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n the preparation of I I . Six grams (0.053 mole) of ketene 
divinylacetal and 6.35 g. (0.053 mole) of 2-nitro-l-butanol 
were used. Upon fractional distillation, 5.2 g. (42.5%) of 
the orthoester I I I was collected, b.p. 90-93° at 2 mm., n*bD 
1.4480. 

Anal. Calcd. for C10H17NO6: C, 51.95; H, 7.41; N, 
6.06. Found: C, 51.92; H, 7.70; N, 6.37. 

Divinyl 3-Nitro-2-butyl Orthoacetate (IV).—The proce
dure for the preparation of II was followed. Five grams 
(0.044 mole) of ketene divinylacetal and 5.35 g. (0.044 
mole) of 3-nitro-2-butanol reacted to yield 6.58 g. (63%) 
of divinyl 2-nitro-l-butyl orthoacetate, b.p. 85-86° at 2 
mm., nMD 1.4512. 

Anal. Calcd. for CioHi7N06: C, 51.95; H, 7.41; N, 
6.06. Found: C, 51.70; H, 7.55; N, 6.35. 

Hydrolysis of the Orthoesters II, III and IV.—Each of 
these orthoesters was hydrolyzed by treatment of 1-2-g. 
samples of the orthoester with 3 drops of a 1% aqueous solu
tion of sulfuric acid. The evolved acetaldehyde was col
lected and identified as its 2,4-dinitrophenylhydrazone and 
the corresponding nitroalkyl esters identified by physical 
properties previously reported in the literature. 

Polymerization Studies.—Approximately 1-g. samples of 
divinyl (3-nitroethyl orthoacetate (II) , divinyl 2-nitro-l-
butyl orthoacetate (III) and divinyl 3-nitro-2-butyl ortho
acetate (IV) were placed in screw cap vials and a small 
amount of benzoyl peroxide was added to each. The vials 
were then immersed in an oil-bath maintained at 70°. 

After 2 days, compound II had turned dark brown and 
viscous. The sirupy liquid was dissolved in 5 ml. of acetone 
and poured with stirring into 20 ml. of cold water. A 
finely divided brown precipitate was collected and dried. 
It was purified twice by dissolving it in acetone and precipi
tating into water. The polymer had no definite softening 
point but began to darken at about 100°. 

At the end of 8 days, compound I I I had become dark and 
viscous. The solid was collected and purified in the same 
manner as described above. The dark brown polymer 
softened and darkened when heated above 115°. 

Compound IV did not polymerize even after a heating 
period of ten days. 
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vinylog.4 The accuracy is considered to be 
±0.02 u. 
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jugated Esters1 

B Y ROBERT FILLER 2 

RECEIVED AUGUST 28, 1953 

In a previous paper,3 infrared absorption spectral 
data were presented for three types of fluorine-
containing esters. The effect of the location of the 
fluorine atoms on the ester carbonyl frequency was 
noted and wave lengths were assigned for the C = O 
stretching vibrations. In particular, the spectrum 
of ethyl butyrate was compared with those of ethyl 
perfluorobutyrate, trifluoroethyl butyrate and tri-
fluoroethyl perfluorobutyrate. 

It was of interest, therefore, to introduce a vinyl 
group into the acid portion of each of these esters 
and to observe the effect of the resultant conjuga
tion on the ester carbonyl frequency. In Table I 
the carbonyl stretching vibration for each of the 
conjugated esters is compared with that of the 
corresponding ethyl butyrate of which it is a 
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Compound 
C1H7CO2C2H, 
CH1CO2CHsCF, 
C 1 F 7 C O 2 C J H J 

C I F T C O 2 C H 2 C F , 

T A B L E I 
C = O c = o 

stretch- stretch
ing ing 

vibra- vibra
tion tion 
wave wave 

length, length, 
H Compound p. 

5.75 CiH 7 CH=CH-CO 2 C 2 Hi 5.81 
5.66 C H 7 C H = C H - CO2CH2CF, 5.74 
5.60 CiF 7 CH=CH-CO 2 C 2 Hi 5.75 
5.55 CjF iCH=CH-CO 2 CH 2 CFi 5.07 

Rasmussen and Brattain6 have noted that con
jugation of the ester C = O with C = C shifted the 
carbonyl band to longer wave lengths. 

Ethyl butyrate and its vinylog, ethyl 2-hexeuo-
ate, illustrate this shift of the C = O band (5.75 JX 
to 5.81 p.). A similar shift of 0.08 p. is observed for 
the trifluoroethyl butyrate-trifiuoroethyl 2-hex-
enoate pair. In this case, the inductive effect of the 
trifluoromethyl group is independent of the oppos
ing conjugative effect. Thus, the fluorine atoms 
exert about the same influence on the C = O fre
quency that they would were conjugation not 
present. In earlier papers3'6 the role of the induc
tive effect of the perfluoroalkyl group in shifting the 
C = O band to snorter wave lengths was discussed, 

In ethyl 4,4,5,5,6,6,6-heptafluoro-2-hexenoate, 
C3F7CH=CH-CO2C2Hs, however, the inductive 
effect of the heptafluoropropyl group, transmitted 
through the vinyl linkage, is strongly opposed by 
resonance-stabilized conjugation. 

There is sufficient evidence to substantiate this 
weakening of the inductive effect. Walborsky 
and Schwarz7 determined the dissociation constant 
of 4,4,4-trifluorocrotonic acid as 7.1 X 10~4 in 
contrast with 5.8 X 10_1 for trifluoroacetic acid.8 

Analogous results have been reported for CaF7CH= 
CH-CO 2 H 9 and C3F7CO2H.8 It has also been 
demonstrated7 for ethyl trifluorocrotonate, that 
resonance of the carbethoxy group with the double 
bond, rather than the inductive effect, plays the 
dominant role in directing the addition of various 
reagents. 

The observed C = O stretching frequency of C3F7-
CH=CH-CO 2 C 2 H 5 substantiates these results. 
While a shift of 0.15 p, to shorter wave lengths 
resulted from replacement of the hydrogens by 
fluorine in the acid portion of ethyl butyrate, a 
markedly smaller shift of only 0.06 p. is observed 
in the corresponding conjugated esters. A similar 
effect was noted by Rasmussen and Brattain in 
esters of nitrobenzoic acids.6 

(4) The infrared spectra referred to in this article have been de
posited as Document number 4147 with the ADI Auxiliary Publica
tions Project, Photoduplication Service, Library of Congress, Washing
ton 25, D. C. A copy may be secured by citing the Document num
ber and by remitting Sl.25 for photoprints, or Sl.25 for 35 mm. micro
film. Advance payment is required. Make checks or money orders 
payable to: Chief, Photoduplication Service, Library of Congress. 
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Finally, trifluoroethyl 4,4,5,5,6,6,6-heptafluoro-2-
hexenoate, C 3 F 7 C H = C H - C O 2 C H 2 C F 3 , exhibits 
the C = O band at 5.67 /x- This is readily accounted 
for by considering the influence of the CF 3 group 
of the alcohol portion, which is independent of the 
conjugated system, as mentioned earlier. 

The ultraviolet absorption spectra of ethyl 2-
hexenoate, trifluoroethyl 2-hexenoate, and the ethyl 
heptafluoro-2-hexenoate were also determined and 
similar maxima were observed in the region of 
208-210 nui, in agreement with previous findings10 

for unfluorinated esters of this type. 
Ethyl 2-hexenoate was obtained from 2-hexenoic 

acid, which was prepared by a known method.1 1 

Trifluoroethyl 2-hexenoate, a new compound, was 
obtained from 2-hexenoyl chloride and trifluoro-
ethanol. The ethyl heptafluoro-2-hexenoate was 
prepared by a recently reported procedure.9 Tri
fluoroethyl heptafluoro-2-hexenoate, also a new 
compound, was obtained from the acid chloride 
and trifluoroethanol. 

Experimental 

Ethyl 2-Hexenoate.—2-Hexenoic acid and its ethyl ester 
were prepared by previously described procedures.11'12 

Trifluoroethyl 2-Hexenoate.—2-Hexenoyl chloride was 
prepared from the acid and thionyl chloride. The acid 
chloride, b .p . 118-122°, was used directly in the next step 
without further purification. 

In a 100-ml., r .b . flask fitted with a dropping funnel and a 
reflux condenser was placed 15 g. (0.15 mole) of trifluoro
ethanol. The alcohol was heated to boiling and then 22.0 
g. (0.165 mole) of 2-hexenoyl chloride, was added dropwise 
over a period of 15 minutes. The mixture was heated under 
reflux for five hours. The reaction could be followed by the 
rate of evolution of hydrogen chloride. The mixture was 
washed with a 10% solution of sodium bicarbonate until the 
aqueous layer was free of chloride ion, then with water, and 
finally the organic layer was dried over anhydrous sodium 
sulfate. Distillation gave 21 g. (71.4% yield) of ester, b .p . 
65-66° (20 mm.), n25D 1.3870, J26

4 1.111. Calcd. for C8H11-
F3O2: C, 48.98; H, 5.65. Found: C, 48.97; H, 5.52. 

Ethyl 4,4,5,5,6,6,6-Heptafluoro-2-hexenoate.—This ester 
was prepared by dehydration of ethyl 3-hydroxy-4,4,5,5,6,6, 
6-heptafluorohexanoate,9 which was obtained by the Re-
formatsky reaction using perfiuorobutyraldehyde and ethyl 
bromoacetate.9 Perfiuorobutyraldehyde was prepared in 
6 8 % yield by reduction of ethyl heptafluorobutyrate with 
lithium aluminum hydride at —70° using the inverse addi
tion technique, as described by Pierce and Kane.13 

Trifluoroethyl 4,4,5,5,6,6,6-Heptafluoro-2-hexenoate.— 
4,4,5,5,6,6,6-Heptafluoro-2-hexenoic acid was obtained by 
saponification of the ethyl ester.9 

The heptafluoro-2-hexenoic acid (18 g., 0.075 mole) was 
converted to the acid chloride by refluxing with excess ben
zoyl chloride (25 g., 0.178 mole); yield 14.3 g. (73.7% 
yield), b . p . 65-73 °. I t was used directly for the next step. 

To 5.0 g. (0.05 mole) of boiling trifluoroethanol in a r .b . 
flask fitted with a reflux condenser and a dropping funnel, 
was added dropwise 14 g. (0.054 mole) of the acid chloride. 
The mixture was heated under reflux for 12 hours by which 
time the evolution of hydrogen chloride had ceased. The 
mixture was taken up in ether, washed first with a 10% solu
tion of sodium bicarbonate until the aqueous layer was free 
of chloride ion, then with water, and finally dried over an
hydrous magnesium sulfate. Distillation afforded 6 g. 
(37.3% yield) of trifluoroethyl 4,4,5,5,6,6,6-heptafluoro-2-
hexenoate, b .p . 132°, n25D 1.3258. Calcd. for C8H4F10O2: 
C, 29.83; H, 1.25. Found: C, 30.50; H, 1.36. 

Infrared Absorption Spectra.—The infrared spectra were 
obtained on a Baird Associates infrared double beam record-

(10) J. Cason, N. L. Allinger and G. Sumrell, / . Org. Chetn., IS, 850 
(1953); T. Cason and G. Sumrell, ibid., 16, 1181 (1951). 

(11) A. A. Goldberg and R. P. Linstead, J. Chetn. Soc, 2351 (1928). 
(12) B. R. Baker, M. V. Querry, S. R. Safir and S. Bernstein, J. Org. 

Chetn., 12, 144 (1947). 
£13) O. R. Pierce and T. G. Kane, T H I S JODRNAL, 76, 300 (1954). 

ing spectrophotometer equipped with a rock-salt prism. 
Sandwich type cells were used to press out the liquid samples 
between the rock-salt plates sufficiently thin to yield a 
sharp ester carbonyl band. The upper spectral curves were 
taken in this way, while the lower curves were taken in a 
cell of 0.028 cm. thickness. The spectrophotometer was 
carefully calibrated and the wave lengths read directly from 
the record were corrected for any possible temperature or 
mechanical effects by noting the deviation from various 
known bands of pure samples. The reproducibility for the 
carbonyl bands was within ±0 .02 p. 

Ultraviolet Absorption Spectra.—The spectra of three es
ters, ethyl 2-hexenoate, trifluoroethyl 2-hexenoate, and the 
ethyl heptafluoro-2-hexenoate, at concentrations of 20-30 
7/ml . in absolute methanol, were obtained with a Cary 
recording spectrophotometer. In all three cases, maxima 
were observed in the region of 208-210 m/j. 
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The proposed mechanisms1 for the Strecker deg
radation of a-amino acids by carbonyl compounds 
require tha t an amino acid with an asymmetric 
carbon in the /3-position retain its optical activity 
during the reaction. However, this requirement 
does not appear to have been tested experimentally 
and since we had available the optical isomers of 
isoleucine and alloisoleucine2 such a test seemed 
desirable. 

Treatment of the optical isomers of isoleucine 
and alloisoleucine with ninhydrin resulted in each 
case in the production of optically active a-meth-
ylbutyraldehyde, isolated as the 2,4-dinitro-
phenylhydrazone. L-Isoleucine and D-alloisoleu-
cine gave rise to the ^-derivative; L-alloisoleucine 
and D-isoleucine yielded the /-enantiomorph. From 
the rotation data compiled in Table I it can be 
seen tha t the optical puri ty of the isolated com-

TABLE I 

PROPERTIES OF 2,4-DINITROPHENYLHYDRAZONES OF a-
METHYLBUTYRALDEHYDB OBTAINED BY DEGRADATION OF 

ISOLEUCINE AND ALLOISOLEUCINE 
Properties of 2,4-dinitrophenylhydrazones 

[on], c [<*]D, C 
1 in [an], c 0.73 in 

Compound M.p., acetic 5 in chloro-
degraded 0C. acid acetone form 

L-Isoleucine 135-137 + 2 9 . 5 ° 
D-Isoleucine 135-137 - 2 9 . 7 
L-Alloisoleucine 135-137 - 3 0 . 0 - 3 5 . 0 ° - 3 5 . 7 ° 
D-Alloisoleucine 135-137 + 2 9 . 9 4-35.0° + 3 5 . S 6 

° E. J . Badin and E. Pacsu, T H I S JOURNAL, 67, 1352 
(1945), report [a] D +32.1° (c 4.99 in acetone) and m.p. 
132.5-133°. b P . A. Plattner and U. Nager, HeIv. CMm. 
Acta, 31, 2200 (1948), report [a]D +19.9 (c 0.730 in chloro
form) and m.p. 133°. 

(1) For a review of the mechanisms of this reaction see A1 Schon-
berg and R. Moubasher, Chetn. Revs., 50, 261 (1952). 

(2) J. P. Greenstein, L. Levintow, C. G. Baker and J. White, 
J. Biol. Chetn., 188, 647 (1951). 


