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Abstract: 1-Trialkylsilyl-2-vinylcyclopropane or 3-methyl-l-trialkylsilyl- 

2-vinylcyclopropane provided the corresponding homoallylic silane exclusive- 
ly upon treatment with PhSH, Ph3SnH, or C6F131. On the other hand, 3- 
phenyl-I-trimethylsilyl-2-vinylcyclopropane or 3-acetyl-I-trimethylsilyl-2- 
vinylcyclopropane gave allylic silane selectively. 

Trimethylsilyl substituents behave in a dichotomous manner, showing the 

properties of both electron donor and acceptor groups. x-Trimethylsilyl 

carbanions are stabilized by (3*- p)r overlap between the antibonding 7* 

level of the C-Si bond with the adjacent filled p-orbital of the carbanion, 

whereas reactions which involve carbonium ion formation or development 5 to 

silicon are positively encouraged. Orqanosilicon chemistry based on these 

ionic effects has been extensively studied.' In contrast, there has been 

little investigation of the stabilizing effect of the trimethylsilyl group 

on carbon radicals. 2 By using 3-substituted I-trimethylsilyl-2-vinylcyclo- 

propanes as models of free radical substituent effects we found that cx-tri- 

methylsilyl stabilization was substantial. 

& priori, it 1s predictable that two isomers, homoallylic silane (4, 

PhSCH2CH=CHCR1(R2)CH2SiMe3) and allylic silane (5, PhSCH2CH=CHCH(SiMe3)- 

CHR'R2) will be generated under cyclopropane ring cleavage in the reaction 

of vinylcyclopropane (1)3 with PhSH, and the ratio of the two products will 

reflect the stabilizing effect of the Me3Si group on the intermediary carbon 

radicals (j to silicon (2) and $ to silicon (3) ). 

Treatment of cis-1-dimethylphenylsilyl-2-vinylcyclopropane (cis-6, 0.20 

g, 1.0 mmol) with PhSH (0.12 g, 1.1 mmol) at 60°C in benzene (2.0 ml) 

provided homoallylic silane (7, 0.27 g, E/Z = 14/l) in 88% yield. Other 

reagents such as Ph3SnH, n-Bu3SnH, and C6F131 also afforded the correspond- 
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ing homoallylic silanes in the triethylborane-induced radical reaction, 4,5 

and no trace of allylic silane was observed in the reaction mixture. The 

results are summarized in Table 1. The cis, trans stereochemistry of the 

cyclopropane did not affect the selectivity of the C-C bond fission. Cis 

isomer (cis-6) as well as trans isomer (trans-6) provided the same homo- 

allylic silane 7 as a single regioisomer, although the E, Z ratios of the 

products 7 derived from cis-6 were slightly different from those generated 

from trans-6. For instance, cis-6 provided a mixture of (E)- and (2)-l- 

phenylthio-5-dimethylphenylsilyl-2-pentene in 14/l ratio upon treatment with 

benzenethiol, whereas trans-6 gave a mixture of (E)/(Z) = 5/l. 

Table 1. Radical-induced ring opening of I-dimethylphenylsilyl-2-vinyl- 
cyclopropane 

X-H Reaction Conditionsa Product 7 
Substrateb (X-I) Solvent Initiator Temp('C) Time(h) Y(S) E/Z 

c1s-6 PhSH 

trans-6 PhSH 

cis-6 Ph3SnH 

trans-6 Ph3SnH 

cis-6 n-Bu3SnH 

trans-6 n-Bu3SnH 

cis-6 n-C6F131 

trans-6 n-C6F131 

benzene 

benzene 

benzene 

benzene 

benzene 

benzene 

hexane 

hexane 

60 3 88 14/l 

60 5 88 5/J 

Et3B 25 1 96 7/2c 

Et3B 25 1 95 5/3 

Et3B 25 1 86 10/3 

Et3B 25 1 92 4/3 

Et3B 25 3 91 50/l 

Et3B 25 3 93 8/J 

a) Silylcyclopropane (6, 1.0 mmol) and X-H (1.1 mmol) were employed in the 
absence or in the presence of Et3B (0.2 mmol). b) See Ref. 6. c) See 
Ref. 7. 

Methyl-substituted cyclopropane 8 or 10 gave homoallylic silane 9 or 11 

exclusively upon treatment with PhSH or Ph3SnH. Again, one (bond a) of two 

carbon-carbon bonds was broken selectively independent of the stereo- 

chemistry of the substrate. Thus, both cis isomer (cis-10) and trans isomer 

(trans-10) afforded the same homoallylic silane 11. 

PhSH PhS&SiMe, 
PhH 60°C 

05 % 9 E/Z=4/1 
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cis-10 PhSH 60°C 1 h 90% E/Z = 18/l (Ref. 8) 

trans-10 PhSH 6O'C 3 h 90% E/Z = 8/l 

cis-IO Ph3SnH-Et3B 25Oc 0.5 h 79% E/Z = 5/1 

trans-10 Ph3SnH-Et3B 25'C 2 h 88% E/Z = 712 

Exposure of dimethyl-substituted trimethylsilylcyclopropane 12 to PhSH 

provided a mixture of homoallylic silane 13 and allylic silane 14 (13/14 = 

2/l) in 94% combined yield. In the case of C6F131 as a reagent, 5-methyl-l- 

tridecafluorohexyl-2,4-hexadiene (16) was obtained instead of 5-iodo-5- 

methyl-l-tridecafluorohexyl-4-trimethylsilyl-2-hexene because (a-iodoalkyl)- 

trimethylsilane was extremely unstable with respect to B-elimination. 

SiM,p, X-HI xxSiMe3 + xX$ 

lJ 2:l 
PhSH, 60°C 8 h 94% 

Ph3SnH-Et3B 25'C 2 h 93% 

SiMe3 ( w13 
MeMe 

\ W131 -Et3B 4 SiMe3 + CsF1wMe 

25’C 7h 62% - ,5 I 2 : Me 1 16 

TWO other vinylcyclopropanes (17 and 20) were prepared and treated with 

PhSH or Ph3SnH-Et3B. The results showed that the phenyl group or the acetyl 

group stabilized the radical on adjacent carbon more strongly than the tri- 

methylsilyl group. 9 

SiMe, - 
Ph 

17 

&HH )(ah + XASiMej 

1sT 19 
PhSH 60°C 1.5 h, 88% 18(E/Z):19(E/Z) = 20(15/1):1(5/2) 

Ph3SnH-Et3B 25'C 0.5 h, 74% 18(E/Z):19(E/Z) = 16(15/1):1(2/l) 

PhSH 60°C 3 h, 45% 21 (E only) 

Ph3SnH-Et3B 25'C 0.5 h, 65% 21 (E/Z = 12/l) 
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Cis-6 was prepared as follows. Simmons-Smith reaction (CH212, Et2Zn) of 

(Z)-PhMe2SiCH=CHCH20H provided cyclopropane which was oxidized into l- 

dimethylphenylsilyl-2-formylcyclopropane with DMSO-(COC1)2 (Swern oxida- 

tion). Treatment of the aldehyde with Ph3P=CH2 gave cis-6. Trans-6, 

cis-10, and trans-10 were prepared in similar fashion. 

(E)-5-D~methylphenylsilyl-l-triphenylstannyl-2-pentene: Bp 210°C (0.13 

Torr, bath temp); IR (neat) 3060, 3044, 3010, 2950, 2902, 1654, 1480, 

1428, 1248, 1113, 1074, 1022, 997, 959, 835, 772, 726, 697, 669 cm-'; 'H- 

NMR (cDc~~) 00.21 (s, 6H), 0.65-0.73 (m, 2H), 1.89-2.00 (m, 2H), 2.36 (d, 

J = 7.8 Hz, 2H), 5.42 (dt, J = 15.0, 6.3 Hz, IH), 5.63 (dt, J = 15.0, 7.8 - 
Hz, lH), 7.33-7.73 (m, 20H); 13C-NMR (CDC13) 6-3.04, 15.78, 15.87, 26.71, 

125.3, 127.7, 128.4, 128.8, 128.9, 131.4, 133.5, 137.1, 138.7, 139.4. 

Found: C, 67.00; H, 6.18%. Calcd for C31H34SiSn: C, 67.28; H, 6.19%. 

(Z)-Isomer: Bp 205'C (0.13 Torr, bath temp); IR (neat) 3060, 3044, 3006, 

2950, 2918, 1655, 1637, 1480, 1428, 1248, 1113, 1074, 1022, 997, 835, 

818, 776, 725, 697, 656 cm-'; 'H-NMR (CDC13) fiO.17 (s, 6H), 0.56-0.65 (m, 

2H), 1.83-1.96 (m, 2H), 2.33 (d, J = 8.9 Hz, 2H), 5.19 (dt, J = 10.5, 6.9 

Hz, lH), 5.62 (dt, J = 10.5, 8.9 Hz, IH), 7.33-7.73 (m, FOH); 13C-NMR 

(CDC13) h-3.12, 12.20, 15.62, 21.25, 124.5, 127.7, 128.4, 128.7, 128.9, 

130.1, 133.5, 137.0, 138.6, 139.3. Found: C, 67.34; H, 6.17%. Caled 

for C3lH34SiSn: C, 67.28; H, 6.19%. 

(E)-4-methyl-l-phenylthio-5-dimethylphenylsilyl-2-pentene: Bp 121'C (1.0 

Torr, bath temp); IR (neat) 3064, 3004, 2952, 2918, 2896, 2864, 1584, 

1480, 1450, 1438, 1427, 1248, 1219, 1112, 1090, 1025, 967, 832, 792, 735, 

698, 689 cd; 'H-NMR (CDC13) 60.24 (s, 3H), 0.25 (s, 3H), 0.74 (dd, J = 

14.6, 7.1 Hz, IH), 0.83 (dd, J = 14.6, 7.1 Hz, IH), 0.90 (d, J = 6.7 Hz, 

3H), 2.15-2.36 (m, IH), 3.43 (d, J = 5.6 Hz, 2H), 5.33 (dt, J- 15.0, 5.6 

Hz, lHI, 5.42 (dd, J = 15.0, 6.0 Hz, IH), 7.12-7.37 (m, 8H), 7.45-7.52 

(m, 2H); 13C-NMR (CDC13) E-2.13, -2.01, 24.12, 32.98, 36.42, 121.7, 

126.0, 127.6, 128.6, 128.7, 129.9, 133.5, 136.2, 139.7, 142.3. Found: C, 

73.44; H, 8.10%. Calcd for C20H26SSi: C, 73.56; H, 8.02%. 
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