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and 30.1 g. (0.16 mole) of 1,Z-dibromoethane (b.p. 130°/ 
762 mm. j was added dropwise during 0.76 hr. The reaction 
mixture was refluxed for an additional hour, and then a 
solution of 3.7 g. (0.16 g.-atom) of sodium in 100 ml. of 
absolute alcohol was added. After refluxing the reaction 
mixture for 4 hr., 185 ml. of alcohol was distilled during 1 
hr. from the mixture by warming the reaction flask on the 
steam bath. The residue was cooled and poured into 600 
ml. of ice-cold water. This mixture was extracted with one 
300-ml. and four 100-ml. portions of ether. The ether extract 
was dried over freshly heated sodium sulfate. 

After removal of the drying agent, the ether was removed 
through a helix-packed column. The residue was distilled 
through an 18 mm. 0.d. X 165 mm. helix-packed column. 
When thc oil bath used to heat the distilling flask reached 
190°, the distillation was interrupted. Distillate weighing 
95.0 g., b.p. 84-86"/9 mm., n'," 1.4117-1.4185, was col- 
lected, and 36.9 g. of residue remained in the flask. Pertinent 
refractive indexes are: diethyl malonate, n'," 1.4118; 1,l-di- 
carbethoxycyclopropana, ny 1.4331 ; 1,1,4,4-tetracarbethoxy- 
butane, ng 1.4470. 

The residue was stirred and refluxed with 50 ml. of concd. 
hydrochloric acid and 100 ml. of water for 4 hr. The mixture 
was filtered, and the filtrate evaporated to dryness in 
vacuo in a rotary evaporator. Water was added to the residue, 
and the solution again evaporated to dryness. The flask 
containing the solid residue was immersed in an oil bath a t  
180-189" until esolution of gas ceased. The residue was 
refluxed for 24 hr. with 170 ml. of absolute alcohol and 1 
nil. of concd. sulfuric acid. This solution was poured into 
700 ml. of water, and this mixture placed in a continuous 
benzene extractor. The benzene extract was dried over 

sodium sulfate, the benzene removed through a helix-packed 
column, and the residue distilled through a 12 mm. 0.d. 
x 9 0  mm. helix-packed column to give several fractions (15.6 
g., 48% yield) of diethyl adipate, b.p. 125-126"/9 mm., n y  
1.4260-1.4268. Authentic diethyl adipate had n'," 1.4254. 

A second experiment was carried out with the same quan- 
tities of materials. After the first reflux and before addition 
of the second quantity of sodium ethoxide the reaction 
mixture was poured into water, the mixture extracted with 
ether, and the ether solution distilled. After removal of the 
ether there was obtained 140.8 g., b.p. 86-96'/9 min., of 
distillate and 9.5 g. of high-boiling residue. This 9.5 g. of 
residue provided that not much tetracarbethoxy compound 
was formed during the first reflux with sodium ethoxide, and 
that the reaction proceeded primarily to give cyclic product. 
The 140.8 g. of distillate was refluxed with a second portion 
of sodium ethoxide, and the reaction mixture worked up as 
described above t o  obtain the high-boiling residue. The com- 
bined high-boiling residue was hydrolysed, decarboxylated, 
and esterified to give a 49% yield of diethyl adipate, b.p. 
l26'/9 mm., n'," 1.4259. 

l,&Dabromoethane to adipyl  chloride. The reaction was 
carried out as described above to obtain diethyl adi- 
pate. After the high-boiling residue was hydrolyzed and 
decarboxylated, the residue was refluxed with thionyl chlo- 
ride. Much solid was formed and only a 25% yield (based on 
dibromide) of adipyl chloride was obtainable. It was clear 
that the preferred way to get the adipic acid from the reac- 
tion mixture rras by esterification. 
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The preparation of several subetituted berizotrifluorides is described, and a few reactions of these benzotrifluorides are 
noted. 

In connection with some other work in these 
laboratories it became of interest to study the 
properties and synthesis of several amino and 
acetamido derivatives of benzotrifluoride having 
an ether function. Accordingly the synthesis of the 
isomers 3-amino-4-ethoxybenzotrifluoride (111) and 
5-amino-4-ethoxybenzotrifluoride and their cor- 
responding acetyl derivatives was undertaken. 

4-Chloro-3-nitrobenzotrifluoride (I) was treated 
with ethanolic potassium hydroxide to give 4- 
ethoxy-3-nitrobenzotrifluoride (II), which was con- 
verted to I11 by reduction. The corresponding 
acetyl derivative V was formed directly from I11 
and by reductive acetylation from 11. A similar 
sequence starting from 2-chloro-5-nitrobenzotri- 
fluoride yielded 5-amino-3-ethoxybenzotrifluoride 

(1) Present address: Allied Chemical Corp., Nitrogen 
Division, Hopewell, Va. 

(2) Present address: Chemistry Department of the Uni- 
versity of North Carolina, Chapel Hill, N. C. 

C1 
I 

OCzHj 
11 

I 

OCzHs 
I11 

OH NHCOCH3 
OCzHs 

HoocaNoz 
IV V 

and its acetyl derivative, 5-acetamido-2-ethoxyben- 
zotrifluoride. The structure of the intermediate 
nitro compounds I1 and 2-ethoxy-6-nitrobenzotri- 
fluoride was demonstrated by hydrolysis to the 
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corresponding liydroxy acids IV and 2-hydroxy-5- 
nitrobenzoic acid using 100% sulfuric acid. 

Jn another procedure 5-acetarnido-2-nitrobenzo- 
trifluoride4 was reduced to 5-acetamido-2-amino- 
benzotrifluoride, but attempted replacement of 
the 2-amino group with the ethoxide group by 
diazotization followed either by heating or treat- 
ment with ethanol and copper, resulted only in 
elimination of the amino group to give 3-acetami- 
dobenzotrifluoride. The previously unknown inter- 
mediate, 5-acetamido-2-aminobenzotrifluoride, was 
hydrolyzed to the known 2,5-diaminobenzotri- 
f l~o r ide .~  

OLN & &  om\ / NOz 

VI 

In connection with the conversion of 2-chloro-5- 
nitrobenzotrifluoride to 2-ethoxy-5-nitrobenzotri- 
fluoride, the use of sodium ethoxide in ether gave a 
different compound the elemental analysis of which 
corresponded to 4,4'-dinitro-2,2'-bis(trifluoro- 
methy1)diphengl ether (VI). The use of potassium 
hydroxide in isopropyl alcohol also gave VI. 
.\lthough rigorous structural proof was not carried 
out, the infrared absorption spectrum is consistent 
TL ith this structure. 

EXPEBI11IEP\TTBL 

~i4alericzk. 4-Chloro-3-nitrobenzotrifluoride and 2-chloro- 
5-nitrobenzotrifluoride were supplied by the Hooker Chemi- 
cal Corp. 

4-Etho22/-6-nitrobenzotriJEuoride (11). A solution of 22.5 g. 
(0.10 mole) of 4-chloro-3-nitrobenzotrifluoride (I) in absolute 
ethanol (60 cc. total volume) was added during 1 hr. t'o a 
solution of 300 cc. of absolute ethanol containing 5.6 g. of 
potassium hydroxide. After refluxing 7 2  hr. the ethanol vas 
removed at reduced pressure, arid inorganic sa.lts were 
removed by slurrying the residue with ethyl ether and filter- 
ing. An oily-crystalline slurry was obtained upon evaporation 
of the ether. Purification was effected by dissolving the resi- 
due in petroleum ether (b.p. 60-90') and treating with de- 
colorizing charcoal to give 19.9 g. (84.670) of light; yellow 
crystals 11, m.p. 31-32". An analytical sample of I1 was pre- 
pared by recrystallizing from petroleum ether (b.p. 60-90") 
arid distilling under reduced pressure, 110-1 12'14 mm. 
giving white crystals, m.p. 30-31'. 

Anal. Calcd. for C Y H ~ F ~ X ~ ~ :  C, 45.95; H, 3.43; K, 5.96. 
b'ound: C, 45.81; H, 3.45; Tu', 5.94, 

S-Amino-4-ethozybenzotri~uoride (111). Method A .  To a 
solution of 7.05 g. (0.03 mole) 4-ethoxy-3-nitrobenzotri- 
fluoride (11) dissolved in a solution of 10 cc. of ethanol and 
30 tc. of concd. hydrochloric acid Fas added 15.0 g. of mossy 
tin at a rate to give a brisk reaction. The reaction mixture 
was refluxed for 1 hr., then made basic to litmus with sodium 
hydroxide. Steam distillation of the mixture gave 5.5 g. 

JPethod K. To a mixture of 20.0 g. of iron powder, 3.0 g. 
of am.monium chloride and 300 cc. of water was added 

(8970) 111, 1i1.p. 50.0-52.5'. 

(3) LeFave, G. iU., J .  Am. Chem. SOC., 71, 4148 (1949). 
(4) Jones, R., J. Am. Chem. SOC., 69, 2346 (1047). 
(5) Iiouche, H., Bull. aci. acad. roy. Belg., 13, 346 (1927); 

Chem. fibstr., 22, 2149 (1928). 

during 30 min. a solution of 20 g. (0.085 niole) of 4-ethoxy-3- 
nitrobenzotrifluoride (11) dissolved in 150 cc. of methanol. 
After refluxing the mixture for 4 hr. a white crystalline 
product was collected by steam distillation. After cooling 
the distillate, filtering and drying, 11.7 g. (67%) 111 mas 
obtained. 

An analytical sample vas  obtained by recrystallizing 
crude I11 from petroleum ether (b.p. SO-SO0) giving white 
crystals, m.p. 51.4-52.5". 

Anal. Calcd. for C~&oFJTO: C, 52.68; H, 4.91; IT, 6.83. 
Found: C, 52.52; H, 4.76; K, 6.87. 

4-HydroxyS-n~trobenzoic Acid (IV). A mixture of 2.35 g. 
(0.01 mole) of 4ethoxy-3-nitrobenzotrifluoride (11) and 
1.0 g. of 100% sulfuric acid was heated in an oil bath until 
evolution of gas ceased. The reaction mixture was poured on 
ice and the product collected by filtration. Recrystallization 
of the product from water and treating with decolorizing 
charcoal gave 1.2 g. of IV, m.p. 183-185" (lit.,G m.p. 184'). 

The ethyl ester was prepared by reacting IV with ethanol 
in the presence of concentrated sulfuric acid. Upon recryetal- 
lization from ethanol-water a yellow solid was obtained, 
m.p. 69-70" (lit.,7 m.p. 69"). 
~-Acetamido-~-ethox~benzot~$uo~ide (V). Nethod A .  'I'o a 

solution of 7.05 g. (0.03 mole) of 4-ethoxy-3-nitrobenxotri- 
fluoride (11) in 30 cc. of acetic anhydride was added ca. 
25 mg. of platinum oxide and reduction effected in a, Parr low 
pressure hydrogenation apparatus a t  59 p.s.i.g. The catalyst 
was removed by filtration and the filtrate heated for 30 
min. on a steam cone. Four volumes of ice water were added 
and 3 g. (40%) of V as white crystals wa8 obtained upon 
filtration and drying, m.p. 110-113". 

Method B. To a suspension of 4.98 g. (0.025 mole) of 3- 
amino-4ethoxybenzotrifluoride (111) and 2.1 cc. of concd. 
hydrochloric acid in 100 cc. of water, heated a t  SO", was 
added 2.91 g. (0.03 mole) of acetic anhydride. 1nimediatel.y 
thereafter a solution of 3 g. sodium acetate in 20 cc. of water 
was added. On cooling t o  0' the product separated and was 
collected by filtration. Recrystallization from ethanol-water 
gave 4.0 g. (54%) of V;  further recrystallization from ethauol 
wat,er gave white crystals, m.p. 113.5-114.7°. 

Anal. Calcd. for CliHl&'~N02: C, 53.44; H, 4.89; Tu', 5.65. 
Found: C, 53.23; H, 4.59; N, 5.73. 

~-Ethoxy-6-nitrobenzot~i'uoride. h solution of 45.10 g 
(0.20 mole) of 2-chloro-5-nitrobenzotrifluoride in 225 cc. of 
absolute ethanol was added during 1 hr. to a solution of 11.2 
g. of potassium hydroxide in 250 cc. of absolute ethanol. 
After stirring a t  room temperature 24 hr. the mixture wae 
heated a t  50" for 12 hr. followed by 24 hr. of refluxing. I n -  
organic salts were removed by filtration and the filtrate 
concentrated under reduced pressure Lo ca. 60 cc. Upou 
cooling the solution the crude product separated and was 
collected by filtration. Recrystallizaticn from cthanol- 
water gave 19.5 g. (41.5%) of 2-ethoxy-j-nitroberizotri- 
fluoride, m.p. 47.5-49.5", b.p. 106--108"/3 mm. 

And. Calcd. for C&F&Og: C, 45.95; €I, 3.43; K, 5.96. 
Found: C, 45.65; €1, 3.59; Tu', 5.136. 

5-A nzano-9-ethoxybenzotr~~uoride. 3lelhod fj.. Same as 
Method A used for 111. The crude product weighed 5.3 g. 
(867,). Recrystallization from 95% ethanol gave 5-aniino-3- 
ethoxybenzotrifluoride as n white cryst,alline solid, m.p. 
55-56", 

Method B. Same as Method B used €or 111. Quantities of 
reagents used were, 9.0 g. (0.039 mole) of 2-ethoxy-5-nitro- 
benzotrifluoride, 100 cc. of methanol;20 g. of iron powder, 
3 g. of ammonium chloride, and 100 cc. of wat,er. The crude 
product 5-amino-3-ethoxybenzotrifluoride weighed 5.1 g. 
(67.8%). Recrystallization from 9594 ethanol (decclorizing 
charcoal) gave white crystals, m.p. 56.546.4".  

Anal. Calcd. for CyHloFrNO: C, 52.68; 1-1, 4.91; N, 6.83. 
Found: C, 52.49; IT, 4.84; N, 6.84. 

(6) Cavill, G. W. K., J .  SOC. Cheem. Ind., 64, 212 (1945). 
(7) Thieme, l'., J. fur. Prakt. Chem. (2), 43, 453 (1891). 
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2-Hydroxy-64trobenzoic acid. Same as procedure used for 
IV. There was obtained 1.8 g. of the crude acid. The acid 
was purified by recrystallizing from water (decolorizing char- 
coal) m.p. 225-229" (lit.,8 m.p. 227', 229-230'). The ethyl 
ester prepared as before, was recrystallized from ethanol- 
water, m.p. 96-97' (lit.,Q m.p. 102'). 

6-Acetamido-2-ethoxybenzotrijtuoride. Method A. Same as 
Method A, used for V. Recrystallization of the product 
from ethanol-water gave 4.2 g. (57%) of 5-acetamido-2- 
ethoxybenzotrifluoride as white crystals, m.p. 137.5-139.0'. 

Method E .  Same as Method B, used for V. Recrystallixa- 
tion of the product from ethanol-water (decolorizing char- 
coal) gave 4.8 g. (65YG) of 5-acetamido-2-ethoxybenzotri- 
fluoride as white crystals, m.p. 138.0-139.0'. 

Anal. Calcd. for CHHEF~NO~:  C, 53.44; H, 4.89; N, 5.65. 
Found: C, 53.48; H, 4.93; N, 5.67. 

6-Acetamido-6arninobenzotr$uoride. Method A ,  A soh- 
tion of 30.0 g. (0.12 mole) of 5-acetamido-2-nitrobenzotri- 
fluoride in 200 cc. of ethanol was added dropwise during 1 hr. 
to a boiling mixture of 25.0 g. of iron powder, 3.0 g. of am- 
monium chloride, and 250 cc. of water. After refluxing the 
reaction mixture for 4 hr. the hot mixture was filtered. The 
product was removed from the cooled filtrate by several 
ether extractions. After drying the ether extract over an- 
hydrous magnesium sulfate the ether was removed by evap- 
oration giving 15.0 g. (57%) of crude product. Several re- 
crystallizations from benzene gave 5-acetamido-2-aminoben- 
zotrifluoride as white crystals, m.p. 118-119". 

Method B. To a solution of 6.2 g. (0.025 mole) of 5-aceta- 
mido-2-nitrobenzotrifluoride in 50 cc. of methanol ca. 25 
mg. of platinum oxide was added. Reduction was effected 
in a Parr low pressure catalytic hydrogenation apparatus a t  
60 p.s.i.g. After removal of the catalyst by filtration, the 
filtrate was evaporated to near dryness. The product was 
purified by recrystallization from benzene giving 4.0 g. 
(76%) of 5-acetamido2-aminobenzotrifluoride as tan crystals 
m.p. 116-118'. 

Anal. Calcd. for CoHeFsN20: C, 49.54; H, 4.16; N, 12.85. 
Found: C, 49.29; H, 4.00; N, 13.04. 

(8) Causse, M. H., BuEE. S O ~ . ,  Chem. Pr., 11, 1188 (1894). 
(9) Thieme, P., op. cit., p. 469. 

___- 

5-Acetarnido-2-aminobenzotrifluoride was hydrolyzed in 
the presence of hydrochloric acid. Neutralization of the 
acid solution gave 2,5-diaminobenzotrifluoride, m.p. 55-57', 
(1it.,lo m.p. 58"). 

Diazotization of 5-acetamido-2-aminobenzotrifluoride, sul- 
furic acid and sodium nitrite, followed by reduction with cop- 
per in the presence of ethanol or by heating, gave 3-acetami- 
dobenzotrifluoride, m.p. 103-104' (lit., l1 m.p. 105'). 

Q,4'-Dinztro-%,d'-bis(t~~uoromelhyl)diphenyl ether ( V I )  
Method A. A solution of 22.55 g. (0.1 mole) of 2-chloro-5- 
nitrobenzotrifluoride in 50 cc. of absolute ethyl ether was 
added to an etheral suspension of 8.15 g. of sodium ethylate. 
After refluxing the heterogeneous reaction mixture 34 hr. 
8 g. of starting material was recovered by steam distillation. 
The residual mixture from the steam dktillation was fil- 
tered and the solid product recrystallized several times from 
absolute ethanol (decolorizing charcoal) gave 5.5 g. (14%) of 
VI light cream-colored needles, m.p. 140-141'. 

Method B. A solution of 22.55 g. (0.1 mole) of 2-chloro-5- 
nitrobenzotrifluoride in 150 cc. of absolute isopropyl alcohol 
was added to a solution of 14.0 g. of potassium hydroxide 
dissolved in 200 cc. of absolute isopropyl alcohol. After 
agitating the solution 4 hr. a t  room temperature, the mix- 
ture was refluxed 1 hr. Isopropyl alcohol was removed by 
distillation leaving ca. 100 cc. of the reaction mixture. 
After removing the inorganic salts by filtration an equal 
volume of ice and water was added to the filtrate. The solid 
product was collected by filtration. Product was purified by 
recrystallization from 95% ethanol giving 4.5 g. (1170) VI. 
The product had the same melting point as that prepared 
by Method A and there was no depression when the ttvo 
were mixed. 

Anal. Calcd. for ClpH6F6NI05: C, 42.44; H, 1.53; S, 7.07. 
Found: C, 42.35; H, 1.56; N, 7.00. 

HOPEWELL, VA. 

(10) Rouche, op. cit. 
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J .  Ckem. Soc., 1949 (Suppl. Issue No. I), S95-99 (1949). 
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Laboratory methods have been devised for the preparation of 0-, m-, and p-formylstyrme and for 0- and m-vinylbenzoic 
acid. 

In  a continuation of studies' concerning the 
preparation, absorption spectra and reactions of 
substituted styrenes, syntheses were devised for 
the isomeric formylstyreiies and for o- and m- 
vinylbenzoic acid. 

(1) W. J. Dale and C. W. Strobel, J .  Am. Chem. Soc., 76, 
6172 (1954); W. J. Dale and G. Buell, J .  Org. Chem., 21, 
45 (1956); W. J. Dale and H. E. Hennis, J .  A.m. Chem. 
Soe., 80, 3645 (19%); W. J. Dale and H. E. Hennis, J. Am. 
Chem. SOC., 81,2143 (1959); W. J. Dale and P. E. Swartzen- 
truber, J .  Org. Chem., 24,955 (1959). 

Wiley and Hobson2 have reported the prepara- 
tion of p-formylstyrene by the decarboxylation of 
p-formylcinnamic acid. Impure m-formylstyrene 
was obtained by the same method but attempts 
to prepare the ortho isomer by the decarboxylation 
of o-formylcinnamic acid afforded only 1-indanone. 
Morris and co-workers3 have observed that a 

(2) R. H. Wiley and P. H. Hobson, J .  Am. Chern. SOC., 

(3) L. R. Morris, R. A. Mock, C. A. Marshall, and J. H. 
71, 2429 (1949). 

Howe, J .  Am. Chem. Soc., 81, 377 (1959). 


