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Metal-hydrogen interconversion reactions have been carried out on a series of monosubstituted tetrafluoro- 
buumieb which have been subsequently carbonated to yield the corresponding tetrafluoromonosubstituted 
benzoic acids. In addition, the preparation of the monohydrotetrafluorobenzenes is presented. 

Xetalation (hydrogen-metal interconversion) of a 
hydrogen atom ortho to a fluorine atom has been 
demonstrated in the original work of Wittig, et U Z . , ~ ~  
on berizyne formation from fluorobenzene. At the 
temperatures used by these investigators (approxi- 
mately 0'1, the intermediate o-fluorophenyllithium 
is unstable and readily forms benzyne. I t  was later 
demonstrated by Gilman and GorsichZb that a lithiuni- 
bromine interconversion between n-butyllithium and o- 
fluorobromobenzene at - 60" yielded a stable inter- 
mediate o-fluorophenyllithium at these low tempera- 
tures. Carbonation of this lithium intermediate 
afforded o-fluorobenzoic acid in 83% yield. 

We have shown3 that 1,3-difluorobenzene will metal- 
ate4 in the 2-position when subjected to a lithium- 
hydrogen intercortversion at  - 65' with n-butyllithiuni. 

'VF + n-C,H9Li - - 6 5 O  

\ 

Carbonat,ion of this int,ermediate, stable a t  -Go, 
afforded 2,6-difluorobenzoic acid in 87.5y0 yield. 

From the above examples it was apparent that low 
temperatures (ca. -65') are required to stabilize the o- 
fluoroaryllithium intermediates. At some higher teni- 
perature the o-fluoroaryllithium intermediates will 
decompose with elimination of LiF and formation 
of the reactive benzyne species. 

We have recently demonstrated5 that lithiuni- 
hydrogen interconversion can be extended to poly- 
fluorinated aryl compounds. The presence of a func- 
tional group, e.g., COOH in 2,3,5,6-tetrafluorobenzoic 
acid, does not interfere with the formation of a mono- 
lithioaryl organometallic. We now wish to report on 
a further extension of the lithium-hydrogen intercon- 
version reactions in various substituted monohydro- 
tetrafluorobenzene compounds, p-HCsF4X (I). The 
substituent X in I has now been extended to include 
OH, -RE2, SH, CF3, CH3, CK, and p-HC6R. If the 

(1) Presented s t  the 3rd International Symposium on Fluorine Chemistry, 
Munich, Germany, Sept. 1065. 

(2) (a) G. Wittig. G. Pieper, and G. Fuhrman, Ber., 79, 1193 (1940); 
(b) H.  Gilman and R. D. Gorsich, J .  Am. Chem. Soc., 78,  2217 (1956). 

(3) C. Tamborski and E. J. Soloski, unpublished studies. 
(4) G. Wittig and W" Merkle [Ber., 76, 1491 (1942)] have originally 

demonstrated the ability io metalate the 2-position in 1,3-difluorobenzene 
with phenyllithium. However, the reaction temperatures used were suffi- 
ciently high enough to decompose the 2,G-difluorophenyllithium via a se- 
quence of beneyne formation and reaction with phenyllithium to  yield m- 
terphenyl. Because of the higher reaction temperatures, they  were not 
able to  derivatize the 2,6-difluorophenyllithium intermediate. 

(5) (a) R. J. Harper, E. J .  Soloski, and C. Tamborski, J .  O w .  Chem., 19, 
2385 (1964); (b) C. Tamborski and E. J. Soloski, ibid., 91, 743 (1966). 

B 'eF + n-C,H9Li - - 6 5 O  

F k COZH 

F+ ",":> ;* F 
F" 

X X 
X = F, H, COzH 

group contains an acidic hydrogen atom (e.g., OH, 
"2, SH, COOH), an equivalent amount of n-butyl- 
lithium must be added to form the lithium salt in addi- 
tion to the n-butyllithium necessary to form the aryl- 
lithium intermediate. By this general synthesis pro- 
cedure a wide variety of polyfluorinated arylorgano- 
lithium intermediates containing various substituents 
can be prepared. I n  this st,udy only carbonation reac- 
tions have been performed with the various organo- 
lithium compounds. 

Other studies, however, on react.ions of polyfluori- 
nated aryllithium compounds have shown their re- 
activity towards metallic and metalloidal halides,6 
ethyl formate,? N-methylformanilide,' benzaldehyde,? 
 halogen^,^",^ and water.j"l7 I t  thus seems 
likely that the polyfluorinated phenyllithium com- 
pounds reported here may off er convenient synthesis 
procedures for a host of mono- or disubstituted poly- 
fluoroaryl compounds. 

Table I suinniarizes the various acids prepared from 
the substituted polyfluoroaryllithiuni intermediates. 
As can be seen from Table I, all the substituted niono- 
hydrotetrafluorobenzene compounds yielded the de- 
sired orgariolithium int'ermediate with the exception 
of the nitrile.8 

Certain moriohydrotetrafluorophenyl compounds (I) 
required for the metalation studies were synthesized 
via the oxidation of the hydrazino intermediates 
(see Table 11). It has been previously shown by 
Birchall, et U Z . , ~  hhat pentafluorophenylhydrazine is 

(6) C. Tamborski, E. J .  Soloski, and S. hi.  Drc, J .  Organomelal. Cliem.,  

(7) P. L. Coe, R. Stephens, and J. C. Tatlow, J .  Chem. Soc., 3227 (1962). 
(8) A similar observation was noted by H. Gilman and D. S. Malstrom 

[ J .  Am. Chem. Soe., TO, 4177 (1948)) in their attempted synthesis of p -  
cyanophenyllithium. In  our studies a reaction was observed between n- 
butyllithium and 2.3,5,6-tetrafluorocyanobenzene; however, none of the 
desired 4-cyano-2,3,5.6-tetrafluorobenzoic acid was isolated on carbonation. 
I t  is not known definitely whether the n-butyllithium reacted with the 
hydrogen or the nitrile group. The bulk of the crude reaction product, 
however, indicated absence of a nitrile band. I t  can be assumed that the 
n-butyllithium either reacted with the nitrile t o  form an imine or ketone 
or with the hydrogen to form the p-cyanosryllitliium nliich further reacted 
intermolecularly to  form a polymeric imine or ketone. 

(9) J. hl. Birchall, R. N. Haszeldine, and A. R. Parkinson, J .  Chem. Soc., 
4966 (1962). 

4, 446 (19651, and references cited therein. 
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TABLE I 
F F  

DIFUNCTIONAL TETRAFLUOROBENZENE COMPOUNDS 

F F  

0 H 154-15@ 82 
"2 182-184 37 
SH 156-1 58 77 
CH3 169 5-171 88 
CFB 110-111.5 77 
p-HC6Fh 318-320 dec. 92 
CY 0 
Hb C 152-154 85 
F b r s  103-104 68-85 
Brf',d 144.5-145.5 71 
CO2Hbsc 276-278 94 

x M.p., "C. % yield 

a The product crystallizes as the monohydrate, HOC6F4- 
COOH. H20. These compounds have been previously re- 
ported by 11s and are listed here only for comparison reasons 
(see ref. 5b). c Prepared through metal-hydrogen intercon- 
versions. Prepared through metal-halogen interconversions. 

oxidized easily with aqueous copper sulfate to yield 
pentafluorobenzene (77%) and a small amount of 2,3,- 
5,6-tetrafluorobenzene (4%). The same procedure has 
now been extended to other hydrazino derivatives of 
monosubstituted pentafluorobenzenes. F19 n.m.r. 

P 

s 
zi' 

analysis indicated that the substituents were para 
oriented in all cases. There was no evidence for any 
other isomer formation.'O All the oxidations of the 
monohydrazino compounds with copper sulfate were 
carried out on material shown by n.m.r. to contain 
only the para isomer. It was interesting to note that 
the oxidation of 4-bromo-2,3,5,6-tetrafluorophenylhy- 
drazine produced, besides the expected 4-bromo-2,3,5,6- 
tetrafluorobenzene (46.6% yield), an 8.0% yield of 
1,2,4,5-tetrafluorobenxene. The mechanism by which 
p-bromine is eliminated is not known. Birchall, 
et ~ l . , ~  previously observed p-fluorine elimination in 
their studies on the copper sulfate oxidation studies 
of pentafluorophenylhydrazine. These two examples 
of oxidation of perfluorophenylhydrazines by copper 
sulfate do indicate that this procedure may lead to 
more than one product and as such cannot be used with 
assurance in identifying only the position of a hydrazinc 
group in perfluoroarylhydrazines. 

(10) It is possible that if any 0- or m-hydrazino isomer was formed in small 
quantities, it may have been lost during recrystallization of the phydrazino 
product and thus not appear in the characterization n.m.r. studies on the 
purified samples. 

TABLE I1 
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F 
WF 

F F  
-Y = NHNH- -Y H-- 

X M.p., "'2. o/o yield B.p., "C. % yield 

Br 78-79.5 55 143a 47 
CH3 90.5-91.5 32 125-125.5 77 
CFs 82-83 97 11 1-1 12 70 
CN 145-146 94 40-41 53 
a This compound has not been used in this study. It is listed 

only for its preparative value. As shown previously,6b the Br 
reacts preferentially to the H in reactions with n-butyllithium. 

Experimental Section11 
Metalation of 1 ,3-Difluorobenzene.-l,3-Difluorobenzene (17.1 

g., 0.15 mole) in 20 ml. of tetrahydrofuran was added dropwise 
to a precooled (-70') solution of n-butyllithiuml* (100 ml. of 
hexane solution, 0.148 mole) in 200 ml. of anhydrous tetrahydro- 
furan. Addition of the 1,3-difluorobenzene required 8 min. 
Fifteen minutes after the addition was complete, Color Test 
IIA'a was negative. The reaction mixture was stirred an  addi- 
tional 35 min. and then carbonated by bubbling carbon dioxide 
into the reaction. After 40 min. the cooling bath was removed, 
and the reaction warmed to room temperature with continued 
carbonation. The reaction was then hydrolyzed with 300 ml. 
of 6 N HC1 and phase separated, and the organic layer was ex- 
tracted with 500 ml. of 5y0 NaOH. The basic aqueous layer was 
then acidified and again extracted with diethyl ether, phase 
separated, and dried over sodium sulfate. The diethyl ether 
was removed by distillation, yielding 20.5 g. (87.5%) of crude 
product, m.p. 160-162'. Recrystallization from carbon tetra- 
chloride yielded 2,6-difluorobenzoic acid, m.p. 161-162'. An 
F1g n.m.r. analysis'4 in methanol indicated a triplet a t  35.3 
p.p.m. and was consistent with the proposed structure. 

Anal. Calcd. for C T H ~ F ~ O ~ :  C, 53.17; H,  2.55; F, 24.03. 
Found: C, 53.46; H,2.64; F,23.88. 

4-Bromo-2,3,5,6-tetrafluorophenylhydrazine .-Bromopenta- 
fluorobenzene (25.0 g., 0.101 mole) and 95+% anhydrous hy- 
drazine (6.94 g., 0.202 mole) were heated in 175 ml. of p-dioxane. 
After 6 hr. a t  reflux temperature, water (500 ml.) was added 
to the reaction solution. The precipitate was removed by filtra- 
tion and thoroughly washed with water. After drying, the crude 
product, 14.5 g. (55%), had a melting point of 75.5-78.5'. 
Recrystallization from petroleum ether (b.p. 90-120") afforded 
theanalytical sample, m.p. 78-79.5". 

Anal. Calcd. for C6H3BrF4N2: C, 27.81; H,  1.16; Br, 
30.86; F ,  29.35; N, 10.81. Found: C, 27.75; H,  1.12; Br, 
30.59; F, 29.41; N, 11.10. 

The FL9 n.m.r. spectrum in deuterated benzene is consistent 
with the proposed structure. Two multiplets of 57.0 and 77.6 
p.p.m. were observed for the two different types of fluorine. 
2,3,5,6-Tetrafluorobromobenzene.-A copper sulfate (111.4 

g., 0.446 mole) solution (300 ml. of water) was added to 4-bromo- 
2,3,5,6-tetrafluorophenylhydrazine (57.7 g., 0.223 mole) with 
stirring. An immediate green color was noted. The reaction 
solution was refluxed for several hours. The organic layer, 
collected in a Dean-Stark trap, was diluted with diethyl ether 
(25 ml.) and dried over magnesium sulfate. The organic liquid 
was filtered and fractionated on a spinning-band column. Three 
fractions were collected. The first fraction was diethyl ether, 
the second was 1,2,4,5-tetrafluorobenzene, 2.73 g. (8.0Yc), 
b.p. 88.0' (identified by V.P.C. analysis), and the third, the 
desired product, was 2,3,5,6-tetrafluorobromobenzene, 23.8 g. 
(46.6y0), b.p. 143", n% 1.4690. 

(11) All organolithium reactions were carried out in an atmosphere of 
dry, oxygen-free nitrogen. 

(12) Commercially prepared in hexane solution, Foote Mineral Co., Exton. 
Pa. 

(13) H. Gilman and J. Swiss, J .  Am. Chem. SOL, 63, 1847 (1940). Thie is 
a qualitative color test indicating the presence of an alkyllithium reagent. 

(14) The FIP spectra were run on a Varian V-4300-2 D.P. spectrometer 
at 8 40.0 Mc./sec. Chemical shifts are reported in parts per million from 
trifluoroacetio acid. 

All melting points are uncorrected. 
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Anal. Calcd. for C6HBrF4: C, 31.47; H ,  0.44; Br, 34.90; 
F, 33.19. Found: C,31.59; H,0.65; Br,34.71; F,33.01. 

4-Methyl- 2,3,5,6- tetrafluoropheny1hydrazine.-2,3,4,5,6- Pen- 
tafiuorotoluene (50.34 g., 0.277 mole) and 95+% anhydrous 
hydrazine (18.59 g., 0.581 mole) were heated in 300 ml. of p -  
dioxane. After 22 hr. of refluxing, the reaction solution was 
poured into 1500 ml. of cold water. The mixture was phase 
separated and the water layer was washed four times with 100- 
ml. aliquots of diethyl ether. The organic layer and the ether 
washings were then combined and dried over magnesium sul- 
fate. The dried ether layer was aspirated and yielded 17.1 g. 
(31.77,) of 4-hydrazino-2,3,5,6-tetrafluorotoluene, m.p. 89-90'. 
Recrystallization from petroleum ether gave the analytical 
sample, m.p. 90.5-91.5".- 

Ir', 14.43. 

- 

Anal. Calcd. for C7H6F4N2: C, 43.29; H, 3.09; F, 39.17; 
Found: (2.43.40; H,3.27; F.39.43: N,  14.40. 

The Fig n.m.r. spectrum in deuterated benzene .is consistent 
with the proposed st.ructure. Two multiplets of 67.3 and 80.6 
p.p.m. were observed for the two different types of fluorine. 
2,3,5,6-Tetrafluorotoluene.-A 250-ml. solution of copper 

sulfate (31.0 g., 0.126 mole) was added to a slurry of 4-hydrazino- 
2,3,5,6-tetrafluorotoluene (12.2 g., 0.063 mole) in 50 ml. of water 
and refluxed for several hours. The organic layer, collected in 
a Dean-Stark trap, was added to 100 ml. of diethyl ether and 
dried over magnesium sulfate. After drying, the material was 
dijtilled on a spinning-band column. The distillation afforded 
7.96 g. (775;) of pure 2,3,5,6-tetrafluorotoluene, b.p. 125.0- 
125.5". 

Anal. Calcd. for C7H4F4: C, 51.22; H, 2.44; F, 46.34. 
Found: C,51.82; H,2.49; F'45.91. 
4-Trifluoromethyl-2,3,5,6 - tetrafluorophenylhydrazine .-Octa- 

fluorot,oluene (118 g., 0.5 mole), 95+7, anhydrous hydrazine 
(33.6 g., 1.0 mole), and 400 ml. of absolute ethanol were stirred 
and heated at reflux temperature for 2 hr. The reaction mixture 
was poured into 1.2 1. of water. After vigorous stirring, the 
white crystalline product, 120.2 g. (977,), m.p. 77-79.5" (lit.u 
m.p. 84"), was filtered. Recrystallization from petroleum ether 
elevated the melting point to 82-83'. 

4H-Perfluorotoluene .-To a stirred suspension of 4-trifluoro- 
methyl-2,3,5,6-tetrafluorophenylhydrazine (66.9 g., 0.27 mole) 
in 300 nil. of water at SOo, was slowly added 400 ml. of a copper 
sulfate (13.5 6.. 0.54 mole) solution. The addition was conducted 
in such a maiiner that the reaction temperature was maintained 
at 80". After 1.5 hr . ,  a Dean-Stark trap connected to the con- 
denser contained 31 ml. of pale yellow liquid. This distillate 
was collected, dissolved in ether, and dried over magnesium 
sulfate. The ether solution was distilled and afforded 41.2 g. 
(70.07,) of colorless product, b.p. 111-112", nZ3D 1.3781 (lit.16 

4-Cyano-2,3,5,6-tetrafluorophenylhydrazine.-To a stirred 
solution of pentafluorobenzonitrile (48.3 g., 0.25 mole) dissolved 
in 200 ml. of ethyl alcohol (95yc) was slowly added 37 ml. of a 
hydrazine solution (16.8 g., 0.50 mole, in ethyl alcohol). The 
addition required 45 min. while maintaining the temperature 
below 23". The reaction mixture was then stirred an additional 
1.25 hr. followed by hydrolysis with 1000 ml. of icewater. The 
resultant white crystals were filtered, yielding 48.4 g.  (94.47,) 
of 4-cyano-2,3,5,6-tetrafluorophenylhydrazine. An analytical 
sample was obtained by recrystallization from benzene, m.p. 
145-1 46 O . 

Anal. Calcd. for C7H3F4N3: C, 40.99; H ,  1.47; F ,  37.05; 
N,20.49. 
2,3,5,6-Tetrafluorobenzonitrile.-To a stirred suspension of 

4-hydrazino-2,3,5,6-tetrafluorobenzonitrile (41 .0 g., 0.20 mole) 
in 200 ml. of aa te r  at 80" was slowly added 300 ml. of 8 copper 
sulfate (99.9 g., 0.40 mole) solution. During the addition the 
reaction temperature was maintained between 75 and 90". 
During an additional 1.5 hr. of heating, a colorless organic layer 
was collected in a Dean-Stark trap connected to the reflux col- 
umn. The ether 
solution was dried over magnesium sulfate and distilled at re- 
duced pressure. The fract,ion collected at  88-90" at 45 mm. 
solidified on cooling. In  t,his manner 18.5 g. (52.870) of pure 
2,3,5,6-tetrafliiorobeiizonitrile, m.p. 40-41 O ,  was obtained. 

Anal. Calcd. for CTHF4N: C, 48.02; H ,  0.58; F, 43.41. 
Found: C, 48.12; H, 0.85; F, 42.86. 

b . p . 1 1 1 - 1 12 ) . 

Found: C,40.90; H ,  1.64; F,37.22; N ,  19.40. 

Diethyl ether was added to the organic layer. 

(15) (a) D. J. Alsop, J. Burdon, and J. C. Tatlow, J .  Chem. ~ o c . ,  1801 
(1962); (b) D. G. Holland, G. J. Moore, and C. Tamboraki. Air Force 
Materials Laboratory Teohnical Report 64-367, Wright-Patterson AFB, Ohio. 

The F19 n.m.r. spectrum in carbon tetrachloride is consistent 
with the proposed structure. Two multiplets of 52.9 and 55.4 
p.p.m. were observed for the two different types of fluorine. 
Infrared analysis indicated the C=N band at  2250 cm.-*. 

4-Hydroxy-2,3,5,6-tetrafluorobenzoic Acid.-2,3,5,6-Tetra- 
fluorophenol (16.6 g., 0.1 mole) dissolved in 50 ml. of freshly 
distilled tetrahydrofuran was added dropwise to a precooled 
(-70') solution of n-butyllithium (140 ml. of a hexane solution, 
0.2 mole) in 400 ml. of tetrahydrofuran. Time of the addition 
was 15 min. Fift,een minutes after the addition was complete, 
Color Test I I A  was negative. After an additional 35 min., 
carbon dioxide was bubbled into the reaction mixture. Forty- 
five minutes later the cooling bath was removed, and the reac- 
tioil mixture warmed to room temperature with continued carhon- 
ation. The mixture was then hydrolyzed with 300 ml. of 6 
N HCl and phase separated, and the organic layer was dried 
over sodium sulfate. The solvent was distilled under reduced 
pressure to  yield 17.3 g. (82.5%) of crude product. Recrystalli- 
zation of a sample from xylene yielded 4-hydroxy-2,3,5,6- 
tetrafluorobenzoic acid monohydrate, m.p. 154-156' (lit .15* 

m.p. 157'). 
Anal. Calcd. for C7HtF404: C, 36.85; H,  1.76; F ,  33.31. 

Found: C,37.05; H,  1.80; F, 33.13. 
4-Amino-2,3,5,6-tetrafluorobenzoic Acid .-2,3,5,6-Tetrafluoro- 

aniline (16.5 g., 0.1 mole) dissolved in 35 ml. of anhydrous 
tetrahydrofuran was added dropwise to il precooled ( -70") 
solution of n-butyllithium (195 ml. of a hexane solution, 0.3 
mole) in 450 ml. of tetrahydrofuran. Time of addition was 
15 min. Three hours after the addition was conipletc, Color 
Test IIA was negative. Carbon dioxide was then bubbled into 
the reaction mixture. After 30 min. the cooliiig hath was re- 
moved, and the reaction mixture warmed to room temperature 
with continued carbonation. The mixture was then hydrolyzed 
with 250 ml. of 3 N HC1 and phase separated, and the organic 
layer was dried over magnesium sulfate. IXstillation of the 
solvent yielded 0.43 g. (45.1%) of crude product. Recrystalli- 
zation from benzene yielded 7.72 g. (136.9';") of pure 4-amino- 
2,3,5,6-tetrafluorobenzoic acid, m.p. 182-184" (lit.16 m.p. 1S2'). 

Anal. Calcd. for C7H3F41L'02: C, 40.21; H,  1.44; F, 36.34; 
N, 6.69. Found: C,40.16; H, 1.54; F,  36.42; 5 , 6 3 7 .  

4-Thiol-2,3,5,6-tetrafluorobenzoic Acid.-2,3,5,6-Tetrafluoro- 
thiophenol (27.32 g., 0.15 mole) dissolved in 60 ml. of anhydrous 
diethyl ether was added dropwise to a precooled (-70") solution 
of n-butyllithium (195 ml. of a hexane solution, 0.3 mole) in 400 
ml. of diethyl ether. Thirty 
minutes after the addition was complete, Color Test, IIA was 
negative. After an additional 30 min., carbon dioxide was 
bubbled into the reaction mixture. After 30 niin. the cooling 
bath was removed, and the reaction mixture warmed to room 
temperature with continued carbonation. The mixture was 
then hydrolyzed with 300 ml. of 6 N HC1 and phase separated, 
and the organic layer was dried over magnesium sulfate. Dihtil- 
lation of t,he solvent under reduced pressure afforded 27.8 g. 
(82.0Yc) of crude product. Recrystallization from petroleum 
ether yielded 26.0 g. (76.57,) of yellow, crystalline 4-t'hiol- 
2,3,5,6-tetrafluorobenzoic acid, m .p. 156-158 O . 

Anal. Calcd. for C7HZF402S: C, 37.18; H, 0.89; F ,  33.60; 
S, 14.18. Found: C,37.33; H,0.86; F, 32.76; S, 14.74. 

4-Methyl-2,3,5,6-tetrafluorobenzoic Acid.-n-Butyllithium 
(162.5 ml. of a hexane solution, 0.25 mole) was added dropwise 
to a precooled ( -70') solution of 2,:1,5,6-tetrafluorotoluene 
(41.0 g., 0.25 mole) in 500 ml. of anhydrous diethyl ether. The 
n-butyllithium was added over a period of 45 min. Thirty- 
five minutes after the addition was complete, Color Test IIA 
was negative. After an additional 30 min., carbon dioxide was 
bubbled into the reaction mixture. Thirty minutes later the 
cooling bath was removed, and the reaction mixture warmed 
to room temperature with continued carbonation. The mixture 
was then hydrolyzed with 250 ml. of 6 N HCl and phase sepa- 
rated, and the organic layer was dried over magnesium sulfate. 
The ether was distilled under vacuum and yielded 52.0 g. of 
crude product. Recrystallization from benzene yielded 45.7 
g. (87.87,) of pure 4-methyl-2,3,5,6-tetrafluorobenzoic acid, 
n1.p. 169.5-171°(lit.1Sam.p. 174"). 

4-Trifluoromethyld ,3,5,6-tetrafluorobenzoic Acid .--Butyl- 
lithium (71 ml. of a hexane solution, 0.11 mole) was added 

Time of the addition was 34 min. 

(16) G. G. Yakobson, V. N. Odinokov, T. D. Petrova, and N. N. Vorozht- 
aov, Jr., Z h .  Obshch. Khim., 39, 2953 (1964); Chem. Abetr., 61, 470 
(1965). 
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dropwise to  a precooled ( -70') solution of 2,3,5,6-heptafluoro- 
toluene (21.8 g., 0.10 mole) in 200 ml. of anhydrous tetrahydro- 
furan. The temperature was maintained below -60". The 
solution was carbonated by bubbling gaseous carbon dioxide 
through the reaction mixture for 1 hr. The reaction was allowed 
to warm to room temperature with continued carbonation. The 
mixture was then hydrolyzed with 300 ml. of 6 N hydrochloric 
acid. The two-phase solution was distilled until only the aque- 
ous phase remained. This solution was cooled, yielding a white 
precipitate which on recrystallization from benzene afforded 20.3 
g. (77y0) of white crystalline product, m.p. 107.5-110.5°. 
The analytical sample, m.p. 110-111.5" was obtained by an 
additional recrystallization from benzene.Isb 

Anal. Calcd. for CsHF702: C, 36.66; H ,  0.38; F, 50.7. 
Found: C,36.72; H,0.41; F ,  50.6. 

2,2',3,3',5,5' 6,6'-Octafluorobiphenyl4,4'-dicarboxylic Acid. 
-A solution of 2,2',3,3'5,5',6,6'-octafluorobiphenyl (28.9 g., 
0.1 mole) in 55 ml. of anhydrous tetrahydrofuran was added 
dropwise over a period of 18 min. to  a precooled (-70") solution 
of n-butyllithium (137 ml. of a hexane solution, 0.2 mole) in 250 
ml. of anhydrous tetrahydrofuran. Thirty minutes after the 
addition was complete, Color Test IIA was negative. After 
an additional 30 min., carbon dioxide was bubbled through the 
reaction mixture for 0.5 hr. The mixture was then allowed to 
warm to room temperature with continued carbonation and then 
hydrolyzed with 250 ml. 6 A' HCl, and the resulting mixture was 
phase separated. The aqueous layer was then washed three 
times with diethyl ether, combined with the organic layer, and 
dried over magnesium sulfate. After drying, solvents were 
removed by aspiration, yielding 38.4 g. (96.77,) of the desired 
2,2',3,3',5,~',6,6'-octafluorobiphenyl-1,4'-dicarboxylic acid, m.p. 
-313-319'. The analytical sample, m.p. 318-320' dec., was 

obtained by slurrying the above product in boiling petroleum 
ether, yielding35.5g. (91.9%). 

Anal. Calcd. for C I J H ~ F ~ O ~ :  C, 43.54; H ,  0.52; F, 39.36. 
Found: C,43.24; H,0.62; F, 39.40. 

Attempted Preparation of 4-cyano-2,3,5,6-tetrafluorobenzoic 
Acid.-To a cooled ( -70") stirred solution of 2,3,5,6-tetra- 
fluorobenzonitrile (10.0 g., 0.057 mole) dissolved in 220 ml. of 
diethyl ether was added 0.057 mole of n-butyllithium (37 ml. 
of a hexane solution) over a period of 1 hr. During the addition 
the color of the reaction mixture changed from pale yellow to 
amber and finally to brown. Forty-five minutes after the addi- 
tion was complete, Color Test I was positive and Color Test 
IIA was negative. The reaction was stirred another 45 min. 
and then carbon dioxide was bubbled in. During carbonation 
the appearance of the mixture became much lighter. The mix- 
ture was then warmed to  room temperature, hydrolyzed with 
ice, acidified, extracted with diethyl ether, and dried over 
magnesium sulfate. Distillation of the dried organic layer 
yielded a pale yellow semisolid. Attempted crystallization 
from a variety of solvents as well as silica gel chromatographic 
separation produced no tractable material. Infrared analysis 
of the crude materials indicated the presence of a nitrile band 
at 2250 cm.-'. 
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The aluminum chloride catalyzed acetylation of lI3,5-triphenylbenzene gives only the peripheral-ring para- 
subititution product in nitrobenzene, dichloroethane, and carbon disulfide. Benzoylation of lI3,5-triphenyl- 
benzene gives only central-ring substitution in carbon disulfide and dichloroethane. The central-ring : peripheral- 
ring product ratio for benzoylation decreases by a t  least lo3 as the solvent is changed from dichloroethane 
through various dichloroethane-nitrobenzene mixtures. The ratio is unity a t  a solvent composition containing 
betn-een 15 and 207, nitrobenzene (nitrobenzene: benzoyl chloride molar ratio of approximately 5 ) .  The mech- 
anism of the solvent effect is discussed. 

I t  had been shown previously' that the normal 
position of electrophilic attack on 1,3,5-triphenyl- 
benzene (1) is the central ring, but that Friedel-Crafts 
acetylation in nitrobenzene gives only an abnormal 
orientation product, l-(p-acetylphenyl)-3,5-diphenyl- 
benzene (6) ,  resulting from attack a t  a para position of 
one of the peripheral rings. In  contrast to this result, 
the literature records, for reactions of 1,3,5-triphenyl- 
benzene, acetylation, phthaloylation, and aminoformyl- 
ation giving only central-ring products (no yields or 
solvents recorded) ;2 benzoylation giving a 90% yield 
of central-ring product (no solvent recorded) ;3 benzoyl- 
atiori in carbon disulfide giving a 75% yield of central- 
ring p r ~ d u c t ; ~  and benzoylation in carbon disulfide 
giving a 98% yield of central-ring p r o d u ~ t . ~  

(1) G. E. Lewis, J .  Org. Chem., S O ,  2798 (1965). 
(2) H. Hopff, H. -4. Schweiaer, A.  Ghertos. A. Heer, and A. Solarsky, 

Chimia ':.4arau), 18, 143 (1958). 
(3) E. P. Kohler and L. W. Blanchard, Jr . ,  J .  A m .  Chem. Soc., 67, 367 

(1935). 
(4) N. S. Kozlov, P. N. Fedoseev and I. Drabkin, J .  Gen. Chem. USSR, 6 ,  

1686 (1936): Ckem. Abstr . ,  91, 2592 (1937). 
(5) D. Iranov and C. Ivanov, Chem. Ber., 77, 173 (1944). 

In  this laboratory acetylation with acetic anhydride 
has been found to give only l-(p-acetylphenyl)-3,5- 
diphenylbenzene in each of the solvents, nitrobenzene, 
1,2-dichloroethane, and carbon disulfide. These re- 
sults are summarized in Table I. The examination 

TABLE I 
ACETYLATION O F  1,3,5-TRIPHEKYLBENZENEa 

Yield 
Recovered of 

CSa 63 36 
CzH4Ch 31 60 
CsHsN02 30 72 

Solvent 1, % 6, % 

At 20' for 2 hr; triphenylbenzene and acetic anhydride 
0.015 M; AICla 0.053 M .  Percentages are = t 2 7 , .  

by nmr of the crude reaction mixtures in each solvent 
confirmed the specificity of the reaction. Only a single 
methyl signal, that of the peripheral-ring p-acetyl 
derivative a t  T 7.45,' was observed under conditions 
that would have produced a detectable signal (at 
T 8.11') for a 2% yield of the central-ring isomer. 


