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Proton acceptor and proton donor abilities of some alcohols R O H in CC14 were measured by 
IR spectroscopy. Both properties are explained in terms of solvent effect and the electronic effect 

I 
of group R. The earlier proposed intramolecular interaction in the alcohols R 3 M ( C ) n O H (M = Si, 
Ge; n = 1,2) is fur ther discussed. 

Characteristic features of oxygen-containing carbofunct ional compounds of g roup IV B elements 
(M) have been frequently interpreted in terms of the electron donor effect of R 3 M C H 2 - g r o u p s and 
the electron acceptor ability of the a tom M. Reactivity of the alcohols ( C H 3 ) 3 M ( C H 2 ) n O H 
(n = 1,2) toward electron acceptors 1 ~ 3 is consistent with the electron-donating effect of ( C H 3 ) 3 . 
. M(CH 2 ) n -g roups . The structure of the compounds ( C 6 H 5 ) 3 M C H 2 O H and 2 - ( C 6 H 5 ) 3 M . 
. C 6 H 1 0 O H (M = Si, Ge) was however interpreted by means of IR spectroscopy in terms of 
the (p — d) a interaction of the oxygen w ith the a tom M (ref . 4 , 5 ) . The existence of this interaction 

I 
has been deduced f rom comparison of the relative acidity of the alcohols ( C 6 H 5 ) 3 M ( C ) n O H 

| i 
(M = C, Si, Ge) which was estimated f rom the shift of the IR absorpt ion band of the hydroxy 
group of the alcohol due to its interaction with te t rahydrofuran and dimethylsulfoxide. However, 
the relative acidity of some phenylalkanols (Av(OH) = v (OH) f r e e — v(OH) a s s o c ) could not be 
evaluated for the following reasons. With tr iphenylmethylsubsti tuted alcohols of the type 
( C 6 H 5 ) 3 C ( C H 2 ) n O H (n — 0—2), format ion of intramolecular hydrogen bond between hydroxylic 
hydrogen and 7r-electrons of benzene ring takes p lace 7 ; this bond is w e a k 7 - 9 in ( C 6 H 5 ) 3 C O H 
and ( C 6 H 5 ) 3 C ( C H 2 ) 2 O H but makes it impossible to determine the accurate posit ion of the v(OH) 
band for both compounds. Although such intramolecular hydrogen bond has no t been reported 
for 2 - ( C 6 H 5 ) 3 C C 6 H 1 0 O H , the same values of the v(OH) for this c o m p o u n d 4 ' 5 a n d 2,2,2-tri-
phenylethanol 7 3590 c m - 1 ) can be ascribed to analogous conformers / and II with strong 
intramolecular hydrogen bond (2-triphenylmethylcyclohexanol was prepared""' by reaction leading 
to the trans i somer 1 0 , the equatorial position of the tr iphenylmethyl group on cyclohexane is 
energetically favoured). There are data (e.g.11 - l 3 ) which convincingly show that intramolecular 
hydrogen bond between hydroxyl group and the proton acceptor in position 6 is preferable to the 

* Part C X X I X in the series Organosilicon Compounds ; Part CXXV15I: This J o u r n a l s , 
1341 (1975). Part XXII in the series Organogermanium Compounds ; Part XXI: This Journal 39, 
3705 (1974). 
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interaction with proton acceptor in position 5. The stronger hydrogen bond in 2-triphenylmethyl-
cyclohexanol (only the v(OH) band at 3 590 c m - 1 ) (ref.4) compared to 3,3,3-triphenylpropanol 
(v(OH) f ree at 3633 c m - 1 and v(OH)assoc 3601 c m - 1 ) (ref.7) demonstrates further the effect of 
the rigidity of the structure. Replacement of the quarternary carbon of the compounds (C 6 H 5 ) 3 _ n 

(CH 3 ) nC(CH 2 )mOH (m = 1,2) by silicon leads to such weakening14 of the hydrogen bond (this 
is obviously also true for the replacement of the carbon by germanium) that the v(OH) f r ee band 
position can be directly read. The neglection of the intramolecular hydrogen bond in the series 

I 
(C 6 H 5 ) 3 M(C)„OH (n = 1,2) leads therefore to erroneous interpretation of the Av(OH) values. 

In fact, the alcohols ( C 6 H 5 ) 3 M C H 2 O H and 2 - (C 6 H 5 ) 3 MC 6 H 1 0 OH with M = Si and Ge were 
considered more acidic than their carbon analogues4,5. 

We previously investigated by IR spectroscopy the possibility of intramolecular 
interaction in the alcohols (CH3)3M(CH2)nOH (M = Si, Ge; n = 1,2). In this work 
we consider it useful to discuss these data (IR spectra, relative basicities and relative 
acidities) in relation to the same properties of some other alcohols. 

EXPERIMENTAL 

Substances. 2,2-Dichloroethanol and 2,2,2-trichloroethanol were prepared by reduction of 
2,2-dichloroacetyl chloride or chloral with lithium aluminium hydride. Their physical constants 
(Cl 2 HCCH 2 OH; b.p. 53°C/8 Torr, 1-4668; Cl 3 CCH 2 OH: b.p. 60°C/20Torr, 1-4868) 
agreed with reported data. Preparation of the alcohols (CH 3 ) 3 M(CH 2 ) n OH (M = C, Si, Ge; 
n = 1,2) was described elsewhere1 '2 , 1 5 . Methanol, ethanol, 1-propanol, 2-propanol, allyl alcohol, 
1-butanol, 2-chloroethanol, phenol (all supplied by Lachema, Brno), benzyl alcohol (Sojuz-chim-
export, Moscow), 2-phenylethanol, 2-bromoethanol, tert-butanol (all supplied by Fluka AG., 
Buchs) and 2-butanoi (Reanal, Budapest) were rectified before use. Tetrahydrofuran (THF) was 
dried by LiAlH4 and rectified. Tetrachloromethane was of spectrograde purity (both supplied 
by Lachema, Brno). 

IR spectra were recorded with a double-beam Zeiss (Jena). Model UR-20 spectrophotometer 
in the 3 100 — 3 700 c m - 1 region (LiF prism). With the aim of evaluating the relative acidity and 
basicity of the hydroxy group of the alcohols, the IR spectra in the region of hydrogen bonds 
were measured with following systems: 0-02M phenol/0-5M alcohol/CCl4 (alcohol as proton accep-

V 

I II 
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tor) and 0 0 2 M alcohol/1 M tetrahydrofuran/CCI4 (alcohol as proton donor). The reference cell 
contained 0-5M solution of a given alcohol in CC14 and 1M solution of tetrahydrofuran in CC14, 
respectively. The sodium chloride cell used was 0-01 cm thick. Wavenumbers were read with an 
accuracy of ± 3 c m - 1 , the Av values were taken as an average of three measurements. 

R E S U L T S A N D D I S C U S S I O N 

The order of relative basicities or acidities in liquid phase (in solvent) is analogous 
to the order of relative intrinsic basicities or acidities only when solvation does not 
affect the resonance and electrostatic effects of substituents as well as the character 
of , , th rough space" intramolecular interaction between substituent and the center of 
acidity (basicity). In other words, solvation effects should not be more important 
than molecular effects. The IR spectroscopic determination of basicities (acidities) 
in aprotic CC14 is based on the Badger-Bauer relat ion1 6 '1 7 whose general applicability 
was questioned, but for appropriately chosen donor (acceptor) solvent systems was 
confirmed by Drago and collaborators (cf . 1 8~ 2 0) . This evaluation provides cancel-
lation of levelling effect21, and with appropriately chosen systems it does not involve 
formation of ion-aggregates22. Equilibrium reactions ( l ) ~ (2 ) studied in the present 
work can be considered as the equilibria of isoionic acid (base), and their influencing 
by solvent23 consists only in formation of collision complexes24 of all the components 
present. 

X ( R O H ) n C c i 4 n (ROH)CCI4 (la) 

H O P h l 
RO' ' (lb) 

H J e c u 
III 

( R O H ) c c u M ( T H F ) c c i , ^ ^ [ R O H . . . T H F k c i 4 (2) 

IV 

Although the conditions used in the measurements of relative acidity (basicity) 
(in CC14) do not prevent the alcohols f rom being associated, the equilibrium ( la ) 
exists between the associates and the monomer. It can be therefore assumed that only 
the monomer interacts with phenol, since the oxygen of n-mers is already engaged in 
interaction with additional molecule of the alcohol. In Table I are recorded shifts of 
the v(OH) band of phenol due to its interaction with alcohols (relative basicity) and 
shifts of the v(OH) band of the alcohols due to their interaction with tetrahydrofuran 
(relative acidity). Correlations of these quantities with various substituent constants 
including polar effects, are presented in Table II. 

Before entering into the discussion of basicities of the alcohols, it should be noted 
that the methods for evaluating weak bases35, and particularly alcohols36 , are in 

( R O H ) c c u + ( P h O H ) c c u 
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amphiprotic solvents complicated by levelling effect, and in strong acids by difficulties 
in defining solvated species. The fact that the order of relative basicities of the oxy-
geneous bases in strong acids (ROR > ROH > HOH), which was deduced from the 
correlation of the enthalpy of protonation of bases by strong acids with their P-K^s i n 

water37, is consistent with the order of proton affinities of the alcohols in gas phase38 

is thus very surprising. The basicities of alkanols obtained in this work by following 
interaction of the alcohols with phenol in CC14 (Table I) can be explained by prevailing 
electron donor effect of alkyl groups in the complex formed between the alcohol and 
phenol (III). Relative basicities of the alcohols (CH3)3Si(CH2)nOH (n = 1,2) 
are controlled in the same way and correlate with Taft a* constants (Table II, 
correlations 1 and 2). The electron donor effects of (CH 3 ) 3MCH 2 - or (CH3)3M(CH2)2-
(M = Si, Ge) groups are essentially identical. The basicity of the other alcohols 
decreases with increasing a* constants of the substituent attached to the OH group. 
The better correlation of relative basicities of the alcohols Av(OH) can be achieved 

T A B L E I 

Relative Basicity and Relative Acidity of Alcohols ROH in CC14 

R Av(OH), phenol Av(OH), THF 
cm - 1 cm - 1 

(CH 3) 3SiCH 2
a 246 145 

(CH 3 ) 3 C 243 1456 

(CH 3 ) 3 GeCH 2
c 243 150 

(CH3)3Si(CH2)2
a 240 149 

(CH 3 ) 3Ge(CH 2 ) 2 240 150 
(CH 3 ) 2 CH 238 — 

C 2 H 5 (CH 3 )CH 236 — 

(CH 3 ) 3 C(CH 2 ) 2
c 236 151 

(CH 3 ) 3 CCH 2 228 154 
1-C4H9 230 — 

1-C 3H 7 228 — 

C 2 H 5 227 154b 

C 6 H 5 ( C H 2 ) 2 227 -

CH 3 215 161b 

C 6 H 5 C H 2 213 — 

C H 2 = C H C H 2 205 — 

Br(CH2)2 199 — 

CI(CH2)2 189 164 
CI 2HCCH 2 155 208 
CI3CCH2 124 238 

a Ref.2 5; b ref.2 6 ; c ref.2 7 . 
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by dividing the alcohols into alkanols and the hydroxy derivatives whose conformers 
can form intramolecular hydrogen b r i d g e 1 1 , 3 9 - 4 1 (Fig. 1). Comparatively higher 
basicity of this series of alcohols (line 2) is then obviously due to this interaction. The 
lower basicity (deviation f rom the correlation line) of the alcohols R O H [R = 
= (CH 3) 3C-, (CH 3 ) 3 CCH 2 - , and presumably also C 2 H 5 (CH 3 ) CH-] could be 
explained by steric hinderance of the formation of the alcohol.. . phenol associate or 
by steric hindrance of the solvation of this associate. 

T A B L E I I 

Correlation of Relative Basicities and Relative Acidities of Alcohols R C H 2 O H in CC14 with 
Constants of Polar Effect of Substituents R and R C H 2 

Quantity Substituent Number Correlation Denotat ion of 
correlated constant of data coefficient correlation 

Relative <7*(R)° 14 0-987 1 
basicity <r*(RCH,)b 16 0-977 2 

10 0-915 3 
<x,(R)e 4 0-882 4 
<t , (RCH 2 ) / 16 0-877 5 
CyiR)* 6 0-456 6 

Relative a*(RCH2)b'h 7 0-994 7 
acidity cr*(R)a 7 0-965 8 

a R e f s 2 8 ' 2 9 ; b Fig. 1; CT*(RCH2) calculated as <XR/2-8; c r e f . 3 0 ; d r e f . 3 1 ; e r e f . 3 2 ; - W . 3 3 ; 3 ref . 3 4 ; 
h Fig. 2; C l ( C H 2 ) 2 O H not included. 

The degree of association of alcohols ROH with various proton acceptors and its 
influencing by substituent R were already studied with the use of IR spectroscopy. 
The integral intensity of the v(OH)assoc band was successfully correlated with Taft 
a* constants of substituents R (ref.42). The possibility of correlating the free enthalpy 
of hydrogen bond formation with Av(OH)/v(OH) f r ee and with a* was confirmed also 
for association of the alcohols with acetonitrile43. The data just mentioned are in 
agreement with the order of relative acidities of the alcohols established in this work. 
The decrease of the acidity of alcohols R O H on going from R = CH 3 to the higher 
alkyls (Fig. 2) shows that the equilibrium reaction (2) is not controlled by the —I 
effect of alkyl groups6 0 . This effect would operate in R O H molecules, and particularly 
in their complexes with THF, in which case it would facilitate dereal izat ion of the 
excess negative charge at the oxygen and stabilize the complex. The order of the 
relative acidities of alkanols in CC14 is consistent with the sequence of dissociation 
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constants of the alcohols in 2-propanol44 and in water45 (X(CH3OH) > 
> K(C2H5OH)). This indicates that intrinsic acidities of alcohols4 6 - 5 1 in CCI4. are 
also modified by solvent effect. In this case especially solvation of alcohols by THF 
must be assumed, because of high THF concentration used, but also solvation of 
alcohols by CC14 may be considered (see later). The dependence of the v(OH) shifts 
of the alcohols induced by their interaction with THF on a* constants is shown in 
Table II (correlations 7 and 8); the relative acidities of the alcohols (CH3)3Si(CH2)nOH 
(n = 1,2) do not deviate from this correlation line. The effects of (CH3)3MCH2- or 
(CH3)3M(CH2)2- groups (M = Si, Ge) are again comparable (Table I). In this case, 
the relative acidity of the alcohols that form intramolecular hydrogen bond is not 
influenced by this interaction, since conformers without this hydrogen bond associate 
with proton acceptor more easily43. The deviation of 2-chloroethanol from the 
correlation line (Fig. 2) seems therefore surprising. 

Solvation of alcohols by some aprotic solvents changes substantially their intrinsic 
equilibrium constants and can affect therefore also the characteristic quantities of 
their IR spectra (the intensity and wavenumber of the v(OH) band) which could 
otherwise reflect the real molecular structure of these compounds. Solvation of 
alcohols by chlorinated solvents has been discussed in terms of interaction of the 
hydroxylic hydrogen with the negative atom of the solvent which is obviously control-
led by the electron density of this atom52. The interpretation of the v(OH) values of 
the alcohols RCH2OH has most frequently been based on conformational hetero-
geneity and on the assumption that v(OH) is determined above all by the type of 

2 5 0 P v 2 5 0 -J 

\ 

0 0-5 ff 1-0 -05 0 0-5 6* 1-C 

FIG. 1 
Dependence of Av ( cm - 1 ) of ROH-Phenol 
System in CC14 on a* 

The Av's taken from Table I. 

Fig. 2 
Dependence of Av ( c m - 1 ) of ROH-THF 
System in CC14 on a* 

The Av's taken from Table I. 
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conformer, i.e. by the precinct of the O H group (e.g.53'55). The explanation of the 
decrease of v(OH) observed when going from primary to tertiary alcohols R O H by 
increasing total —I effect of group R is not then quite correct, although the decrease 
of v(OH) of the alcohols with increasing acidity was noticed56 . The lower value of 
v(OH) of the antiperiplanar conformer of ethanol relative to methanol in gas phase5 7 

and in CC14 (e .^ . 5 3 , 5 8 , 5 9 ) would indicate that the interaction of CC14 with R O H is 
not strong enough to cause that the alkyl group would influence the hydroxy group 
not by the —I effect* but by electron-donating effect due to its polarizability. The 
electron acceptor ability of (CH 3 ) 3 MCH 2 - groups (M = Si, Ge) was envoked to 
explain62 also the lower v(OH) of the alcohols ( C H 3 ) 3 M C H 2 O H in CC14 compared 
to ( C H 3 ) 3 C C H 2 O H . Although relative basicity (see above) of these alcohols agrees 
with the electron-donating effect of (CH 3 ) 3 MCH 2 - groups, polarisability of (CH3)3 . 
. M C H 2 - groups is not induced by solvation of molecules of ( C H 3 ) 3 M C H 2 O H 
(M = Si, Ge) with tetrachloromethane. 

Conformational population seems to complicate also comparison of the acidities 
of alcohols in CC14 evaluated from the intensities of v(OH) bands. The accurate 
determination of this quantity requires comparison of solutions containing analogous 
rotamers in the same concentration. The argument that a certain significance can be 
attributed to intensities only in case that alcohols are represented predominantly by 
the same type of conformer may be however weakened by the fact that the process of 
gradual dissociation of the O — H bond during its vibration is controlled above all by 
polarisability of group R. The order of the intensities of v(OH) of the alcohols ROH 
is not however consistent with this assumption: C H 3 O H > C 2 H 5 O H > (CH3)2 . 
. C H O H > (CH 3 ) 3 COH (ref.63-64). The intensities of v(OH) bands of primary 
alcohols show, however, the following trend: C H 3 O H < C 2 H 5 O H < n - C 4 H 9 O H 
(ref.65); C H 3 O H < (CH 3 ) 3 CCH 2 OH ~ ( C H 3 ) 3 M C H 2 O H (M = Si, Ge) (ref.62). 
The latter data are not complicated by steric effects of neighbouring groups, which is 
the case with secondary and tertiary alcohols, since the alcohols ( C H 3 ) 3 M C H 2 O H 
(M = C, Si, Ge) are represented mainly by one (trans) conformer. For that reason 
the above data could indicate that the —I effect of alkyl groups is not significantly 
affected by solvation with CC14. The electron-accepting effect of (CH 3 ) 3 MCH 2 - groups 
is surprising in relation to the polarity of the Si—C bond and was ascribed to the 
back donation of electrons from the oxygen to the atom M, i.e. to the so-called 
a effect62. 

The better correlation of equilibrium data with a* than a, constants (Table II) 
confirms complex character of equilibrium data. These correlations indicate that the 
effects of solvation phenomena on studied equilibria in CC14 and on equilibrium 
reactions in water and related solvents result in the same order of relative equilibrium 

* The — I effect of alkyl groups in molecules of ROH was pointed out in the work 6 0 which 
was however criticised61. 
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cons t an t s , a l t h o u g h the n a t u r e a n d extent of solvat ion in b o t h systems is marked ly 
d i f ferent . 

T h e de te rmina t ion of molecu la r effects in c o m p o u n d s ( C H 3 ) 3 M ( C H 2 ) n O H f r o m 
equ i l ib r ium d a t a is then compl ica ted . (The relative acidi ty is con t ro l led a b o v e all by 
so lva t ion p h e n o m e n a , t he relat ive basicity is con t ro l led p r e d o m i n a n t l y by polar is-
abil i ty of the g roups a t t ached to the O H group) . P rov ided tha t solvat ion effects in the 
series ( C H 3 ) 3 M ( C H 2 ) n O H with n — 1 a n d n = 2 a re comparab le , t he o rder of 
relat ive acidit ies of the a lcohols ( C H 3 ) 3 M C H 2 O H , C > G e > Si, can be expla ined 
by the lower abil i ty o f ( C H 3 ) 3 M C H 2 - g roups ( M = Si, Ge) to stabilize complex IV. 
T h e in t e rp re t a t i on of the o rder of relat ive basici ty in the same series of the a lcohols , 
C < G e ^ Si, is inf luenced by steric effect of the ( C H 3 ) 3 C C H 2 - g roup . However , 
as mo lecu la r effects a re m o r e i m p o r t a n t in this case t h a n solvat ion p h e n o m e n a , 
f r o m the cor re la t ion line 2 it fo l lows t h a t ( C H 3 ) 3 M C H 2 - g r o u p s ( M = Si, Ge) 
possess compara t ive ly greater abili ty to stabilize c o m p l e x / / / . This abili ty of ( C H 3 ) 3 . 
. M C H 2 - g roups to stabilize b o t h complexes indicates the absence of in t r amolecu la r 
in te rac t ion in these complexes which would o therwise decrease the e l ec t ron-dona t ing 
effect of ( C H 3 ) 3 M C H 2 - g roups . T h e I R spec t roscopic d a t a (see above ) speak however 
in f a v o u r of the occur rence of such in te rac t ion in the molecules of a lcohols a lone. 
T h e con t ro l of equi l ib r ium d a t a of the a lcohols ( C H 3 ) 3 M C H 2 O H by the e lec t ron-
d o n a t i n g effect of ( C H 3 ) 3 M C H 2 - g roups in complexes III a n d IVshould be the re fo re 
d u e t o polar isabi l i ty of these g roups , i.e. by the ext inct ion of i n t r amolecu la r in ter-
ac t ion resul t ing f r o m the need of c o m p e n s a t i n g the e lect ron deficit on in te rac t ing 
oxygen (in complex I I I ) , o r likely by electronic s a tu ra t ion of t he a t o m M t h r o u g h 
a b o n d (in complex IV). 

Discuss ion of molecu la r effects in the a lcohols ( C H 3 ) 3 M ( C H 2 ) 2 O H is m a d e 
diff icul t by small differences in equ i l ib r ium d a t a a n d I R quant i t ies f o r these a lcohols 
( M = Si, Ge ) a n d ( C H 3 ) 3 C ( C H 2 ) 2 O H . T h e cor re la t ion of equ i l ib r ium d a t a of 
the a lcohols wi th a* cons t an t s (Table II, co r re la t ions 1 a n d 8) speaks f o r the e lec t ron-
d o n a t i n g effect of ( C H 3 ) 3 S i ( C H 2 ) 2 - ( and also ( C H 3 ) 3 G e ( C H 2 ) 2 - ) g r o u p in complex 
III; i n t r amolecu la r in terac t ion of the O M type is t o o weak or i m p r o b a b l e . 

REFERENCES 

1. Speier J. L., Daubert B. F., Mc Gregor R. R.: J. Amer. Chem. Soc. 70, 1117 (1948). 
2. Krumpolc M., Bazant V., Chvalovsky V.: This Journal 38, 711 (1973). 
3. Pola J., Bazant V., Chvalovsky V.: This Journal 37, 3885 (1972). 
4. Peddle G. J. D., Woznow R. J., McGeachin S. G.: J. Organometal. Chem. 17, 331 (1969). 
5. Peddle G. J. D.: J. Organometal. Chem. 14, 115 (1968). 
6. Egorockin A. N., Vjazankin N. S„ Chorsev S. Y.: Uspechi Chim. 41, 828 (1972). 
7. Pit'ha J., Horak M.: This Journal 25, 1586 (1960). 
8. Schleyer P. R., Wintner C., Trifan D. S., Bacskay R.: Tetrahedron Lett. 14, 1 (1959). 
9. Oki M., Iwamura H.: Bull. Chem. Soc. Jap. 32, 950 (1959). 

Collect ion Czechoslov. Chem. Commun. [Vol. 40] [1975] 



Proton Donor and Proton Acceptor Ability of Some Alcohols 2071 

10. Parker R. E., Isaacs N. S.: Chem. Rev. 59, 737 (1959). 
11. Krueger T. J., Mettee H. D.: Can. J. Chem. 43, 2645 (1965). 
12. Foster A. B., Haines A. H., Stacey M.: Tetrahedron 16, 177 (1961). 
13. Mori M., Nakamura E., Tsuzuki Y.: Bull. Chem. Soc. Japan 40, 2191 (1967). 
14. Pola J., Papouskova Z., Chvalovsky V.: This Journal 38, 1522 (1973). 
15. Krumpolc M., Chvalovsky V.: This Journal 37, 1392 (1972). 
16. Badger R. M., Bauer J. M.: J. Chem. Phys. 5, 839 (1937). 
17. Badger R. M : J. Chem. Phys. 8, 288 (1940). 
18. Drago R. S., Epley T. D.: J. Amer. Chem. Soc. 91, 2883 (1969). 
19. Epley T. D „ Drago R. S,: J. Amer. Chem. Soc. 89, 5770 (1967). 
20. Drago R. S.: Structure and Bonding 15, 73 (1973). 
21. Bell R. P.: The Proton in Chemistry, p. 41. Methuen, London 1959. 
22. Drago R. S.: Structure and Bonding 15, 78 (1973). 
23. Bellamy L. J., Williams R. L.: Proc. Roy. Soc. (London) A 254, 119 (1960). 
24. Horak M., Pliva J.: Spectrochim. Acta 21, 911 (1965). 
25. Pola J.: Thesis. Czechoslovak Academy of Sciences, Prague 1970. 
26. Hirschmann R. P., Anderson R. L., Harnish D. F., Fox W. B.: Spectrochim. Acta 24, A1271 

(1968). 
27. Krumpolc M.: Thesis. Czechoslovak Academy of Sciences, Prague 1970. 
28. Taft R. W. v Newmann N. S.: Steric Effects in Organic Chemistry. Willey, New York 1956. 
29. Hine J., Bailey W. C.: J. Amer. Chem. Soc. 81, 2075 (1959). 
30. Taft R. W., Lewis I. C.: J. Amer. Chem. Soc. 80, 2436 (1958). 
31. Taft R. W., Price E., Fox I. R., Lewis I. C., Anderson K. K., Dawis G. I.: J. Amer. Chem. 

Soc. 85, 709 (1963). 
32. Ehrenson S. E., Brownlee R. T. C., Taft R. W.: Progr. Phys. Org. Chem. 10, 1 (1973). 
33. Charton M.: J. Org. Chem. 29, 1222 (1964). 
34. Swain C. G., Lupton E. C.: J. Amer. Chem. Soc. 90, 4328 (1968). 
35. Arnett E. M.: Progr. Phys. Org. Chem. 1, 223 (1963). 
36. Weston R. E., Ehrenson S., Heinzinger K.: J. Amer. Chem. Soc. 89, 481 (1967). 
37. Arnett E. M., Quirk R. P., Burke J. J.: J. Amer. Chem. Soc. 92, 1260 (1970). 
38. Long J., Munson B.: J. Amer. Chem. Soc. 95, 2427 (1973). 
39. Krueger P. J., Mettee M. D.: Can. J. Chem. 42, 326 (1964). 
40. Krueger P. J., Mettee M. D.: Can. J. Chem. 42, 340 (1964). 
41. Schleyer P. R., Trifan D. S., Bacskai R.: J. Amer. Chem. Soc. 80, 6691 (1958). 
42. Chiurdoglu G., Masschelein W., van Haverbeke Y.: Bull. Soc. Chim. Beiges 71, 478 (1962). 
43. Chayretdinova A. K., Perelygin I. S.: Opt. Spektrosk. 26, 62 (1969). 
44. Hine J., Hine M.: J. Amer. Chem. Soc. 74, 5266 (1952). 
45. Ballinger P., Long F. A.: J. Amer. Chem. Soc. 82, 795 (1960). 
46. McAdams M. J., Bone L. I.: J. Phys. Chem. 75, 2226 (1971). 
47. Brauman J. I., Blair L. K.: J. Amer. Chem. Soc. 90, 6561 (1968). 
48. Brauman J. I., Blair L. K.: J. Amer. Chem. Soc. 92, 5986 (1970). 
49. Kebarle P., Haynes R. N., Collins J. G.: J. Amer. Chem. Soc. 89, 5753 (1967). 
50. Bohme D. K., Lee-Ruff E., Young L. B.: J. Amer. Chem. Soc. 93, 4608 (1971). 
51. Mclver R. T., Scott J. A., Riberos R. M.: J. Amer. Chem. Soc. 95, 2706 (1973). 
52. Cole A. R. M., Little L. M., Michell A. J.: Spectrochim. Acta 21, 1169 (1965). 
53. Joris L., Schleyer P. R., Osawa E.: Tetrahedron 24, 4759 (1968). 
54. Oki M., Iwamura H.: Bull. Chem. Soc. Japan 32, 1135 (1959). 
55. Dalton F., Meakins G. D., Robinson J. M., Zaharia W.: J. Chem. Soc. 1962, 1566. 
56. Batnev M. I., Mescheryakov A. P., Matveeva A. D.: Z. Exp. Teor. Fiz. 20, 318 (1950). 

Col lec t ion Czechos lov . c h e m . C o m m u n . [Vol. 40] [1975] 



2072 Pola, Jakoubkova, Chvalovsky 

57. Welti D., Stephany R.: Appl. Spectrosc. 22, 678 (1968). 
58. Weinman J., Weinman S.: Compt. Rend., Ser. C, 264, 1248 (1967). 
59. Saier E. L., Cousin L. R., Basila M. R.: J. Chem. Phys. 41, 40 (1964). 
60. Jackman L. M., Kelly D. P.: J. Chem. Soc. (B) 1970, 103. 
61. Lewis P. M. E., Robinson E.: Tetrahedron Lett. 1970, 2783. 
62. Pola J., Jakoubkova M., Chvalovsky V.: This Journal 39, 2651 (1974). 
63. Flynn T. D., Werner R. L., Graham B. M. G.: Aust. J. Chem. 12, 575 (1959). 
64. Brown T. L., Rogers M. T.: J. Amer. Chem. Soc. 79, 577 (1957). 
65. Barrow G. H.: J. Phys. Chem. 59, 1129 (1955). 

Translated by J. Hetflej^. 

Col lec t ion Czechos lov . Chem. C o m m u n . [Vol. 40] [1975] 


	19752063_Page_01.pdf
	19752063_Page_02.pdf
	19752063_Page_03.pdf
	19752063_Page_04.pdf
	19752063_Page_05.pdf
	19752063_Page_06.pdf
	19752063_Page_07.pdf
	19752063_Page_08.pdf
	19752063_Page_09.pdf
	19752063_Page_10.pdf

