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aqueous solution of NaHC03 (15 mL) and a saturated aqueous 
solution of NaCl (20 mL), dried (Na2S04), and concentrated to 
give a colorless crystalline material (47 mg), which was purified 
by HPLC [A, EtOAc-hexane (3:7), 3.01. 

The major peak ( tR  5.6 min) gave spectroscopically pure 43 (40 
mg, 87%) as a colorless crystalline material, which was recrys- 
tallized from a mixture of ethyl acetate and hexane to give colorless 
needles, mp 176-177.5 "C. 
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Like the corresponding lithiated sulfoxides, lithiated but-2-enyl and oct-2-enyl sulfones undergo kinetically 
controlled, highly diastereoselective aprotic conjugate addition to five-membered cyclic enones in tetrahydrofuran 
to deliver vinylic sulfones whose formation and stereochemistry are rationalized in terms of planar or near-planar 
lithiated reagents reacting through an extended trans-decalyl or trans-fused chair-chair transition state. In contrast 
to cyclopentenone, 4-tert-butoxycyclopent-2-enone gives mixtures of conjugate and carbonyl adducts with the 
lithiated sulfones at -70 "C. This is ascribed to a steric effect involving the tert-butoxy group at C4 of the enone 
destabilizing the extended transition state. Reactions with cyclohexenone are less stereoselective and are temperature 
dependent, with lower temperatures (-85 "C) favoring carbonyl addition to generate allylic sulfones as mixtures 
of diastereomers. At 0 "C rapid conjugate addition takes place to give the vinylic sulfone. The lithiated alkoxides 
of the carbonyl adducts rearrange to the conjugate vinylic sulfones at 0 "C at a considerably slower rate than 
that of direct conjugate addition of the lithiated sulfone to the cyclohexenone at 0 "C. The stereoconvergence 
in the rearrangement excludes an intramolecular Cope rearrangement. Overall the conjugate addition reactions 
are more sensitive to temperature and steric effects than are the reactions involving the lithiated allylic sulfoxides 
and, unlike those reactions, are sensitive to the presence of hexamethylphosphoric triamide, which induces formation 
of allylic sulfones. 

Introduction 
The structures of carbanions stabilized by an a-sulfonyl 

group have received considerable scrutiny from both 
theoretical and experimental standpoints. The impetus 
for this has largely been provided by the lack of racemi- 
zation attending the generation and reactions of such 
carbanions from optically active sulfone precursors.'V2 
Although previously the subject of some controversy, it  
now appears on the basis of recent MO calculations,3 NMR 
s p e c t r o s ~ o p i c ~ ~ ~  studies, and X-ray crystallographic stud- 
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ies6-9 that  the structures of such carbanions are planar or 
near-planar. An NMR study of lithiated methyl phenyl 
sulfone indicates a carbanion whose hybridization is in- 
termediate between sp2 and sp3. By contrast, lithiated 
methyl phenyl sulfoxide is demonstrated by the NMR 
technique to be planar. X-ray studies of crystalline com- 
plexes of lithiated phenyl alkyl sulfones with either tet- 
ramethylethylenediamine (TMEDA) or diglyme reveal that 
the lithium cation is in the proximity of, but closer to one 
of, the two oxygen atoms. There are no Li-C bonding 
contacts, and the C1-S bond is considerably shorter than 
that in the neutral sulfone. The orbital containing the pair 
of electrons a t  the carbanionic center lies in a plane bi- 
secting the 0-S-0 bond angle. The carbanionic sites in 

(6) Boche, G.; Marsch, M.; Harms, K.; Sheldrick, G. M. Angew. Chem., 
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Figure 1. Transition-state representations of reactions of lithiated (E)-octenyl phenyl sulfoxide and lithiated (E)-octenyl phenyl sulfone 
8 with 4-tert-butoxycyclopentenone (12) illustrating frontier orbital effects. 

the lithiated methyl and benzyl phenyl sulfoxide-TMEDA 
complexes are near-planar and planar, respectively.6~' The 
lithiated allyl phenyl sulfone-diglyme complex has a 
partially pyramidal configuration a t  C1 corresponding to 
hybridization between sp2 and sp3.9 As the carbanionic 
center is conjugated with the double bond in the allyl 
system, the partially pyramidal configuration a t  C1 as 
compared to  the more planar configuration of the alkyl 
counterparts is unexpected. The  lack of lithium-carbon 
bonding contacts is significant. The double bond character 
of the C1-S bond and the unsymmetrical disposition of 
the lithium cation with respect to the carbanionic center 
would seem to be sufficient in accounting for the stereo- 
selectivity attending the reactions of lithiated allylic sul- 
fones in general, even in those cases where the carbanionic 
center happens to be planar. 

Lithiated (E)-  and (Z)-3-alkylallylic sulfoxides undergo 
highly diastereoselective conjugate addition reactions with 
cyclic enones to deliver syn- and anti-vinylic sulfoxides 
arising from reaction through C3 (C,).10-12 The  stereo- 
and regiochemical outcome of the reactions are rationalized 
in terms of planar lithiated carbanions and trans-decalyl 
or trans-fused chair-chair transition state with the enone. 
The carbanion lies over one face of the enone in an endo 
orientation, with lithium associated with the oxygen atoms 
of the sulfoxide and the enone; the nonallylic substituent 
of the sulfoxide is pseudoequatorial, and the lone pair is 
pseudoaxial (see Figure 1). The carbanion is constrained 
to  react through C3. A lithiated allylic sulfone clearly 
should be capable of utilizing such a transition state. If 
the sulfone bears an alkyl group a t  C3, diastereoselection 
will then operate in the reactions, as illustrated in Scheme 
I. 

I t  has already been reported that lithiated allyl phenyl 
sulfone undergoes conjugate addition to cyclohexenone a t  
0 "C to give the vinylic sulfone l.13 As the reaction pro- 
ceeds a t  -78 OC to generate diastereomers of the alkoxide 
of the carbonyl adduct 2, which on warming to 0 OC re- 

(10) Binns, M. R.; Haynes, R. K.; Katsifis, A. G.; Schober, P. A.; 
Vonwiller. S. C. Tetrahedron Lett. 1985. 26. 1565. Binns, M. R.; Chai, 
0. L.; Habes ,  R. K.; Katsifis, A. G.; Schober, P. A.; Vonwiller, S. C. 
Tetrahedron Lett. 1985,26, 1569. 

(11) Binns, M. R.; Haynes, R. K.; Katsifis, A. G.; Schober, P. A,; 
Vonwiller, S. C. J. Am. Chem. SOC. 1988, 110, 5411. 

(12) Haynes, R. K.; Katsifis, A. G.; Vonwiller, S. C.; Hambley, T.  W. 
J. Am. Chem. Soc. 1988,110, 5423. 

(13) Kraus, G. A.; Frazier, K. Synth. Commun. 1978,8, 483. 

Scheme I 
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arrange to the enolate of the conjugate adduct 1, it  was 
inferred that the formation of 1 a t  0 "C proceeds under 
thermodynamic contr01.l~ The rearrangement was con- 
sidered to occur in intramolecular fashion. With cyclo- 
pentenone, conjugate addition proceeds a t  -78 "C, al- 
though the vinylic sulfone 3 ootained from the reaction 
was also presumed to arise via rearrangement of a carbonyl 
adduct.15 By contrast, the vinylic sulfoxides described 
above do not arise from the lithiated allylic sulfoxides 
through carbonyl intermediates; a direct, kinetically con- 
trolled conjugate addition of the lithiated allylic sulfoxides 
takes place.fo-12 Thus the vinylic sulfones 1 and 3 from 
the lithiated allyl phenyl sulfone are likely to arise in the 
same kinetic fashion as do the vinylic sulfoxides, and, 
moreover, the reactions would logically involve an extended 
transition state related to those of the sulfoxides. In the 
presence of HMPA, the lithiated sulfone undergoes con- 
jugate addition with both enones to generate the allylic 
sulfones 4 and 5,14 a behavior reminiscent of that  of lith- 
iated allylic sulfides.1618 However, HMPA has no effect 
on the regiochemistry of reactions of lithiated allylic sul- 

In order to verify the kinetic nature of the sulfone re- 
actions, and to delineate more precisely those conditions 
that affect their regiochemical and stereochemical outcome, 
we have examined the reactions of the lithiated reagents 
derived from the 3-alkylallylic sulfones 6-10 with the en- 
ones 11-14. The conjugate additions of the sulfoxides 

foxides. ~O-1%16,19 
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as low as -100 "C. Remarkably, the presence of a large 
group a t  C4 of the enone, as in 4-tert-butoxycyclopent-2- 
enone (12), partially suppresses conjugate addition in favor 
of a carbonyl addition through C1 to give the allylic sul- 
fones. Thus, in addition to the conjugate adducts, the 
sulfones 7 and 8 with the enone 12 give the allylic carbonyl 
adducts 20 and 21, and 34 and 35 a t  -70 "C. The presence 
of the large, pseudoequatorial substituent a t  C4 in the 
enone 12 ensures that H4 is pseudoaxial.l8Y2' There is thus 
a sterically more encumbered environment about C3 than 
there is in cyclopentenone, which is essentially planar.22s23 
However, this steric effect is not sufficient to perturb the 
reactions of the lithiated sulfoxides, which undergo ex- 
clusive conjugate addition with this enone.'"12 y-Croto- 
nolactone (14), an enone that reacts solely in conjugate 
fashion with stabilized carbanions,18 provides a mixture 
of vinylic (compounds 37 and 40) and allylic sulfones 
(compounds 38, 39, 41, and 42) in its reactions with the 
sulfones SZ0 and 9. Formation of the vinylic, but not of 
the allylic, sulfones is highly diastereoselective. Vinylic 
sulfoxides are exclusively obtained from reactions of the 
corresponding sulfoxides with this enone.l"12 

Reaction of cyclohexenone with the sulfones 6 and 7 
provides diastereomeric mixtures of carbonyl adducts 22 
and 28 a t  low temperatures. However, a t  about 0 "C ,  
exclusive and rapid formation (G30 s) of the conjugate 
adducts 23 and 24, and 29 and 30, takes place. Diaster- 
eoselection is poorer than in the cyclopentenone reactions. 
Notably, the lithium alkoxides of a 68:32 mixture of dia- 
stereomers of the carbonyl adduct 22 did indeed rearrange 
at  0 "C to generate after quenching the vinylic adducts 23 
and 24. However, the ratio of these products was 
8911-the same as that obtained in the conjugate addition 
conducted a t  0 "C (Table I). Similarly, a 75:25 mixture 
of diastereomers of the carbonyl adduct 28 gave an 82:18 
mixture of the vinylic sulfones 29 and 30. Further, through 
monitoring the progress of the rearrangement of the alk- 
oxides from the 68:32 mixture of diastereomers of the 
carbonyl adduct 22 by withdrawing and quenching aliquots 
a t  time intervals, and analyzing these by 'H NMR spec- 
troscopy, it was established that the rearrangement is 
slower, by a factor of 2150, than the conjugate addition 
of the lithiated sulfone 6 to cyclohexenone a t  0 "C. In this 
regard, the reactions of the trimethylallyl sulfone 10 with 
cyclohexenone are significant. Whereas a t  -70 "C there 
was no detectable reaction, a clean reaction took place at  
-15 "C to generate solely the conjugate adduct 44. The 
presence of the methyl group a t  C1 prevents carbonyl 
addition leading to an allylic sulfone from taking place. 
Notably, the reaction with cyclopentenone takes place at  
-70 "C to generate the conjugate adduct 43. 

As indicated in the table, HMPA causes the lithiated 
sulfones to react in conjugate fashion through C1 to deliver 
allylic sulfones as mixtures of diastereomers. Of particular 
interest here is the formation of the allylic sulfone 45 from 
cyclohexenone and the trimethylallyl sulfone 10 in the 
presence of HMPA a t  -70 "C. As noted above, no reaction 
takes place in the absence of HMPA at this temperature, 
although a t  -15 "C the vinylic sulfone 30 is formed. 

Discussion 
There is obviously a close structural relationship be- 

S02Ph S02Ph  

3 4 5 

corresponding to the sulfones 7-10 have already been ex- 
amined.'&12 

6 R = p-To1 8 R = P h  
7 R = P h  9 R = M e  

10 

11 12 u 14 

Results 
The allylic sulfones 6-10 in tetrahydrofuran (THF) were 

lithiated by means of butyllithium, or lithium diiso- 
propylamide (LDA) in the case of sulfone 6, and then 
treated with the enones 11-14 to give the products 15-45 
(Chart I). The reactions were usually quenched imme- 
diately after addition of the enone to the solution of the 
lithiated sulfone. The E:Z ratios of the starting sulfones, 
the conditions under which the reactions were carried out, 
and products with ratios and overall yields are given in 
Table I. The relative stereochemistries of the conjugate 
vinylic sulfone products were established by correlation 
of high-field 'H NMR spectra with those of the corre- 
sponding sulfoxides."J2 The syn and anti-vinylic sulfones 
31 and 32 were also prepared by oxidation of the sulf- 
oxides.1° The allylic sulfones 35 and 36 and 38 and 39 were 
similarly prepared from the corresponding sulfides;'s*20 
relative configurations of these products have been secured 
by 'H NMR NOE experiments.'8s20 The  relative configu- 
rations of the carbonyl adducts 20, 21, 33, and 34 were 
assigned on the basis of their high-field 'H NMR spectra, 
as is set out in detail in the supplementary material. 

As is apparent from the table, the conjugate addition 
reactions giving the vinylic sulfones from the five-mem- 
bered enones are highly diastereoselective. Thus the 97:3 
and 9O:lO mixtures of the E and Z isomers of the p-tolyl 
and phenyl but-2-enyl sulfones 6 and 7 deliver the corre- 
sponding syn- and anti-vinylic sulfones 15 and 25, and 16 
and 26 with syn:anti ratios corresponding to E:Z ratios of 
the starting compounds. The lithiated sulfones form 
carbonyl adducts below -70 "C; for example, compound 
17 is obtained as a mixture of diastereomers in low yield 
from sulfone 6 a t  -85 "C. Formation of carbonyl adducts 
does not take place with the corresponding sulfoxide, which 
undergoes exclusive conjugate addition a t  temperatures 

(20) Haynes, R. K.; Schober, P. A,; Binns, M. R. Aust. J .  Chem. 1987, 
40, 1223. 

(21) Fuchs, B. Top. Stereochem. 1978, 10, 3 and references therein. 
( 2 2 )  Chadwick, D.; Legon, A. C.; Miller, D. J. J .  Chern. Soc., Faraday 

Trans. 2 1979, 302. 
(23) Diastereomer ratios of conjugate adducts obtained from the enone 

12 and a series of lithiated octenyl sulfides are different to those obtained 
from the planar enone 14; this is ascribed to the presence of the tert- 
butoxy group at C4 of enone 12.20 
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Chart I 

0 

LSOZfl S0,p-Sol 
I 

15 R = p-To1 
2 5 R = P h  

16 R = p-To1 
2 6 R = P h  

18 R = p-To1 
2 7 R = P h  

19 R = p-Tol, R’ = CH3 

31 R = Ph, R’ = QH,, 
17 

so, R R02S H k Hop 
C5H11 

32 

0.1-Bu 0-1-Bu 

n R = p-TOI, R* = a3 
34 R = Ph, R’ = BHll 

0 

22 R = p-To1 
2 8 R = P h  

23 R = p-To1 
2 9 R = P h  

?D R = p-Tol, R’ = CFI3 
33 R = Ph, R’ = ’+HI, 

0 

0-I-Bu 
S02Ph 

36 37 R = Ph 
4 0 R = M e  

3 8 R = P h  
41 R = Me 

35 24 R = p-To1 
N R = P h  

9 4 a A A 
u C 5 H 1 1  S0,t-Bu 

H :  
S0,R 

S0,I-Bu 

39 R = Ph 
42 R = Me 

43 
45 44 

tween the lithiated allylic sulfones and the lithiated allylic 
sulfoxides. The lithiated sulfones react with the same high 
stereoselectivity with cyclopentenones as the corresponding 
sulfoxides; they clearly react in a single conformation and 
are configurationally stable with respect to rotation about 
the C1-S and C2-C3 bonds. In providing vinylic sulfones 
whose relative stereochemistry a t  the allylic center is the 
same as that of the sulfoxides, the lithiated sulfones utilize 
transition states analogous to those discussed for the 
sulfoxides.10-12 Thus, as depicted in Scheme I, the (E)-3- 
alkylallylic sulfones react through the trans-decalyl TS 
with cyclopentenone to deliver syn-vinylic sulfones. Ac- 
cording to the model, the (2)-allylic sulfones will produce 
anti products. 

Nevertheless, reactions of the lithiated sulfones with 
cyclohexenone are less stereoselective than those of the 
sulfoxides.” This can be attributed in part to diaxial 
interactions between the pseudoaxial S-0 bond of the 
sulfone and the cyclohexane nucleus destabilizing the 
normal trans-decalyl TS with respect to other extended 
transition states of the type discussed elsewhere. There 
are no such interactions in the TS of the sulfoxides. While 
these specific steric effects may cause the sulfones 6 and 
7 to undergo carbonyl addition with cyclohexenone to give 
allylic sulfones a t  lower temperatures, it  is apparent from 
the results of the reactions of the lithiated sulfones 6, 8, 
and 9 with the enones 12 and 14 that  lithiated sulfones 
show less tendency in general to react a t  C3 through the 
extended TS (Scheme I) than do the sulfoxides. 

If frontier orbital interactions are important here, then 
product ratios should relate to relative sizes of the coef- 
ficients at  C1 and C3 in the HOMO of the carbanion. This 
is illustrated in Figure 1 for reactions involving the lithi- 

ated octenyl sulfone from 8 with 4-tert-butoxycyclopent- 
2-enone (12) and for comparison the lithiated octenyl 
sulfoxide described elsewhere.” The coefficient a t  C1 is 
larger, relative to that  a t  C3, in the sulfone than in the 
sulfoxide, in accord with the enhanced electron-with- 
drawing capacity of the former g r o ~ p . ~ O ? ~ ~  There will be 
a greater tendency for reaction to proceed through C1 of 
each reactant, as in TS 2, than in the case of the sulfoxide, 
as in TS  1. Reaction through C1 in TS 2 provides the 
carbonyl adduct 34, and reaction through C3 in TS 2 
provides conjugate adduct 31. However, a second, dia- 
stereomeric carbonyl adduct 33 is also obtained; its for- 
mation can be accommodated by TS  3 where relative 
orientation of the reactants prevents overlap through C3 
of each reactant. TS  3 now corresponds to the usual six- 
membered chair TS encountered in the reactions of allylic 
carbanions with carbonyl compounds. Because of the 
greater degree of orbital overlap involved in TS 2, and 
because of steric interactions in TS 3, TS  2 is expected to 
be of lower energy than TS 3. The relative amounts of 
products formed (31 + 34 vs 33, entry 14, Table I) also 
suggests that  this is the case. The combined amounts of 
the corresponding adducts 19 and 21 (from the “extended” 
TS 2) is also greater than that of 20 (“carbonyl” TS 3) from 
the sulfone 6 (entry 4, Table I and the Experimental 
Section). 

I t  is important to recognize the operation of a comple- 
mentary effect in which carbonyl complexation by lithium 
affects coefficients a t  C1 and C3 in the enone LUMO. I t  
has been shown that association of an enone carbonyl with 

(24)  Fleming, I. Frontier Orbitals and Organic Chemical Reactions; 
Wiley: London, 1982; pp 121-128. 
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Table I. Yields of Conjugate and Carbonyl Addition Products from Lithiated Allylic Sulfones 
entry sulfone E 2  ratio enone T," "C uroducts uroduct ratio yield, % 

1 6 

2 6 
3 6c 

4 6 

5 6 
6 6 
7 6 

8 7 
9 70 

10 7 
11 7 

12 7 
13 7 
14 8 

15 8f  

16 8 

17 8 e  

18 9 

19 9' 

20 10 
21 10 
22 10' 

97:3 

97:3 
>99.5:0.5 

>99.5:0.5 

>99.5:0.5 
97:3 
97:3 

9O:lO 
9O:lO 

9O:lO 
9O:lO 

9010 
9O:lO 
9O:lO 

9010 

9O:lO 

9O:lO 

>97:3 

>97:3 

- 

- 
- 

11 

11 
11 

12 

12 
13 
13 

11 
11 

11 
13 

13 
13 
12 

12 

14 

14 

14 

14 

11 
13 
13 

-85, -85, -85 

-70, -3, 2 
-70, -70, -70 

-70, -70, -70 

-70, 0, 0 
-85, -85, -85 
-70, -3, 1 

-70, -70, -70 
-70, -70, -70 

-70, -3, 4 
-70, -70, -70 

-70, -70, 0 
-70, -4, 2 
-70, -70, -70 

-70, -70, -70 

-70, -70, -70 

-70, -70, -70 

-70, -70, -70 

-70, -70, -70 

-70, -70, -70 
-70, -15, -15 
-70, -70, -70 

15, 16 
17 
15, 16 
15 
18 
19 
20 ,21  
19 
22 
22 
23,24 
25,26 
25,26 
27 
25, 26 
28 
29, 30 
29, 30 
29, 30 
31, 32 
33,34 
31 
33,34 
35, 36 
37 
38,39 
37 
38,39 
40 
41, 42 
40 
41, 42 
43 
44 
45 

964  
75:25b 
9 5 5  

95:5b 

71:29 

5446b 
48:52b 
93:7 
89: 11 
89: 11 
94:6b 
89: 11 
75:2!jb 
78:22 
81:19 
79:21 
93:7 
51:49 

29:71 

55:45 

57:43 

3862 

4060 

76 
5 

83 
5 

88 
38 
45 
43d 
81 
5 

69 
79 
20 
69 
76 
48 
25 
82 
79 
21 
49 

3.5 
9 

69 
89 

758 
38 

818 
19 
60 
<2 
72 
83 
72 
61 

"Temperature of lithiation, temperature of enone addition, temperature of quench. Diastereomer ratios. HMPA (3 equiv) present with 
Other, unidentified products also formed. e HMPA (1.5 equiv) present with lithiated sulfone. f HMPA (2 equiv) present lithiated sulfone. 

with lithiated sulfone. BData from ref 20. 

Li+ increases the coefficient a t  C1 relative to  that a t  C3, 
thus favoring carbonyl addition.25 Because of the lower 
dipole of the sulfone, Li+ is relatively easily removed from 
the ion-pair situation as compared to the sulfoxide (see 
below). Thus, carbonyl complexation is expected to be 
more pronounced, or more advanced, in the T S  of the 
sulfone reactions than in that of the sulfoxide reactions, 

(25) Lefour, J.-M.; Loupy, A. Tetrahedron 1978, 34, 2597. 
(26) It may also be argued that lithiated allylic sulfones are not as 

planar as the lithiated allylic sulfoxides, and are thus not able to utilize 
the extended transition states as effectively as the sulfoxides.n As in- 
dicated by the X-ray structure of the lithiated allyl phenyl sulfone-di- 
glyme complex described above, C1 is nonplanar.28 Thus, electrostatic 
or charge effects involving a partially pyramidal C1 and the carbonyl 
group may be more important in the sulfone than in the sulfoxide, 
thereby encouraging carbonyl addition.% Because of nonplanarity at  C1, 
effective interaction a t  C3 is also diminished with respect to that oper- 
ating in the sulfoxide. The effect is likely to apply in particular to the 
lithiated sulfone from 9, which is less stabilized than that from 8; a larger 
amount of allylic sulfone is formed from the latter compound in reactions 
involving the enone 14. 

(27) We have presented evidence in favour of planar lithiated allylic 
sulfoxides.'* Unfortunately, there appears to be no X-ray data available 
for lithiated allylic sulfoxides. A structural comparison with lithiated 
allylic sulfones will be of considerable interest. 

(28) As the lithiated allylic sulfone generated from 6 in the presence 
of diglyme in THF is more deeply colored than that either generated in 
THF alone, or in the presence of TMEDA in THF, we suspect that 
diglyme exerts a solvating effect on the lithium counterion. Also, we have 
found that the presence of diglyme affects the regiochemical outcome of 
the lithiated sulfone with cyclopentenone in providing products, as yet 
not fully characterized, arising by reaction through C1. TMEDA has no 
such effect. Thus, the X-ray data obtained from the lithiated sulfones 
complexed with diglyme may not necessarily be representative of the 
structure of lithiated sulfones in general. A comparison of 0-Li bond 
lengths and the extent of pyramidalization at  C1 in the diglyme com- 
plexes, with these parameters in the lithiated sulfones complexed with 
TMEDA appears worthwhile. 

a state of affairs that  encourages carbonyl addition to 
occur. 

Steric interactions alone are insufficient to account for 
the regiochemical differences between the lithiated sulfones 
and lithiated sulfoxides. On this basis, the sulfoxides 
would give the larger amount of carbpyl  adduct, as there 
are less steric interactions apparent in TS 1 than in TS 
2; as we have already seen, no carbonyl adducts are in fact 
obtained from the sulfoxide. 

Solvation of the lithium counterion by HMPA in the 
lithiated allylic sulfones will also prevent access to the 
extended TS (cf. Scheme I); the lithiated allylic sulfones, 
now present as solvent separated ion pairs (ssips), will then 
react in a manner analogous to that discussed for the 
lithiated allylic sulfidesla~m in providing the allylic sulfones. 
For the reactions involving cyclohexenone, the presence 
of ssips also assures that conjugate addition takes place.mp29 
It  is significant that  conjugate addition of solvent-sepa- 
rated lithiated allylic sulfone 10 has a lower activation 
energy than does the conjugate addition of the ion-paired 
lithiated sulfone with cyc lohe~enone .~~  Whereas HMPA 

(29) Cohen, T.; Abraham, W. D.; Myers, M. J. Am. Chem. SOC. 1987, 
109, 7923. 

(30) That ssips react more rapidly with enones than do cips may be 
general. We have noted that inclusion of 0.2 equiv of HMPA into a 
solution of lithiated allyl tert-butyl sulfide causes formation of 38% of 
conjugate adduct and 62% of carbonyl adduct with cyclopentenone, 
whereas in its absence, carbonyl adduct only is obtained.16 As a maxi- 
mum, 20% of the carbanion is present as ssips, which thus must react 
more rapidly than do the contact ion pairs (cips). As the regiochemical 
outcome of the reactions of carbanions with enones appears to depend 
on the state of ion pairing,m@ then a consideration of the relative rates 
of cips and ssips of such carbanions with enones in general needs to be 
included in a generalized explanation of the regiochemical phenomena. 
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can induce formation of ssips of the lithiated sulfones, it 
clearly cannot do so with the lithiated sulfoxides. This 
effect, which must relate to the relative dipoles of the 
respective reagents, finds remarkable support in the results 
of the NMR study carried out with lithiated methyl phenyl 
sulfide, sulfoxide, and sulfone. The study demonstrated 
that whereas HMPA was able to disrupt contact ion pairs 
of the lithiated sulfone, i t  had no effect on the lithiated 
s ~ l f o x i d e . ~  The  inability of HMPA to  affect the lithiated 
sulfoxide relates to the  enhanced dipole present in the 
sulfoxide carbanion; this is discussed elsewhere." 

The  disparate rates of formation of the vinylic sulfones 
23 and 24, and 29 and 30, from the lithiated allylic sulfones 
6 and 7 and cyclohexenone at 0 O C ,  and from rearrange- 
ment of the alkoxides of the carbonyl adducts 22 and 28, 
indicate that the conjugate addition reactions proceed 
primarily under kinetic control. The kinetic nature of the 
conjugate additions are also borne out by the reactions of 
the sulfone 10 with cyclohexenone, where carbonyl addition 
does not take place. It is also apparent that the rear- 
rangement of the alkoxides cannot proceed in an intra- 
molecular fashion. As pointed out above, the rearrange- 
ment is stereoconvergent, and this excludes an  intramo- 
lecular Cope rearrangement; the product ratio indicates 
that the  pathway is one of dissociation-recombination. 

Conclusion 
The  reactivity of lithiated allylic sulfones with conju- 

gated enones is reminiscent both of that of lithiated allylic 
sulfoxides and of allylic sulfides. Like the sulfoxides, 
stereoselective kinetically controlled conjugate addition 
takes place to deliver vinylic products arising from reaction 
through C3 of the allylic system, and like the sulfides, the 
presence of HMPA causes kinetically controlled conjugate 
addition to take place to deliver allylic products arising 
from reaction through C1. That the  regiochemical be- 
havior of the lithiated allylic sulfone can be so precisely 
influenced is, in terms of the structure of the carbanion, 
of some interest. Clearly, lithiated allylic sulfoxides should 
also react with enones to  give allylic sulfoxides in the 
presence of a reagent that induces formation of solvent 
separated ion pairs. The  reaction of lithiated allylic sul- 
fones bearing an alkyl group at C3 with enones to provide 
vinylic sulfones whose stereochemistries relate concisely 
to those of the starting allylic sulfone is of synthetic im- 
portance. Our further work in this area will be described 
elsewhere. 
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l-(Phenylsulfonyl)but-2-ene (7). l-(Phenylthio)but-2-ene1' 
(5.0 g, 30.5 mmol), containing 5-10% of the Z isomer, in di- 
chloromethane (50 mL) was treated with m-chloroperbenzoic acid 
(12 g, 70 mmol) to give after the usual workup" a yellow oil. 
Purification by flash chromatography with 3070 ethyl acetate- 
petroleum ether gave the sulfone2 (5.2 g, 84%) as a colorless oil 
consisting of a 9O:lO mixture of E and Z isomers. 
(E)-l-(Methylsulfonyl)oct-2-ene (9). (E)-1-(Methy1thio)- 

0ct-2-ene~~ (E:Z > 95:5) (500 mg, 3 mmol) in dichloromethane 
(20 mL) at 0 "C was treated with m-chloroperbenzoic acid (1.6 
g, 7.5 mmol) in the usual manner to give a pale yellow oil. Pu- 
rification by flash chromatography with 1585 ethyl acetate-pe- 
troleum ether gave the sulfone as a colorless liquid (520 mg, 86%) 
containing less than 3% of the Z isomer: 'H NMR (100 MHz) 
6 0.75-1.0 (3 H, m H8), 1.10-1.65 (6 H, m, H5-H7), 1.95-2.25 (2 
H, m, H4), 2.83 (3 H, s, CH3), 3.66 (2 H, d, J1,2 = 6.8 Hz, Hl),  

H, dt, J3,2 = 15.6, J3,4 = 6.0 Hz, H3). Anal. Calcd for C9H1802S: 
C, 56.7; H, 9.5. Found: C, 56.3; H, 9.7. 
4-(tert-Butylsulfonyl)-2-methylpent-2-ene (10). A solution 

of 4-(tert-butylthio)-2-methylpent-2-ene12 (1.4 g, 6.9 mmol) in 
dichloromethane (50 mL) was treated with m-chloroperbenzoic 
acid (3.2 g, 19 mmol) to give the crude product. Recrystallization 
from dichloromethane-ethyl acetate gave the sulfone (1.37 g, 83%) 
as colorless prisms: mp 62.5-63.5 "C; 'H NMR (100 MHz) 6 1.54 

5.60 (1 H, dtt, 5 2 , s  = 15.6, J2.1 = 6.8, J 2 , 4  = 1.1 Hz, H2), 5.65 (1 

(3 H, d, J5,4 = 6.9 Hz, H5), 1.50 (9 H, S, t-Bu), 1.84 (3 H, d, JMe,3 
= 1.5 Hz, CHJ, 1.90 (3 H, d, J1,3 = 1.5 Hz, Hl),  4.03 (1 H, dq, 
J 4 , 3  = 10.5, 54,s = 6.9 Hz, H2), 5.28 (1 H, dqq, J3 ,4  = 10.5, 53, '  = 
1.5, J3,Me = 1.5 Hz, H3). Anal. Calcd for CloHzoOzS: C, 58.8; H, 
9.8; S, 15.7. Found: C, 58.4; H, 9.8; S, 15.5. 

Conjugate Addit ion React ions .  ( E ) - 1 - [ ( l - M e t h y l -  
phenyl)sulfonyl]but-2-ene (6) w i t h  ( i )  Cyclopent-2-enone. 
From the sulfone (E:Z 97:3) (402 mg, 1.91 mmol) in THF (30 mL) 
at -85 "C with butyllithium (2.1 mmol) (or LDA, 2.1 mmol), 
followed by the enone (173 mg, 2.1 mmol) according to the usual 
method at -85 "C, was obtained a pale yellow oil. Preparative 
layer TLC with 60:40 ethyl acetate-petroleum ether provided a 
96.4:3.6 mixture of diastereomers 15 and 16 of 3-[3'-[(4- 
methylphenyl)sulfony1]-I '-methylprop-2'-enyl]cyclopentanone 
(425 mg, 76%): 'H NMR (major isomer) 6 1.103 (3 H, d, 
= 6.8 Hz, CH,), 1.44-2.37 (8 H, m, H2-H5, Hl'), 2.452 (3 H, s, 

H, dd, J2,,3, = 15.2, JZ,', = 8.3 Hz, H2'), 7.35-7.77 (m, ArH); (minor 
isomer) 6 1.131 (3 H, d, JMe,'. = 6.8 Hz, CHJ, 1.4-2.4 (8 H, m, 

CHJ, 6.35 (1 H, dd, J3,,2, = 15.2, J3,,1, = 0.96 Hz, H3'), 6.896 (1 

H2-H5, Hl'), 2.432 (3 H, 5, CH3), 6.352 (1 H, dd, J3,,y = 15.2,53,,1, 
= 0.96 Hz, H3'), 6.901 (1 H, dd, J2,,3, = 15.2,52,,1, = 8.3 Hz, HZ'), 
7.35-7.73 (4 H, m, ArH). Anal. Calcd for C&~o03S: C, 65.8; 
H, 6.9. Found: C, 66.1; H, 6.9. 

A minor less polar fraction consisted of an inseparable 7525 
mixture of diastereomers of (E) - l - [ l ' - [  (4-methylpheny1)- 
sulfonyl]but-2'-enyl]cyclopent-2-en-l-ol (17) (28 mg, 5%): 'H 
NMR (major isomer) 6 1.574 (3 H, dd, J4,,3, = 6.4, J4,,2,  = 1.9 Hz, 
H4'), 2.10-2.65 (4 H, m, H4, H5), 2.443 (3 H, s, CH3), 3.807 (1 
H, d, J1,,2, = 10.3 Hz, Hl'), 4.300 (1 H, 9, OH), 5.17 (1 H, dq, J3,,2, 
= 15.2, J3,,4, = 6.4 Hz, H3'), 5.36 (1 H, ddq, J2',3, = 15.2,52,,1, = 
10.4, J2,,4, = 1.6 Hz, H2'),5.75 (1 H, ddd, J2,3 = 5.4, J 2 , 4  = 2.1, J 2 , 4  
= 1.8 Hz, H2), 5.98 (1 H, ddd, J3,2 = 5.4,53,4 = 2.4,53,4 = 1.8 Hz, 
H3), 7.32-7.69 (4 H, m, ArH); (minor isomer) 6 1.595 (3 H, dd, 
J4,% = 6.4, J4t,2, = 1.2 Hz, H4'), 1.1-2.1 (4 H, m, H4, H5), 2.434 
(3 H ,  s, CH,), 3.775 (1 H, d, J1,,2, = 9.7 Hz, Hl'), 4.636 (1 H, s, 
OH), 5.23 (1 H, dq, J3,,2, = 16.4, J3,,4, = 6.2 Hz, H3'), 5.32 (1 H, 
ddq, J2,,3, = 16.4, J 2 , , 1 r  = 9.6,52,,4, = 1.2 Hz, H2'), 6.04 (1 H, ddd, 
J2,3 = 5.6, J2,4 = 2.0, J 2 , 4  = 1.8 Hz, H2), 6.12 (1 H, ddd, J3,2 = 5.6, 
J3,4 = 2.1, J3,4 = 1.9 Hz, H3), 7.32-7.68 (4 H, m, ArH); HRMS 
calcd for C16H2003S 292.1133, found 292.1130. 

The sulfone 6 (E:Z 97:3) (476 mg, 2.27 mmol) in THF at -70 
"C was treated with LDA (2.33 mmol). The solution was warmed 
to -3 "C, treated with cyclopent-2-enone (204 mg, 2.5 mmol) in 
THF, and quenched within 30 s with aqueous ammonium chloride, 
at which time the temperature was +2 "C. A pale yellow oil was 
obtained, which after purification by preparative layer TLC with 
60:40 ethyl acetate-petroleum ether gave a 955 mixture of the 

Experimental Section 
The general experimental conditions have been described 

previously.11~18*20 'H NMR spectra were recorded at 400 MHz 
except where otherwise indicated. l-(Phenylsulfonyl)oct-2-ene 
(8) was prepared as described elsewhere.20 

Preparation of Allyl ic  Sul fones .  (E) -1 - [ ( l -Methy l -  
phenyl)sulfonyl]but-2-ene (6). This was prepared according 
to a literature method31 to give a 69:31 mixture of the E and Z 
isomers of the sulfone. A solution of the product in petroleum 
ether was cooled to -30 "C to induce crystallization of the E 
isomer. The crystalline material so obtained was shown by NMR 
spectroscopy to contain less than 3% of the Z isomer. This was 
recrystallized twice more in the same fashion to give the sulfone 
as white needles, mp 53-55 "C, containing less than 0.5% of the 
Z isomer: 'H NMR 6 1.68 (3 H, ddm, J4,3 = 6.75, J 4 , 2  = 1.5 Hz, 
H4), 2.448 (3 H, 9, CH3), 3.71 (2 H, ddq, J1,2 = 7.35, J1 ,3  = 1.23, 
J 1 , 4  = 0.88 Hz, Hl), 5.42 (1 H, dtq, 52 .3  = 14.5, J 2 , l  = 7.3, J 2 , 4  = 
1.6 Hz, H2), 5.57 (1 H, dqt, J 3 , 2  = 15.2, J 3 , 4  = 6.4, 5 3 , '  = 1.2 Hz, 
H3), 7.36-7.75 (4 H, m, ArH). 

(31) Kocienski, P. J. Chem. Soc., Perkin Trans. 1 1983, 945. 
(32) Binns, M. R.; Haynes, R. K.; Lambert, D. E.; Schober, P. A.; 

Turner, S. G. Aust. J. Chem. 1987, 40, 281. 
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conjugate adducts 15 and 16 (575 mg, 83%). 
From the sulfone (E2 > 99.5:0.5) (446 mg, 2.12 mmol) in THF 

containing HMPA (1.14 g, 6.4 mmol) and the enone (192 mg, 2.39 
mmol) at -70 OC was obtained a colorless viscous oil, a 'H NMR 
spectrum of which indicated a 955 mixture of the allylic and 
vinylic sulfones 18 and 15, and other products. Chromatography 
as described above gave a 95:5 mixture of diastereomers of 
(2m-34 1 '- [ (4-methylphenyl)sulfonyl] but-2'-enyl]cyclopentanone 
(18) (556 mg, 88%) as a colorless oil: 'H NMR 6 1.63 (3 H, d, 

m, H2-H5), 2.45 (3 H, s, CH3), 3.47 (1 H, dd, J1(,2( = 9.25, J1t.3 = 
7.0 Hz, Hl'), 5.28-5.44 (2 H, m, H2', H3'), 7.28-7.77 (4 H, m, ArH); 
HRMS calcd for ClsHzo03S 292.1133, found 292.1147. 

(ii) 4-tert-Butoxycyclopent-2-enone. From the sulfone 6 
(E2 > 99.50.5) (336 mg, 1.6 mmol) and the enone (270 mg, 1.76 
mmol) a t  -70 "C was obtained a colorless viscous oil. Flash 
chromatography with 1:l ether-petroleum ether gave firstly 
( I R S J  'RS,2%,4SR)-4-tert-butoxy-l-[  1 '-[ (4-methylpheny1)- 
sulfonyl]but-2'-enyl]cyclopent-2-enol (21) (73 mg, 13%) as fine 
needles: mp 110-111 "C; 'H NMR 6 1.173 (9 H, 9, t-Bu), 1.636 

J4,,3, = 5.0 Hz, H4'), 1.6-1.8, 2.05-2.4, 2.53-2.62, 2.84-2.95 (6 H, 

(3 H, dd, J4 , ,33  = 6.0, J4*,2,  = 1 Hz, H4'), 1.843 (1 H, dd, J5a,58 = 
13.8, JSU,4B = 5.3 Hz, H ~ c Y ) ,  2.443 (3 H, S, CH3), 2.498 (1 H, dd, 
J58,k = 13.8, J58,48 = 7.0 Hz, H5P), 3.708 (1 H, d, J1:y = 9.5 Hz, 
Hl'), 4.327 (1 H, dddd, J48,y = 7.0, J4.95. = 5.3,548,2 = 1.8, J48,3 
= 1.8 Hz, H4@), 4.498 (1 H, 9, w h / 2  = 4 HZ, OH), 5.21-5.36 (2 H, 
m, H2', H3'), 5.914 (1 H, dd, J3,2 = 5.5, J3,4S = 1.8 Hz, H3), 6.203 
(1 H, dd, J2 ,3  = 5.6, J2,48 = 1.6 Hz, H2), 7.29-7.69 (4 H, m, ArH). 
Anal. Calcd for C20H2804S: C, 65.9; H, 7.7. Found: C, 66.1; H, 
7.4. 

The second fraction was ( IRSJ  'SR,2'E,4SR)-4-tert-butoxy- 
1- [I '- [ (4-methylphenyl)sulfonyl] but-2 '-enyl]cyclopent-2-enol(20) 
(184 mg, 32%), a colorless oil: 'H NMR 6 1.217 (9 H, s, t-Bu), 
1.58 (3 H, dd, J4t,3, = 6.3, J 4 8 3 t  = 1.5 Hz, H4'), 1.905 (1 H, dd, J h M  
= 14.5, Jk,48 = 3.8 Hz, H ~ c Y ) ,  2.44 (3 H, 9, CH3), 2.888 (1 H, dd, 
J58,59. = 14.5, J,5,48 = 7.2 Hz, H5P), 3.664 (1 H, d, J1,,2, = 9.8 Hz, 
Hl'), 4.08 (1 H, 9, Whp = 7 Hz, OH), 4.527 (1 H, dddd, J4 ,5 ,9  = 
7.0,J40,5a = 3.5, J48,3 = 2.0, J48,2 = 1.5 Hz, H4@), 5.185 (1 H, dd, 
J3,,y = 15.2,53,,4, = 6.4 Hz, H3'), 5.323 (1 H, ddd, Jyat = 15.2, Jy,l, 
= 10.0, J2t.4, = 1.5 Hz, H2'), 5.85 (1 H, dd, J 3 , 2  = 5.4, J3,4,9 = 2.1 
Hz, H3), 5.952 (1 H, dd, 52.3 = 5.5,J2,48 = 1.2 Hz, H2), 7.29-7.70 
(5 H, m, ArH). Anal. Calcd for C@,04S: C, 65.9; H, 7.7. Found 
C, 66.2; H, 7.9. 

The third fraction was (1 'RS,2%,3SR,4RS)-3-tert-butoxy-4- 
[ 1 '-methyl-3'-[ (4-methylphenyl)sulfonyl]prop-2'-enyl]cyclo- 
pentanone (19) (222 mg, 38%): 'H NMR 6 1.053 (3 H, d, JM~, ' ,  
= 7.0 Hz, CHd, 1.182 (9 H, S, t-Bu), 1.888 (1 H, ddd, J5,95cl = 17.5, 
J W , k  = 10.3 Hz, 558,201 N 1 Hz, H5@), 2.196 (1 H, ddd, J,,w = 18.1, 
Jzu,38 = 7.8, J b , b  = 2.0 Hz, H~cY) ,  2.234 (1 H, dddd, Jk,5,  = 10.0, 
J40,5a = 10.0, J4u,3,3 = 7.5, J 4 u , l t  = 5.3 Hz, H h ) ,  2.319 (1 H, ddd, 
J%,M = 17.8, Jk,h = 9.8, Jh& = 1.8 Hz, H~cY), 2.443 (3 H, S, CHJ, 
2.594 (1 H, ddd, J2,92a = 17.9, J26.38 = 6.8,528,56 = 1.3 Hz, H2@, 
2.659 (1 H, qddd, J~ , ,M~ = 7.0, Jl t ,~)  = 7.0, 51,,4 = 5.3, J1,,3, = 1.4 
Hz, Hl'), 3.956 (1 H, ddd, J38,20( = 7.2, J38,28 = 7.2, J38,zn = 7.2 
Hz, H3@), 6.309 (1 H, dd, J3,,2r = 15.3, J31,1* = 1.4 Hz, H3'), 6.994 
(1 H, dd, J2r,3t = 15.3 Hz, Jz,,lj = 7.1 Hz, H2'), 7.32-7.77 (4 H, m, 
ArH). Anal, Calcd for C2,,HZ8O4S: C, 65.9; H, 7.7. Found: C, 
65.9; H, 7.8. 

Treatment of the lithiated carbanion from the sulfone (236 mg, 
1.12 mmol) a t  0 "C with the enone (191 mg, 1.24 mmd) gave the 
vinylic sulfone 19 (175 mg, 43%). 

(iii) Cyclohex-%-enone. The sulfone (E2 97:3) (402 mg, 1.91 
mmol) in THF (30 mL) under nitrogen at -85 "C was treated with 
LDA (2.09 mmol) followed by cyclohex-2-enone (190 mg, 1.98 
mmol). The reaction mixture was then quenched after 30 s with 
aqueous ammonium chloride at -85 "C to give after preparative 
layer TLC with 60:40 ethyl acetate-petroleum ether a 5446 
mixture of diastereomers of (E)-1-[1 '-[ (4-methylphenyl)- 
sulfonyl]but-2'-enyl]cyclohex-2-en-l-ol (22) (472 mg, 81%) as a 
colorless oil. The oil slowly deposited a crystalline 68:32 mixture 
of the diastereomers, as prisms: mp 95-99 "C; 'H NMR (major 
isomer) 6 1.575 (3 H, dd, J4r,3, = 6.5, J4,,2, = 1.7 Hz, H4'), 1.6-2.3 
(6 H, m, H4-H6), 2.441 (3 H, s, CH,), 3.669 (1 H, d, J1,,2, = 10.4 
Hz, Hl'), 4.295 (1 H, S, OH), 5.09 (1 H, dq, Jy.2, = 15.3, J3,,4, = 
6.5 Hz, H3'), 5.34 (1 H, ddq, J2,,3, = 15.3, Jz,,1, = 10.4, J2,,4,  = 1.7 
Hz, H2'), 5.47 (1 H, dm, 52.3 = 10.2 Hz, H2), 5.86 (1 H, ddd, J3,2 
= 10.2, 53,4 = 4.5, 53,4 = 3.0 Hz, H3), 7.31-7.68 (4 H, m, ArH); 

(minor isomer) 6 1.584 (3 H, dd, J4,,3r = 6.5, J41,2, = 1.7 Hz, H4'), 
1.6-2.3 (6 H, m, H4-H6), 2.345 (3 H, s, CH3), 3.345 (1 H, d, J1.,2. 
= 10.4 Hz, Hl'), 4.366 (1 H, 8, OH), 5.134 (1 H, dq, J31,2, = 15.3, 
J3',4, = 6.5, J3,,1* = 0.5 Hz, H3'), 5.40 (1 H, ddq, J2!,3! = 15.3, J2',1' 
= 10.4, Jr,41 = 1.7 Hz, H2'), 5.97 (1 H, ddd, J3,2 = 10.2,53,4 = 4.5, 
J 3 , 4  = 3.0 Hz, H3), 6.15 (1 H, dm, 52.3 = 10.2 Hz, H2), 7.31-7.68 
(4 H, m, ArH). Anal. Calcd for C17HZL03S: C, 66.7; H, 7.2. Found: 
C, 67.0; H, 7.5. 

The sulfone ( E Z  97:3) (311 mg, 1.48 mmol) was deprotonated 
at  -70 "C with LDA (1.62 mmol), and the solution was warmed 
to -3 "C and treated with the enone (155 mg, 1.61 mmol). The 
reaction mixture was quenched within 30 s at which time the 
reaction temperature was 1 "C. The pale yellow oil obtained after 
workup was submitted to preparative layer TLC with 6040 ethyl 
acetate-petroleum ether to give starting sulfone (lo%), a 4852 
mixture of diastereomers of the carbonyl adduct 22 (22.6 mg, 5 % ) ,  
and then an 89:11 mixture of the diastereomers 23 and 24 of 
3-[3'-[ (4-methylphenyl)sulfnyl]-l '-methylprop-2'-enyl]cyclo- 
hexanone (310 mg, 69%): 'H NMR (major isomer) 6 1.060 (3 H, 
d, JMe,l ,  = 6.8 Hz, CH,), 1.25-2.40 (10 H, m, H2-H6, Hl'), 2.436 
(3 H, S, CH3), 6.32 (1 H, dd, J3t,2, = 15.1, J3,,1, = 0.96 Hz, H3'), 
6.853 (1 H, dd, J2,,3, = 15.1,52,,1, = 8.3 Hz, H2'), 7.34-7.75 (4 H, 
m, ArH); 'H NMR (minor isomer) 6 1.064 (3 H, d, JMe,l, = 6.8 Hz, 
CH,), 1.25-2.40 (10 H, m, H2-H6, Hl'), 2.412 (3 H, s, CH,), 6.325 
(1 H, m, H3'), 6.862 (1 H, dd, J2,,3, = 15.1, J28,1r = 8.3 Hz, H2'), 
7.34-7.73 (4 H, m, ArH); HRMS calcd for C17H2203S 306.1289, 
found 306.1282. 

l-(Phenylsulfonyl)but-2-ene (7) wi th  (i) Cyclopent-2-en- 
one. The sulfone (E:Z 81:19) (304 mg, 1.55 mmol) in THF (30 
mL) at -70 "C under nitrogen was treated with butyllithium (1.31 
mL, 1.3 M, 1.71 mol) followed by cyclopent-2-enone (140 mg, 1.71 
mmol) to give a pale yellow oil. The crude product was subjected 
to radial chromatography with 4060 ethyl acetatepetroleum ether 
to give the unreacted starting compound (65 mg) and then an 
inseparable 81:19 mixture of the diastereomers 25 and 26 (268 
mg, 79%) of 3-[l '-methy1-3'-(phenylsulfonyl)prop-2'-enyl]- 
cyclopentanone as white prisms, mp 99-101.5 "C, from ethyl 
acetate-petroleum ether: 'H NMR (major isomer 25) 6 1.114 (3 
H, d, JM~,~ ,  = 6.72 Hz, CHJ, 1.44-1.56 (1 H, m, H4@), 1.85 (1 H, 

(6 H, m, H2a, H3, H4a, H5, Hl'), 6.36 (1 H, dd, J3,,2, = 15.2, J3,,1, 

7.50-7.85 (5 H, m, C&,); (minor isomer 26) 6 1.143 (3 H, d, JMe,'t 
= 6.68 Hz, CH3), 1.4-1.6 (1 H, m, H4P), 6.34 (1 H, dd, J3j,r = 15.2, 

Anal. Calcd for C15H,,03S: C, 64.8; H, 6.5. Found: C, 65.1; H, 
6.6. 

The sulfone 7 ( E Z  81:19) (689 mg, 3.52 mmol) in THF (30 mL) 
at -70 "C containing HMPA (690 mg, 3.8 mmol) was treated with 
butyllithium (1.95 mL, 2.0 M, 3.87 mmol) and then with cyclo- 
pent-2-enone (320 mg, 3.9 mmol) to give a yellow oil. This was 
submitted to radial chromatography to give firstly 3-[ I-(phe- 
nyl~~lfonyl)but-2'-enyl]cyclopentanone (27) (605 mg, 69%) as 
a 955 mixture of diastereomers: 'H NMR 6 (major isomer) 1.60 
(3H, dd, J4,,3, = 6.1, J4r,2, = 1.1 Hz, H4'), 1.64-1.76 (1 H, m, H4P), 
2.05-2.65 ( 5  H, m, H2, H4a, H5), 2.86-3.10 (1 H, m, H3), 3.52 

ddd, J28,2, = 18.3, J28,3 = 10.75,J2,958 = 1.25 Hz, H2@), 2.05-2.45 

= 1.1 Hz, H3'), 6.94 (1 H, dd, J2,,3' = 15.2, Jz,,l, = 8.5 Hz, H2'), 

J3,,1r = 1.1 Hz, H3'), 6.90 (1 H, dd, J2,3, = 15.2, J2,,1, = 8.5 Hz, H2'). 

(1 H, dd, J i t , 2 ,  = 9.4, J1,,3u = 7.0 Hz, Hl'), 5.31 (1 H, dq, J3,,2, = 
15.5, J3,,4,  = 6.1 Hz, H3'), 5.40 (1 H, ddq, J2,,3, = 15.4, J2,,1, = 9.3, 
J2,,4, = 1.2 Hz, H2'), 7.50-7.83 (5 H, m, CsH5). Anal. Calcd for 
C15H1802S: C, 64.8; H, 6.5. Found: C, 64.8; H, 6.8. 

The next fraction eluted was an 89:11 mixture (168 mg, 20%) 
of the vinylic sulfone diastereomers 25 and 26. A small amount 
of unidentified material was also isolated. 

The lithiated sulfone, from the sulfone (561 mg, 2.86 mmol) 
and butyllithium (1.3 mL, 2.5 M, 3.02 mmol), in THF at  -3 "C 
was treated with the enone (302 mg, 3.15 mmol). The solution 
was quenched after 30 s with aqueous ammonium chloride, when 
the temperature was 4 "C, to give after the usual workup and 
chromatography as described above an 8931 mixture of the vinylic 
sulfones 25 and 26 (603 mg, 76%). 

(ii) Cyclohex-2enone. From the sulfone (E2 9010) (738 mg, 
3.77 mmol) in THF (30 mL), butyllithium (2.1 mL, 2.0 M, 4.20 
mmol), and the enone (397 mg, 4.14 mmol) at -70 "C was obtained 
a yellow oil, which was submitted to radial chromatography with 
70:30 ethyl acetate-petroleum ether. The first fraction, a pale 
yellow oil, was a mixture of carbonyl adducts and starting sulfone 
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(E2 90:lO). The carbonyl adduct was separated from unchanged 
sulfone by crystallization from ethyl acetate-petroleum ether. A 
75:25 mixture of diastereomers of 1-[I ’-(phenykrulfonyl)but-2’- 
enyl]cyclohex-2-en-l-ol(28) was thereby obtained as white prisms: 
mp 97-99 “C (313 mg, 48%); lH NMR 8 (major isomer) 1.564 (3 
H, dd, J4,$, = 6.4, J4t,y = 1.7 Hz, H4’), 1.65-2.32 (6 H, m. H4-H6), 
3.688 (1 H, d, J1t ,2 t  = 10.5 Hz, Hl’), 4.22 (1 H, S, OH), 5.06 (1 H, 
dqd, J3,,2, = 15.3, J3,,4, = 6.5, J3,,1? = 0.5 Hz, H3’), 5.35 (1 H, ddq, 

= 10.1 Hz, H2), 5.88 (1 H, dddd, J3,2 = 10.1, J3,4 = 5.1, J3,4 = 2.5, 

(3 H, dd, J4,,3, = 6.6, J4,,2, = 1.7 Hz, H4’), 3.616 (1 H, d, J1,,29 = 
10.8 Hz, Hl’), 4.26 (1 H, S, OH), 5.11 (1 H, dqd, J3r,p 15.3, J3,,4, 

= 6.5, J3,,1, = 0.5 Hz, H3’), 5.43 (1 H, ddq, Jy,3! = 15.3,52,,1# = 10.4, 
J2t,4t = 1.7 Hz, H2’), 5.986 (1 H, dddd, 53.2 = 10.3,53,4 = 4.8, J3,4 

J2t,3t = 15.3, J2t,1t = 10.4, J2t,4t = 1.7 Hz, H2’), 5.49 (1 H, dm, J2 ,3  

J = 0.6 Hz, H3), 7.52-7.86 (5 H, m, C&5); (minor isomer) 1.571 

= 2.8, J = 0.5 Hz, H3), 6.138 (1 H, dm, J2,3 = 10.2 Hz, H2). Anal. 
Calcd for Cl6HZoo3S: C, 65.8; H, 6.9. Found: C, 66.1; H, 7.0. 

The second fraction (99 mg) was a mixture of unidentified 
compounds. The third fraction, a colorless oil, was a 7822 mixture 
of diastereomers 29 and 30 of 3-[l ’-methyl-3‘-(phenylsulfonyl)- 
prop-2’-enyl]cyclohexanone (163 mg, 25%): ‘H NMR (major 
isomer) 8 1.063 (3 H, d, JMe,l t  = 6.8 Hz, CHJ, 1.20-2.43 (10 H, 
m), 6.323 (1 H, dd, J3,,2t = 14.9, J3,,1, = 1.2 Hz, H3’), 6.891 (1 H, 
dd, J2,,3, = 14.9, J2J,lt = 8.5, Hz, H2’), 7.47-7.90 (5 H, m, C6H5); 
(minor isomer) 6 1.067 (3 H, d, JM~,~ ,  = 6.8 Hz, CHJ, 6.326 (1 H, 

Jy,lt = 8.1, Hz, H2’); HRMS calcd for C16Hm03S 292.1133, found 
292.1127. 

The sulfone (E2 9O:lO) (756 mg, 3.86 mmol) in THF (30 mL) 
at  -70 “C was treated with butyllithium (2.1 mL, 2.0 M, 4.24 
mmol) and then the enone (410 mg, 4.27 mmol) in THF (5  mL). 
The solution was warmed to 0 OC, whereupon it was stirred for 
1 h and then quenched with aqueous ammonium chloride. The 
usual workup gave a yellow oil, which after chromatographic 
purification gave an 81:19 mixture of the vinylic conjugate adducb 
29 and 30 (889 mg, 79%). 

The lithiated sulfone, prepared from the sulfone (E2 9010) 
(539 mg, 2.75 mmol) and butyllithium (1.3 mL, 2.5 M, 3.02 mmol), 
in THF was treated with the enone (299 mg, 3.02 mmol) at  -4 
“C. The mixture was quenched after 30 s with aqueous ammo- 
nium chloride, when the temperature was +2 “C, to give a 79:21 
mixture of the conjugate adducts 29 and 30 (634 mg, 79%). 

l-(Phenylsulfonyl)oct-2-ene (8) with 4-tert-Butoxy- 
cyclopent-2-enone. From the sulfone (E2 9010) (0.88 g, 3.5 
mmol) and the enone (0.54 g, 3.5 mmol) at  -70 “C was obtained 
a light yellow oil (0.99 g, 70%). Flash chromatography with 6:94 
ethyl acetate-benzene and then HPLC with 17183 ethyl ace- 
tate-petroleum ether gave firstly (1 ’RS,2%,3RS,4SR)-3-tert- 
butoxy-4-[1 ’-pentyl-3’-(phenylsulfonyl)prop-2’-enyl]cyclo- 
pentanone (32) (19.8 mg, 1.4%): ‘H NMR 6 0.81-0.88 (3 H, m, 
HY), 1.11 (9 H, s, t-Bu), 1.13-1.31 (6 H, m, H2”-H4”), 1.31-1.46 
(1 H, m, Hl”), 1.46-1.58 (1 H, m, Hl”), 1.89 (1 H, dd, J5,,, = 

= 8.1, JZa,Sa 1 Hz, H2a), 2.13-2.32 (1 H, m, H4a), 2.36 (1 H, 

dd, J3*,2t = 15.1, J3,,1, = 1.2 Hz, H3’), 6.902 (1 H, dd, J29,3, = 15.1, 

17.4, J5,94, = 11.4 Hz, H5@), 2.16 (1 H, ddd, J 2 , 2 ,  = 18.6, J2,38 

ddd, Jh ,50  = 17.4, J5a,4a = 8.4, J5,,% N 1 Hz, H~cY) ,  2.58 (1 H, dd, 
J2,92, = 18.6, 52,938 = 7.2 Hz, H2@, 6.36 (1 H, d, J3,,2, = 15.0 Hz, 
H3’), 6.82 (1 H, dd, J2,,3, = 15.0, Jzt,l, = 10.0 Hz, H2’), 7.53-7.92 
(5 H, m, ArH). Anal. Calcd for C23HS4O4S: C, 67.95; H, 8.4. 
Found: C, 68.0; H, 8.5. 

The second fraction was (1 ‘RS,2%,3SR,4RS)-3-tert-butoxy- 
44 1 ’-pentyl-3’-(phenykiulfonyZ)~~op-2’-enyl]cyc1opentanone (31) 
(177 mg, 20%): ‘H NMR b 0.75-0.85 (3 H, m, HE?), 1.00-1.27 
(6 H, m, H2”-H4’’), 1.17 (9 H, s, t-Bu), 1.27-1.40 (1 H, m, Hl”), 
1.45-1.60 (1 H, m, HI’‘), 1.93 (1 H, dd, J5@,5, = 18.3, J58,4, = 9.9 
Hz, HE$), 2.17 (1 H, ddd, JZrr,20 = 18.3, J2,3, = 7.2, J%,5, N 1 Hz, 
H~cY),  2.21 (1 H, dddd, Jh ,58  = 9.9, J4a,5a = 8.1, J4,3, = 7.0, Jh,i, 
= 6.6 Hz, H4a), 2.33 (1 H, dddd, J l t , l n  = 10.3, J1,,2,  = 9.5, J1,,4, 

= 6.6, J1,,1,, = 3.0 Hz, Hl’), 2.42 (1 H, ddd, J5a,5,5 = 18.3, J5,,4, = 
8.1, J5,,2, 1 Hz, H~cY) ,  2.54 1 H, dd, Jz@,za = 18.3, J28,38 = 6 Hz, 
H2P), 3.97 (1 H, ddd, J ~ , ~ L Y  = 7.0, J w , ~  = 7.0, Jwa = 6.6 Hz, H3P), 
6.34 (1 H, d, J3,,y = 15.0 Hz, H3’), 6.88 (1 H, dd, J2,,3, = 15.0, Jz,,l, 
= 9.5 Hz, H2’), 7.51-7.85 (5 H, m, ArH). Anal. Calcd for 
C23H3404S: C, 67.95; H, 8.43. Found: C, 67.6; H, 8.5. 

The third fraction was (lRS,l ’RS,2%,4SR)-4-tert-butoxy-l- 
[I  ’-(phenylsulfonyl)oct-2’-enyl]cyclopent-2-enol (34) (346 mg, 
24%): ‘H NMR 6 0.87 (3 H, m, H8’), 1.07-1.39 (6 H, m, H5’, H6’, 
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H7’), 1.17 (9 H, S, t-Bu), 1.86 (1 H, dd, J5,5,9 = 13.7, J4,,40 = 7.3 

55,948 = 7.0 Hz, HE@), 3.76 (1 H, d, 51’3 = 9.5 Hz, Hl‘), 4.33 (1 
H, dddd, J4O3, = 7.3, J4356 = 7.0,540,3 = 1.7, J4&2 = 1.3 Hz, H4P), 
4.52 (1 H, S, Wh/2 = 6 Hz, OH), 5.22 (1 H, dd, J2’,3! = 15.2, J2.,19 

= 9.5 Hz, H2’), 5.28 (1 H, dt, Jyr = 15.2,53,,49 = 6.3 Hz, H3), 5.93 
(1 H, dd, J3,2 = 5.7,53,40 = 1.7 kz, H3), 6.23 (1 H, dd, 52.3 = 5.7, 

Hz, H54,  1.90-1.98 (2 H, m, H4’), 2.52 (1 H, dd, J58,5n = 13.7, 

J2,4, = 1.3 Hz, H2), 7.49-7.84 (5 H, m, ArH); MS m/e 406 (M+, 
el), 389 (a), 350 (l), 333 (11, 252 (81, 110 (2% 81 (63), 77 (271, 
69 (loo), 57 (80), 55 (62), 41 (67); HRMS calcd for C23H3404S - 
C4HB 350.1552, found 350.1565. 

The most polar fraction was (1RSJ ’SR,2%,4SR)-4-tert-but- 
oxy-1-[1 ‘-(phenyIsulfonyl)oct-2‘-eny~]cyclopent-2-enoI (33) (347 
mg, 25%): ‘H NMR 6 0.85 (3 H, m, H8’), 1.04-1.30 (6 H, m, H5’, 
H6’, H7’), 1.22 (9 H, s, t-Bu), 1.85-1.93 (2 H, m, H4’), 1.91 (1 H, 
dd, Jh,W = 14.2, J,,48 = 4.0 Hz, H~cY),  2.89 (1 H, dd, JV,+ = 14.2, 
55.948 = 7.1 Hz, H5P), 3.69 (1 H, d, J i g 3  = 10.0 Hz, Hl’), 4.00 (1 
H, S, Wh/z = 130 Hz, OH), 4.52 (1 H, ddd, J48,58 = 7.1, J4.9,4, = 
4.0, J48,3 = 2.0, J40,2 = 1.0 Hz, H4@), 5.17 (1 H, dt, J3t,2, = 15.4, 
J3,,4, = 6.8 Hz, H3’), 5.32 (1 H, dd, J2t.3, = 15.4, Jz,,i, = 10.0 Hz, 
H2’), 5.85 (1 H, dd, 5 3 3  = 5.6, J3,a = 2.0 Hz, H3), 5.99 (1 H, dd, 
J2,3 = 5.6, J2,4,5 = 1.0 Hz, H2), 7.49-7.85 (5 H, m, ArH): MS m/e 
406 (M+, <l), 289 (<l), 350 (l), 333 (l), 252 (13), 143 (20), 111 
(21), 110 (35), 81 (67), 77 (26), 69 (lo), 57 (go), 55 (61), 53 (33), 
41 (64); HRMS calcd for C23H3404S - C4H8 350.1552, found 
350.1545. 

From the sulfone (880 mg, 3.5 mmol) and the enone (540 mg, 
3.5 mmol) in THF containing HMPA (1.24 mL, 7.0 mmol) at -70 
“C was obtained a light yellow oil (1.25 g). The crude oil was 
submitted to preparative TLC with 1585 ethyl acetate-petroleum 
ether and then to HPLC with 17:83 ethyl acetate-petroleum ether. 
The least polar fraction was (1 ’RS,2%,3RS,4RS)-3-tert-butoxy- 
4-[l ‘-(phenylsulfonyl)oct-2’-enyl]cyclopentanone (36) (251 mg, 
20%): ‘H NMR 6 0.87 (3 H, m, HS‘), 1.09-1.31 (6 H, m, H5’-H7’), 
1.13 (9 H, s, t-Bu), 1.94-2.01 (2 H, m, H4’), 2.18 (1 H, dd, J5B,5a 
= 18.0, J58,4, = 11.9 Hz, H5P), 2.19 (1 H, ddd, Jz,,ze = 18.0, J%,w 
= 8.0, J2,,5, 1 Hz, H~cY),  2.60 (1 H, dd, Jzg,~, = 18.0, J2g,38 = 
7.0 Hz, H2P), 2.71 (1 H, ddd, J5,,50 = 18.0, J5a,44a = 8.4, J h , z a  
1 Hz, H ~ c Y ) ,  2.94 (1 H, ddd, Jh,5,9 = 11.9,Jh,38 = 8.4, J h , h  = 8.4, 
Jh,lt = 3.1 Hz, H~cY), 3.85 (1 H, ddd,cJw,k = 8.0, Jw,h = 8.4, JW,W 
= 7.0 Hz, H3P), 3.88 (1 H, dd, J1’,2( = 9.2, J1,38 = 3.1 Hz, Hl’), 
5.36-5.45 (2 H, m, H2’, H3’), 7.49-7.87 (5 H, m, ArH). Anal. Calcd 
for C23H3404S: C, 67.95; H, 8.43. Found: C, 68.0; H, 8.5. 

The second fraction was (1 ‘RS,Z‘E,3SR,4SR)-3-tert-butoxy- 
4-[l ’-(phenylsulfonyl)oct-2’-enyl]cyclopentanone (35) (700 mg, 
49%): lH NMR 6 0.87 (3 H, m, H8’), 1.04-1.30 (6 H, m, H5’-H7’), 
1.24 (9 H, s, t-Bu), 1.84-1.94 (2 H, m, H49, 2.17 (1 H, dd, J2a,2a 

6.8 Hz, H2P), 2.52-2.63 (1 H, m, H5P), 2.76-2.85 (1 H, m, H5a), 
2.82-2.89 (1 H, m, H4a), 3.55 (1 H, dd, J1,,2, = 10.2, J1’,4a = 5.4 

= 18.8, J2,,3,5 = 5.2 Hz, H~cY) ,  251 (1 H, dd, J2.92, = 18.8, J2,3, = 

Hz, HI’), 4.60 (1 H, ddd, J38,2,9 = 6.8, J38,4, = 5.2, J38,k = 5.2 Hz, 
H3P), 5.17 (1 H, dt, J3‘,2, = 15.3, J3,,4, = 6.9 Hz, H3’), 5.43 (1 H, 
ddt, J2,,3, = 15.3, Jzt,l, = 10.2, J2’,4, N 1 Hz, H2’), 7.49-7.81 (5 H, 
m, ArH). Anal. Calcd for CBH%O4S: C, 67.95; H, 8.43. Found: 
C, 68.0; H, 8.5. 

The third fraction, Rf 0.47, was a mixture of unchanged enone 
(8%) and the vinylic sulfone 31 (51 mg, 3.5%), and the fourth 
was a mixture of the carbonyl adducts 33 and 34 (125 mg, 9%). 

l-(Methylsulfonyl)oct-2-ene (9) with But-2-en-4-olide. 
From the sulfone (E2 > 97:3) (380 mg, 2.0 mmol) and the enone 
at -70 “C was obtained a yellow oil (480 mg), which was submitted 
to HPLC with 23:77 ethyl acetate-petroleum ether to give firstly 
unchanged sulfone (43 mg, 11%) and then (1 ’RS,Z’E,3SR)-3- 
[I ‘-(methykiulfonyl)oct-2’-enyl] butan-4-olide (42) (205 mg, 37%): 
lH NMR 6 0.89 (3 H, m, H8’), 1.24-1.48 (6 H, m, H5’-H7’), 
2.10-2.24 (2 H, m, H4’), 2.43 (1 H, dd, Jzp,2a = 18.0, 528.3 = 9.0 
Hz, H2P), 2.64 (1 H, dd, JZ,,zs = 18.0, J2,,3 = 9.0 Hz, H2a), 2.87 
(3 H, S, CH3), 3.31 (1 H, ddddd, J3,za = 9.0, J3,w = 9.0, J3,1, = 8.5, 
53.46 = 8.0, J3,4, = 7.5 Hz, H3), 3.52 (1 H, dd, J1,,2, = 10.0, J1,,3 = 
8.5 Hz, Hl’), 4.24 (1 H, dd, J 4 p , 4 c ~  = 10.0, J48,3 = 8.0 Hz, H4P), 

52r ,3 ,  = 15.5, 52,,1, = 10.0, J2,,4, = 1.5 Hz, H2’), 5.94 (1 H, dt, 5 3 3 ,  
4.64 (1 H, dd, J40,48 = 10.0, J4a,3 = 7.5 Hz, H4a), 5.48 (1 H, ddt, 

= 15.5, 53t,4, = 7.0 Hz, H3’); HRMS calcd for Cl3HZ2O4S - S02CH3 
195.1384, found 195.1383. 

The next product was (1 ’RS,ZfE,3RS)-3-[1 ’-(methylsulfony1)- 
oct-Z’-enyl]butan-4-01ide (41) (128 mg, 23%): ‘H NMR 6 0.89 
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(3 H, m, H8’), 1.24-1.48 (6 H, m, H5’-H7’), 2.11-2.19 (2 H, m, 
H4’), 2.48 (1 H, dd, J2,9,Za = 18.0, J 2 , 3  = 8.5 Hz, H28), 2.83 (1 H, 
dd, J 2 4 5  = 18.0, J&,3 = 8.5 Hz, H2a), 2.87 (3 H, 9, CH3), 3.35 (1 
ddddd, J3,2a = 8.5, J3,2p = 8.5, J3,4. = 8.0, J3,4,9 = 7.5, 53,’’ = 7.0 
Hz, H3), 3.54 (1 H, dd, J 1 r , 2 *  = 10.5, J1’,3 = 7.0 Hz, Hl’), 4.24 (1 
H, dd, J4,9,4u = 10.0,54,9,3 = 7.5 Hz, H4@), 4.41 (1 H, dd, J k , 4 , 9  = 
10.0, J4a,3 = 8.0 Hz, H~cY), 5.51 (1 H, ddt, Jp,3, = 15.5, Jp,lt = 10.5, 
J2,4, = 1.2 Hz, H2’), 5.98 (1 H, dt, J3,,2, = 15.5, J3*,4* = 7.0 Hz, H3’); 
HRMS calcd for C13H2204S - S02CH3 195.1384, found 195.1380. 

The most polar product was ( I  ‘RS,2%,3RS)-3-[3‘-(methyl- 
sulfonyl)-I ’-pentylprop-2’-enyl]butan-l-olide (40) (104 mg, 19% ): 
‘H NMR 6 0.89 (3 H, m, Ha’), 1.16-1.37 (6 H, m, H5’-H7’), 
1.37-1.61 (2 H, m, H4’), 2.24-2.34 (1 H, m, Hl’), 2.28 (1 H, dd, 
J2,9,2a = 17.5, J2,9,3 = 7.2 Hz, H2@), 2.62 (1 H ddddd, J3,2= = 7.8, 
J3,4a = 7.8, J3,4= = 7.8, 53.1’ = 7.5, J3,2,9 = 7.2 Hz, H3), 2.75 (1 H, 
dd, Ja,2,9 = 17.5, J2a,3 = 7.8 Hz, H~cY), 2.94 (3 H, S, CH3), 3.98 (1 
H, dd, J4,9,4a = 9.6, J4,9,3 = 7.8 Hz, H4@), 4.34 (1 H, dd, Jk ,4 ,9  = 
9.6, J4rr,3 = 7.8 Hz, H4a), 6.46 (1 H, d, J3,,2, = 15.0 Hz, H3’), 6.66 
(1 H, dd, J2,,3, = 15.0, J2.,’, = 10.0 Hz, H2’); HRMS calcd for 
C13H2204S - S02CH3 195.1384, found 195.1386. 

The reaction was repeated in the presence of HMPA (1.5 equiv) 
and gave a product mixture containing less than 2% of the vinylic 
adduct 40. The major products were the allylic adducts 42 (236 
mg, 43%) and 40 (158 mg, 29%). 

44  tert -Butylsulfonyl)-2-methylpent-2-ene (10) with (i) 
Cyclopentenone. The sulfone (349 mg, 1.71 mmol) was depro- 
tonated with LDA (1.88 mmol) containing 2,2’-bipyridyl in THF 
(30 mL) at -70 “C under nitrogen and then treated with the enone 
(157 mg, 1.88 mmol). The mixture was worked up immediately 
to give after flash chromatography with 20:80 ethyl acetate-pe- 
troleum ether (2%)-3-[1 ’,I ’-dimethyl-3’-(tert-butyIsulfonyl)but- 
2’-enyl]cyclopentanone (43) (406 mg, 83%) as a pale yellow oil: 

H, m, H2-H5), 2.21 (3 H, d, J4,,2, = 1.5 Hz, CHB), 6.64 (1 H, q, 
J2,,4, = 1.5 Hz, H2’). Anal. Calcd. for C15H2603S: C, 62.9; H, 9.1. 
Found: C, 62.8; H, 9.4. 

(ii) Cyclohex-2-enone. The sulfone (369 mg, 1.22 mmol) in 
THF at -70 OC was deprotonated with LDA (1.35 mmol). The 
solution was warmed to -15 “C and treated with the enone (130 
mg, 1.35 mmol). The reaction mixture was quenched after 5 min 
at  -15 “C to give a pale yellow oil, purification of which by 
preparative layer TLC with 1:l ethyl acetate-petroleum ether gave 
(2%)-3-  [ I ‘,I ’-dirnethyl-3’-( tert-butylsulfonyl)but-2’-enyl]cyclo- 
hexanone (44) (260 mg, 72%) as a colorless oil: ‘H NMR 6 1.081 

H, m, H2-H6), 2.19 (3 H, d, J4,,2, = 1.2 Hz, H4’), 6.63 (1 H, m, 
H2’). Anal. Calcd for C16H2803S: C, 64.0; H, 9.4. Found: C, 
64.1; H, 9.6. 

Also isolated was the nonpolar allene, 341 ’,I ’ d i m e t h y l b u t a -  
2’,3’-dienyl)cyclohexan-l-one (63 mg, 17%) as a colorless 
‘H NMR 6 1.012 (3 H, s, CH3), 1.025 (3 H, s, CH,), 1.2-1.65 (m) 
and 1.94-2.5 (m) (9 H, H2-H6), 4.74 (2 H, d, H4’), 5.02 (1 H, dd, 
J2:4, N 6.6, JyA, N 6.6 Hz, H2’); HRMS calcd for C12H180 178.1357, 
found 178.1356. 

‘H NMR 6 1.23 (6 H, 9, 2 CH3), 1.36 (9 H, S, t-Bu), 1.65-2.45 (7 

(3 H, S, CH3), 1,091 (3 H, S, CH3), 1.36 (9 H, s t-Bu), 1.6-2.5 (9 

Binns e t  al. 

(33) Related allenes form under similar conditions from 1-methylvinyl 
sulfoxides.’* Formation of allenes from 1-methylvinyl sulfones as in the 
present case has not previously been observed. 

From the sulfone (391 mg, 1.92 mmol) and the enone (200 mg, 
2.1 mmol) in THF containing HMPA (1.03 g, 5.76 mmol) at -70 
“C was obtained a yellow oil, a ‘H NMR spectrum of which 
indicated an 81:19 mixture of two diastereomers, and small 
amounts of other, unidentified products. A solution of the oil 
in ethyl acetate-petroleum ether deposited prisms, mp 93-94.5 
“C, of a single stereoisomer of 3-[I ’-(tert-butylsulfonyl)-I’,3’- 
dimethylbut-2’-enyl]cyclohexanone (45) (351 mg, 61%): ‘H NMR 
6 1.081 (3 H, s, CH3), 1.091 (3 H, s, CH3), 1.6-2.5 (9 H, m, H2-H6), 
2.19 (3 H, d, J4‘,2/ = 1.2 Hz, H4’),6.63 (1 H, m, H2’). Anal. Calcd 
for C1,&803S: C, 64.0; H, 9.4. Found: C, 64.2; H, 9.6. 

Rearrangement of (i) 1-[ 1’-[(4-Methylphenyl)sulfonyl]- 
but-2’-enyl]cyclohex-2-en-l-ol (22). A solution of the 68:32 
mixture of diastereomers of the carbonyl adduct 22 (429 mg, 1.41 
mmol) in THF (30 ml) at  -70 “C containing a few crystals of 
2,2’-bipyridyl was treated slowly with a solution of LDA until onset 
of permanent coloration due to the indicator. The reaction 
mixture was warmed to 0 “C when it was stirred for 2.5 h prior 
to quenching with aqueous ammonium chloride. The yellow oil 
obtained after workup was purified by preparative layer TLC with 
4060 ethyl acetate-petroleum ether to give an 89.510.5 mixture 
of the diastereomers 23 and 24 (330 mg, 77%). 

(ii) 1-[ l’-(Phenylsulfonyl)but-2’-enyl]cyclohex-2-en-l-o1 
(28). A solution of the 7525 mixture of diastereomers of the 
carbonyl adduct 28 (128 mg, 0.44 mmol) in THF (20 mL) at -70 
OC was treated with butyllithium (0.45 mmol). The resulting 
solution was warmed to 0 “C when it was stirred for 1.5 h before 
being quenched with aqueous ammonium chloride. The yellow 
oil obtained after workup was purified by preparative layer TLC 
with 4060 ethyl acetate-petroleum ether to give an 82:18 mixture 
of the vinyl sulfoxides 29 and 30 (95 mg, 74%). 
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