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Abstmct: Treatment of I-allyloxy-I -phenyl-2-bromo-I -silacyclopentane with n- 

Bu$%H in the presence of catalytic amount of Et3B provided 1 -silo-2-oxabicyclo[3.3.0]- 
octane which MIS convert& into 1,4,6-t&1. 

Radical cycliition reactions developed in the last years represent a breakthrough for synthetic radical 

chemistry.’ Silylmethyl radical cyclizations have been widely used as an indirect method for acyclic 

stereocontrol. Recently we have reported3 that an addition of lithium carbenoids such as LXXX2 (X = Br, 

I) to 1,1-dimethyl-1-silacyclobutane Rrovided the corresponding 2-halo-1-silacyclopentanes. Here we 

wish to describe stereoselective cyclixation of silylmethyl radicals derived from I-allyloxy-2-halo-l- 

silacyclopentanes. 

Intramolecular cyclixation of 2-bromo-1-silacyclopentane la (1.0 mmol) with n-Bu3SnH (1.1 

mmol) in the presence of a catalytic amount of tricthylborane (0.2 mmol)4 afforded the cyclixed product 3a 

which was converted into an isomeric mixture of triacetate 5a and 6a (Sa:6a = 86~14)~ by direct oxidation6 

followed by acetylation in an overall yield of 32% from la. Treatment of lb or lc with n-Bu3SnH-Et3B 

and successive oxidation also gave an isomeric mixture of the corresponding triacetate 5b and 6b (5b:6b = 

82~18) or 5c and 6e (S&c = 64:36) in 60% or 72% overall yield, respectively. Atom transfer cyclization7 

reaction of 2a, 2b, or 2c with a catalytic amount of Et6B gave the cyclixed product 4a, 4b, or 4e which was 

transformed into the same isomeric mixture of triacetate 5a:6a = 8&12,5Mb = 8812, or 5c:6e = 7030 by 

successive treatment with n-Bu@H, H2O2-KF-KHC63, and Ac20-pyridine in 37%,35%, or 22% overall 

yield based on the starting silacyclopentane 2. 
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The cyclization of 2-bromo-l-silacyclopentanes prepared from se0mdaq allylic alcohols proved to 

proceed with high stereospecificity. An addition of LXHBr2 to allyloxysilacyclobutane 1!3d (See infra) 

provided a mixture of two diastereomcrs8 7a and 118 in a 1:l ratio which were separated each other by 

silica-gel column chromatography. Treatment of a benzene solution of 7a with n-Bu3SnH-Bt3B at 25 “C 

gave 1-sila-2-oxabicyclo[3.3.O]octane L and l-sila-2-oxabicycl~4.3.O]nonane 9a in 65% and 9% yields. 

In addition to the formation of cyclized product, the reduction product lOa was obtained in 15% yield. In 

contrast, the diastereomer llr provided 12a (41%), 13a (9%), and 10a (16%) upon treatment with 

n-Bu3SnH-Et3B. In these reactions, the 5-exo mode cyclization predominated, but the 6-endo mode could 

also be observed. Meantime, cyclization reaction of 7b or llb gave only S-exo mode product, 8b or 12b. 

EBu 
7a R=H 8a 65% 

7b R=CHJ 8b 49% 

9a 9% 

9b 0% 

loa 15% 

lob 20% 

Ph’ \C Q--; - ;qB” + p$?$R + pRe; 

t-Bu 
lla R=H 12a 41% 13a 9% 10a 16% 

lib R=CHJ 12b 50% 13b 0% lob 31% 

It is worth noting that the product 8a, Sb, Ua, or l2b was obtained as a single stereoisomer without 

any contamination by other diastereomem. Whereas the oxidative cleavage of carbon-silicon bonds of 8a 

with Hg02-RF-KHC03 provided (4R*,5S*,6Sf)-5,7,7-trimethyloctane-1,4,6_triol Ma,9 oxidation of 12a 

afforded a stem&some& (4S*,SS*,tiS*)-triol15a. 

- 

a:R=H b:R=CH3 
12 

a:R=H b:p=CHJ 

Intermolecular reaction of 2-halo-1-silacyclopentane with carbon-carbon multiple bonds was 

examined. An addition of Et3B to a hexane solution of l,l-dimethyl-2-iodo-1-silacyclopentane 16 and 

phenylacetylene or trimethylsilylacetylene provided iodoalkene 17a (E:Z = 24:76) or 17b (B:Z = 13:87) in 

41% or 55% yield. The reaction of 16 with other carbon-carbon multiple bonds such as 1-dodecyne, methyl 

acrylate, and 1-dodecene resulted in a recovery of the starting material along with reduced l,l-dimethyl-l- 
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siiacyciopentane. 

C-L Et38 

’ + 

I 

si 
RCSH - 

WI 
hexane n, Si 

Me2 R 

16 17 

a:R=Ph 41% b:R=SiMe3 55% 

11Aiiyioxy-2-halo-1-siiacyciopentanes were prepared as follows. Treatment of 3-chioro- 

propyldichiorophenyisiiane with magnesium gave l-chioro-1-phenyl-1-siiacyciobutane 18 (bp 54 “c/OS 

Torr, 59% isolated yield) according to the reported proced~re.~~ An addition of aliyiic alcohols to a benzene 

solution of 18 In the presence of pyrkime afforded aiiyioxysiiacyciobutanes 19. Treatment of 19 with lithium 

carbenoid tiCHBr2 or LXHI2 provided the corresponding siiacyclopentanes 1,2,7, and 11.12 

c1,, + HwR2’-- cl,,OyyR’ cii2x2 _ R2 

Ph R3 R’ Ph R3 R’ LDA 

16 19 

a: R1 =R2=R3=H 73% x = ,I 47% X = Br 44% 

b: R’ =H R* = n-Pr R3 = H 02% X = I 58% X q Br 66% 

c: R’ = n-Pr R* = p = H 77% x = I 73% X=Br 41% 

d: R’ = R* q H R3 = t-Bu 48% X = Br 74% 

e: R’ =H R* = CH3 R3 q l-Bu 66% X = Br 76% 
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‘Ihe assigmnent of the stereochemistry of the triacetate 8a and 6a was performed as follows. Treatment 

of cis epoxy alcohol M with Me2CuLi (Johnson, M. R.; Nakata, T.; KIshii Y. Tetrahedron Lett. 1979, 

4343-4346) followed by removal of hydroxy protective group and acetyiation provided erythro 

triacetate Sa (For nomenclature of three and erythro, see: Noyori, R.; Nishida, I.; Sakata, J. J. Am. 
Gem. Sot. 1981,203,2106-2108) which was identical with a major product. &t: Bp 77.5 “c/OS Torr; 
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IR (neat) 2960,1738,1369,1235,1038,966 cm-t; 1 H NMR (CDCQ 6 0.96 (d, J = 7.0 Hz, 3I-Q 1.53- 

1.77 (m, SH), 2.06 (s, 3I-Q 2.07 (s, 6H), 3.89 (dd, J = 6.4, 11.0 Hz, lH), 4.00 (dd, J = 7.1, 11.0 Hz, U-I), 

4.07 (t, J = 6.2 Hz, 2H), 4.90-5.05 (m, 1H); 13C NMR (CDCld6 11.33, 20.82,20.87, 20.92,24.89, 

27.93, 35.74, 63.91, 65.70, 73.10, 170.58, 170.97. Found: C, 56.72; H, 8.12%. C&d for C13Hz206: 

C, 56.92; H, 8.09%. Following the same procedure, threo triacetate 6a was prepared starting from the 

corresponding trans epoxy alcohol. 68: Bp 77.5 “C/O.5 Torr; IR (neat) 2960, 1738, 1369, 1235, 1038, 

966 cm-‘; ‘H NMR (CDCl3) 6 0.97 (d, J = 7.0 HZ, 3I-Q 1.52-1.73 (m, 5I-Q 2.06 (s, 3I9, 2.07 (s, 6H), 

3.95-4.10 (m, 4I-Q 4.90-4.98 (m, 1H); l3 C NMR (CDCl,) 6 13.46, 20.82,20X, 20.95, 24.53, 27.66, 

35.96,64.02,65.55,74.27, 170.58,171.12. 
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Bromine was introduced stereoselectively, but the stereochemistry could not be determined. 

The stereochemical assignment of 14a and 15a was performed by the comparison with authentic 

samples of four possible diastereomers 14a (4R*,5S*,6S*), 15a (4Ss,5S*.6S*), 21 (4S*,5R*,6St), 22 

(4R*,5RS,6S*) prepared as shown below. 

88 viii) y 
CH.$H&&Bu + THPOCH&H&H&HO - 

THPOW 
&Bu iii) 

-14a + 21 

6” 0 
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