2 
group should stop homopolymerization completely. 
In  fact an examination of the models of the two 
monomers and their polymers did not indicate that 
the steric effect should be highly pronounced. 
It seemed possible that the failure of the previous 
samples of I to  homopolymerize might be due to  
the presence of small amounts of isomeric im- 
purities, such as I11 or I V ,  that were formed during 
dehydrat'ion with an acid catalyst. Any of these 
impurities, especially IV, could act as a chain 
transfer agent and prevent the formation of a high 
polymer. This view is furt'her strengthened by the 
€act that a-phenylacrylonitrile,14 which cannot 
form such isomeric impurities, does indeed homo- 
polymerize. 

Since the pyrolysis of esters has been shown to 
proceed in a selective manner wit'h simple com- 
pounds, it seemed possible that this method could 
be used to prepare a-ethylacrylonit'rile (I) from the 
a-acetoxy-a-methylbutyronitrile (V). If the sample 
of I prepared in this manner could be made to  
homopolymerize, this mould not only serve as 
additional evidence concerniiig the select,ivity of t'he 
elimination reaction but would also disprove the 
hypothesis that steric hindrance prevent,ed the 
homopolymerization in the previous examples. 

For this reason the cyanohydrin of methyl 
ethyl ketone (11) was esterified with acetyl chloride 
t'o produce a 95% yield of V. The use of acetic 
anhydride resulted in recovery of starting material 
even after reflux for several days, and the use of 
pyridiiie with the acetyl chloride gave products 
that were difficult to purify. The tert>iary acet8ate V 
was then dropped through a pyrolysis tube packed 
with 'j8-inch borosilicate glass helices and externally 
heated at  475". Condit,ions were carefully controlled 
in order that charring was virtually elimiiiat,ed and 
that only 83y0 of the theoretical amount of acetic 
acid was liberated. Vnder these conditions a 737' 
yield of a-ethylacrylonitrile (I) was produced. 
Although the identity of this sample of I was 
established by agreement of its physical constants 

(12) C. 8. Xfarvel, W. R. Millor, and L. C. Chou, J .  Am. 
Chem. Suc., 72, 5408 (1950). 

(13) C. S. Marvel, R. T. Stiehl, W. K. Taft, and 33. G. 
Labbe, Znd. Eng. Chem., 46, 804 (1954); a private com- 
munication from R. T. Stiehl indicated that during a dis- 
tillation of a-ethylacrylonitrile a solid polymer accident,ally 
reeulteti but that this polymer was not Completely charac- 
terized. 

(11) A.  >'I. Clifford and J. 11. Long, U. S. Patent, 2,362,049 
(1944); Cheni. Abatr., 39, 2206 (1945). 

-__ 
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with the reported values as well as by it's infrared 
spect'rum, t'he purity of I really was established by 
t'he fact that this monomer would homopoly- 
merize. Thus when a benzene solution of I was 
heated with benzoyl peroxide, a solid poly-a-ethyl- 
acrylonit~rile, softening point 110-140", resulted. 
Although it8s intrinsic viscosity was only 0.12, 
this is the first' solid homopolymer reported from 
this monomer. Even though these result,s seem to  
indicate that t'here may be some steric hindrance to  
polymerization in I, the effect is not nearly as large 
as previously believed. Furthermore, these results 
iridicat'e that  the previously prepared samples of 
I must have contained some impurity, such as I11 
or IV, that could act as a chain transfer agent. 
These results also offer addit'ioiial evidence of the 
high degree of selectivity of the elimination in the 
pyrolysis of esters, provided that any charring that 
could cause acid-catalyzed rearrangements is elimi- 
nated. 

Chapin and Smith,I5 for example, carried out' the 
pyrolysis of the a-acetoxy-a-methylbutyronit'rile 
(V) over clay plat'e and obtained a sample of impure 
I t'hat could not be homopolymerized or purified 
by distillation. They did esta,blish the presence of 
t>he isomeric methylcrotoriitrile I11 in their pyrolysis 
product. hppareiitly the clay plate mas acidic 
enough t o  cause either some acid-catalyzed elimina- 
tioii of acetic acid from T' or some acid-catalyzed 
rearrangement of the resulting olefin I. 

111 order to establish more cBlearly the extent of 
steric hindrance to polymerization it' seemed of 
interest to prepare a series of alpha-subst'itut'ed 
acrylonitriles. It wa,s thought t'hat, if several 
acrylonit'riles wit,h fairly large alpha substit,uents 
coald he prepared arid made to homopolymerize, 
one could conclude more definitely tha.t steric 
hindrance could not complet8ely account for the 
failure of previously prepared a-alkylacrylonitriles 
7 0  polymerize. For this reason the syntheses of 
a-n-propyl-, a-isohut'yl-, and a-n-hexylacryloni- 
triles (VIII, XI, XIV) n w e  undertaken. 

Rkthyl n-propyl ketone cyanohydrin (VI) was 
heated with acetyl chloride to produce a (33% yield 
of the corresporidirig acetate VII. I'yrolysis of VI1 
at, 385' with care t o  avoid carbonization produced a 
L%SL coilversion to  a-n-propylac'ryloiiitrile (1'111). 
Since 38(,% of the startiiig ester was recovered, the 
yield of YII1, based 011 unrecovered material, 
was 8LIr)G. When VI11 i homopolyiiierjzed in a 
standard pcroxide-catal d emulsion system, a 
whit,e powdery poly-n-propylac onitrile, softening 
at 60-64" and halving an iiitrin viscosity of 0.1 2, 
was obtained. 

Similarly, methyl isobut'yl ketor,s cyanohydrin 
(IX) was acet,ylated with acctic anhydride in an 
8176 yield and the resulting acetate X was py- 
rolyzed at  375' t o  produce a 46y0 conversion to 

(15) 1,;. C. Chapin and R. 1'. Smith, J .  . l n ~  Cheni. Soc., 

- -~ 

76, '4179 (1954). 

a-isobutylacrylonitrile (XI), Since a 407, recovery 
of X also was obt'ained, the yield of XI, based on 
unrecovered m a t e d ,  was 777,. St'andard emulsion 
polymerization of XI produced a solid white 
polymer, softening a t  50-54" and having an intrinsic 
viscosit'y of 0.1. 

Methyl n-hexyl ketone cyanohydrin (XII) was 
acetylated with acetyl chloride in a 907, yield and 
the resulting acetate XI11 was pyrolyzed at 375" 
to  yield a 487, conversion to  a-n-hexyla,crylonitrile 
(XIV). Again, since 497, of the starting est'er 
XI11 was recovered, the yield of XIV, based on 
unrecovered mat'erial, was 927,. Standard emulsion 
polymerization of XIV produced a viscous oil with 
an intrinsic viscosity of 0.11. The polymer, on 
cooling, formed a solid, softening point' 15-18". 

The softening-point relationships in this series are 
approximately what one mould expect from a series 
of amorphous polymers with increasing size of a 
side chain. Rehberg and FisherI6 found that as one 
increased the number of carbon atoms in the alkyl 
group in a series of poly-n-alkyl methacrylates, 
the brittle point dropped from 88" for the methyl 
ester t80 -35' for the dodecyl ester. (The n-amyl 
derivative softened a t  +3".) Similarly, Overberger, 
Frazier, Mandelman, and Smith1' found that, as 
the length of t,he side chain was increased in a series 
of polg-p-alkylstyrenes, the softening point dropped 
from 100" for polystyrene to about -65" for the 
n-decyl derivative. (The n-hexyl derivative softened 
a t  -27" . )  

I n  order to obtain some idea of the reactivity of 
one of t'hese a-substituted ncryloiiitriles, a copoly- 
merization mas carried out with a-isobutylacrylo- 
nit,rile (XI) and methyl methacrylate. The product, 
softening point 11 5-145", int'rinsic viscosit'y 0.3, 
obtained from a monomer mixture containing 407, 
by weight of the nitrile XI, aft'er a 6% conversion, 
contained only 33Y0 of XI. 

Even though the molecular weights of the poly- 
a-alkylacrylonit'riles were not extremely high, this 
is the first report' of a solid homopolymer for this 
series. One would conclude, therefore, t'hat steric 
hindrance to  polymerization must be somewhat 
important but not, enough t o  prcvent homo- 
polymerization. This st'eric effect probably exagger- 
ated t,he effect of i~npurit~ies on t'he polymerization. 
Thus chain t,ransfer agent's, such as I11 or IV, if 
present in previous prcparatioiis of these morio- 
mers, probably would have had a large inhihitory 
effect on the homopolymerization. Apparently t'hc 
amount of these iiihibit'ors in  the monomers pre- 
pared by pyrolysi? was not as large. One can con- 
clude, t,herefore, t,hat the pyrolysis of esters does 
indeed proceed in a highly selectmiye manner and 
is an excellent method for the preparation of 
monomer? for polymerizat'ion. 

(16) C. E, Itehberg and C. H. Fisher, Ind. Eng .  Chem., 40, 
1429 (1948). 

(17) C. G. Owrhrrgcr, 6. Frnzicir, J. RImdelrnan, and 

______ 

H. E'. Smith, J .  rliri. ('hew. Soc., 75, 3320 (1'353). 
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 EXPERIMENTAL^^ 
Methyl ethyl ketone cyanohydrin (11). By a modification 

of the procedure for the preparation of acetone cyano- 
hydrin,Ig 500 g. (9.7 moles) of powdered 95% sodium 
cyanide, 1.2 liters of water, and 887 g. (12.3 moles) of methyl 
ethyl ketone were placed in a 5-liter, three-necked flask 
equipped with a stirrer, a dropping funnel, and a thermom- 
eter. While the reaction mixture was maintained below 15", 
2.1 liters (8.5 moles) of 40'% sulfuric acid was added with 
vigorous stirring over a 3-hr. period. After the organic layer 
was dried over anhydrous sodium sulfate, the excess methyl 
ethyl ketone was removed by distillation and the residue was 
fractionated through a 12-in., helix-packed column to  yield 
672 g. (80%) of methyl ethyl ketone cyanohydrin (111, 
b.p. 108.4" (40 mm.), n'," 1.4127, diz  0.9212 [reported16 
b.p. 87-88" (17 mm.), n2,4 1.41191. 

Anal. Calcd. for CrHSNO: C,. 60.58; H, 9.15. Found: 
C, 60.81: H, 9.37. 

'a-Acetbry-a-methylbutyronitrile (V). To  99 g. (1 mole) of 
methyl ethyl ketone cyanohydrin (11) was added 79 g. ( 1  
mole) of acetyl chloride a t  a rate slow enough to  keep the 
temperature below 80". After the reaction mixture had been 
heated for 12 hr., it  was extracted with water, a saturated 
sodium carbonate solution, and again with water. The mix- 
ture was then dried over anhydrous sodium sulfate and 
fractionated through a 12-in., helix-packed column to yield 
134 g. (95yo) of a-acetoxy-a-methylbutyronitrile (V), b.p. 
108-109" (40 mm.), ng 1.4137, diQ 0.9808 [reportedI6 b.p. 
90-91" (16 mm.), ny 1.41111. 

Anal .  Calcd. for CiHl1n'O2: C, 59.55; H, 7.85. Found: 
C, 59.59; H, 7.70. 

a-Ethylacrylonitrile (I) .  At the rate of 2 g. per min., 100 
g. (0.71 mole) of a-acetoxy-a-methylbutyronitrile (V) was 
added dropwise through a vertical Vycor tube packed with 
l/a-in. borosilicate glass helices and externally heated a t  
475", as described previously.20 The pyrolysate was con- 
densed in a 6-inch spiral condenser and collected in a 300- 
ml., side-inlet flask cooled in a Dry Ice-chloroform-carbon 
tetrachloride bath. In order to prevent charring the ap- 
paratus was continuouslv flushed with a slow stream of 
oxygen-free nitrogen. The pyrolysate was extracted with 
water until the aqueous extracts tested neutral to litmus, 
and the organic layer was then dried over a mixture of 
anhydrous sodium sulfate and potassium carbonate. 
(Titration of an aliquot of the aqueous extracts with stand- 
ard base indicated that 83% of the theoretical amount of 
acetic acid had been liberated.) Fractionation through a 
6-in., helix-packed column produced 50 g. (73%) of a- 
ethylacrylonitrile (I) ,  b.p. 112.5--113', n': 1.4120, d:: 
0.8083 [reported16 b.p. 111.9-112.9°, n;P 1.41181. 

Anal .  Calcd. for C,H,N: C, 74.03; H, 8.68. Found: C, 
74.15; H, 8.71. 

Polymerization of a-ethylacrylonitrile (I) .  A solution of 
10 g. of a-ethylacrylonitrile (I) and 0.1 g. of benzoyl per- 
oxide in 50 ml. of benzene was heated under reflux for 35 
hr. The benzene solution was extracted with a dilute sodium 
hydroxide soht,ion and then treated with Norite to remove 

(18) The authors are grateful to Dr. Mary Aldridge, 
Kathryn Gerdeman, and Vivian Kapuscinski for the micro- 
analyses and to  Dr. Robert A. Spurr and Dr. Joseph Weno- 
grad for the infrared absorption spectra. The infrared 
spectra were determined on the purc liquids with a Perkin- 
Elmer. model 12-C spectrometer modified for double-pass 
operation. The authors also are grateful to Joseph Antonucci, 
Robert Barclay, Jr., and William Graham Carpent,er for the 
preparation of methyl propyl ketone cyanohydrin (VI), 
methyl isobutyl ketone cyanohydrin ( IX) ,  and methyl n- 
hexyl ketone cyanohvdrin (XII),  respectively. 

(19) R. F. B. Cox and I%. T. Stormont, Org. Synihesea, 
Coll. Vol. 11. 7. (1946). 

~- 

(20) W. J. Bailey and J. J. Hewitt, J .  Org. Chern, SL. 
543 (1958). 

a yellow color. Addition of an excess of petroleum ether pro- 
duced a precipitate, which was removed by filtration and 
dried in vacuum to yield 6 g. of white poly-a-ethylacrylo- 
nitrile which began to  shrink a t  110' and completely soft- 
ened below 140". The polymer had an intrinsic viscosity of 
0.12. 

Anal .  Calcd. for (C,H,K),: C, 74.03; H, 8.68. Found: 
C, 74.10; H, 8.49. 

a-Acetory-a-methylvaleronitrile (VII). Methyl n-propyl 
ketone cyanohydrin (VI), b.p. 101' (17 mm.), n'; 1.4200 
[reported21 b.p. 100" (21 mm.), nl; 1.420651, was prepared 
in a 76% yield by a modification of the procedure described 
above for methyl ethyl ketone cyanohydrin (11). TO 160 
g. (1.5 moles) of the cyanohydrin VI, heated in a 500-ml., 
three-necked flask fitted with a dropping funnel and a reflux 
condenser protected with a calcium chloride tube, was added 
dropwise 120 g. (1 .5 moles) of acetyl chloride over a 1-hr. 
period. After the reaction mixture had been heated under 
reflux for 14 hr., i t  was fractionated through a 10-in., helix- 
packed column to yield 221 g. (93%) of a-acetoxy-a-methyl- 
valeronitrile (VII), b.p. 96" (25 mm.), ny  1.4186. 

Anal. Calcd. for C,Hl1NOz: C, 61.93; H, 8.38. Found: 
C, 61.86; H, 8.25. 

a-n-Propylacrylonitrile (17111).  At the rate of 3 g. per 
minute, 71.5 g. (0.46 mole) of a-acetoxy-a-methylvalero- 
nitrile (VII) was added dropwise through the same pyrolysis 
tube described above heated at 385'. The same procedure 
for the pyrolysis and treatment of the pyrolysate also was 
used with the exception that the pyrolysate was dissolved 
in 50 ml. of ether before extraction. (Titration of an aliquot 
of the aqueous extracts indicated that 55% of the theoreti- 
cal amount, of acet,ic acid had been liberated.) Distillation of 
the ether solution through a 10-inch, helix-packed column 
yielded 39 g. (55%) of a-n-propylacrylonitrile (VIII) ,  b.p. 
134' (760 mm.), n': 1.4211 [reportedllc b.p. 135.7' (757 
mm.), n:: 1.422831, and 27.5 g. (38% recovery) of the 
starting acetate VII. The yield of VIII, based on unrecovered 
VII, was, therefore, 89%. 

Anal. Calcd. for C,H9X: C, 75.79; H, 9.47. Found: C, 
75.56; H, 9.57. 

Polymerization of a-n-propylacrylonitrile (VIII). In a 2-oa, 
vial were placed 5.5 g. (0.058 mole) of a-n-propylacrylo- 
nitrile (VIII), 18 g. of water, 0.02 g. of potassium persulfate, 
0.03 g. of lauryl mercaptan, and 0.5 g. of sodium stearate 
and the vial was carefully flushed with nitrogen. The vial 
was rotated end-over-end at  50" for 5 days. Additional 
potassium persulfate was added a t  24-hr. intervals. The 
polymer emulsion was poured into 100 ml. of vigorously 
stirred methanol. After the resulting precipit,ate was re- 
moved by filtration, it was redissolved in 10 ml. of t,etra- 
hydrofuran and reprecipitated by the addition of this solu- 
tion to an additional 100 ml. of methanol. The precipitate 
was removed by filtration and dried under vacuum to yield 
0.9 g. (17% conversion) of a white powder of poly-a-n- 
propyl acrylonitrile, softening point 60-64", [V 1c-0 0.12. 

a-Ace tozya ,  r-diimethylvaleronitrile (X) .  Methyl isobutyl 
ketone cyanohydrin (IX),  b.p. 109" (24 mm.), n y  1.4240 
[reportedz2 b.p. 109" (24 mm.), ny 1.425951, was prepared 
in a 78% yield by a modification of the procedure described 
above for methyl ethyl ketone cyanohydrin (11). In  a 1-l., 
3-necked flask fitted with two reflux condensers were placed 
127 g. ( I  mole) of the cyanohydrin IX,  408 g. (4  moles) 
of acetic anhydride and 60 g. of acetic acid. After the re- 
actio? mixture had been heated under reflux for 72 hr., it  
was fractionally distilled through a 10-in., helix-packed 
colurnn to yield 137 g. (81Y0) of a-acetoxy-a,r-dimethyl- 
vderonitrile (X). b.o. 125' (36 mm.). n% 1.4220. 

Anal. Calcd. forACgHl6NO2: C, 63.817; H, 8.92. Found: 

a-lso~ufylacrylonitr:le (XI).  At thr rate of 3 g. per min., 
C, 63.78; H, 8.75. 

_I-___ 

(21) A. Lapworth and R. H. F.  Manske, J .  Chem. Sot., 

(22) A. J. Ultee, Rec. trav. chim., 28, 7 (1909). 
2548 (1928). 
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85 g. (0.5 mole) of a-acetoxy-a,?-dimethylvaleronitrile (X)  
mas added dropwise to the pyrolysis tube heated a t  375". 
The pyrolysate was worked up as indicated previously for 
that from the pyrolysis of VII. (Titration of an aliquot 
of the aqueous extracts indicated that 55% of the theoretical 
amount of acetic acid had been liberated.) The ether extract 
was fractionally distilled through a 10-in., helix-packed 
column to yield 25 g. (46%) of a-isobutylacrylonitrile (XI),  
b.p. 68" (50 mm.), ny  1.4232, and 33 g. of the starting ace- 
tate X.  The yield of XI, based on unrecovered starting 
material, was 77%. 

Anal. Calcd. for C,Hl,N: C, 77.06; H, 10.09. Found: C, 
77.08; H, 9.85. 

Polymerization of a-isobutylacrylonitrile (XI). By the use 
of a procedure similar to that described for a-n-propyl- 
acrylonitrile (VIII), 4 g. of a-isobutylacrylonitrile (XI )  was 
polymerized in an emulsion system over a Cday period. The 
crude polymer, formed by coagulation in methanol, was 
redissolved in tetrahydrofuran and was then reprecipitated 
by the addition of t,his solution to  methanol. The white 
powder was dried under vacuum to yield 0.4 g. (10%) of 
poly-a-isobutylacrylonitrile, softening point 50-54", [~ l c -o  
0.1. 

Copolymerization of a-isobutylacrylonitrile (XI )  and methyl 
methacrylate. By a procedure similar to that described for 
the polymerization of a-n-propylacrylonitrile (VIII), 2 g. 
of a-isobutylacrylonitrile and 3 g. of methyl methacrylate 
were copolymerized over a 52-hr. period. The emulsion was 
poured into 200 ml. of methanol and the mixture was made 
acidic to litmua. After the copolymer was collected by filtra- 
tion, it  was redissolved in 10 ml. of tetrahydrofuran and 
reprecipitated by the addition of this solution to  100 ml. of 
methanol. The copolymer was dried under vacuum t80 yield 
0.3 g. of a white powder, softening point 115-145', [alc-o 
0.3. Analysis showed that the copolymer conhined 3.97% 
nitrogen, which indicated that the copolymer contained 
approximately 1 mole of a-isobutylarrylonitrile for every 2 
moles of methyl methacrylate. 

a-ncetosy-o-methz/lrupr?/loni~r~l~ (XII I ) .  Methyl n-hexyl 

ketone cyanohydrin (XII),  b.p. 130' (11 mm.), n*: 1.4301 
[reportedllfb.p. 131-132' (11 mm.), n'," 1.432271, was pre- 
pared in a 587, yield by a modification of the procedure d o  
scribed above for the preparation of methyl ethyl ketone 
cyanohydrin (11). By the same procedure described above 
for the preparation of a-acetoxy-a-methylvaleronitrile (VII), 
90 g. (0.58 mole) of the cyanohydrin XI1 was acetylated 
with 70 g. (0.89 mole) of acetyl chloride to yield 100 g. (goyc) 
of a-acetoxv-a-rnethvlcaDrolonitrile (XIII) .  b.o. 128" (12 . . "  I _  

mm.), ny  i.4286. 
Anal. Calcd. for C,,Hls?l'O?: C. 67.01: €1. 9.65. Found: .. .. . , 

C, 66.99; H, 9.38. 
cu-n-Herylacrylonitrile (XIV). At. the rate of 3 g. per min., 

71 g. (0.38 mole) of a-ncetoxy-a-met,hylcaprylonitrile 
(XII I )  was added dropwise to the pyrolysis tribe heated a t  
375",as described above. The pyrolysate was worked rip as 
described for the n-propvlacrylonitrile (VIII). (Titration of 
an aliquot of the aqueous extracts indicated that 4870 of 
the theoretical amount of acetic acid had been 1il)erated.) 
The ether extract was fractionally distilled through a 10- 
in., helix-packed column to yield 24.5 g. (48%) of a-n- 
hexylacrylonitrile (XIV), b.p. 114' (50 mm.), naJ 1.4347 
[rcported b.p. 80" (12 mm.),lIf b.p. 201" (766 rnm.),llf 
b.p. 112" (48 mm.),I2 ng 1.43972,11r n'," 1.435012], and 35 
g. of the starting acetate XII I .  The yicld of XIV, hascd on 
unrecovered starting material, was 927& 

Bnal. Calcd. for COHIIN: C, 78.8:<; H, 10.05. Found: 
C, 79.11; H, 10.71. 

Polymerization of a-n-hesylacr?~lonifrilc (XIV). By a pro- 
cedure very similar to that described for a-n-propylaeryln- 
nitrile (VIII), 5 g. (0.03G mole) of a-n-hexylacrylonitrile 
(XIV) was polymerized in an emulsion system ovw a &day 
period. The polymkr was purified ns described above to 
yield 0.3 g. of a clear viscoiis poly-a-n-hexylacrylonitrile, 
[q]c-o 0.11, which became a hard glass at, 0" and rrsoftrncd 
at 15-18'. 

DETROIT, MICH. 
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Kinetics of Diels-Alder Reactions of Eleostearic Acids with Maleic Anhydride 
and Substituted Maleic Anhydrides 

if7, G. BICKFORD, JOAN S. HOFFMANN, DOROTHY C. IIEINZELMAN, 
A N D  SAR.4 P. FORE 

Received April $6, 1.957 

The kinetics of the Dicls-Alder reactions of alpha- nnd beta-eleostearic acids with chloromalcic, mcthylmalcic, and maleic 
anhydrides have been investigated. The reactions of chloromaleic anhydride and maleic anhydride with the eleostearic acids 
conformed to second order kinetics, but those of methglmaleic anhydride particularly with alpha-clcostearic acid, were not 
strictly second order. The specific rate constants for the Diels-Alder reactions of beta-eleostearic acid were found to he of 
greater magnitude than those for alpha-eleostearic acid, and the reactions of the former were found to be less temperature- 
dependent than the reactions of the latter, Encrgics of activation for the systems in which beta-eleostearic acid w a s  a rc- 
actant were markedly lower than thoRe for systems containing alpha-eleostearic acid, whilc the magnitude of the frequency 
factors of the respective systems was reversed. Substitution of either a methyl group or chlorine atom into maleic anhydride 
resulted in diminished dienophilic activitv. The influences of structure, steric requirements, and group inductive cffccts 
on the specific rate constants of the various reactions have been considered. 

In  continuing the study of the Diels-Alder reac- 
tions of alpha- and hela-eleostearic (octadecatri- 
enoic) acids2p3 we have now investigated the kinetics 

(1) One of the laboratories of the Southern Utilization 
Research arid nrvelopment Ilivlsion, Agrirulturnl Research 
Servire, U. S. 1)epartmcnt of Agriculture. 

of their reactions with maleic anhydride, chloro- 
maleic, anhydride, and mcthylmaleic anhydride 
(citraconic anhydridc). This series of dienophiles 

(2)  J. S. Hoffman, R. T. O'Connor, F.  C. Magne, and 

(3) J. S. Hoffmann, R.  T .  O'Connor, F. C. Magne, and 
W, G. Bickford, J .  Am. Oil Chemists' Soc., 32, 533 (1955). 

W. G. nickford, J .  .lm. Oil Chemists' Soc., 33, 410 (1956). 


