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(5) On the basis of the 3-cyano effect, a rate retardation of well in excess of
107° should be observed for an c:-cyano effect. This is derived from the
2.8 factor for the decrease in inductive effect on addition of an insulating
methylene group. An H/-cyano ratio of ~10'-108 would be predicted
on the basis of an inductive retardation as the only effect of the cyano
function.

This ratio comes from (ks/kg)'’?

Streitwieser, A., Jr.; Dafforn, G. A. Tetrahedron Lett. 1969, 1263.

In general, E2 eliminations exhibit CH3/CDj3 isotope effects of 2-8.

Saunders, W. H., Jr.; Cockerill, A. F. “Mechanisms of Elimination Reac-

tions'’; Wiley: New York, 1973; pp 79~84. See also Shiner, V. J., Jr. In

"|sotope Effects in Chemical Reactions’’, Collins, C. J., Bowman, N. S,

Ed.; Van Nostrand-Reinhold: Princeton, N.J., 1970; Chapter 2, pp 142~

145.

Deuterium isotope effects on reactions with major Sy2 components are
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and leading reference see Fisher, R. D.; Seib, R. C.; Shiner, V. J,, Jr.; Szele,

I.; Tomic, M.; Sunko, D. E. J. Am. Chem. Soc. 1975, 97, 2408.

(10) For a leading discussion of Sn2 solvent participation in solvolysis see
Bentley, T. W.; Bowen, C. T.; Parker, W.; Watt, C. |. F. J. Am. Chem. Soc.
1979, 7101, 2486. We believe that the data provided in this reference is
consistent with the absence of nucleophilic solvent assistance in the sol-
volysis of 7.

(11) Harris, J. M.; Mount, D. L.; Smith, M. R.; McManus, S. P. J. Am. Chem. Soc.
1977, 99, 1283. Harris, J. M.; Mount, D. L.; Smith, M. R.; Neal, W. C., Jr.;
Dukes, M. D.; Raber, D. J. ibid. 1978, 100, 8147,

(12) Compound 7 was prepared from cyclooctanone according to our published
method: Gassman, P. G.; Talley, J. J. Tetrahedron Lett. 1978, 3773.

(13) Itis interesting to note that 7 yields 92 % 1-cyanocyclooctene as the only
identifiable product from this solvolysis.

(14) The details of this comparison and of the synthesis, solvolysis, and product
studies related to 9 will be forthcoming: P. G. Gassman and J. J. Talley,
submitted for publication.

(15) Proctor and Gamble Fellow, 1977~1978; University of Minnesota Disser-
tation Fellow, 1978~1979.
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Solvolytic Reactivity of a-Trifluoromethylcarbinyl
Sulfonates. Correlation of Rate Retardation by
Electron-Withdrawing Substituents and Solvent
Participation in Tertiary Substrates!

Sir:

We report here that the trifluoromethyl group is enormously
deactivating relative to hydrogen as an « substituent in sol-
volysis reactions and that a tertiary sulfonate ester bearing this
group shows evidence for strong nucleophilic solvent partici-
pation,

The rates of reaction of «-trifluoromethylcarbinyl sulfonates
12 were measured in various solvents as summarized in Table
1. The only product observed for 1a was the alkene
CF3CMe=CH,, whereas 1c and 1d led predominantly to the
solvol}ysis product CF3:CMePhOY and lesser amounts of al-
kene.

Me Me R R’
la CH, CH, p-Tol

CF,COSO,R’ 1b CH, CH, CH,
lc CH, Ph p-Tol
R 1d CD, Ph p-Tol

The reactivities of the CFs-substituted sulfonates 1 are
greatly depressed compared with those of the corresponding
hydrogen substituted compounds. Thus, rate ratios for «
substituents, kn/kcp,, are 1.1 X 10° to 2.3 X 106 from com-
parisons with rates for Me;CHOTSs*? and derived rates for
PhCHMeOTs? in various solvents. These ratios approach that
of 107 which we have measured” for the rates of protonation
of the styrenes PhCR==CH), in aqueous acid.

Recently substituent parameters have been derived for the
influence of « substituents R in solvolysis reactions (eq 1).%
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Figure 1, Comparison of the effect of solvent variation on the reactivity
of CF3CMePhOTs (1¢) and 2-adamantyl tosylate at 25 °C.

T S
R_T_OX — R—c{_ M
CH, CH;

This approach was originally discussed by Traylor and Ware8?
and has been extended by Peters®® and by Harris and
McManus,2¢ and the designation of 4+ for these parameters
seems destined for general acceptance. Application of their
treatment leads toa y* parameter of 3.0 for CF3,° establishing
this as the most deactivating group examined by this method.
For comparison, 4+ parameters for H, Me, and Ph are 2.56,
0.63, and 0.0, respectively.

Recent studies> !0 of the effect of solvent on solvolytic re-
activity have established that nucleophilic solvent participation
is involved in some but not all secondary sulfonates®10.112.
and may even occur in tert-butyl halides.!0¢

In the case of CF3CMePhOTs (1c¢) a linear free-energy
relationship (Figure 1) exists for rates in various solvents
compared with those for 2-adamantyl tosylate>? with a slope
corresponding to an mots value for 1c of 1.11. This result in-
dicates that 1c reacts by rate-determining formation of a
carbonium ion (k. process) and the magnitude of mots indi-
cates a great demand for solvation induced by the electron-
withdrawing CF; group. The isotope effect k(CH3)/k(CD3)
= 1.54 for 1c is also characteristic!! of a k¢ process (cf.
k(CH3)/k(CD3) = 1.48 for 2-methyl-2-adamantyl chlo-
ride).!b

For 1a and 1b, reactivities in the more nucleophilic solvents
H,0 and acetic acid are enhanced relative to trifluoroacetic
acid suggesting significant nucleophilic solvent participation
in the former. A quantitative measure of the degree of sol-
vent participation,loa namely the ratio [A(ROTSs)/k(2-
AdOTS)sowvent/ [K(ROTs) /k(2-AdOTSs)] Ea, gives values for
1a of 200 in H»O and 4200 in acetic acid. These values are even
higher than those for 2-propyl tosylate and indicate major
solvent assistance in 1a,

The reactivities of 1a-d are interpretable in terms of the
generally accepted!? ion-pair mechanism of solvolysis:

k YOH
CF3CMeROTs == CF;CMeR*OTs~ — products (2)
k- k2

For 1c k is rate determining, but for 1a & 3, involving solvent
assisted elimination, is evidently the slow step. Similar behavior
has been suggested for tert-butyl halides.!02¢
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Table I, Solvolytic Rate Constants for Trifluoromethylcarbinyl Sulfonates RMeC(CF;)OSO,R’“
AH*, AS*,
Me R R’ 7,°C solvent ki, s71 keal/mol eu
CH; CH;, Ts 145.2 CF;CO;H? 8.82 X 1075 30.2 -5.6
130.8 2.18 X 10-3
118.7 7.08 X 106
25.0¢ 2.68 X 10-11
CH; CH;, Ms 114.6 H,0 3.33x 1075 26.0 -12.5
101.5 8.82 X 10-¢
85.3 1.93 X 10-¢
25.0¢ 9.22 X 10-10
CH;3; CH; Tsd 25.0 H>0 1.84 X 10-9
CH3 CH;, Ts 162.6 CH,CO;H 1.95 X 10-3 31.4 -89
152.1 7.31 X 106
141.8 3.05x10-¢
25.0¢ 7.36 X 10713
CHj; Ph Ts 10.2 CF3CO,He 3.90 x 1073 15.1 -15.9
0.6 1.99 X 103
-8.4 5.82 X 10~
25.0¢ 1.78 X 10~2
CH;3; Ph Ts 78.7 CH;CO;H 7.37 X 103 29.6 6.2
77.4 6.21 X 10-3
65.0 1.19 X 10-5
61.6 7.63 X 10-¢
50.2 1.65 X 1076
25.0¢ 3.00 x 10-8
CD; Ph Ts 90.7 CH;CO;H 1.69 X 10—4 28.7 2.7
77.4 4.00 X 1073
61.6 4,98 X 106
25.0¢ 2.31 X 10-8
CHj; Ph Ts 54.8 97% CF3;CH,OH 1.28 X 10-3 19.6 -12.2
451 5.16 X 1074
346 1.73 X 104
24.8 5.63 X 1075
25.0¢ 5.87 X 10~5
CH; Ph Ts 39.8 HCO;H 233 x 1073 21.5 =21
24.6 3.56 X 104
9.8 5.34 X 10~5
25.0¢ 3.90 X 104
CH; Ph Ts 20.5 97% HFIP/ 1.85 X 1073 16.6 —14.3
9.9 6.55 X 1074
0.2 2.08 X 10~4
25.0¢ 2.95 x 1073

2 Rates measured titrimetrically in duplicate except as noted with 0.012 M substrate in H,O and 0.04 M in other solvents. ® Measured by
NMR with 0.18 M substrate and 0.20 M NaO,CCFj. ¢ Calculated from rates at other temperatures. ¢ Calculated from the rate of the meth-
anesulfonate by the relation k(OTs) = k(OMs) X 2 (ref Sa, 10f). ¢ Measured by UV. / One run at each temperature in this solvent; HFIP

is hexafluoro-2-propanol.

These results fulfill a very recent prediction'2 that substi-
tution of the CF; group directly at the reactive site would
provide a powerful probe of solvolytic reaction mechanisms,
confirming previous indications from saturated!3? and allylic'4
secondary sulfonates bearing a-CF3 groups and isopentenyl
derivatives with allylic CF3 groups.!’

An independent study complementary to ours of the effects
of a-cyano substituents in sulfonate solvolyses provides con-
firmation of the generality and value of this approach,!62 as
does a recent report of the effect of the a-keto functionality
on solvolytic reactivity,!6b

Acknowledgment, We thank the Natural Science and En-
gineering Research Council (NSERC) of Canada for financial
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of his results'é2 prior to publication.
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Reductive Alkylation of Enediones. 1
Sir:
We report here on the successful application of the reductive

alkylation method! to enedione systems, thus allowing the
transformation A — B. This transformation could be very

R R,
—> RJH
A B

useful for the construction of polycyclic systems such as the
corticosteroids and the fusidic acids which have a carbonyl
function at C,;.

The first possibility which we envisaged involved the gen-
eration of a kinetic enolate by reduction of a 7y-hydroxyenone.
The process which is well known to involve loss of oxygen via
the path C — D,2 but it appeared to us likely that this loss of

-t . —_—
& 2 N
AT T TTAN
OH
c D
a hydroxyl group would be strongly conformation dependent,
so that the reported results could be due to the axial nature of
the hydroxyl group (better overlap for elimination).

In keeping with this view, we have now found that, in con-
trast to 88-hydroxy-10-methyl-Al-2-octalone3 (1a), mp
57-58.5 °C, which with lithium in ammonia-tetrahydrofuran
afforded only the 3,7 enone 2 under a variety of experimental
conditions, reduction of the equatorial isomer 1b,> mp 121-122
°C, furnished hydroxy ketone 3a. Quenching the reduction
mixture from 1b with methyl iodide resulted in formation of
ketones 3b and 3¢, in 66 and 15% yields, respectively.*

Lo b 4

R R’ RR ou
4a R=R’en
la R=(1, R’=1 i
i R = 2 3h =1, R'=CH
Ib Keli, RY=01 Je weclly, B3
3
H, B

4 5
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Even more generally useful results were obtained from the
reductive alkylation process applied to the enedione 4 (mp
70-71.5 °C, after sublimation of 70-80 °C at 0.1 mm), ob-
tained by Jones oxidation of 1a,b, Exposure of 4 to lithium (4
equiv) in refluxing ammonia-tetrahydrofuran (2:1), followed
by quenching with methyl iodide, evaporation of ammonia, and
aqueous workup, furnished three monomethylated isomers of
5,in yields of 19, 25, and 19% after chromatographic separa-
tion on silica gel. No material derived from alkylation at the
ring junction could be detected.

Extension of this sequence to bicyclic enediones unsubsti-
tuted at the ring junction could be performed in the following
manner. Aprotic conjugate addition of enol ether 6 (LDA in
tetrahydrofuran ~78 °C) with 2-trimethylsilyl-1-penten-3-
one, followed by cyclization with sodium methoxide in re-
fluxing methanol and acid hydrolysis, furnished 1-methyl-
Al-octalin-2,8-dione (8) in ~50% yield.

m;@ . %} . )
&

9a R= CDJ 9¢ R= CHZPh 10a

9b R= CII,,CII'—‘CI\'2 9d R= 3,5~dirmethyl- 10b
< 4-isoxnzolylmethyl

R= CD3

= H=Cl
R C‘HZCr. LI.2

Treatment of 8 with lithium in refluxing ammonia-tetra-
hydrofuran, followed by quenching with trideuteriomethyl
iodide, gave, after chromatography on silica gel, a 66% yield
of a mixture of the equatorially alkylated isomer 9a and the
axially alkylated isomer 10a, in a ratio of 85:15.5 The use of
allyl bromide as alkylating agent permitted isolation of dione
9b and dione 10b, mp 76-77 °C, in yields of 48 and 15%, re-
spectively, after chromatography on silica gel. The pronounced
stereoselectivity of alkylation in this system, which results in
the introduction of an equatorial substituent, was increased
by the use of sterically more hindered alkylating agents: al-
kylation of 8 using benzyl bromide furnished a single dione 9¢
(mp 106-107 °C after chromatography on silica gel; methyl
at 6 1.40 in NMR). None of the axially alkylated dione could
be detected. The use of 4-bromomethyl-3,5-dimethylisoxazole
resulted in the formation of dione 9d (mp 137 °C; methyl at
6 1.34) in 67% yield, after chromatography on silica gel .

The remarkable preference of dienediolates for undergoing
alkylations leading to equatorial products (11 — 12) is in
contrast to the well-established? axial mode of alkylation of
enolates such as 13 obtained via the reduction of the usual
octalone system.

[c] e 1
! RX R R
T &
o 7
1 12 13

We suggest that this stereochemical result derives from the
distortion of ring labeled B in 11 toward a half-boat to avoid
the eclipsing interaction of the O~ and R substituents. The
resulting rotation, shown by the arrows, results in moving R
toward the center of the ring, thus exposing the o face.
Whatever its exact origin, the stereoselectivity and regiose-
lectivity of the reductive alkylation of enediones of type 8, can
be used to special advantage in the synthesis of corticosteroids,
as we illustrate in the following paper.
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