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petroleum ether gave plates, m.p. 71-72°, which liquified
on exposure to air at room temperature. The substance
showed AJ0% 210 mu (¢ = 11.52) and 349-350 mu
(¢ = 6.00). Infrared absorption maxima were observed at
3500, 1690, and 1614 cm.”, indicating the presence of

>NH, >CO and >C=C respectively. The substance is

assigned the structure of ethyl 2-methyl-1,4-dihydronico-
tinate (I11a).

Anal. Cale’d for CsHisNO,.: C, 64.7; H, 7.78; N, 8.39.
Found: C, 64.81; H, 7.57; N, 8.56.

Compound IIla gave a red picrate from ether solution
which changed to yellow needles on repeated crystallization,
m.p. 146°. The recrystallized material failed to depress the
m.p. of known ethyl 2-methylnicotinate picrate. Redistil-
lation of fraction (2) gave about 509, conversion to ethyl
2-methylnicotinate.

Fraction (3) exhibited a broad absorption band at 270-
290 mp and another band at 350 mu, suggesting that this
fraction is a mixture of IIla and ethyl 2-methyl-1,4,5,6-
tetrahydronicotinate.

Oridation of ethyl 2-meihyl-1,4-dihydronicotinale. The
crude reaction product of condensation of acrolein with
ethyl g-aminocrotonate, 48 g., was added to a mixture of
28 g. of conc’d sulfuric acid, 30 g. of cone’d nitric acid, and
90 g. of water. The mixture was cautiously warmed on a
water-bath with occasional shaking; effervescence occurred
for about 10 minutes. The resulting mixture was extracted
with ether to remove a neutral substance, made basic, and
again extracted with ether. Drying of the ether extract over
sodium sulfate, removal of ether, and distillation of the resi-
due gave 28.7 g. (61%) of ethyl 2-methylnicotinate, b.p.
107° (13 mm.), m.p. of picrate 146°, AZSE 220 mgu
(e = 7.55) and 268 mu (¢ = 3.47).

Condensalion of crotonaldehyde with ethyl g-aminocrotonate.
Crotonaldehyde, 23 g. (0.33 mole), was condensed with 39
g. (0.30 mole) of ethyl g-aminocrotonate in 20 ml. of an-
hydrous ethanol containing 1 g. of piperidine by the pro-
cedure deseribed above for the acrolein condensation.
There was obtained 41 g. (75%) of ethyl 2,4~dimethyl-
1,4-dihydronicotinate (IIIb), b.p. 115-130° (2 mm.).
Recrystallization of this material from petroleum ether gave
plates, m.p. 66°, which liquified on exposure to air at room
temperature for 1 week. The recrystallized material showed
AROH 210 mu (¢ = 13.40) and 330-331 mu (e = 7.74).

max

Infrared absorption maxima were observed at 3500, 1683,
and 1605 cm.™), indicating the presence of >NH, >CO

and \C==C< functions respectively.

Anal. Cale’d for Ci,oHisNO:: C, 66.3; H, 8.35; N, 7.73
Found: C, 66.36; H, 8.16; N, 7.74.

Ethyl 2,4-dimethyl-1,4-dihydronicotinate gave a picrate
from ether solution as brown plates, m.p. 160° (decomp.).

Oxidation of IIIb by the procedure described above gave
ethyl 2,4-dimethylnicotinate in 659, yield, ADSH 263
my (e = 2.55), m.p. of picrate, 175°.

Anal. Cale’d for CsHieN(Oy: C, 47.1; H, 3.94; N, 13.73.
Found: C, 47.87; H, 4.18; N, 14.03.

Treatment of I1Ib with boiling ethanolic potassium hy-
droxide gave the potassium salt which on dry distillation with
soda lime gave 2,4-lutidine, b.p. 165°. The picrale, m.p.
182-183°, failed to depress the m.p. of an authentic speci-
men,

Catalytic hydrogenation of ethyl 2-methyl-1,4~dihydronico~
tinate. Hydrogenation of 0.18 g. (0.0011 mole) of ethyl 2-
methyl-1,4-dihydronicotinate in 20 ml. of methanol over
0.08 g. of 159, palladium on calcium carbonate catalyst led
to absorption of 23 ml. of hydrogen (0.001 mole) in 20
minutes. Removal of catalyst and solvent and distillation
of the residue gave ethyl 2-methyl-1,4,5,6-tetrahydronico-
tinate (Va), b.p. 115-120° (0.08 mm.), A\23® 290 mg
(e = 14.50).3

Catalytic hydrogenation of elhyl 2,4~dimethyl-1,4-dihydro~
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nicotinate. Hydrogenation of ethyl 2,4-dimethyl-1,4-dihydro-
nicotinate as described above gave ethyl 2,4-dimethyl-
1,4,5,6-tetrahydronicotinate, AECY 285 mu (¢ = 17.80),
m.p. of 3,6-dinitrobenzoate, 102-103°.

Anal. Cale’d for CiHoN307: C, 54.11; H, 5.08; N, 11.14.
Found: C, 54.05 H, 4.50; N, 11.45.

Disproportionation of ethyl 2-methyldihydronicotinate, A
mixture of 0.15 g. of ethyl 2-methyldihydronicotinate, 0.08
g. of a 15% palladium on calcium carbonate catalyst, and
15 ml. of methanol was shaken for 1 hour in a nitrogen atmos-
phere. Removal of the catalyst and solvent gave a base
from which there was obtained a picrate, m.p. 146°, identical
with that of ethyl 2-methylnicotinate. The ultraviolet
absorption spectrum of this base showed maxima at 220
and 290 mu and was identical with that of an equimolar
mixture of IVa and Va.

Similar treatment of IIIb gave an equimolar mixture of
IVb and Vb.
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Buxton, Stacey, and Tatlow! have recently sum-
marized the state of our knowledge on the alkaline
hydrolysis of trifluoromethyl groups in aliphatic
compounds. Of special interest for the experiments
reported here is the observation of these authors
that a-trifluoromethylpropionic acid is hydrolyzed
to methylmalonic acid while a-hydroxy-a-trifluoro-
methylpropionic acid remains unchanged, and the
report? that 3,3,3-trifluoropropene is alcoholyzed
to 3-ethoxy-3,3-difluoropropene. Also the diaryltri-
fluoromethylecarbinols? show this resistance to alka-
line hydrolysis which appears to be connected with
the presence of the hydroxyl in the immediate
vicinity of the trifluoromethyl group. It seemed,
therefore, of interest to study the basic alcoholysis
of 1,1,1-trifluoro-2,2-diarylethanes, CF;CHAr,, with
Ar = CGH4, p—cheH4, and p—BrC5H4.

Basic alcoholysis under anhydrous conditions
converts these compounds into the corresponding
esters Ar,CHCO.,R. When alcoholic sodium hy-
droxide is used, the esters remain the predominant

(1) Buxton, Stacey, and Tatlow, J. Chem. Soc., 366
(1954).

(2) Henne, Smook, and Pelley, J. Am. Chem. Soc., 72,
4756 (1950).

(3) Kaluszyner, Reuter, and Bergmann, J. 4m. Chem.
Soc., 77, 4164 (1955).
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TABLE Is
Hyprovysis Probucrts or 1,1,1-TRIFLUOR0-2,2-DIARYLETHANES, (p-X-C¢H,),CHCF,
B.p. or Yield, M.p, Yield,
X Neutral product? M.p., °C. % Acid product® °C. %
F (FCH):CHCOOC:H; 186/15 mm. 50 (FCsH,).CHCOOH 138 15
Cl (CICH,):CHCOOC:H; 89 65 (CICsH,);CHCOOH 165 18
Br (BrCsH,),CHCOOC,H,¢ 102.5 70 (BrC¢H,),CHCOOH 0

« All compounds in this Table have been reported by Voegtli and Laueger, Helv. Chim. Acta, 38, 46 (1955). * Recrystal-
lized from methyl acetate. ¢ Recrystallized from benzene. ¢ Aral. Cale’d for CysHy Br,0:: C, 48.4; H, 3.6. Found: C, 48.3;

H, 4.1.

products; in this case they are accompanied by rela-
tively small quantities of the salts of the corre-
sponding acids Ar,CHCO,Na. Perhaps the saponi-
fication of the esters is retarded by steric hindrance.

When 1,1,1-trifluoro-2,2-bis(p-chlorophenyl)eth-
ane was treated with exactly three moles of sodium
ethoxide, a crystalline compound of m.p. 103° could
be isolated from the resulting solution. The analysis
and the positive reaction towards bromine indicated
that. the compound was the diethylacetal of di(p-
chlorophenyl)ketene. Acid converts it into a 1:1
mixture of di(p-chlorophenyl)acetic acid and ethyl
di(p-chlorophenyl)acetate, while humid air trans-
forms it into the ester only. In this connection it is
recalled that an attempt* to prepare diphenylketene
diethylacetal produced the enolate of ethyl diphen-
ylacetate.

It is assumed that the basic alcoholysis of the
1,1,1-trifluoro-2,2-diarylethanes involves the pre-
liminary formation of an orthoester type compound
such as Ar,CHC(OR); or Ar,CHCF(OR);. The for-
mation of such orthoesters from trichloromethyl
compounds has been reported before?® and it has
also been shown® that the orthoesters of negatively
substituted acids are apt to lose aleohol and to give
ketene acetals.

The 1,1,1-trifluoro-2,2-diarylethanes were pre-
pared by the method described before,® viz. by re-
duction of the corresponding diaryltriffuoromethyl-
carbinols. The p,p’-difluoro-compound so obtained
is an oil, while Kirkwood” has assigned this formula
to a crystalline compound (m.p. 79-80°) which he
obtained by fluorination of 1,1,1-trichloro-2,2-di{p-
fluorophenyl)ethane. An analogous discrepancy
has been pointed out before? for the case of 1,1,1-
trifluoro-2,2-di-(p-chlorophenyl)ethane, in which
the correctness of the formula has been proven for
the reduction product of di{p-chlorophenyl)tri-
fluoromethylearbinol by an independent synthesis.
It can, therefore, be assumed that also the liquid
reduction product of di(p-fluorophenyl)trifluoro-

(4) McElvain, Mirviss, and Stevens, J. Adm. Chem. Soc.,
73, 3807 (1951).

(6) McElvain and Venerable, J. Am. Chem. Soc., 72,
1661 (1950).

(6) McElvain and Stevens, J. Am, Chem. Soc., 68, 1917
(1946).

(7) Kirkwood and Dacey, Can. J. Research, 24B, 69
(1946).

methylcarbinol is the true corresponding ethane.
It is devoid of insecticidal or synergistic properties,
when tested by topical application to houseflies.
Kirkwood” reports for his crystalline compound that
it is not an insecticide (tested with Drosophila mela-
nogaster), whilst Riemschneider® without describ-
ing the source of his compound or its properties,
claims that 1,1,1-trifluoro-2,2-di(p-fluorophenyl)-
ethane is ten times as active as D.D.T.

EXPERIMENTAL

For the preparation of di(p-fluorophenyl)irifiuoromethyl-
carbinol the variant of the normal procedure already de-
scribed? for similar cases, gives a yield of 70% instead of the
reported 24%: from a Grignard solution prepared from 24.3
g. of magnesium turnings and 175 g. of p-bromofluoroben-
zene, the ether was distilled off on a water-bath, and a solu-
tion of 49.7 g. of ethyl trifiuoroacetate in 100 ml. of anhy-
drous toluene was added. When the lively reaction had sub-
sided, the mass was heated at 100° for 90 min. and worked
up as usual. The acetate of the carbinol, prepared in the usual
way,? was recrystallized from methanol it melted at 58-
59°.

Anal. Cale’d for CieHiF:O,: F, 28.8. Found: F, 28.6.

1,1,1-Trifluoro-2,2-di(p-fluorophenyl)ethane. A mixture of
7.3 g. of the foregoing carbinol, 2.5 g. of red phosphorus,
1 g. of iodine, 15 ml. of glacial acetic acid, and 0.5 ml. of
water was refluxed for about 250 hours. The hot solution
was filtered and diluted with water, and the oily product
was extracted and distilled. B.p. 107° (2 mm.) yield, 6 g.
(87%). n% 1.4971, d?? 1.330. MR, calc’d; 60.20; MR,
found: 59.90.

Anal. Cale’d for CiHoFs: C, 61.8; H, 3.3; F, 34.9. Found:
C, 61.9; H, 3.5; F, 33.9.

A tetranitro derivative was prepared by heating the com-
pound for one hour on the steam-bath with ten volumes of
a mixture of equal parts of fuming nitric and concentrated
sulphuric acids. Recrystallized from methanol, it had m.p.
186°. Its solution in benzene gave an intense blue color
(Amax 600 mg), upon addition of 109, methanolic sodium
methoxide solution.

Anal. Cale’d for C H;F;N,Os: N, 12.3. Found: N, 12.2.

Alkaline hydrolysis of 1,1,1-trifluoro-2,2-diphenylethane. A
2-g. quantity of this compound? was refluxed for 3 hours
with 30 ml. of a 2 N alecholic potassium hydroxide solution.
Water was added and the mixture was extracted with ether.
Iivaporation of the ether left ethyl diphenylacetate, from
ethyl acetate, m.p. 58° (yield, 1 g.; 50%), which was identi-
fied by comparison with an authentic sample. The alkaline
solution was acidified with hydrochloric acid and extracted
with ether. Thus 0.4 g. (209,) of diphenylacetic acid was
obtained, m.p. 148° (from benzene), equally identified by
comparison with an authentic sample.

(8) Riemschneider, Z. Naturforschung, 2b, 245 (1947).
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The results of the hydrolysis of other 1,1,1-trifluoro-2,2-
diarylethanes with aleoholic potassium hydroxide solution
are summarized in Table I.

The hydrolysis of 1,1,1-trifluoro-2,2-diphenylethane and
of 1,1,1-trifluorodi(p-chlorophenyl)ethane with sodium
ethoxide in anhydrous ethanol, carried out as described
above, gave only ethy! diphenylacetate, m.p. 58°, and
ethyl di(p-chlorophenyl)acetate, m.p. 89° respectively.
With sodium methoxide in anhydrous methanol, methyl
diphenylacetate, m.p. 60°, and methyl di(p-chlorophenyl)-
acetate, b.p. 173°/2 miu., m.p. 35°, were obtained.

Di(p-chlorophenyl)ketene diethyl acetal. 1,1,1-Trifluoro-2,2-
di(p-chlorophenyl)ethane (1.6 g.) was refluxed with 25 ml.
of 1.5 N sodium ethoxide solution in anhydrous ethanol for
2 hours. The solvent then was evaporated under reduced
pressure and the dry residue was extracted with anhydrous
ether and isolated by evaporation of the solvent in vacuo.
Thus, 1 g. of di(p-chlorophenyl)ketene diethyl acetal was
obtained, which melted after recrystallization from ligroin
at 102.5-103°. The substance was fluorine-freec and de-
colorized a hromine solution.

Anal. Cale’d for CysHisCl:Os: C, 64.1; H, 5.3. Found: C,
64.4; H, 5.3.

Acid hydrolysis of the ketene acelal. A solution of 0.4 g.
of the ketene acetal in 3 ml. of 509 ethanol, to which 0.5
ml. of conc’d sulphuric acid had been added, was refluxed
for 2 hours, and kept for 24 hours at 0°. The crystals that
collected were filtered and extracted with petroleum ether.
From the extract, 0.25 g. of ethyl di(p-chlorophenyl)acetate
was isolated, while the petroleum ether-insoluble residue
(0.025 g.) consisted of di(p-chlorophenyl)acetic acid.
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The versatility of sodium borohydride as a reduc-
ing agent has been demonstrated in recent publica-
tions.2%4 The work of Brown and Subba Rao? and,
Brown, Mead, and Subba Rao! has been valuable
in extending the application of this reagent.

Brown, Mead, and Subba Rao* report a vigorous
reaction with nitrobenzene if an equimolar amount
of LiBr is added. They did not isolate any product.
It has been found in this laboratory that nitro-
benzene can be reduced to azoxybenzene by sodium
borohydride if the reaction is conducted at 90-100°

(1) This work was conducted under a research grant pro-
vided by Metal Hydrides Inc. of Beverly, Mass.

(2) Kollonitsch, Fuchs, and Gabor, Nature, 173, 125
(1954).

(3) Brown and Subba Rao, J. Am. Chem. Soc., 77, 3164
(1955).

(4) Brown, Mead, and Subba Rao, J. Am. Chem. Soc.,
77, 6209 (1955).
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in the diglyme solvent (dimethy! ether of diethylene
glycol) used in the work mentioned above.®* Ex-
periments conducted with 1-nitropropane under
similar conditions have been unsuccessful.

EXPERIMENTAL

The diglyme solvent was purified by storage over NaOH
pellets. Then it was refluxed over NaBH, and distilled.
These operations were carried out in a nitrogen atmosphere.

Nitrobenzene (12 g.) was mixed with 20 ml. of the purified
diglyme, and 2.0 g. of NaBH, were added. The reaction was
heated under reflux at 90-100° for six hours. The reaction
mixture then was diluted with water, acidified, and steam-
distilled. The steam-distillate was discarded. The residue
was extracted with n-hexane. Removal of the hexane
yielded 5.5 g. (58%) of an orange product. Recrystallization
vielded 5.2 g. (85%) of a yellow solid melting at 35°. Mix-
ture melting point experiments conducted with Eastman
Kodak azoxybenzene did not cause any depression of the
melting point.
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During the course of another study it was thought
advisable to prepare 1,4-dibenzoyl-2,3-diphenyl-1,3~
butadiene (III). Although the substance is unequi-
vocally listed by Bielstein’s Handbuch, a study of
the original literature showed that an element of
doubt still exists concerning its structure. In 1898
Wislicenus and and Lehmann? reported the conden-
sation of benzil (I) with acetophenone to give cis-
1,2-dibenzoyl-1-phenylethylenet (II) and/or a di-
benzoyldiphenylbutadiene which, in view of its pre-
parative method, could be either 1,4-dibenzoyl-2,3-
diphenyl-1,3-butadiene (III) or 1,4-dibenzoyl-1,3-
diphenyl-1,3-butadiene (IV). This is especially true
since the authors also obtained it by the condensa-
tion of the dibenzoylphenylethylene (II) with aceto-
phenone. The authors made no attempt to dis-
tinguish between the two possibilities, although
they favored structure I1I because one of the several
products of chemical reduction was a substance

(1) Taken from a portion of the Ph.D. dissertation of
H. W. B, January, 1955. This work was supported in
part by a grant from The University of Texas Research
Institute.

(2) To whom requests for reprints should be directed.

(3) Wislicenus and Lehmann, Ann., 302, 195 (1898).

(4) Prepared earlier in a similar manner by Japp and
Miller, J. Chem. Soc., 47, 35 (1885). Configuration assigned
by Japp and Wood, J. Chem. Soc., 87, 707 (1905).



