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Abstract ——— Certain effect of a silyl group on the regio- and
stereoselectivity in 1,3-dipolar cycloaddition has been demonstrated
by cycloaddition of the thiocarbonyl ylide with a silyl group at the

termini to unsymmetrical dipolarophiles,

Application of organosilicen compounds in pericyclic reaction52 has grown during
the last ten years. Especially, a silyl group has been utilized in 1,3-dipolar
cycloadditions3 as an excellent leaving group to generate the dipole species,
However, the effect of a silyl group on the regio- and stereoselectivity, which
is great importance for further synthetic application, has been unexplored.

We now wish to report the first demonstration of the effect of a silyl group on
the selectivity in 1,3-dipclar cycloadditions.

In preceding communicaticn&, we discribted the convenient generation of a new
thiocarbonyl ylide {1} from bromo(trimethylsilyl)methyltrimethylsilylmethylsilane
{2a). The dipole species 1 with a trimethylsilyl group at the termini is well

suited for the investigaticn on the effect of a silyl group.5

110°C + - -+
MeBSiCHSCHZSiMe3 — [ MeSSiCH=S—CH2 -— Me3SiCH—S=CH2 ]
ér in DMF
Za 1

Cur results of the cycloadditions of 1 to several unsymmetrical dipolarcphiles are
summerized in Table 1.

The reaction was generally carried out as follows: A solution of 2a (3 mmol} and

a dipolarophile {2 mmol) in N,N-dimethylformamide {DMF)(10 ml) was heated at 110°C
for 2 h with stirring. After the usual workup, the product was isolated by
column chromatography (silica gel, diiscpropyl ether/hexane = 1/20 as an eluent)

Entry 1 (Table 1) shows the obvious regioselection due to the substitution of a
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Table 1. Regioc- and Sterecoselectivity in 1,3-Dipolar Cyclcadditieon

via Thiocarbonyl Ylide

Entry Reagent Dipolarophile Product Total yield
No. (Ratio of isomers) (Z)

R~
~—

Co,Me?) Me0,C

2
1 1"'1(-:‘3Si?HS(.'H'IZSiP‘Ie:3 H2C=CHC02ME U 52
Br 9a ; SIME3 gb S].Me3
Boa ooy
ey @ NC a)
2 2a H2C=CHCN f \ 56
5 SiMe3 S SiME3
ha (3 2 ) 4hb
SiMe3 COEMe MEOZC
1
3 I“’Ie351—(I3—SCHZS1Me3 H2C=CHC02ME SiMeB f 5 SiMe3 46
Br ) SiMe S SiMe
2b 5a 3 5b 3
(7 6 )
{'h OZME SOzMe
4 Me,Si-C-SCH,SiMe, H,C=CHCO,Me - f E“Ph 72
T 9 S‘éa SJ_MES {83[, SjLMe3
(53 2 )
CN o
5 2c B, C=CHCN n { }wPh 87
S SiMe S SiMe
3 3
Ta (3 ;1) 7b
MeOzC_Z‘- COzMe MeOZC ECOQME
MEO C\ _ ~H
5 2e 2a-=5c0, Me <Ph { \epn 95
S SiMe3 S SiM93
8a (4 5 o3 8b

a) Mixture of two possible stereoisomers.
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trimethylsilyl group. For the structure elucidation, 3a and 3b were desulfurized
quantitatively with Raney Ni to 2-(methoxycarbonyl}butyltrimethylsilane (9a} and
its 3-isomer (9b), respectively. Their 1H-NMR spectra6 clearly established

their structures.

H2C=CHC02Me Raney Ni COZMe MeOZC
7a » (3@ +3) — > N >_\_
110°C in DMF SiMe3 SiMe3
9a 9b
3 : 1

The ratio of 3a tc 3b was determined on the basis of the gas chromatogram (20% SE-
30 on Chrom. W, 80-100 mesh) of the mixture of 9a and 9b obtained from the crude
cycloadduct. The structures and the ratios of isomers in entries 2 and 3 were
determined by a method similar to that described above. The regioselectivity
observed in entry 3 is never neglipible in view of the fact that 2,2,3-trisubsti-
tuted cycloadduct was produced in a slight excess in spite of the large steric
hindrance of two trimethylsilyl groeups.

In order toclarify the stereoselectivity we designed a new dipole generating

agent (26)7. Compcund 2c reacted with methyl acrylate to give the corresponding
tetrahydrothiophenes {(6a and 6b), where the product was isclated as a single

1H—NMR {in CDC13) spectra8

regioisomer but a mixture of two stereoisomers, The
show two characteristic signals: 6a, 3.63 ppm (1H, dd, J= 4.4, 5.6 He, ECH). 3.75
ppm (3H, s, OCHy): 6b, 3.52 ppm (1H, ¢, J= 6.4 Hz, =CH), 3.49 ppm (3H, s, OCH,).
Shift of the signal due to ester methyl of 6b to higher field indicates9 that the
methoxycarbonyl group at the 3-position 1s cis to the phenyl group at the 2-posi-
tion,

We reportedlo previcusly that the phenyl group at dipole termini affected the
stereoselectivity as well as the regioselectivity in the 1,3-dipoclar cycloaddition
of azomethine ylide. Therefore, high regioselectivity in entries 4 and 5 seems

to be mostly owing to the effect of phenyl group. The stereoselectivity in

entries 4-6, however, suggests that it may be attributed to the effect of silyl

group. Clarification of this unexpected effect will be an interesting theme in
future. Recently, the regioselectivity in pericyclic reactions including 1,3-
11

dipalar cycléadditions has been well elucidated by molecular orbital theory

Adoption of MO theory in this area is under investigation.
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