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THE ACIDIC PROPERTIES OF FLUORINE-C~NTA~N~N~ 
ALCOHOLS, HYDROXYLAMINES AND OXIMES 

l3. L. DYATKIN, E. P. CATALINA and I. L. K~NYANT~ 
Institute of Organo-Element Compounds, Academy of Sciences, Moscow, USSR 

AI&a&-The pK, of a number of ff uorine-containing alcohols, hydroxylamines and oximes have been 
measured and compared. A linear dependence of the p& of alcohols upon the sum of the Taft 
induction constants a* of substituents at the carbinol carbon atom has been established. Tertiary per- 
~~r~~hols compare in their acidic properties with carboxyfic acids. ~i~~iation constants of 
hydroxylamines (CF,)XCH s_xNHOH are close to the dissociation constants of trifluoromethylcar- 
binols containing the same number of trifluoromethyl groups. The acidity of oximes is about 300 
times as great as that of corresponding hydroxylamines. 

HIGH electronegativity of the fluorine atom and a great -I-effect of perfluoroalkyl 
groups connected with it facilitate protonization of the neighbouring hydrogen atom 
and sharply increase acidic properties of fluoro-or~nic ~~m~unds as compared 
with the corresponding non-fluorinated analogues. This phenomenon can be ob- 
served in various classes of compounds, e.g. carboxylic acids, sulphonic acids and 
hydrocarbons. Although, for the series of acidslG and hydrocarbon@ systematic 
quantitative data have been obtained making it possible to evaluate the influence 
of the number of fluorine atoms and their position on the dissociation constant, the 
information concerning other classes is non-systematic and mainly of a qualitative 
character. 

The problem concerning the acidic properties of the fluorinated alcohols is 
complicated. The fact, that the introduction of fluorine increases the acidity of 
alcohols had been pointed out by Swart@ and was confirmed later, although the 
view concerning the acidity of CF~CH(~H)CH~ given by Swarts proved to be 
exaggerated. 

It was shown6 that the dissociation constant of carbinols, containing one per- 
fluoroalkyl group is in the order of 3 to 4 times higher than the diss~ation unsent 
of ordinary alcohols. For (C&F,),CHOH it was shown’ that the introduction of a 
second perfluoroalkyl radical leads to a further increase in the acidity. As to tertiary 
~rfluoroalkyl~rbinols of the type R~R[RI”COH, they have been described only 
recently. Although in 1953 it was reported* that such alcohols are formed when 

1 H. J. Em&us, R. N. Haszeldine and R. C. Paul, 1. Chem. Sec. 553 (1955). 
s A. L. Henne and C. J. Fox, J. Amer. Chem. Sue. 73,2323 (1951); 75,57M (1953); 76,479 (1954). 
31 E. T. McRee, 0. R. Pierce and D. C. Smith, J. Amer. Chem. See. 76,3722 (1954). 
* S. Andreades, J. Amer. Chem. Sot. 86,2003 (1964). 
s F. Swarts, B&j. SOC. Chim. Be&. 38,99 (1929). 
@ A. L. Henne and R. L. Pelley, J. Amer. Gem. Sot. 74, 1426 (1952). 
’ A. L. Henne and W. C. Francis, J. Amer. C&em. Sot. 75,991 (1953). 
a R. N. Haszeldine, J. Ckm. SQC. 1748 (1953). 
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~~uoroalkyl ma~esium iodides react with esters of ~~uoro~r~xyli~ acids, 
neither constants, nor analytical data were given. Other authors did not observe the 
formation of tertiary ~rfluoroal~ohols by this reaction! The report on the synthesis 
of (GF,),COH by reacting G*F,Li with C,F,COOG,H, also proved to be erroneous,*O 

It was shown later,‘l in this ease that with soIvent participation, the initially 
formed petiuoroketone (GSF&G=O is reduced to the secondary alcohol 
(C,FJsGHOH. Nevertheless, in handbooks and survey~~**~* the values of the dissocia- 
tion instants of fluorinated tertiary alcohols are cited, viz., 3*1CV and l~lW” fur 
(CF&GOH and (G,F&,COH, respectively, and thus the concept developed that the 
order of the acidity of tertiary ~~uoroalcohols is the same as that of phenols. 

The first described r~~s~ntative of this class of Gompounds-nitro~rfluor~t- 
butyl alcohol-was obtained by us by nitration of perfluorosiobutylene with nitrogen 
dioxide,” 

CF* CF* 
\ 

C--CF,NO, n,q 
I\ 

- CF/b-N=O 

C-CF,NOs 

CF’ICIH s 

This compound is an acid (pK, = 3*9), stronger than acetic acid (pK, = 4*7), a fact 
which did not agree with the available data. Therefore, it was of interest to synthesize 
the pe~uor~t-butyl alcohol (CF~~GOH and compare its acidity with the acidic 
properties of other perfluoroalkyl carbinols. The perfiuoro-t-butyf alcohol was ob- 
tained by oxidation of t-~troso~~uoroisobu~ne and subsequent hydrolysis of the 
nitrite formed? 

CFD Ch c h 
\ \ 

CF,--C-N=0 101, CF,-C--O---N4 
\ 

/ / 
?!!I$ CF,--C-OH 

CFS CFS 
/ 

=a 

This alcohol has pronounced acidic properties. It can be titrated using 
phenolphtalein, and has a p& = 54, i.e. it is 10,ooO times stronger than previously 
reported. Its acidity, ther~fore~ compares with that of nitrupe~uoro~t-butyl ~~ohol. 

In order to ascertain the influence exerted by an accumulation of perELuoroaIky1 
groups at the carbinol carbon atom upon the dis~~ation constant, we compared the 

D A, L. Henne and W. C. Fmncis, J. Amer. Chem. Sot. 75,992 (1953). 
lo 0, R. Pie-, E. T. McBee and G. F. Judd, 1. Amtr. Chm. Sot. 76,474 (1954). 
IL E. T. McBee, C. W. Roberts and S. G. Curtis, J. Amer. Chem. Sue. 77,6387 (1955). 
la M. Hudlick?, Cliemie Urganick~d Sfw&win Fluormz (tZ%tw&t~y of Organic Fluc~im? Ca~&j 

Praha (1958). 
la A. M. Lovelaoe, Il. A. Rausch and W. Postehtek, Al@Wc x;yc&ne Contpoti. N.Y. and London 

(1957). 
li I. L. Knunyants, A. V, F&in, B. L. Dyatkin and V. A. Komarov, 2% YUO &I& Mcndipetwa 

8,239 (1963) ; izu. A&f. NC& USSR, C&wz. Ser. 142!5 (1964). 
Idi I. L. Knunyants and B. L. Dyatkin, liv. Akd N&k USSR, Chem. Ser. 923 (1964). 
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acidity of tertiary perfluroralcohols with that of hexafluoroisopropyl alcohol (bis- 
trifluoromethyl carbinol) (CF&CHOH and trifluoroethyl alcohol (trifluoromethyl 
carbinol) CF&H,OH and found that the pK, values of these alcohols are 9-3 and 124, 
respective1y.t The values obtained for pK, are given in Table 1. The dependence 
of pK, upon the sum of u* substituents is a straight line expressed by Equation 1. 

TABLE 1 

Alcohol CF,CH,OH (CF,),CHOH (CFI)&OH (CF&Z(OH)CF,NO 

Ea* 2-6 5.2 7.8 8-8 
PKa 12.8 9.3 5.4 3-9 

pKa = - l-44 Xa* + 16.67 (Eq. 1) 

Thus, hexafluoroisopropyl alcohol has the same order of acidity as phenol, 
whereas tertiary perfluoroalcohols, as regards their acidic properties, compare with 
carboxylic acids. 

The recent work of Middleton and Lindsayi confirms our results. They 
investigated acidic properties of dodecafluoropinacol (CF&C(OH)C(OH)(CF& and 
hydrates of perfluoroketones RrRiC(OH),. These compounds behave as monobasic 
acids and can be regarded as tertiary alcohols. The pK, values obtainedl* are in 
close agreement with the values calculated in accordance with Equation I (Table 2). 

TABLE 2 

Compound 
Dodecafluo- 
ropinacol 

HYDRATES OF FLUORINATED KETONES R+;c(oH), 

(CF,), (CF,Cl), (CF,H), CF,CI, CF,H 

pK, according 
to [18] 

pK, as calcu- 
lated by 
Equation 1 

5.95 6.58 6-67 8-79 7-90 

5.73 7.0 6.6 8.5 7.9 

$ Dodecafluoropinacol was obtained earlier in our Laboratory by N. P. Gambaryan er al., who 
employed another method. According to their data, pKo of this compound is 5.7.l’ 

Similarly, the acidic properties of fluorine-containing hydroxylamines are greatly in- 
fluenced by the introduction of perfluoroalkyl substituents to the carbon carrying the 
functional group. A series of hydroxylamines e.g. CH,CH,NHOH, (CF$,CHNHOH 
and (CF&NHOH as well as oximes of trifluoroacetaldehyde CF&H=NOH and 
hexafluoroacetone (CF&C.=NOH, were prepared by the reduction of the corre- 
sponding nitro- and nitroso-compounds. Hydroxylamines are usually regarded as 
bases and oximes display both slight acidic and basic properties. The fluorinated 
hydroxylamine derivatives prepared by us have strongly pronounced acidic prop- 
erties (Table 3). 

+ The value of pk, = 12.8 for CF,CH,OH agrees with the data cited in litcraturc. viz., 12*43l’ 
and 12.37.” The value of pK, = 9.3 for (CF&CHOH was recently co&med.” 

l* C. W. Roberts, E. T. McBee and C. E. Hathaway, J. Org. Cbm. Z&l369 (1956). 
IT P. Balhnger and F. A. Long, J. Amer. Chem. Sot. 81,lOSO (1959). 
la W. J. Middleton and R. V. Lindsey, J. Amer. Chem. Sot. 86,4948 (1964). 
I9 N. P. Gambaryan, Yu. A. Cheburkov and I. L. Knunyants, Izv. A&ad. Nauk USSR, Chem. Ser. 

1526 (1964). 
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TAWE 3 

Compound CF&HaNHOH (CF&CHNHOH (CF&ZNHOH CF,CH=NOH (CF,),C==NOH 

PKa 11.3 8.5 58-6-O 8.9 60 

As it can be seen from Table 3, the acidity of hydroxylamines is similar to that of 
alcohols containing the same number of trifluoromethyl groups. In the case of 
oximes, they are about 300 times more acidic than hydroxylamines. This may be 
accounted for, first of all, by the mesomeric stabilization of the corresponding anion, 
as well as by the easier influence of trifluoromethyl groups via the double carbon- 
nitrogen bond : 

CF, CH2 NH-0-+H+ 

[C5-CH--_N-_O]-+H+ 

The dependence of the p& values of alcohols, hydroxylamines and oximes upon 
&* of substjtuen~s is plotted in Fig. 1. 
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EXPERIMENTAL 

~z~~r~~~~~ ~~cu~~. The comuxrcial product was purified by ~sti~tion. B.p. ‘74“. 
~~xu+x~‘~q~ropyI uicuhol was obtained by reducing hexafluoroacetone with NaBH,.= B.p. 57”. 
Perplcoro-r-butyl alcohol was obtained by reacting (CFJC-N=O with N,O, with subsequent 

hydrolysis; b-p. 45°.16 

1o I. L. Knunyants and M. P. Krasouskaya, Auflior’s Cerf@u~e offhe USSR. No. 138604, July 21 
(1960). 
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Nitroperpuoro-t-but ulcohol was obtained by reacting N,O, with perfluoriosobutylene and 
subsequent hydrolysis; b.p. 883”.14 

Hexa~u~roacetone oxime, b.p. 69-70”, was obtained by reducing (CF&ZFNO, with hydrogen 
over Pd-black.31 

Trlj?uoroerhyfhydroxyIamine, mp. 8&8 I*, hexafluoroisopropyihydroxyiamine, b.p. -7” at 
7 1 mm Hg, per@oro-t-butyfhydroxylamine, b-p. 94-95”, and tripuoroaceta?eaI&hyde oxime, b.p. 49” 
at 200 mm Hg were obtained by hydrogenation over Pd-black of CFJZH*NO,, (CF,),CHNO,, 
(CF,),C-NO and CF&FHNO*, respectively. 

The details of the synthesis of these compounds will be published elsewhere. 
pK, Measurements were carried out in water at 25” by means of potentiometric techniques for all 

the compounds except (CF&NHOH, whose acidity was evaluated approximately by measuring the 
conductivity of aqueous solutions at 25”. It was assumed that the anion mobility, being greater than 
zero, did not exceed that of inorganic anions. 

*I I. L. Knunyants, B. L. Dyatkin, L. S. German, I. N. Rozhkov and V. A. Komarov, Zh VKhO 
‘meni Mendeleeva 8,709 (1963). 


