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48 hr in a stirring autoclave (pressure approximately 100 psi). 
Evaporation of the excess ammonia followed by acidification with 
acetic acid yielded a black oil and a white, insoluble solid. Warm- 
ing caused the solid to dissolve and the solution was carefully 
separated from the oil (polymer?). The solution waa cooled to 
abovt 0' and the white precipitate, the monoacetate of 17 
(1.0 g) was filtered off. Its melting point was 119-120'; a 
mixture melting point with the monoacetate of 12 gave no 
depression. 

Anal. Calcd for CmHd2N2O4: C, 64.1; H, 11.3; N, 7.48. 
Found: C, 63.2; H, 11.0; N, 7.20. 

Since the carbon analysis was slightly off, the monoacetate was 
divided into two portions for conversion to the dihydrochloride, 

mp 147-149' (identical with the dihydrochloride of 12), and to 
the sulfate, mp 236-238" (ident.ica1 with the sulfate of 12). 

Anal. Calcd for the dihydrochloride ( CI~HIOCI~N~O~): C, 55.8; 
H, 10.4; C1, 18.3; N,  7.23. Found: C,  55.6: H, 10.6: C1, - .  
18.2; N,  7.25. 

Anal. Calcd for the sulfate (C,,H,oNnO&): C, 52.4; H, 9.77; 
N, 6.79; S, 7.77. Found: C, 52.4; H, 9.39; N, 6.69; S, 7.96. 
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Attempts to prepare perfluoro tertiary alcohols 
through the reaction between a fluoro ester and a 
perfluoroorganolithium' or perfluoro GrignardZ reagent 
thus far have been unsuccessful. In each case only 
perfluoroalkyl secondary alcohols (Rv)*CHOH were 
obtained. Recently, Graham and Weinmayra have 
reported the reaction between perfluoro olefins, cesium 
fluoride, and certain perfluoro ketones to yield per- 
fluoro tertiary alcohols. Two other nonorganometallic 
routes have been recently reported by Middleton and 
Lindsey4 for the synthesis of specific perfluoro tertiary 
alcohols. Photoinitiated bimolecular reduction of 
hexafluoroacetone with isopropyl alcohol yielded the 
perfluoropinacol while hydration of tetrakis(triflu0ro- 
methy1)ethylene yielded the perfluoro(3H-2,3-dimethyl- 
2-butyl alcohol). Dyatkin, Mochalina, and Knuny- 
ants5 have also reported the synthesis of perfluoro 
tertiary alcohols through the oxidation of t-nitroso- 
perfluoroisobutane and subsequent hydrolysis of the 
nitrite formed. 

The physical and chemical properties of the hydroxyl 
group are strongly affected by the perfluoroalkyl 
substituents. The inductive effect of the perfluoro- 
alkyl group increases the acidity of the alcohols. 
The ionization constants4s6 of the perfluorinated 
alcohols indicates them to be strongly acidic. Per- 
fluoro-t-butyl alcohol is a stronger acid (pK, = 3.9) 
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than acetic acid (pK, = 4.7).6 Other properties 
noted' in certain highly fluorinated alcohols were the 
strong hydrogen-bond formation, unusual solvent 
properties for certain polymers and formation of 
stable complexes. 

The authors now wish to report on a general method 
for preparing perfluorinated arylalkyl tertiary mono- 
and dialcohols. Recently, the synthesis of a number 
of perfluoroaryllithium reagentss have been reported. 
These intermediates have now been treated with 
hexafluoroacetone to yield the perfluoro tertiary 
alcohols in good yields. 

F F  F F  

X = F  (I), CF, (II), CH, (III), H (IV and V), PHCQH, (VI) 

When X = H or p-CaF4, metalation can be controlled 
to yield predominantly the mono or dilithio interme- 
diate. The dilithio intermediate will yield the bis- 
carbinols. 

The yields and properties of these alcohols are de- 
scribed in the Experimental Section. One attempt at  
preparing the carbinol I from the Grignard penta- 
fluorophenylmagnesium bromide showed the advantage 
of the organolithium intermediate over the Grignard 
iptermediate. The greater nucleophilic nature of the 
organolithium intermediate toward hexafluoroacetone 
resulted in much higher yields of the carbinol (79 us. 
33%). 

None of the alcohols prepared in this study exhibited 
any tendency to form stable isolable complexes with 
tetrahydrofuran as was the case with the perfluoro 
secondary and tertiary alkyl  alcohol^.^ However, 
infrared studies of tetrahydrofuran solutions of the 
arylalkyl alcohols synthesized in this study indicated 
hydrogen bonding between the alcohols and the sol- 
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vent. The same alcohols in a carbon tetrachloride 
solution, however, indicated unexpectedly two bands 
in the free OH stretching frequency region (3580- 
3620 cm-l). Proton magnetic resonance spectrum of 
I at room temperature, however, indicates only one 
peak for the OH proton. To determine whether this 
anomaly is due to chemical exchange between mag- 
netically nonequivalent protons, it is possible to 
slow down the exchange rate by cooling the sample. 
The spectrum of neat I was recorded at varying tem- 
peratures and, at  -36O, the spectrum shows a doublet 
for the OH proton. More details on the infrared 
and nuclear magnetic resonance studies of these com- 
pounds will be published at a later date. 

The availability of these tertiary alcohols as well 
as others which should be capable of synthesis by 
varying X in reaction 1 (for example, X = OH, SH, 
COOH, etc.) will provide opportunity to study the 
chemical and physical properties of perfluoro tertiary 
alcohols. 

Experimental Section 

1. PerAuoro-a,a-dimethylbenzyl Alcohol (I) from Pentafluoro- 
pheny1lithium.-A solution (60 ml) containing 0.077 mole of 
n-butyllithium in hexane was cooled to -55' and treated with 
12.9 g (0.077 mole) of pentafluorobenzene in 40 ml of diethyl 
ether. The addition required 30 min. The reaction was stirred 
for 2 hr. An excess of hexafluoroacetone was introduced above 
the surface of the stirred mixture. The temperature was main- 
tained between -60 and -50' throughout the addition. After 
the product was warmed to:10' and hydrolyzed with 10% Hi%, 
the organic layer and two 10-ml ether extracts of the aqueous 
portion were combined and dried over NatSO4. Fractional 
distillation in two similar experiments gave an average yield of 
79% of the alcohol boiling at  158-160', 71% 1.3780. Anal. 
Calcd for CpHF~1O: C, 32.35; H, 0.30; F, 62.56. Found: 
C, 32.62; H, 0.51; F, 62.31. 

2. Perfluoroa,a,p-trimethylbenzyl Alcohol @).-To a stirred 
mixture of 20 ml of tetrahydrofuran and 15.8 ml of a hexane 
solution containing 0.025 mole of butyllithium, which was 
maintained at  -60', was added a solution of 5.2 g (0.024 mole) 
of 4-trifluoromethyl-2,3,5,6-tetrafluorobenzene in 10 ml of 
tetrahydrofuran during 15 min. The mixture was stirred for 
30 min. An excess of hexafluoroacetone was introduced above 
the surface of the liquid. After the product was warmed to room 
temperature, 40 ml of ice water containing 6.0 ml of H&Oi was 
added, the organic hyer was separated, the aqueous layer was 
extracted twice with ether, and the combined organic layer and 
extracts were dried over NazSO4. Fractional distillation through 
a micro Claisen head gave 5.5 g (61%) of the alcohol boiling 
at 103-104', ~ S D  1.3732. Anal. Calcd for CIOHFI~O: C, 31.27; 
H, 0.26; F,  64.30. Found: C, 31.39; H, 0.40; F ,  64.19. 

3. 4-Methylperfiuoro~,~-dimethylbenzyl Alcohol (HI).- 
Alcohol I11 was prepared in a similar manner to I1 except that 
2,3,5,6-tetrafluorotohene was used. The product I11 was ob- 
tained in 91% yield, nZ3D 1.3979, bp 193-194'. Anal. Calcd 
for CloHnFlnO: C, 36.38: H ,  1.22; F ,  57.55. Found: C ,  36.53; ._ . _ _  . .  
H, 1.28; F, 57.90. 

4. Perfluoro-4-Ha,a-dimethylbenzyl Alcohol (IV).-To a 
raDidlv stirred solution of 21.9 p: (0.146 mole) of 1,2,4,5-tetra- 
fl;or&enzene in 150 of tetrahydrofuran, which was maintained 
at  -65", was added during 45 min 92 ml of a hexane solution 
containing 0.146 mole of butyllithium. The reaction was stirred 
for 2 hr. An excess of hexafluoroacetone was introduced above 
the surface of the liquid. The mixture was warmed to room 
temperature and hydrolyzed with dilute sulfuric acid, and the or- 
ganic phase was separated, combined with ether extracts of the 
aqueous phase, and dried over NdO4.  Evaporation of the 
solvents and recrystallization of the residue from petroleum 
ether (bp 60-90") gave 21.3 g (61% calculated on the basis of 
butyllithiurri) of perfluoro-l,4-phenylenebis(dimethylcarbinol) 
(V), mp 94-95'. AntJ. Calcd for CIZH~FI~OZ: C, 29.89; H, 0.42; 
F, 63.05. Found: C, 29.98; H, 0.62; F, 63.00. 

Evaporation and idistillation of the recrystallization liquors 
gave 4.9 g (ll'%) of the monosubstituted alcohol IV boiling at  

161-163'. Anal. Calcd for CpHaF~oO: C, 34.19; H, 0.64; F, 
60.11. Found: C, 34.01; H, 0.75; F, 60.00. 

5. Perfiuoro-l,4-phenylsaebis(dimethylcarbinol) (V) .-A 
stirred mixture of 100 ml of tetrahydrofuran and 93 ml of a 
hexane solution containing 0.148 mole of butyllithium ww 
treated with a solution of 21.7 g (0.071 mole) of dibromo-2,3,5,6- 
tetrafluorobenzene in 45 ml of tetrahydrofuran at -80'. The 
addition required 20 min. After an excess of hexafluoroacetone 
was introduced above the surface of the mixture, the product 
was hydrolyzed with dilute HtSO4; the organic layer was sepa- 
rated, combined with ether extracts of the aqueous layer, and 
dried over N&SO,. Evaporation of the solvents and two re- 
crystallizations from petroleum ether gave 24.0 g (71%) of the 
diol V, mp 94-95'. 

6. PerAuoro4,4'-biphenylenebis(dimethylcarbmol) (VI).-A 
solution of 2,3,5,6,2',3',5',6'-octafluorobiphenyl in 145 ml of 
tetrahydrofuran was added over 30 min to a stirred mixture of 
100 ml of tetrahydrofuran and 90 ml of a hexane solution con- 
taining 0.144 mole of butyllithium at -60'. After 1 hr an 
excess of hexafluoroacetone was introduced above the liquid 
surface. The product was hydrolyzed with dilute sulfuric acid 
and the organic layer was separated and dried over NazSO,. 
Evaporation of the solvents and recrystallization from chloro- 
form gave 32.4 g (74%) of the diol VI, which melted at  192-193'. 
Anal. Calcd for CI~HZFBOZ: C, 35.20; H, 0.33; F, 61.87. 
Found: C, 34.83; H, 0.44; F, 62.00. 
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Pentafluorophenylmagnesium bromide has been used 
as the intermediate for the synthesis of other organo- 
metallic compounds containing a pentafluorophenyl 
group.' In most cases, only the desired organometal- 

nCiFsMgBr + MCIn + Mn(CiF5), + nMgBrCl 

lie compound was described with no mention of other 
side products. In a few instances,2 however, a re- 
action between the pentafluorophenylmagnesium bro- 
mide or its decomposition product and the solvent 
(toluene, benzene) were reported to yield side prod- 
ucts. 

Recently, the authors have reported' on the reac- 
tion of pentafluorophenylmagnesium bromide with 
group IV metallic halides in tetrahydrofuran according 
to the above equation. In the reaction between the 
Grignard and silicon tetrachloride, germanium tetra- 
chloride, and tin tetrachloride, side products were 
obtained in all instances. Only the side products 
from the silicon tetrachloride were examined in detail, 
although the others were of similar nature as indicated 
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