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Both C-C bond formation and cleavage processes are important 
in organic synthesis. Although reactions including both of these 
would constitute efficient methodologies for construction of a 
carbon skeleton, only intramolecular examples are well docu
mented as carbon skeleton rearrangement reactions;1 a scant 
number of papers were cited as dealing with the intermolecular 
version.2 

In relation to alkenyl sulfide chemistry described previously,3 

we became intrigued by the retro-ene-type fragmentation reaction 
combined with regioselective C-C bond formation and thus 
designed an alkenyl sulfide A containing a /3-siloxy group with 
a view to inducing a tandem C-C bond formation-cleavage-type 
reaction. We envisioned that reaction of A with an electrophile 
would afford thionium ion B, which in turn would lead to the 
more stable silyl oxonium ion C via C-C bond cleavage4 (Scheme 
I). 

The starting materials 1 a-le were prepared from corresponding 
oxiranes in three steps as shown in Scheme II. First, the reactions 
of la and lb with aldehydes were examined in the presence of 
several Lewis acids. Although use of TiCU, AlCU, SnCU, or 
BF3-OEt2 resulted in the formation of complex mixtures or 
hydrolysis of the siloxy group, the choice of TMSCl-ZnCl2 or 
TiCl3(O

1Pr) cleanly induced the desired transformation. The 
reaction took place readily with aliphatic, aromatic, and a,/?-
unsaturated aldehydes, and the products were obtained as almost 
1:1 mixtures of two geometrical isomers. The results are 
summarized in Table I. 

Next, the stereochemical outcome was examined using lc-le 
as substrates. Although the reaction in the presence of TMSCl-
ZnCl2 gave poor yield in these cases, TiCU and TiCU(O1Pr) 
effected smooth conversion. Surprisingly, the reaction was highly 
stereoselective to yield the corresponding products with almost 
complete E and syn selectivity as shown in Table II.5'6 

The great difference of geometrical selectivity observed in these 
reactions is noteworthy. To clarify the different behavior and to 
understand the E selectivity, PM38 calculations on lb and model 
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Table I. Reaction of la and lb with Aldehydes 
TMSO 

RCHO 
CH2CI2 

R 

OTMS 

entry substrate R Lewis acid product (yield, %) 

la 
la 
la 
lb 
lb 
lb 

PhCH2CH2 

Ph 
PhCH=CH 
PhCH2CH2 

Ph 
PhCH=CH 

TiCl3(CWr) 
TMSCl-ZnCl2 

TMSCl-ZnCl2 

TiCl3(OPr) 
TMSCl-ZnCl2 

TMSCl-ZnCl2 

2 (69)" 
3(83) 
4(70) 
5 (66)" 
6(90) 
7(67)" 

" Isolated as an alcohol after hydrolysis. 

Table II. Stereoselective Reaction of Ic, Id 
FT3SiO 

( / C j Lewis acid Bu' 

MeS 

entry substrate R 

1 Ic C6Hn 
2 Ic PhCH2CH2 
3 Ic Ph 
4 Id Ph 
5 Id PhCH=CH 
6 Ie C6Hn 
7 Ie PhCH2CH2 

CH2C^ 
45 0C 

Lewis acid 

TiCl3(CPr) 
TiCl3(CPr) 
TiCl4 
TiCl4 
TiCl4 
TiCl4

0 

TiCl4" 

and Ie wi1 

MeS 

product 
(yield, %) 

8(87) 
9(84) 

10(86) 
11 (82) 
12(77) 
13 (79) 
14 (80) 

h Aldehydes 

I 

Y 
OH 

E-syn:E-anti 

>99:<1 
>99:<1 
>99:<1 
>99:<1 

96:4 
>99:<1* 
>99:<1 

" A 9:1 mixture of TiCl4 and Ti(CPr)4 was used. 4 A small amount 
(5%) of the Z-syn isomer was also formed. 

compound of Id were performed (Table III). The results indicate 
that the energy difference between the two conformers (C-I and 
C-2) of lb was much smaller, but the conformer C-I of Id is 1.46 
kcal/mol more stable than C-2. Even if the reaction proceeds via 
a stepwise mechanism, rotation of the alkenyl sulfide moiety after 
initial C-C bond formation may be greatly disfavored by severe 
repulsion between the neighboring substituents on the cyclohexane 
ring. Therefore, preferential formation of the E product could 
be attributed to the greater stability of conformer C-I over C-2. 

The diastereoselectivity of the reaction could be explained by 
assuming the cyclic transition state models TS-I and TS-2 which 

(8) (a) Stewart, J. J. P. J. Comput. Chem. 1989,10, 209. (b) Stewart, J. 
J. P. J. Comput. Chem. 1989, 10, 211. 
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Table III. Calculated Energies for Conformers of Starting 
Materials" 

r., SR1 

SR' 

~OTMS 

^ R * 

^isomer 

Rl = R2 = Me 
R1 = Ph, R2 = H 

C-I 

-120.68 
-75.75 

Zisomer 

C-2 

-119.22 
-75.41 

A£* 

1.46 
0.34 

"Optimized using MOPAC 6.10. Energy in kcal/mol. * Energy 
difference between C-I and C-2. 

Figure 1. Cyclic transition state models TS-I and TS-2. 

imposes coordination of both carbonyl oxygen and sulfur to the 
titanium atom (Figure 1). The reaction may proceed through an 
energetically favored chairlike transition state TS-I to afford the 
syn product predominantly. 

The use of monocoordinate Lewis acid was anticipated to result 
in different diastereoselection. Indeed, the reaction of Id and 
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benzaldehydein the presence OfEtAlCI2 afforded a 83:17 mixture 
of E-anti and E-syn product in 61% yield. 

In conclusion, a novel transformation involving both formation 
and cleavage of C-C bonds with high selectivity was developed, 
making use of the tendency of the alkenyl sulfide moiety to undergo 
rearrangement. Considering that the cross coupling reaction of 
alkenyl sulfides with Grignard reagents' proceeds stereospecif-
ically, the high E selectivity as well as syn selectivity of the reaction 
provides wide applicability in organic synthesis. We are currently 
investigating the reaction of Ic, Id, Ie, and several alkenyl sulfides 
with various electrophiles. 
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