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Abstract

Additions of arenesulphenyl chlorides (e.g. ArSCl = p-XC,H,SCl; X=Me or Cl; 4-Y-2-
0,NC¢H,SCI; Y=H, Me or NO,) to R;MCH=CH, [R;M=Ph,Si, (EtO),Si or Ph;Ge] can provide
both possible adducts: R;MCHSArCH,Cl (the anti-Markovnikov adducts) and R ;MCHCICH,SAr
(the Markovnikov adducts). In reactions in CH,Cl, at room temperature, the former adducts always
dominate (> 77%) and can be the exclusive products. The ratio of [R;MCHSArCH,Cl}:[R ;MC-
HCICH,SATr] increases in the sequences Ar = p-CIC¢H, > 0-O,NC H, > 2,4-(O,N),CcH;;
(Me;SiCH=CH ) > Ph;SiCH=CH, > (Et0),;SiCH=CH ,; and Ph,SiCH=CH, > Ph;GeCH=CH ,.

A crystal structure determination of (4-Me-2-O,NC H,S)CH(SiPh;)CH,Cl revealed a slightly
distorted tetrahedral geometry about Si with a staggered conformation about the central C-°C bond
(Si-C-C-Cl dihedral angle is 167°). There is a short S - - - O intramolecular distance of 2.781 A.

Introduction

Sulphenyl halides, as electrophilic reagents, take part in addition reactions with
alkenes [1-3]. Earlier, we reported [4] that ArSX (and ArSSCN) react with
vinylstannanes to give both addition and cleavage products, eq. 1. The only adduqts
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obtained had Markovnikov orientations; none of the anti-Markovnikov adducts
(R;SnCHSArCH, X) were detected.

R,SnCH=CH, + ArSX —— R,SnCHXCH,SAr + R,SnX + CH,=CHSAr

(R = Me, Bu or Ph) (D
(1)

The ratio of addition to cleavage products depended on the Ar and R groups.
Confirmations of the Markovnikov structures for two adducts, viz. o-
O,NC,H ,SCH,CH(SCN)SnPh, and (4-Me-2-O,NC,H,S)CH ,CHCISnPh;, were
obtained from crystal structure determinations [5].

In contrast to the findings with the vinylstannanes, trimethylvinylsilane and
ArSCl were reported [6] to provide only the anti-Markovnikov adducts, eq. 2.
Additions of more elaborate sulphenyl halides to Me;SiCH=CH, have also been

Me,SiCH=CH, + ArSCI —— Me,SiCHSATCH,CI ()

studied: (‘BuCH,0),P(S)SBr was surprisingly reported to provide solely the
Markovnikov adduct, Me,;SiCHBrCH ,SP(SXOCH ,'Bu), [7], while it appears [8]
that both possible adducts are obtained from 3-CIS-pentan-1,4-dionatometal com-
plexes (II).

Me
0-=<
L3
0=
Me ~3

(I, M==Cr,Co or Al)

To investigate the effects of substituents R in R,SiCH=CH,, reactions of
Ph;SiCH=CH, and (EtO);SiCH=CH, with ArSCl have been carried out. A few
reactions of Ph;GeCH=CH, with ArSCI have also been studied. In addition, the
crystal structure of one adduct, (4-Me-2-O,NC,H,S)CH(SiPh,)CH,Cl, has been
determined.

Results and discussion

Addition of ArSCI to vinyisilanes

Reactions of ArSCl with R;SiCH=CH, (R=Ph or EtO) in chlorocarbon
solvents only produced adducts—no cleavage products were detected. Two sets of
reaction conditions were adopted: (i) on a preparative scale for further study of the
adducts and which involved refluxing solutions for several hours and (ii) on a NMR
scale, at ambient temperature, to determine the kinetic product distribution. The
latter reactions required days to go to completion.

As reported in the Introduction, Me;SiCH=CH, and ArSCl produced only the
anti-Markovnikov adducts in dichloromethane in reactions at temperatures, ini-
tially at — 78°C but finally at 20°C. In contrast, from reactions of Ph,SiCH=CH, or
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Table 1

Adducts of reaction of R;MCH=CH, and ArSCl in CH,Cl, solutions at 25°C

R;MCH=CH, ArSCl [R3MCHSArCH,Cl}:[R ;MCHCICH ,SAr]

Ph,SiCH=CH, p-CIC¢H ,SCl 100:0
2,4(0,N),C¢H,CI 90:10

(Et0),SiCH=CH, 0-O,NC,H,SC1 85:15
2,4-(0,N),C¢H,SCl 77:23

63:37°

Ph3GeCH=CH, p-CIC¢H ,SCI 92:8
0-0,NC4H,SCl 83:17
2,4-(0O,N),C¢H,SCl 82:18

¢ In CCl, solution.

(EtO),SiCH=CH, in CH,Cl, at 20°C, both possible adducts, Il and IV, were
usually obtained (eq. 3).

R,SiCH=CH, + ArSCI —— R,SiCH(SAr)CH,Cl + R ,SiCHCICH,,SAr

(R = Ph or EtO) (111) (IV)
(3)

An exception was the reaction between Ph,SiCH=CH, and p-CIC;H ,SCl, which
provided solely the anti-Markovnikov adduct III (R = Ph; Ar =p-CIC{H,). The
anti-Markovnikov adducts I1I were always the major products in these reactions
(> 77%) (Table 1). As the electron releasing ability of the Ar group increases, so
does the ratio of II1:1V, i.e the more reactive ArSCI provides the most selective
reaction. The proportion of the Markovnikov adduct increases in the sequence
p-CIC,H,SCIl < 0-O,HC¢(N,SCI] < 2,4-(O,N),C,H,SCl for the same
R;MCH=CH,. Less selectivity was obtained in CCl, than in CH,Cl, (Table 1).
NMR spectral data for adducts are listed in Table 2.

Spectral assignments of the =CH-CH ,— protons were aided by 'H-3C COSY
experiments. As can be seen, the CH, protons in both types of adducts are
diastereotopic..

It is generally accepted [1] that the rate determining step in addition of R?SX to
an alkene is the formation of the episulphonium ion V in Scheme 1. Under
kinetically controlled conditions, the products obtained are governed by the ease
of approach of X~ to the two carbon centres in V; for bulky R’ groups, the
predominant products are the anti-Markovnikov adducts [9-10], e.g. Me,;CC-
H=CH, and 2,4-(O,N),C,H;SCl (ArSCl) in CH;CO,H at 25°C provides a 95:5
molar ratio of Me;CCHSATCH,Cl: Me,;CCHCICH ,SAr [9]. Such kinetically con-
trolled ratios can have prolonged stabilities at ambient temperatures: it is only at
higher temperatures that isomerisations occur to give thermodynamic (equilibrium)
ratios, rich in the Markovnikov adducts. Clearly the vinyl-metal compounds
studied here can be considered to be alkenes bearing bulky substituents R’
[R’ = Ph;Si, (EtO),Si or Ph;Gel. For less bulky R’ groups, the relative amounts of
products VI and VII depend much more on the electronic effects of R’.

With the more electron withdrawing R? groups, the episulphonium ion V
becomes less stable and some positive charge will be transferred from sulphur to
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carbon, with even the formation of open carbonium ions (VIII or IX). Greater
proportions of the anti-Markovnikov adducts of non-metallated alkenes have been
obtained from ArSCl having the more electron releasing Ar groups [10]. This
parallels our findings with R;MCH=CH ,. The stabilisation of VIII and IX clearly
becomes important in deciding product ratios. For vinylsilanes, an important factor

is the well-known B-effect, i.e. the stabilisation of silylethyl cations, R,Si— ? C+
via hyperconjugation involving the ¢-(C-Sn) orbital and the empty p-orbital at the
B-positive centre. The silylethyl cation has been calculated to be 38 kcal mol~!
more stable than the ethyl cation [11a]: o* values for Me;SiCH, and (EtO);SiCH,
(~0.54 and —0.19 respectively) also reflect this [11b]. The stabilisation of the
R;SiCH(SAr)CH, " cation enhances formation of the anti-Markovnikov adducts
(and thereby supplements the consequences of the steric effects of the R,Si
groups).

Relatively greater amounts of R;SiCHCICH ,SAr (Markovnikov adducts) in the
vinylsilane reactions are also obtained in the sequence R;Si = (Me,Si <)Ph;Si <
(EtO),Si for the same ArSCl. The o* values for Me,Si and (EtO),Si are —0.13
and +0.01 respectively [11b]; thus there is a greater difference in o* values for
Me,SiCH, and Me,Si (0.41) than there is for (EtO),SiCH, and (EtO);Si (0.20).
The smaller difference for (EtO),SiCH,/(EtO);Si suggests that there should be
less discrimination between adducts of (EtO),SiCH=CH, than of Me;SiCH=CH ,,
i.e. there should be a reduced [R ;SiCHSArCH ,Cl]:[R ;SiCHCICH ,SAr] ratio for
R = EtO compared to that for R = Me, as found.

Additions to Ph;GeCH=CH,

It is apparent from the results in Table 1, that Ph;GeCH=CH, provides results
much more similar to those for vinylsilanes than for vinylstannanes. As with
R,SiCH=CH,, Ph;GeCH=CH, gave both adducts, with the major ones being the
anti-Markovnikov compounds, eq. 4; no cleavage products (i.e. Ph;GeCl and
CH ,=CHSATr) were detected. The ratio of X: XI increased with the reactivity of
ArSCL

Ph,GeCH=CH, + ArSCI —— Ph,GeCHSArCH,Cl + Ph,GeCHCICH,SAr

(X) (XI)
4

Reactions of the adducts

All adducts of R;SiCH=CH, (R = EtO or Ph) and Ph;SiCH=CH, were stable
in chlorocarbon solvents over a long period at 20°C. This contrasts markedly with
the instability (eq. 5) of R;SnCHXCH ,SAr over similar times [4]. However the
adduct Ph,SiCH(SC4H,Me-p)CH,Cl, was converted to Ph;SiCH(SC4H Me-
p)CH,OH on chromatography on Al,O;.

R,SnCHXCH,SAr —— R,SnX + CH,=CHSAr (5)

Magnus et al. [6] showed that Me;SiCHSArCH,Cl could be converted to
synthetically useful CH,=CHS(O)Ar by oxidative cleavage using m-CIC;H,CO - O
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RZ
é+ SR? SR?
1 —X~ £\ 1|
R!CH=CH, + R?8X l R!ICH—CH, —— R!CH—CHj or RIQH—CHZ
slow
v) (vin (I1X)

R'CHSR2CH, X + R'"CHXCH ,SR?

(vD) (v
Scheme 1.

- OH. By similar means, R,SiCHSArCH,Cl (R = EtO or Ph) were shown to be
equally good precursors of CH,=CHS(O)Ar (eq. 6).

R,SiCHSAICH,Cl + m-CIC,H,CO-0-OH —— CH,=CHS(O)Ar  (6)

Molecular structure of (4-Me-2-0,NC4H,;S)CHSiPh;CH,C! (XII)

The atomic numbering system and atomic arrangements are shown in Fig. 1.
The atom coordinates and bond angles and lengths are in Tables 3 and 4.

The geometry about Si in XII is tetrahedral with C-Si-C angles ranging from
106.2(3) to 112.8(3)°. The C-Si bond lengths [Si-C,, 1.916(6) and Si-C,
1.870(6)-1.888(6)] are normal. The solid state conformation is staggered about the
C(1)-C(2) bond with a Si—~C-C-Cl dihedral angle of 167° (Fig. 2).

Fig. 1. Atomic arrangements and numbering systems for XII.
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Table 3
Coordinates x 10* for non-hydrogen atoms and U,, X 10* with e.s.d.s in parentheses

X y z Ueq i
Si(1) 2407(2) 9149(1) 1539(1) 37(1)
S(1) 1864(2) 8069(1) 498(1) 46(1)
CI(1) —2237(2) 9116(2) 347(1) 84(1)
1) 751(8) 8697(5) 986(2) 402)
CcQ2) —436(9) 9647(6) 770(2) 62(3)
i 1171(8) 9294(5) 2082(2) 40(2)
C(12) —10%(9) 10114(6) 2096(2) 51(2)
c13) —1087(10) 10159(6) 2483(3) 61(3)
Cc(14) —789(9) 9397(6) 2872(3) 57(3)
c(15) 482(10) 8589(6) 2865(3) 60(3)
CQ16) 1468(9) 8534(5) 2482(2) 46(2)
C(21) 3526(8) 10520(5) 1429(2) 39(2)
C(22) 3685(9) 11410(6) 1776(3) 55(2)
C(23) 4601(11) 12385(6) 1698(3) 71(3)
CQ24) 5392(11) 12493(7) 1280(4) 74(3)
C(25) 5295(10) 1162%7) 935(3) 71(3)
C(26) 4346(8) 10647(6) 1011(2) 54(2)
C(31) 4041(8) 7978(5) 1662(2) 34(2)
c(32) 5790(9) 8224(6) 1734(2) 57(2)
C(33) 7033(10) 7335(7) 1820(3) 71(3)
C(34) 6522(10) 6235(7) 1832(2) 59(3)
C(35) 4803(10) 5965(6) 1762(2) 56(2)
C@36) 3575(9) 6810(5) 1683(2) 44(2)
C(41) 1417(8) 6585(5) 551(2) 35(2)
C(42) 2666(8) 5760(6) 494(2) 36(2)
N(41) 4327(8) 6090(5) 357(12) 51(2)
0o41) 4360(7) 6893(4) 68(2) 78(2)
0(42) 5605(6) 5550(5) 531(2) 78(2)
C(43) 2416(8) 4593(5) 561(2) 43(2)
(44) 853(9) 4210(6) 677(2) 39(2)
C(441) 524(8) 2938(5) 746(2) 53(2)
C(45) —415(8) 5014(5) 725(2) 42(2)
C(46) —161(8) 6183(5) 660(2) 42(2)

U,=(1/3)2,3U;;aaa; a;.

A feature of the structure of XII is the short S(1) - - - O(41) intramolecular
distance [2.781(6) A] and the C(1)-S(1)-O(41) valency angle of 159.2(6)°. This
S --- O distance is less than the sum of the van der Waal radii (3.25 A). Table 5
provides values of S --- O distances in some o-nitrophenylsulphido compounds,
R-2-O,NC;H,;SY [12-14]). The Y-S - - - O angles are all close to 180° and as can
be seen the S - - - O distance varies with the electronegativity of the bonding atom
in Y. The S - - - O distances are similar in MeSC;H,NO,-0 and in XII, despite the
(H,)C-S - - - O angle in MeSC,H ,NO,-0 being greater than that in XII [173.9(21)
vs. 159.2(6)°] (Fig. 3). The greater deviation from 180° in XII rises as a conse-
quence of the bulk of the additional substituents in XIII, i.e. the Ph,Si and ClI
groups.

The carbon-sulphur bond lengths in XII are 1.845(6) C,yy,~S and 1.77%(6) A,
Com—S, compared to values in MeSC{H,NO,-0 of 1. 809(6) and 1.774(6) A and
MeSPh of 1.803(13) and 1.749(12) A respectlvely {15]. Taking inio account the 2



Table 4

Interatomic distances (10\) and angles (deg)

119

Interatomic distances

C1---8il

C21---8il
Cl---81

C2---C11
ci2---C1
C13..-Cl2
C15---C14
C22---C21
Cc23---C22
C25---C24
C32---C31
C33---C32
C35---C34
C42.--C4l
N41---C42
042 ---N41
C44.--C43
C45---C44

Angles
C11-Si1-C1
C21-Si1-C11
C31-Si1-C11
C41-S1-C1
C2-C1-Sil
C1-C2-C11
C16-C11-Si1
C13-C12-C11
C15-C14-C13
C15-C16-C11
C26-C21-Sil
C23-C22-C21
C25-C24-C23
C25-C26-C21
C36-C31-Sil
C33-C32-C31
C35-C34-C33
C35-C36-C31
C46-C41-S1
N41-C42-C41
C43-C42-N41
042-N41-C42
C44-C43-C42
C45-C44-C43
C46-C45-C44

1.916(6)
1.871(6)
1.846(6)
1.799(6)
1.391(8)
1.390(8)
1.373(8)
1.39%(8)
1.379(8)
1.375(9)
1.384(8)
1.403(9)
1.368(8)
1.397(7)
1.454(7)
1.229(6)
1.381(8)
1.386(8)

106.2(3)
110.6(3)
109.8(3)
102.1(3)
114.3(4)
112.2(4)
120.5(5)
121.6(6)
118.4(7)
120.6(7)
120.2(5)
120.5(7)
120.8(8)
121.7(7)
122.6(5)
121.47)
120.1(7)
121.4(6)
122.5(5)
120.6(6)
116.1(6)
118.5(6)
119.5(6)
118.1(6)
122.3(6)

C11---8il

C31--+8il

C41---81

c2---C1

Cl6---Cl1
Cl4---C13
C16---C15
C26---C21
C24---C23
C26---C2

C36---C31
C34---C33
C36---C35
C46---C41
C43---C42
042 - --N41
Cé441---C44
C46 - - - C45

C21-Si1-C1
C31-Si1-C1
C31-Si1-C21
S1-C1-Sil
C2-C1-81
C12-C11-Sil
C16-C11-C12
C14-C13-C12
C16-C15-C14
C22-C21-Sil
C26-C21-C22
C24-C23-C22
C26-C25-C24
C32-C31-Sil
C36-C31-C32
C34-C33-C32
C36-C35-C34
C42-C41-81
C46-C41-C42
C43-C42-C41
041-N41-C42
042-N41-041
C441-C44-C43
C45-C44-C441
C45-C46-Ca1

1.888(6)
1.870(6)
1.779(6)
1.512(7)
1.402(8)
1.380(9)
1.385(8)
1.394(8)
1.378(10)
1.399(8)
1.416(7)
1.370(9)
1.373(8)
1.392(8)
1.393(8)
1.219(6)
1.525(7)
1.396(7)

112.9(3)
107.9(3)
109.4(3)
110.0(3)
109.7(4)
122.4(5)
117.1(6)
120.6(7)
121.7(7)
121.8(5)
117.8(6)
120.6(8)
118.6(8)
120.7(5)
116.7(6)
119.9(7)
120.5(7)
121.0¢5)
116.5(5)
123.2(6)
118.0(6)
123.5(7)
121.0(6)
120.9(6)
120.3(6)

lone pairs on sulphur, trigonal bipyramidal geometries for MeSC,H ,NO,-0 and
for XII are attained with C,,,; and O both axial and C,,,, and the two lone pairs

equatorial.

The S(1)-C(41)-C(42)-N(41)-O(41) unit in XII is not planar; N(41) and O(41)
are —0.09 and —0.79 A distant from a “best” plane defined by C(41), C(42) and

S(1).
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H

Cl H
WY
ArS "r SiPhy
H

Fig. 2. Solid state conformation of XII.

Conformations in solutions

The anti-Markovnikov adducts can have the staggered conformations XIII-XV
in solution, while for the Markovnikov adducts, the possible staggered conforma-
tions are XVI-XVIII (Fig. 4). The populations of the conformers in solution of
each adduct can be calculated from values of the overall coupling constants,
3J(H,-H_) and *J(H_~H,) (Table 2). Some estimates are required for the individ-
ual *J coupling constants for each of the conformers. Previously, values of *J(H-H)
= 2.5 and 13.5 Hz were chosen for gauche and trans arrangements of hydrogens
respectively for 2,4-(O,N),C,H,SCH,CHCIPh [16] (and subsequently [9] for
Ph,;SnCHCICH ,SAr). Use of these values for the anti-Markovnikov adducts,
R ,MCHSArCH,Cl, provide the populations quoted in Table 6. Populations calcu-
lated using 3J/(H~H) gauche = 2 Hz are also listed in Table 6. As can be seen, the
major conformations in solution are similar to that found for (4-Me-2-
O,NC4H;S)CH(SiPh)CH,Cl in the solid state.

For the Markovnikov adducts, R;MCHCICH,SAr, a lower 3J(H-H) gauche
value has to be used, since overall >J(H,-H ) values of below 2.5 Hz are obtained.
If a value of >J(H-H) gauche = 2.0 Hz is chosen along with 3J(H-H) trans = 13.5
Hz, the populations calculated for R ;MCHCICH ,SAr are those listed in Table 6.
The major conformation in solution for the Markovnikov adducts,

Table 5
Values of S - - - O distances and Y-S - - - O angles in selected R-2-O,NC H,SY compounds

‘0
/
N\
o
R
Compound S---0)(A) Y-S--- O (deg) Ref.
Y R
e H 2.414(11) 177.8(19) 12
c1b H 2.37%(5) 176.9(3) 13
2.408(5) 178.5(3)

MeO ® H 2.458(2) 176.4Q2) 13
Me H 2.76X7) 173.921) 14
CICH,CH(SiPh;) * Me 2.781(6) 159.2(6) This study
Ph,CHCICH, * Me 2.715(8) 178.2(3) 5
Ph,SnCHSCNCH, * H 2.655(5) 172.7(3) 5

9 By e.d. ® By X-ray.
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Fig. 3. Comparison of structures of MeSC¢H,NO,-0 and XIIL

R;MCHCICH,SAr (M =Si or Ge) is clearly XVI, the other two conformers
having only minor populations. This situation is in marked contrast to that
calculated for Ph,SnCHCICH ,SAr, for which XVIII had a considerable presence.
The solid state conformations of (0-O,NC¢H ,S)CH,CH(SCN)SnPh, and (4-Me-
2-0,NC H,S)CH,CHCISnPh, were determined [8] also to be XVIII and sug-
gested some weak Sn---S(B) interactions. It appears that Si-:-S(B) and
Ge - - - S(B) interactions must be considerably weaker.

Ha
Y Hb
Y
X ‘T’ MR3
He

(X, X = ArS,Y=Cl)
(X¥; X=Cl, Y = ArS)

Population E]

Fig. 4. Conformers in solutions.
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Table 6
Populations of conformers of adducts in CH,Cl, solution at 25°C
X111 ¢ XIv ¢ Xy«
(a) (b) ©
R ;MCHSArCH,C!
R = Ph; Ar=C4H,Clp 56[58] 3227] 12(15]
M =Si
R = Ph; Ar = 4-Me-2-O,NC¢H; 62[64] 30[24] 812]
M =Si
R = EtO; Ar = p-CIC¢H, 44[47] 25[20] 3133}
M =Si
R = EtO; Ar = 24-(0,N),C H, 55[571 21[16} 24[27]
M = Si
R = Ph; Ar = p-CIC,H, 44[47) 38[32] 18[211
M = Ge
R = Ph; Ar = 2,4-(O,N),C H; 59[61] 28[23] 13[16]
M = Ge
b 4% B XVIL* XVIII »
(a) (b) (©
R;MCHCICH,SAr
R = Ph; Ar = 2,4-(0,N),C H, [88] (10] [2]
M = Si
R = EtO; Ar = 0-O,NC.H, [78] [13] [9]
M = Si
R = EtO; Ar = 2,4-(0,N),C,H, [81] [17] (21
M=Si
R = Ph; Ar = p-CIC,H, [86] 9] (5]
M = Ge
R = Ph; Ar = 2,4-(0,N),C H, [84] [9] (7]
M =Ge
R = Ph; Ar = 2.4-(O,N),C H, 52¢ 4¢ 44
M =5n

“ Calculations using *J(H, H) gauche = 2.5 and 2.0 Hz [ ). ? Calculations using *J(H, H) gauche = 2.0
Hz. © Ref. 5.

Experimental

Melting points are uncorrected and were obtained by use of a Kofler hotstage.
NMR spectra were recorded on a Bruker 250 MHz instrument. Solvents were
dried by standard methods prior to use.

p-Chlorobenzenesulphenyl chloride was a redistilled sample from a previous
study [17]. o-Toluenesulphenyl chloride, b.p. 74-78°C /2 mmHg [18], o-nitroben-
zenesulphenyl chloride, m.p. 69-71°C [19], 2,4-dinitrobenzenesulphenyl chloride,
m.p. 96-98°C [20] and 4-methyl-2-nitrobenzenesulphenyl chloride, m.p. 88-89°C
[21] were prepared by chlorination of the appropriate diaryl disulphide.

Triphenylvinylsilane. Obtained from Ph,SiCl (17 g) and the Grignard reagent,
made from CH,=CHBr (12 g) and Mg (2.75 g) in THF. After hydrolysis, separation
of the organic layer and removal of the solvent, the residue was chromatographed
on Al,0, with CCl, as eluant, and the first fraction yielded Ph,SiCH=CH, (9.1 g),
m.p. 64°C. Lit. value [22] 71-72°C.
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'H NMR (250 MHz, CD,Cl,):  5.84 (dd, 1H, J 3.75, J 20.16 Hz), 6.38 (dd, 1H,
J 3.73, J 14.58 Hz), 6.77 (dd, 1H, J 14.58; J 20.16 Hz), 7.44 (m, 12H, m- and p-H
of Ph,Si), 7.56 (m, 8H, o-H of Ph,Si).

Triphenylvinylgermanium. Prepared from Ph,GeCl by a procedure similar to
that used for Ph,SiCH=CH,. It was recrystallised from ethanol, m.p. 61-63°C. Lit.
value [23] 62-64°C. '"H NMR (250 Mhz, CD,Cl,): § 5.83 (dd, 1H, J 3.03, J 19.92
Hz), 6.35 (dd, 1H, J 3.03, J 13.44 Hz), 6.79 (dd, 1H, J 13.44, J 19.92 Hz), 7.44 (m,
12H, m- and p-H of Ph,Ge), 7.53 (m, 8H, o-H of Ph,Ge).

Tri(ethoxy)vinyisilane was a gift from Professor G.G. Cameron.

'"H NMR (250 Mhz, CD,Cl,) 1.20 (t, 9H, J 7.00 Hz), 3.80 (g, 6H, J 7.00 Hz),
5.85(dd, J 13.18, J 20.55 Hz), 5.94 (dd, J 5.80, J 20.55 Hz), 6.06 (dd, 1H, J 5.80, J
13.18 Hz).

Formation of adducts

Reaction of triphenylvinylsilane and 4-methyl-2-nitrobenzesulphenyl chloride. A
solution of Ph,SiCH=CH, (1.11 g) and 4-Me-2-O,NC,H,SCl (0.79 g) in
CICH,CH,ClI (30 ml) was refluxed for 2 h. The solvent was removed to leave an
oil, which after addition of light petroleum (b.p. 60-80°C), solidified on scraping
(vield 1.60 g). Repeated recrystallisation from ethanol gave pure (4-Me-2-
O,NCH,S)CHSiPh,CH,CI as a yellow solid, m.p. 142-145°C. Anal. Found: C,
65.7; H,5.1; C1, 1.0; S, 6.7; N, 2.9. C,;H,,CINO,SSi calc.: C, 66.0; H, 4.9; Cl, 7.2;
S, 6.5; N, 2.8%.

'H NMR see Table 2. *C NMR (62.9 MHz, CDCl,): § 20.55 (Me), 36.50 (CH),
48.32 (CH,), 125.77, 128.17, 129.37, 130.33, 131.55, 132.61, 133.98, 136.05, 136.38,
148.35.

In a similar fashion, yellow (0-O,NC.H,S)CHSiPh,CH,Cl, m.p. 119-121°C,
was isolated from Ph,SiCH=CH, (1.00 g) and 0-O,NC¢H,SCl (0.66 g). '"H NMR
(CDCl,), 100 MHz): § 3.80 (m, 2H), 4.10 (m, 1H), 7.2-8.0 (m, 19H, aryl). Anal.
Found: C, 65.7; H, 4.9; C|, 7.5; S, 6.5; N, 2.7. C,,H,,CINO,SSi calc.: C, 65.4; H,
46;Cl, 74; S, 6.7; N, 2.9%.

A mixture of Ph,SiCH=CH, (1.37 g) and p-MeC,H,SCl (0.76 g) in CCl, (25
ml) was refluxed for 3 h. The solvent was removed to leave a solid residue which
was chromatographed on Al,O; with light petroleum using chioroform as eluant.
Hydrolysis occurred during chromatography as shown by the appearance of a
broad new absorption at & 3.9 in the !H NMR spectrum of the major component.

Small scale reactions

Reactions between the vinyl metallic compound and ArSCl were carried out on
a 2 mmol scale in CD,Cl, (0.5 ml). The mixtures were maintained at 20°C and
monitored by 'H NMR spectroscopy. NMR spectral data and isomer proportions
are given in Tables 1 and 2.

Reaction between (0-O,NC4zH,S)CH(SiPh;)CH,CI and m-CIC;H,CO - O - OH.
To a solution of (0-O,NCH ,S)CH(SiPh,)CH ,Cl (0.0953 g) in CH,Cl, (10.0 ml)
was added m-CIC4H,CO - O - OH (0.0350 g). The solution was left overnight, then
washed successively with a saturated solution of aqueous NaHCO, (5 ml), aqueous
sodium bisulphite solution (5 ml), and aqueous sodium chloride solution (5 ml),
and the organic layer was dried and the solvent removed. The residue was
chromatographed on Al,O; with using CHCl; as eluant to give o-
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Table 7
Crystal data for (4-Me-2-O,NC4H ,S)CH(SiPh,)CH ,CI
Formula CyxH,CINO,SSi  u(mm™Y) 0.31
M 490.08 0 range (deg) 0-30
Space group P2, /c h range 0-10
a(A) 7.822(5) k range 0-15
b (A) " 11.688(9) ! range -351035
c(A) 27.283(11) Standard reflections checked
a (deg) 90.0 after every 50 1,0, —12
B (deg) 98.24(4) Intensity variation (%) <2
v (deg) 90.0 and 1, 1,5
V(A 2468.6 <2
Z 4 Scan speed (deg s 1) variable
D, (Mgm™3) 1.319 Scan width (deg) 0.6 (» scan)
Reflections for number 14 No. of 'measured reflections 4699
lattice parameters #-range (deg) Condition for observed
7.5-9.0 reflections F>60F
Radiation Mo-K, No. of reflections used in the
Wavelength A (A) 0.71069 refinement 1729
F(000) 1024 No. of refined parameters 301
Temperature (K) 298 R=X|AF|/L|F,|(%) 5.32
Crystal size (mm®) 0.1x0.6%0.14 R, =[Ew(AF)?/EwF? 1172 (%) 4.40
Diffractometer Nicolet P3 w =1.7798 /(o 2F +0.00011 F?)
Max shift /esd <0.02
M.ax Ap} final difference Fourier {0‘29 N Aa,
Min 4p -029¢ A

0,NC4H,S(0)CH=CH, (0.029 g, 74%), m.p. 71-72°C (Lit. value [6] 68-69°C). 'H
NMR (250 MHz, CDCl,): 6 5.81 (d, 1H, J 9.44 Hz), 6.31 (d, 1H, J 16.31 Hz), 4.00
(dd, 1H, 7 9.4, J 16.31 Hz), 7.5 (m) and 7.8 (m).

X-ray structure determination of (4-Me-2-O,NC4H,S)CHSiPh ;CH,CI

Table 7 lists the crystal data. A direct method (sHeLxs-86 [24]) revealed all
atoms of the structure. Refinement of the structure was carried out by full matrix
least squares using SHELx-76 [25]. Initially all non-hydrogen atoms were refined
using isotropic thermal parameters and then, after inclusion of the hydrogen atoms
in calculated positions, the non-hydrogen atoms were refined using anisotropic
thermal parameters. All hydrogen atoms were allowed to ride on their parent
atoms except for those of the methyl group which was refined as a rigid group. All
hydrogen atoms were given a fixed isotropic thermal parameter approximately 1.5
times that of their parent atoms. Atomic scattering factors, corrected for anoma-
lous dispersion were taken from International Tables for X-ray Crystallography [26].
The pLUTO program was also used [27].

Tables of hydrogen atom positions, anisotropic thermal parameters and struc-
ture factors are available from the corresponding author.
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