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The mechanistic similarity between the reactions of 
a,/3-unsaturated ketones with dissolving metals and 
dialkylcopper lithium reagents14 suggested the possi
bility of effecting a double conjugate addition with the 
latter. Reaction of dimethylcopper lithium with 
2-rt-butylthiomethylenecyclohexanone in ether at 0° 
gave, after hydrolytic work-up, a virtually quantitative 
yield of 2-isopropylcyclohexanone. An attempt to 
alkylate the enolate intermediate was unsuccessful. 
This interesting reaction should prove useful for in
troducing symmetrically branched a substituents, a 
conversion which proceeds in poor yield by direct 
alkylation. 

A typical procedure for the reduction-alkylation is 
as follows:8 a solution of 2-n-butylthiomethylene-
cyclohexanone (1.57 g, 7.93 mmol) and 0.28 g (15.85 
mmol) of water in 40 ml of ether is added to a refluxing 
solution of lithium (0.33 g, 47.6 mg-atoms) in 160 ml of 
liquid ammonia with stirring over a 30-min period. 
After an additional 30 min, 80 ml of ether and then a 
solution of 13.5 g (95.1 mmol) of methyl iodide in 40 ml 
of ether were added, the latter over a 30-min period. 
This mixture was allowed to stir for 30 min and the 
ammonia evaporated. After a standard extractive 
work-up and removal of the ether by distillation, a 
yellow liquid was obtained which consisted of methyl 
n-butyl sulfide, 2,2-dimethylcyclohexanone (83%), and 
2,2,6-trimethylcyclohexanone (2%), according to glpc 
analysis using cyclohexanone as internal standard. 
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2,2-dimethyl-3-cholestanone in poor yield, for reasons as yet unclear. 
Further experiments to improve these reactions are intended. 
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The Dependence of Solvolytic a-Deuterium Rate 
Effects on the Nature of the Leaving Group1 

Sir: 

We wish to report experimental observations which 
confirm and extend earlier theoretical predictions2 

of how the characteristic maximum a-deuterium iso-

(1) (a) Taken in part from the Thesis of W. Dowd submitted to the 
Graduate School of Indiana University in partial fulfillment of the 
requirements for the Ph.D. degree, 1970. (b) Supported in part by a 
Petroleum Research Fund Fellowship for Graduate Education and 
Fundamental Research administered by the American Chemical Society. 
Grateful acknowledgment is hereby made to the donors of this fund, 
(c) Also supported in part by Grant No. AT(11-1)-1008 from the U.S. 
Atomic Energy Commission (Document No. COO-1008-13). (d) 
Electronic computations of rate constants were performed with the 
facilities of the Indiana University Research Computing Center. 

(2) V. J. Shiner, Jr., M. W. Rapp, E. A. Halevi, and M. Wolfsberg, 
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tope effect on solvolysis rate varies as a function of 
leaving group. Earlier studies34 on 1-phenylethyl 
bromide and chloride first indicated that the a-deu
terium effect on solvolysis rates was dependent on the 
nature of the leaving group even within the same reac
tion mechanism. Calculations based on the methyl 
halides as models2 indicated that this leaving group de
pendence was primarily caused by the dependence of 
initial state isotopic zero-point energy differences on the 
nature of the leaving group. The further conclusion 
was reached that the isotopic transition-state zero-point 
energy differences in the apparently limiting reactions 
studied were not (within the limits of accuracy involved) 
dependent on leaving group. The transition states 
could thus, to a good approximation, be represented as 
ion pairs R + X - , where the force constants of R+ were 
independent of the nature of X - . These calculations 
allowed the prediction that the maximum isotope effect 
for a limiting solvolysis of an iodide of —-1.09 would 
correspond to values of ~1.125 for the bromide and 
~ 1.15 for the chloride if all reactions followed the same 
mechanism. 

During a study of the mechanism of solvolysis of a 
series of propargyl derivatives it became apparent that 3-
pentyne-2-toluenesulfonate, bromide, and iodide would 
solvolyze in aqueous trifluoroethanol at convenient 
rates by an apparently limiting mechanism. This 
series, therefore, provided a convenient way to test the 
earlier theoretical predictions and, of equal importance, 
a way to determine the maximum effect for a sulfonate 
leaving group, a value which could not be predicted 
accurately from theory. 

The solvolysis rates and isotope effects are given in 
Table I. In the first two horizontal entries it appears 
from a-d, fi-ds, and S-c?3 effects that the solvolysis of the 
toluenesulfonate in 60% ethanol may have a slight nu-
cleophilic component. It seems reasonable to con
clude, however, that the reaction in 70% trifluoro
ethanol is very predominantly, if not exclusively, lim
iting. The a-d effect (1.226) is one of the largest ob
served for the solvolysis of a sulfonate ester and is, 
within experimental error, the same as that observed for 
the trifluoroacetolysis of isopropyl-a-rf toluenesulfonate 
(1.22 ± 0.02).5'6 In the fourth entry of Table I it is 
seen that the bromide has, within very narrow limits, 
the same Q-dz and 8-d3 isotope effects in 70% trifluoro
ethanol as the toluenesulfonate. The a-d effect (1.123) 
is, however, considerably lower and, strikingly, almost 
the same as the a-d effect (1.122) in the apparently lim
iting solvolysis of a-phenylethyl bromide in 80 % aque
ous ethanol.3 This reinforces the conclusion that the 
reactions of the three propargyl derivatives in 70 % tri
fluoroethanol are near limiting. 

The (3-dz effect for the iodide in 70 % trifluoroethanol 
(1.283) is very close to that for the bromide (1.280) and 
toluenesulfonate (1.281) in the same solvent indicating 
that all three derivatives follow the same mechanism. 
The a-d effect for the iodide in this solvent is 1.089. 
This compares favorably with the theoretical prediction 

(3) V. J. Shiner, Jr., W. E. Buddenbaum, B. L. Murr, and G. Lamaty, 
«»«.,90,418(1968). 
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Kessick, L. Milakofsky, and M. W. Rapp, ibid., 91, 4838 (1969). 
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Table I. Rates and Isotope Effects in Solvolysis of 3-Pentyn-2-yl Compounds 

Leaving group 

OTs* 
OTs 
Br 
Br 
I 
I 

Solvent" 

6OE 
7OT 
5OE 
7OT 
5OE 
7OT 

kn, sec-1 b 

3.613 X 10-3 

8.755 X 10"s 

1.203 X 10-6 

8.823 X 10"6 

4.150 X 10"6 

4.666 X 10"6 

kK/ka.d
c 

1.213 
1.226 
1.101 
1.123 
1.087 
1.089 

k-zlkp-df 

1.241 
1.281 
1.200 
1.280 
1.278 
1.283 

kslky-d,
c 

1.104 
1.109 
1.081 
1.108 

0 60 E is 60 vol % ethanol-40 vol % water; 70 T is 70% trifluoroethanol-30 % water, etc. b Errors are of the order of 0.1-0.2%. 
are in the range of 0.2-0.4%. <i/>-Toluenesulfonate. 

- Errors 

of —'1.09 made earlier.2 The reaction of the iodide in 
50% ethanol also seems to be limiting since both a-d 
and (3-ds effects are very similar to those in 70% tri-
fluoroethanol. The lower j3-dz effects for the bromide 
(1.200) and toluenesulfonate (1.241) indicate that the 
reactions for these compounds in the ethanolic solvents 
are partly nucleophilic. 

The products for the solvolysis of these compounds 
in 70% trifluoroethanol and 50% ethanol are given in 
Table II. While the amounts of alcohol and ether 

Table II. Products of Solvolysis of C H 3 C = C - C H ( X ) C H 3 ' 

X 

OTs 
Br 
I 
OTs 
Br 
I 

Solvent6 

70 T' 
7OT' 
70 T" 
50E" 
50E" 
50E" 

% ether 

20.6 ± 2 
25.4 ± 2 
19.2 ± 2 
22.7 ± 2 
25.8 ± 2 
33.2 ± 3 

% alcohol 

79.4 ± 3 
74.6 ± 3 
80.8 ± 3 
77.3 dt 3 
74.2 ± 2 
66.8 ± 3 

' Analyzed by pmr at 100 MHz. b 50 E is 50 vol % ethanol-50 
vol % water, 70 T is 70% trifluoroethanol-30 % water. ° Tri-
fluoroethyl ether, pmr (70 T) S 1.42 (d, 3, J = 7 Hz, CZZ3CH-), 
1.83 (d, 3, J = 2.5 Hz, CH3C=); alcohol, pmr (70 T) S 1.39 (d, 3, 
J = 7 Hz, CZf3CH), 1.80 (d, 3,J = 2.5 Hz, CH3C=). d Ethyl 
ether, pmr (50 E, CD3CH2ODD2O) S 1.37 (d, 3,7 = 7 Hz, CZf3CH-), 
1.83 (d, 3, J = 2.5 Hz, CH3C=C); alcohol, pmr (50 E, CD3CH2-
ODD2O) within 1 Hz of that given in c. 

formed with tosylate and iodide as leaving groups are 
nearly the same in 70% trifluoroethanol, the products 
formed with bromide as a leaving group in this solvent 
are clearly different. Since the tosylate solvolysis is 
nearly limiting in 60 % ethanol, it is possible to compare 
its solvolysis products in 50% ethanol with those of the 
limiting reaction with iodide leaving group in this sol
vent. Again, the amounts of alcohol and ether formed 
are different with different leaving groups. Since the 
leaving group should have no influence on products 
formed from the free carbonium ion,7-9 it is apparent 
that the free ion is not an intermediate in all three reac
tions. Since the large isotope effects indicate little or 
no covalent attachment in the rate-determining step2-4,6 

the simplest interpretation of these findings is that the 
rate-determining step is the interconversion of two ion 
pairs and that the product-forming step is nucleophilic 
attack on the second-formed ion pair. 

It is also interesting to note that the OTs/Br rate ratio 
observed for the 3-pentyne-2 compounds (994 in 70 T) 

(7) K. A. Cooper, E. D. Hughes, and C. K. Ingold, J. Chem. Soc, 
1280(1937). 

(8) K. A. Cooper, E. D. Hughes, C. K. Ingold, and B. J. MacNulty, 
ibid., 2038 (1948). 

(9) For a detailed discussion of the concept of "free" ions see: S. 
Winstein, B. Appel, R. Baker, and A. Diaz, Chem. Soc. Spec. Publ., 
No. 19, 109(1965). 

is in the range of those found for limiting solvolyses10'11 

(466-5126) of such alkyl groups as tert-butyl and a-
phenylethyl even though it is now understood that this 
ratio bears no simple direct relationship to mech
anism.12'13 The fact that the bromide solvolyzed faster 
than the iodide (Br/I, 2.89 in 50 E and 1.89 in 70 T) is 
at first sight surprising but the same relationship has 
been observed by Robertson for other alkyl groups.14 

It is especially important to recognize the dependence 
of a-deuterium rate effect on leaving group because it 
allows one to properly compare a-d effects of reactions 
which involve different leaving groups and to identify 
subtle shifts in mechanism. In practical terms the 
comparison between chlorides or bromides and arene-
sulfonates is of particular importance because many 
solvolyses of secondary arenesulfonates show a-d effects 
of ~1.15. If these values are incorrectly compared 
with those from the halides the reactions appear to be 
limiting. However, comparison with the value of 1.23 
indicates that these common secondary sulfonate sol
volyses involve some nucleophilic attachment to carbon 
in the transition state. As indicated before15 in some 
of these examples the rate-determining step is the for
mation of the tight ion pair and in others nucleophilic 
attack on the tight ion pair. SN2 transition states have 
such strong nucleophilic attachment to carbon that their 
a-d rate effects are near unity.16 

(10) H. M. R. Hoffman,/. Chem. Soc, 6753 (1965). 
(11) C. H. DePuy and C. A. Bishop, / . Amer. Chem. Soc, 82, 2532 
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47, 4599 (1969). 
(13) J. L. Fry, C. J. Lancelot, L. K. M. Lam, J. M. Harris, R. C. 

Bingham, D. J. Raber, R. E. Hall, and P. v. R. Schleyer, / . Amer. Chem. 
Soc, 92, 2538 (1970). 

(14) R. E. Robertson, Suom. Kemistilehti A, 33, 63 (1960). 
(15) V. J. Shiner, Jr., R. D. Fisher, and W. Dowd, / . Amer. Chem. 

Soc, 91,7748(1969). 
(16) V. J. Shiner, Jr., M. W. Rapp, and H. R. Pinnick, Jr., ibid., 

92,232(1970). 
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Nuclear Quadrupole Resonance Spectra of Some 
Alkylaluminum Derivatives1 

Sir: 
In a recent communication2 we reported a study of 

the nqr spectrum of Al2(CHs)6 which confirmed the 
bridged structure 1 first suggested by Longuet-Higgins,3 
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