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The course of acid-catalyzed liquid-phase fluorination of methyl-substituted benzene derivatives with xenon 
difluoride depends strongly on the structure and concentration of the substrate, ita molar ratio to xenon dffluoride, 
and the catalyst. HF-catalyzed fluorination of 1,2,4,5-tetramethylbnzene (1) with an equimolar amount of xenon 
difluoride gave a small amount of l&difluoro product 2, while reaction with 2 equiv of xenon difluoride, besides 
difluoro product 2, also gave the demethylated product l-fluore2,4,5-trimethylbenzene (3), which was also formed 
by HF-catalyzed fluorination of 1,3,4-trimethylbenzene. Trifluoroacetic acid catalyzed fluorination of 1 is much 
more complex, resulting in the four products l-(trifluoromethyl)-2,3,5,6tetramethylbenzene (4), 2,4,5-trimethylbnzyl 
trifluoroacetate (5), l-fluoro-2,3,5,6-tetramethylbenzene (6), and l-(trifluoromethyl)-2,3,4,5-tetramethylbenzene 
(7), the distribution depending on the amount of CF,COOH used. Similar results were also observed in the 
fluorination of 1,2,3-trimethylbenzene and 1,3,5-trimethylbenzene. 

The course of the fluorination of organic molecules with 
xenon difluoride depends on the structure of the molecules, 
the catalyst and solvent used, and the temperature; ho- 
molytic and heterolytic Xe-F bond cleavage was sug- 
gested.' Filler and co-workers have done pioneering work 
on the fluorination of aromatic molecules in the liquid 
phase,,+ while MacKenzie and Fajer have studied xenon 
difluoride reactions with aromatic compounds in the vapor 
phase! Liquid-phase fluorination of various substituted 
benzene derivatives gave fluorinated produds in high yield, 
while the fluorination of 1,3,5-trineopentylbenzene gave 
a complex mixture of 13 components, and 2% of 1- 
fluoro-2,4,6-trineopentylbenzene was i~ola ted .~  Some of 
the reasons for the complex course of the reaction could 
be the high molar ratio of xenon difluoride to substrate 
(6.73:2.7), the high concentration of substrate, or the 
structure of the substrate. We have already demonstrated 
that fluorination of 9,10-dihydroanthracene and triptycene 
must be carried out a t  much higher dilution.' It has also 
been demonstrated that electrophilic reactions of alkyl 
aromatics could also lead to side-chain substitution,8 and 
fluorination of hexamethylbenzene with XeF, gave pen- 
tamethylbenzyl fluoride? A small change in the structure 
of an organic molecule could dramatically change the 
course of trifluoroacetic acid catalyzed fluorinations. 
Reactions with cis- or trans-1-phenylpropene resulted in 
the formation of vicinal difluorides over &fluorocarbonium 
ions, while the reaction with styrene led to five products 
via fluoro radicals, trifluoromethyl radicals, and tri- 
fluoroacetoxy radicals formed by decomposition of 
FXeOCOCF3.10 

Interest in obtaining a better knowledge of the effect of 
the organic molecule on XeF, reactivity prompted our 
investigation of reactions of methyl-substituted benzene 
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derivatives in the presence of hydrogen fluoride or tri- 
fluoroacetic acid. 

Results and Discussion 
The reaction of 1 mmol of 1,2,4,5-tetramethylbenzene 

(1, Scheme I) in 2 mL of methylene chloride with 1 mmol 
of xenon difluoride in the presence of a catalytic amount 
of hydrogen fluoride gave only tar after 30 min, while the 
same reaction in 10 mL of methylene chloride resulted in 
the formation of a mixture containing 70% of the starting 
material, 1,4-difluorotetramethylbenzene, and tar. The 
mass spectrum of the tar contained signals a t  mle 434 
( C a $ J  and 302 (C,JI,F,), indicating the dimerization 
and trimerization reactions already observed in other 
aromatic systems.l-" The formation of hydroxy derivatives 
was also observed when no attention was paid to moisture 
exclusion. Reaction of 1 with 2 mmol of XeF, in the 
presence of hydrogen fluoride gave, besides tar, a small 
amount of 1,4-difluorotetramethylbenzene (2) and 1- 
fluoro-2,4,5-trimethylbenzene (3) in the ratio of 3:2. The 
demethylated product 3 was also formed by the fluorina- 
tion of 1,2,4-trimethylbenzene. Fluorination of 1,2,4,5- 
tetramethylbenzene (1) with xenon difluoride in the 
presence of trifluoroacetic acid resulted in the formation 
of the following four products (Scheme I), isolated by 
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Table I. Effect of the Amount of CF,COOH on the 
Product Distribution in the Fluorination of 

1,2,4,5-Tetramethylbenzene (1) and 
1,3,5-Trimethylbenzene ( 8 )  with Xenon Difluoridea 

Fluorination of 1 

Stavber and Zupan 

distribution, % mmol of 
CF,COOH 4 5 6 I 

0.5 32 25 39 4 
1.0 46 25 23 6 
1.5 48 28 17 7 

Fluorination of 8 

distribution, % mmol of 
CF,COOH 11 12  10 

0.5 18 18 64 
1 .o 24 24 52 
1.5 25 25 50 

a Relative yields were determinated by 19F NMR. Each 
experiment was repeated several times; the maximum 
error was r2%. All reactions were carried out at 25 "C 
with 1 mmol of substrate and 1 mmol of XeF, in 2 mL of 
methylene chloride, and 0.5, 1.0, or 1.5 mL of a 1 M 
solution of CF,COOH in methylene chloride was added. 

Scheme I1 

- 11 2 III 

preparative GLC: l-(trifluoromethyl)-2,3,5,6-tetra- 
methylbenzene (4), 2,4,5-trimethylbenzyltrifluoroacetate 
(5), l-fluoro-2,3,5,6-tetramethylbenzene (6), and l-(tri- 
fluoromethyl)-2,3,4,5-tetramethylbenzene (7). 

The effect of the amount of trifluoroacetic acid on 
product distribution, determined by 19F NMR spectros- 
copy, is presented in Table I. Larger amounts of CF3C- 
OOH increased the amount of trifluoromethyl-substituted 
product (4), diminished the amount of fluoro-substituted 
product (6), and slightly increased the amount of rear- 
ranged product (7), while the amount of trifluoroacetate 
remained nearly unchanged. The complex course of the 
reaction in the presence of trifluoroacetic acid has already 
been observed in the fluorination of styrene and di- 
phenylacetylene.1° 

HF-catalyzed fluorination of 1,3,5-trimethylbenzene (8, 
Scheme 11) in the presence of equimolar amounts of XeF2 
resulted in the formation of monofluoro product 10, while 
reaction with 2 mmol of XeF, gave one main product in 
30% yield, which was isolated by preparative GLC. On 
the basis of the spectroscopic data, we established the 
structure of product 9 as 1,3-difluoro-2,4,6-trimethyl- 
benzene. Trifluoroacetic acid catalyzed reaction of 8 gave 
l-(trifluoromethyl)-2,4,6-trimethylbenzene (ll), 3,5-di- 

Scheme I11 
COMPLEX 

wen, 

methylbenzyltrifluoroacetate (12), and l-fluoro-2,4,6-tri- 
methylbenzene (10). The effect of the amount of CF,C- 
OOH on the product distribution is presented in Table I. 

HF-catalyzed fluorination of 1,2,3-trimethylbenzene (13, 
Scheme 111) gave a 1:2 mixture of l-fluoro-3,4,5-tri- 
methylbenzene (14) and l-fluor0-2,3,4-trimethylbenzene 
(15). Further fluorination of the mixture of the two mo- 
nofluoro products 14 and 16 gave 1,2-difluoro-3,4,5-tri- 
methylbenzene (161, while reaction of 1,2,3-trimethyl- 
benzene (13) with 2 mmol of XeF2 gave a complex mixture 
of up to ten products. CF&OOH-catalyzed reaction with 
13 gave four products in relative yields as noted in Scheme 
111. 

It was demonstrated that the structure of the aromatic 
molecule plays an important role in the course of XeF, 
fluorinations, and the effect of the amount of XeF2 and 
the concentration of the organic substrate on the product 
formation was again confirmed. The products of 
CF3COOH-catalyzed fluorinations could be explained in 
a way similar to that for those already observed,1° i.e., the 
formation of xenon fluoride-trifluoroacetate, which can 
further decompose, thus forming intermediates (.F, CF3, 
...) and reacting further to the products observed. 

Experimental Section 
IR spectra were recorded by using a Perkin-Elmer 727B 

spectrometer, ?F NMR spectra with a JEOL JNM PS 100, and 
'H NMR spectra on a JEOL JNM 60 H1 from CCll or CDC13 
solutions, with Me& or CC13F as an internal reference. Mass 
spectra and high-resolution measurements were taken on a CEC 
21-210 spectrometer. Gas-liquid partition chromatography was 
carried out with a Varian Aerograph Model 2700 under conditions 
noted later for each experiment. 

Materials. Methyl-substituted benzenes are commercially 
available and were distilled before use. Hydrogen fluoride of Fluka 
Purum quality was used without further purification. Tri- 
fluoroacetic acid was distilled before use. Methylene chloride was 
purified" and stored over molecular sieves. Xenon difluoride was 
prepared by a photosynthetic method,12 and its purity was better 
than 99.5%. 

Fluorination of 1,2,4,5-Tetramethylbenzene (1). (A) HF- 
Catalyzed Reactions. To a solution of 1 (2 mmol) in methylene 
chloride (20 mL) in a Kel-F vessel was added xenon difluoride 
(2 "01) at 25 "C and under stirring. Trace amounts of hydrogen 
fluoride were introduced to the reaction mixture. After 30 min, 
xenon gas evolution ceased, and the reaction mixture was diluted 
with methylene chloride (20 mL), washed with an aqueous solution 
of NaHC08 and with water, and dried over anhydrous NazSO4. 
The solvent was evaporated in vacuo, and 245 mg of crude reaction 
mixture, containing large amounts of tar, was obtained. The 

(11) Weiasberger, A., Ed. "Technique of Organic Chemistry"; Inter- 
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Fluorination of Methyl-Substituted Benzenes 

mixture was then sublimed under reduced pressure, resulting in 
130 mg of a mixture of 1 and small amounta of 1,4-difluoro- 
2,3,5,64etramethylbenzene (2). Fluorination of 2 mmol of 1 in 
20 mL of methylene chloride with 4 mmol of xenon difluoride, 
catalyzed by hydrogen fluoride, after the workup procedure, gave 
230 mg of a mixture, which after sublimation under reduced 
pressure resulted in 120 mg of a mixture of the two products 2 
and 3 in the ratio of 3:2 (determined by '@F NMR). The products 
were isolated by preparative GLC (SE-30 lo%, Chromosorb A 
45/60, T = 135 "C). 
1,4-Difluoro-2,3,5,6-tetramethylbenzene (2): yield 30 mg 

(8.8%) of crystalline product; mp 55-56 "C; NMR 6(F) -126 (br 
s), 6(CH3) 2.2 (br 8 ) ;  mass spectrum; calcd for CloH12F2 m / e  
170.0907, found m / e  170.0910; m / e  (relative intensity) 170 (M', 
90), 155 (loo), 91 (20). 
l-Fluoro-2,4,5-trimethylbenzene (3): yield 20 mg (7%) of 

white volatile crystals; mp 25 "C; NMR 6(F) -126.5 (m), 6(CH3) 
2.22 (9 H, br s), 6(H6) 6.55 (1 H, d, J p H  = 9 Hz), b(H3) 6.7 (1 H, 
d, JFH = 7.5 Hz); mass spectrum, calcd for C a l l F  mle 138.0845, 
found m l e  138.0848; m / e  (relative intensity ) 138 (M+, 85), 
123 (loo), 109 (lo), 91 (5), 77 (8). 
(B) CF3COOH-Catalyzed Reactions. To a solution of 1 (2 

"01) in methylene chloride (20 mL) were added 2 mmol of xenon 
difluoride and 2 mL of 1 M CH3COOH in methylene chloride 
under stirring. After 30 min the reaction mixture was diluted 
with methylene chloride (10 mL), washed with aqueous NaHC03 
and with water, and dried over anhydrous N@04, and the solvent 
was evaporated in vacuo. The crude reaction mixture was analyzed 
by '9 NMR, and four products were isolated by preparative GLC 
(DDP 12%, Chromosorb Regular 100, T = 150 "C). 
l-(Trifluoromethyl)-2,3,5,6-tetramethylbenzene (4): yield 

45 mg (11%) of white crystals; mp 35-36.5 "C (lit.13 mp 37-38 
"C); NMR 6(CF3) -75.5 (m), S(CH3) 2.25 (6 H, m), 2.02 (6 H, m), 
6(H4) 6.9 (1 H, br 8); mass spectrum calcd for CllH13F3 mle 
202.0969, found m / e  202.0980, m / e  (relative intensity) 202 (M+, 
loo), 187 (go), 133 (50), 91 (15), 77 (10). 
2,4,5-Trimethylbenzyl trifluoroacetate (5): yield 30 mg 

(6%) of white crystals; mp 44-44.5 "C; Nh4R 6(CF3) -75 (s), 6(CHd 
2.3 (3 H, br s), 6(CH3) 2.2 (6 H, br s), 6(CH2) 5.26 (2 H, s), 6(H) 
7.0 (1 H, br s), 6.9 (1 H, br 8); masa spectrum, calcd for C12H1302F3 
m / e  246.0867, found m l e  246.0853; m l e  (relative intensity) 246 
(M', 25), 227 (5), 191 (30), 133 (loo), 132 (5.9, 100 (35), 93 (25), 
92 (60), 91 (30), 77 (10). 

l-Fluoro-2,3,5,6-tetramethylbenzene (6): yield 25 mg (8%) 
of white crystals; mp 52-53 "C; NMR S(F) -122 (br s), 6(CH3) 2.2 
(6 H, br s), 2.1 (6 H, br s), S(H) 6.6 (1 H, br s); mass spectrum, 
calcd for Cld-Il$ mle 152.1011, found mle 152.1010; mle (relative 
intensity) 152 (M+, 70), 137 (loo), 91 (lo), 77 (5). 

l-(Trifluoromethyl)-2,3,4,5-tetramethylbenzene (7): yield 
30 mg (7.5%) of white crystals; mp 34-34.5 "C (lit.13 mp 34-35 
"C); NMR 6(CF3) -52 (m), 6(CH3) 2.2 (9 H, br s), 2.3 (3 H, br s), 
6(H) 7 (1 H, br s); mass spectnun, calcd for CllH13F3 mle 202.0963, 
found m / e  202.0990; m l e  (relative intensity) 202 (M+, 100), 187 
(90), 133 (45). 

The effect of the amount of trifluoroacetic acid on product 
distribution formed by fluorination of 1, as determined by 19F 
NMR, is presented in Table I. 
Fluorination of 1,3,5-Trimethylbenzene (8). (A) HF- 

Catalyzed Fluorination. To a solution of 8 (2 mmol) in 
methylene chloride (4 mL) was added 2 mmol of xenon difluoride, 
and under stirring a catalytic amount of HF was introduced into 
the reaction mixture. After 20 min, xenon gas evolution had 
ceased, and after the usual workup procedure, 210 mg of crude 
reaction mixture was obtained. GLC separation (DDP 12%, 
Chromosorb Regular 100, T = 140 "C) resulted in 80 mg (29%) 
of colorless liquid l-fluoro-2,4,6-trimethylbenzene (10).14 

HF-catalyzed fluorination of a solution of 2 mmol of 8 in 4 mL 
of methylene chloride with 4 mmol of xenon difluoride, after the 
workup procedure and GLC separation, gave 95 mg (30%) of 
colorless liquid 1,3-difluoro-2,4,6-trimethylbenzene (9).14 
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l-Fluoro-2,4,6-trimethylbenzene (10): NMR b(F) -130.5 (m), 
S(CH3) 2.15 (6 H, br s), 2.10 (3 H, br s), b(H) 6.6 (2 H, dm, J F H  
= 7 Hz); mass spectrum, m l e  (relative intensity) 138 (M+, 80), 
137 (20), 123 (loo), 91 (5), 77 (5). 
1,3-Difluoro-2,4,6-trimethylbenzene (9): NMR S(F) -122 

(d, J F H  = 7 Hz), 6(CH3) 2.1 (9 H, br s), S(H) 6.6 (1 H, t, JHF = 
7 Hz); mass spectrum, mle (relative intensity) 156 (M+, 80), 155 
(40), 141 (100). 
(B) CF3COOH-Catalyzed Fluorination. To a solution of 

8 (2 mmol) in methylene chloride (8 mL) were added 2 mmol of 
xenon difluoride and 2 mL of 1 M CF3COOH in methylene 
chloride under stirring. After the workup procedure, 270 mg of 
crude reaction mixture resulted, which was analyzed by '@F NMR, 
and 10 (27%), 11 (21%), and 12 (14%) were isolated by prepa- 
rative GLC (DDP 12%, Chromosorb Regular 100, T = 150 "C). 
l-(Trifluoromethy1)-2,4,6-trimethylbenzene (11): yield 80 

mg (21%) of colorless liquid;13 NMR 6(CF3) -55 (m), 6(CH3) 2.35 
(6 H, m), 2.2 (3 H, br e), S(H) 6.7 (2 H, br s); mass spectrum, mle 
(relative intensity) 188 (M+, loo), 173 (78), 169 (15), 168 (lo), 119 
(go), 91 (20), 77 (15). 
3,5-Dimethylbenzyl fluoroacetate (12): yield 65 mg (14%) 

of liquid product; decomposes on heating; NMR S(CF3) -77 (br 
s), 6(CH3) 2.3 (6 H, br s), 6(CHz) 5.15 (2 H, br s), 6(H) 6.85 (3 H, 
br 8) ;  mass spectrum, calcd for ClIHllO2F3 mle 232.0711, found 
mle 232.0713; m / e  (relative intensity) 232 (M', 80), 187 (20), 186 
(lo), 119 (loo), 118 (20), 117 (20), 91 (20), 77 (20), 69 (15). 

The effect of the amount of trifluoroacetic acid on the product 
distribution resulting in the fluorination of 8 ,  as determined by 
19F NMR, is presented in the Table I. 
Fluorination of l,%,3-Trimethylbenzene (13). (A) HF- 

Catalyzed Fluorination. To a solution of 13 (2 mmol) in 
methylene chloride (4 mL) was added 2 mmol of xenon ditluoride, 
and under stirring a catalytic amount of hydrogen fluoride was 
introduced. After the workup, 230 mg of crude reaction mixture 
was isolated, which after purification by preparative GLC resulted 
in 105 mg (38%) of a mixture of l-fluoro-3,4,5-trimethylbenzene 
(14) and l-fluoro-2,3,4-trimethylbenzene (15) in the ratio 1:2. We 
were unable to separate products 14 and 15; however, further 
HF-catalyzed fluorination of 70 mg of this mixture in methylene 
chloride (2 mL) with 70 mg of xenon difluoride gave 55 mg (70%) 
of crude product 16. Purification of 16 by preparative GLC (DDP 
12%, Chromosorb Regular 100, T = 140 "C) resulted in 20 mg 
(25%) of colorless liquid 1,2-difluoro-3,4,5-trimethylbenzene (16). 
1,2-Difluoro-3,4,5-trimethylbenzene (16): NMR S(F) -144 

(1 F, dm, J = 24, 12 Hz), -146 (1 F, dm, J = 24, 7.5 Hz), 6(CH3) 
2.1 (3 H, br s), 2.2 (6 H, br s), 6(H) 6.7 (1 H, J = 12,7.5 Hz); mass 
spectrum, calcd for CgH182 mle 156.0766, found mle 156.0770; 
m l e  (relative intensity) 156 (M', 651, 155 (25), 141 (100). 

HF-catalyzed fluorination of 2 mmol of 13 with 4 mmol of xenon 
difluoride gave a complex reaction mixture, containing up to ten 
products. 

(B) CF3COOH-Catalyzed Fluorination. To a solution of 
13 (2 mmol) in methylene chloride (8 mL) were added 2 mmol 
of xenon difluoride and 2 mL of 1 M CF3COOH in methylene 
chloride under stirring. After the workup, 260 mg of crude reaction 
mixture was isolated, which was analyzed by 19F NMR. The 
relative yields of the products formed are noted in Scheme 111. 
Products were isolated by preparative GLC (SE-30 lo%, Chro- 
mosorb A 45/60, T = 110-140 "C). 

l-(Trifluoromethyl)-2,3,4-trimethylbenzene (17): yield 15 
mg (4%) of colorless liquid; NMR 6(CF3) -62 (m), 6(CH3) 2.25 
(6 H, br s), 2.15 (3 H, br s), 6(H) 6.8 (1 H, d, J = 8 Hz), 7.15 (1 
H, d, J = 8 Hz); mass spectrum, calcd for C1&11F3 m / e  188.0813, 
found m l e  188.0812; m l e  (relative intensity) 188 (M+, 80), 173 
(loo), 119 (50), 91 (lo), 77 (10). 
2,6-Dimethylbenzyl trifluoroacetate (18): yield 40 mg (9%) 

of oily product; decomposes on heating; NMR 6(CF3) -77 (m), 
6(CH3) 2.32 (6 H, br s), 6(CH2) 5.28 (2 H, br s), S(H) 6.85 (3 H, 
br 8); mass spectrum, calcd for CllH1102F3 m / e  232.0711, found 
m l e  232.0713, m / e  (relative intensity) 232 (M', 30), 187 (10 ), 
119 (go), 118 (loo), 105 (lo), 104 (lo), 91 (25), 77 (lo), 69 (25). 
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l-Fluor0-3,4,5-trimethylbenzene (14) and 1-fluoro-2,3,4- Registry NO. 1,95-93-2; 2,10585-06-5; 3,400-01-1; 4,3360-65-4; 
trimethylbenzene (15): yield 75 mg (27%) of a liquid mixture 
in the ratio of 1:4 14/15; we were unable to separate the two 
products; NMR for 14 b(F) -128.5 (t, J = 9 Hz); NMR for 15 b(F) 
-130 ppm (m). Both products were transformed with xenon 
difluoride in to 1,2-difluoro-3,4,5-trimethylbenzene (16). 

5,85649-60-1; 6,319-92-6; 7,3360-61-0; 8, 108-67-8; 9, 392-61-0; 
10, 392-69-8; 11, 3360-56-3; 12, 52040-88-7; 13, 526-73-8; 14, 
52547-91-8; 15, 52547-99-6; 16, 85649-61-2; 17, 85649-62-3; 18, 
85649-63-4; XeF2, 13709-36-9; HF, 7664-39-3; CF,COOH, 76-05-1; 
1,3,4-trimethylbenzene, 95-63-6. 

A Simple Method for Predicting Hydration Energies of Organic Cations 
Derived from Protonation or Alkylation of Neutral Oxygen and Nitrogen 
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A simple method is presented for predicting the hydration free energies of certain organic cations on the basis 
of additive group contributions and an electrostatic component. Approximate hydration effects accompanying 
protonation or alkylation of various functional groups are tabulated and illustrated with reference to published 
data on benzylation of adenosine and guanosine in aqueous mixtures. 

Qualitative reasoning based on the idea that charge 
development is facilitated in solvents of high dielectric 
constant and that small ions are more highly solvated than 
larger ones, is sometimes useful in rationalizing solvent 
effects on reaction rates and equi1ibria.l However, it is 
frequently necessary to consider specific solute-solvent 
interactions, particularly in polar protic A good 
example is provided by the “anomalous” basicity order of 
the aliphatic amines in water.3 Electronic factors suggest 
that amine basicity should increase in the order NH4 < 
MeNHz < MezNH < Me3N, which is indeed that observed 
in the gas phase and in many organic ~olvents.~ However, 
a different order is observed in aqueous solution, which 
Arnett et al.3 demonstrated was due to more effective 
hydration of the less highly substituted ammonium ions. 
They attributed this to the greater number of acidic hy- 
drogen atoms in these ions available for hydrogen bonding 
to the solvent. Specific contributions to hydration energies 
of this kind seemed to be characteristic of ions arising from 
the protonation of both nitrogen and oxygen bases5 and 
led Amett, Taft, and their co-workers to propose that “the 
number and type of hydrogen bond which an onium ion 
can donate to a basic solvent is a rough first order guide 
to its solvation behavior”.s 

It has been known for some time that the hydration free 
energies of neutral organic compounds are approximately 
additive functions of the groups present,’ and Hine and 
Mookerjee (HM) have devised a scheme for estimating 
them on this basis.8 We therefore wondered whether this 

(1 )  Ingold, C. K. “Structure and Mechanism in Organic Chemistry”; 
Cornell University Press: Ithaca, New York, 1953. 

(2) (a) Gordon, J. E. “he  Organic Cheinistry of Electrolyte Solutions”; 
Wiley: New York, 1975; Chapter 2. (b) Ritchie, C. D. In ‘Solute-Solvent 
Interactions”; Coetzee, J. F., Ritchie, C. D., Eds.; Marcel Dekker: New 
York, 1969; Chapter 4. (c) Parker, A. J. Chem. Reo. 1969, 69, 1-32. 

(3) Amett, E. M.; Jones, F. M., III; Taagepera, M.; Henderson, W. G.; 
Beauchamp, J. L.; Holtz, D.; Taft, R. W. J. Am. Chem. SOC. 1972, 94, 

(4) Jones, F. M., III; Arnett, E. M. Prog. Phys. Org. Chem. 1974, 11, 

(5) Taft, R. W.; Wolf, J. F.; Beauchamp, J. L.; Scoranno, G.; Arnett, 

(6) Arnett, E. M.; Chawla, B.; Bell, L.; Taagepera, M., Hehre, W. J.; 
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