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12.57. Found: C, 60.00; H, 12,53. 
1-Phenyl-1-(trimethylsily1)methanol (4) (46%): 'H NMR 

(CDCl,) 6 0.2 (9, 9 H), 4.6 (s, 1 H), 7.3 (9, 5 H); IR (neat) (cm-') 
3400 (br), 1590, 1250. Anal. Calcd for CloH160Si: C,  66.61; H, 
8.94. Found: C, 66.38; H, 8.99. 
3-Phenyl-l-(trimethylsilyl)propan-l-ol ( 5 )  (40%): 'H NMR 

(CDClJ 6 0.2 (s, 9 H), 1.90 (q, 2 H, J = 7 Hz), 2.85 (t, 2 H, J = 
7 Hz), 3.40 (t, 1 H, J = 7.0 Hz), 7.25 (s, 5 H); IR (neat) (cm-') 
3400 (br), 1590, 1250. Anal. Calcd for Cl2HZoOSi: C, 69.17; H, 
9.67. Found: C, 69.02; H, 9.74. 

1-Cyclohexyl-1-(trimethylsily1)methanol (6) (19% ): 'H 
NMR (CDCl,) b 0.2 (s, 9 H), 0.8-1.9 (m, 11 H), 3.2 (d, 1 H, J = 
7 Hz); IR (neat) (cm-') 3400 (br), 1450, 1250. Anal. Calcd for 
CloH220Si: C, 64.44; H, 11.90. Found: C, 64.52; H, 11.89. 
3-Phenyl-l-(trimethylsily1)-2-propyn-l-o1 (9) (76%): 'H 

NMR (CDCl,) 6 0.2 (s, 9 H), 4.3 (s, 1 H), 7.3 (br s, 5 H); IR (neat) 
(cm-') 3350 (br), 2200, 1590, 1480, 1250. Anal. Calcd for 
ClPH1,OSi: C, 70.53; H, 7.89. Found: C, 70.75; H, 7.42. 

1-(Trimethylsily1)-2-heptyn-1-01 (10) (60%): 'H NMR 
(CDC1,) 6 0.2 (9, 9 H), 0.9 (br t, 3 H, J = 6 Hz), 1.2-1.7 (m, 4 H), 
2.1-2.3 (m, 2 H), 4.05 (t, 1 H, J = 2 Hz); IR (neat) (cm-') 3400 
(br), 1250. Anal. Calcd for C,&T,OSi: C, 65.15; H, 10.93. Found: 
C, 65.29; H, 10.96. 

6-(Tetrahydropyranyloxy)-l-(trimethylsilyl)-2-heptyn-l-o1 
(11) (33%): 'H NMR (CDCl,) 6 0.2 (s, 9 H), 1.4-1.8 (m, 10 H), 
2.1-2.3 (m, 2 H), 3.2-4.0 (m, 5 H), 4.55 (br s, 1 H); IR (neat) (cm-') 
3400 (br), 1250; MS, m/z 284 (M'). 

1,3-Bis(trimethylsilyl)-2-propyn-l-ol (12) (73%): 'H NMR 
(CDCl,) b 0.2 (s, 18 H), 4.5 (s, 1 H); IR (neat) (cm-') 3350 (br), 
1250; exact mass calcd for C9HzoOSi 200.1053, found 200.1054. 

l-(Trimethylsily1)-2-undecyn-l-o1 (13) (75%): 'H NMR 
(CDCl,) 6 0.2 (s, 9 H), 0.8-1.0 (br t, 3 H, J = 6 Hz), 1.2-1.5 (m, 
12 H), 2.1-2.3 (m, 2 H), 4.05 (m, 1 H); IR (neat) (cm-') 3400 (br), 
1255. Anal. Calcd for C1,H2,0Si: C,  69.93; H, 11.74. Found: 
C, 70.05; H, 11.76. 
General Procedure for the Synthesis of Acylsilanes. The 

acylsilanes were obtained by oxidation of the (a-hydroxyalkyl)- 
silanes using the Swern oxidation procedure described earlier, 
omitting the nucleophilic addition step, and allowing the oxidation 
reaction mixture to warm to room temperature before aqueous 
quench. The known compounds 14," 15,'3b and 1614 were obtained 
in 68%, 73%, and 55% yields, respectively. 
3-Phenyl-l-(trimethylsilyl)-2-propyn-l-one (17) (69% ): 'H 

NMR (CDCI,) 6 0.35 (s, 9 H), 7.2-7.5 (m, 5 H); IR (neat) (cm-') 
2170, 1655,1590, 1245; exact mass calcd for CI2Hl40Si (M + H) 
203.0891, found 203.0892. 

l-(Trimethylsilyl)-2-heptyn-l-one (18) (71%): 'H NMR 
(CCl~)60.25(s,9H),0.9(t,3H,J=6Hz),1.3-1.6(m,4H),2.3-2.5 
(m, 2 H); IR (neat) (cm-') 2150, 1580, 1240; exact mass calcd for 
CloH180Si 182.1127, found 182.1140. 
6-(Tetrahydropyranyloxy)-l-(trimethylsilyl)-2-heptyn-l- 

one (19) (73%): 'H NMR (CDC1,) 6 0.3 (s, 9 H), 1.4-1.8 (m, 10 
H), 2.3-2.5 (br t, 2 H, J = 6 Hz), 3.3-3.95 (m, 4 H), 4.4-4.5 (m, 
1 H); IR (neat) (cm-') 2185, 1590, 1250; exact mass calcd for 
Cl,Hz603Si (M + H) 283.1736, found 283.1729. 

1,3-Bis(trimethylsilyl)-2-propyn-l-one (20) (60% ): 'H NMR 
(CDC1,) 6 0.35 (s, 18 H); IR (neat) (cm-') 1590, 1250. 

l-(Trimethylsilyl)-2-undecyn-l-one (21) ( 5 5 % ) :  'H NMR 
(CDC1,) 6 0.3 (s, 9 H), 0.9 (t, 3 H, J = 6 Hz), 1.2-1.6 (m, 12 H), 
2.2-2.4 (m, 12 H), 2.2-2.4 (m, 2 H); IR (neat) (cm-') 2190, 1590, 
1250. 
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The cyclizations of 5-hexenyl radicals have attracted 
considerable interest, since the radicals strongly favor exo 
cyclization over endo cyclization, forming a thermody- 
namically unfavorable five-membered ring (Baldwin-Be- 
chwith rules)' (Scheme I). It was explained in terms of 
the instability of the transition complex of endo mode. 
The introduction of a N atom4 or an 0 atom5 to 5-hexenyl 
radicals a t  the C-3 position enhances the rate of the exo 
mode, resulting in a greater preference for the five-mem- 
bered ring. The cyclizations of 5-hexenyl radical analogues 
containing silicon have been studied. (Alloxydimethyl- 
sily1)methyl radicals favor kinetically controlled exo cy- 
clization,6 while the direction of ring closure of 5-pente- 
nylsilyl radicals is dependent on the substituents to a Si 
atom.7 The cyclization of (3-butenyldimethylsily1)methyl 
radical slightly favor endo mode.s We wish to report here 
the cyclizations of 5-hexenyl radical anologues substituted 
a t  the C-3 position by dimethylsilylene such as 2-(allyl- 
dimethylsily1)ethyl radical (1) and 2-(allyldimethylsily1)- 
propyl radical (2) (Scheme 11). 

The two halides 6 and 8 were prepared as precursorsg 
of the radicals. The straightforward preparations of 6 and 
8 via 3, 4, 5, and 7 are described in the Experimental 
Section. 

Cyclizations were conducted under variety  condition^'^ 
using BuaSnH and azobis(isobutyronitri1e) (AIBN) as an 
initiator, although only one set of conditions will be re- 
ported here. No characteristic effect of condition change 
(e.g., solvent and reaction temperature) was observed. A 
solution of 6 (1 mmol), Bu3SnH (1.2 mmol), and AIBN 
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(0.03 mmol) in 6 m L  of benzene was sealed in an  ampule 
and degassed by a f r eezepumpthaw method (four cycles). 
The  ampule was dipped in an  oil bath controlled a t  80 "C 
for 2 h. The  mixture was directly analyzed with GCMS 
on a 20% SE-30 on 60-80 mesh chromosorb W 3 mm i.d. 
X 2 m column a t  an  oven temperature of 70 - 230 "C. 
The  GC spectrum revealed tha t  two major peaks were 
obtained. The two peaks were verified by the identity with 
those of 1,l-dimethylsilacyclohexane (lo), which was com- 
mercially available, and  of allyldimethylethylsilane (1 I), 
which was obtained by treatment of allylchlorodimethyl- 
silane with ethylmagnesium bromide in ether (Scheme III). 
No peak attributed to  1,1,4-trimethylsilacyclopentane (9) 
was observed. The  GC analysis indicates tha t  the radical 
1 cyclized through endo mode. T h e  GC yield of 10, cali- 
brated from 10 and 11 prepared by authentic method, was 
7% based on 90% reactive 6. 

T h e  cyclization of 8 and  the analysis of the products 
were conducted similarly. It was found tha t  the GC 
spectrum also showed two peaks (retention time): (a) 3.04, 
(b) 3.60 min). T h e  GC trace a was found to  be the com- 
pound 14, which was confirmed by the identity of the peak 
with tha t  of authentic allyldimethyl-n-propylsilane (14) 
prepared by treatment of allylchlorodimethylsilane with 
propylmagnesium bromide in ether. The  GC trace b was 
assigned to be the six-membered ring compound 13, which 
was confirmed by the mass spectrum ( m / e  (relative in- 
tensity) 142 (M+, 18), 127 (loo), 99 (86), 95 (451, 72 (271, 
51 (32), 43 (12)). In  the case of six-membered ring com- 
pounds with a methyl groups such as methylcyclohexane, 
the prominent (M - CH$ peak is due to loss of the methyl 
s ~ b s t i t u e n t . ' ~  However, only half of the  corresponding 
peak in methylcyclopentane arises in this manner, due to 
a greater degree of endocyclic cleavage in the five-mem- 

(14) See: McLafferty, F. W. Interpretation of Mass Spectra, 2nd ed.; 
Benjamin: Reading, MA, 1973; p 103. 
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bered ring.I4 Similar results were observed in the mass 
spectra of Si-containing five-membered ring and six- 
membered ring  compound^.'^ When it comes to the mass 
spectrum of the GC trace b i t  is clear tha t  the prominent 
peak (M - CH3)+ is m / e  127 due to  loss of the  methyl 
substituent, indicating tha t  the compound shown in the 
GC trace b is assignable to  six-membered ring compound 
13. The GC yield of 13 was 4% based on 65% reactive 8. 

The  experimental results, in which the radicals 1 and 
2 surprisingly favor endo cyclization over exo cyclization, 
may be associated with the length of Si-C bond (1.86 A) 
and C-C bond (1.54 &.16 Because of the long Si-C bond, 
the distance of C-1-C-5 of complex 15 and C-1-C-6 of 
complex 16 are greater, compared with those for the 5- 
hexenyl radical (Scheme IV). When the two complexes 
15 and 16 are compared, i t  seems tha t  the complex 15 for 
exo mode is more strongly destabilized by strain than that 
for endo mode because of the long Si-C bond. Because, 
the complex 15 is consisted of a smaller ring such as 
five-membered ring. More tension should be required to  
constract the cyclic complex. Accordingly, the radicals 1 
and 2 would undergo endo cyclization via the less strained 
transition complex to  afford consequently six-membered 
ring compounds 10 and 13. 

Experimental Section 
IR spectra were recorded with a Nippon Bunkoh A-3 spec- 

trometer. 'H NMR spectra, recorded in b unit, were obtained 
with a Nippon Denshi A-60 spectrometer with TMS as internal 
reference. GCMS analyses were performed on a Shimadzu Auto 
GCMS 9020DF spectrometer with a 20% SE-30 on 60-80 mesh 
Chromosorb W 3 mm i.d. X 2 column at an oven temperature 70 - 230 "C. Elementary analyses were performed by Mistubi- 
shi-kasei Institute of Toxicological and Environmental Sciences. 

Preparation of Allyl(chloromethy1)dimethylsilane (4). A 
1-L three-necked flask with a mechanical stirrer was charged with 
magnesium turnings (13.4 g, 0.55 mol) and anhydrous ethyl ether 
(20 mL) under a dry nitrogen atmosphere. The magnesium was 
activated by addition of small amount (ca. 0.1 mL) of ethyl 
bromide. Anhydrous ethyl ether (400 mL) was added to the 
mixture, and then to a mixture was added allyl bromide (60.5 g, 
0.5 mol) dropwise over a period of 2 h under a gentle reflux. 
Thereafter, the mixture was stirred at room temperature for 
further 2 h. The mixture was filtered off by using a glass-filter 
to remove unreacted magnesium. A solution of chloro(ch1oro- 
methy1)dimethylsilane (3) (71.5 g, 0.5 mol) in anhydrous ethyl 
ether (100 mL) was placed in a 1-L, three-necked flask, and the 
solution was heated at gentle reflux. The ethereal allylmagnesium 
bromide solution prepared above was then added dropwise into 
the mixture over a period of 4 h under a gentle reflux, and the 
reaction was continued for an additional 1 h at reflux. After the 
mixture was chilled to room temperature, it was introduced into 

(15) Samples were either purchased from Petrarch Systems Inc. or 
obtained by authentic preparation method. 1, 1-Dimethyl- 
silacyclopentane ( m j e  (relative intensity): 114(M+, 37), 99 (M-CH,+, 81), 
85 (lOO), 37 (35), 58 (56), 43 (17). 1, 1, 3-Trimethylsilacyclopentane (m/e  
(relative intensity): 128 (M+, 13), 113 ( M  - CH3+, 13), 100 (loo), 86 (59), 
58 (63), 43 (26). 1, 1, 2, 5-Tetramethylsilacyclopentane ( m / e  (relative 
intensity): 142 (M+, 25), 127 (M - CH3+, 13), 100 (loo), 85 (loo), 58 (20), 
43 (15). 1, 1-Dimethylsilacyclohexane ( m / e  (relative intensity): 128 (M+, 
31), 113 ( M  - CH3+, loo), 85 (75), 72 (16), 59 (35). 

(16) See: Robert, C. W. Handbook of Chemistry and Physics, 59th 
ed.; CRC: Boca Raton, FL, p F-215. 



1574 J .  Org. Chem. 1988, 53, 1574-1577 

a dilute HC1 aqueous solution. After extracting the mixture with 
ethyl ether, the ether fractions were combined and dried over 
anhydrous MgSO,. The ether was evaporated, and then the 
residue was fractionally distilled to give 4 (30 g, 40%): bp 80 "C 
(83 mmHg); IR (neat) 1630, 1420,800 cm-'; 'H NMR (CDC13) 6 
0.2 (s, 6 H), 1.8 (m, 2 H), 1.85 (s, 2 H), 4.8-6.3 (m, 3 H). 

Anal. Calcd for C6H13C1Si: C, 48,50; H, 8.76. Found: C, 48.44; 
H,  8.89. 

Preparation of Allyldimethyl(2-hydroxyethy1)silane (5). 
A 500-mL, three-necked flask was charged with magnesium 
turnings (4.16 g, 0.17 mol) and anhydrous ethyl ether (10 mL). 
The magnesium was activated by addition of ca 0.05 mL of ethyl 
bromide. To the mixture was added a solution of 4 (25.4 g, 0.17 
mol) in anhydrous ethyl ether (100 mL) over a period of 4 h at 
gentle reflux. The reaction mixture was stirred for further 2 h 
at reflux. To the mixture was added paraformaldehyde (5.83 g) 
in small pieces over a period of 30 min and stirring continued for 
additional 1 h. The mixture was cooled and introduced into a 
dilute HC1 aqueous solution. After extracting the mixture with 
ether the ether fractions were combined and dried over anhydrous 
MgS04. The ether was evaporated, and then the residue was 
fractionally distilled t o  give 5 (17.6 g, 72%): bp 110-104 "C (50 
mmHg); IR (neat) 3330,1630,1040,900 cm-'; 'H NMR (CDCl,) 
6 0.2 (9, 6 H), 1.0 (t, 2 H), 1.75 (s, 1 H), 1.8 (m, 2 H), 3.85 (t, 2 
H), 4.7-5.3 (m, 2 H), 5.5-6.3 (m, 1 H). 

Anal. Calcd for C7H160Si: C, 58.27; H, 11.18. Found: C, 58.03; 
H, 11.11. 

Preparation of Allyl(2-chloroethyl)dimethylsilane (6). A 
300-mL, three-necked flask was charged with 5 (7.2 g, 0.05 mol), 
triphenylphosphine (17.05 g, 0.065 mol), and CCl, (45 mL) and 
the mixture stirred for 1 h at reflux. To the mixture was added 
hexane (50 mL) a t  room temperature. The precipitate appeared 
was filtered, and the filterate was concentrated in vacuo. The 
residue was fractionally distilled to provide 6 (6.2 g, 64%): bp 
95-98 "C (105 mmHg); IR (neat) 1630,1420,500 cm-'; 'H NMR 
(CDC1[3) 6 0.15 (s, 6 H), 1.3 (m, 2 H), 1.6 (m, 2 H), 3.7 (m, 2 H), 
4.7-5.3 (m, 2 H), 5.5-6.3 (m, 1 H). 

Anal. Calcd for C7HlSC1Si: C, 51.67; H, 9.29. Found: C, 51.80; 
H, 9.01. 

Preparation of Allyldimethyl( 2-hydroxypropy1)silane (7). 
A 300-M1, three-necked flask was charged with magnesium 
turnings (2.9 g, 0.12 mol), anhydrous ethyl ether (10 mL), and 
ethyl bromide (0.1 mL), and then the mixture was allowed to warm 
to activate the magnesium. A solution of 4 (14.8 g 0.1 mol) in 
anhydrous ethyl ether (70 mL) was added dropwise over a period 
of 2 h a t  gentle reflux, and then the reaction was continued for 
an additional 2 h a t  room temperature. The mixture was chilled 
with an ice bath, and a solution of acetaldehyde (6.6 g, 0.15 mol) 
in ethyl ether (30 mL) was added dropwise over a period of 30 
min. The mixture was thereafter stirred for an additional 30 min 
a t  room temperature and 4 h a t  reflux to complete the reaction. 
The mixture was allowed the cool to room temperature, and then 
the mixture was introduced into a dilute HCl aqueous solution 
and was extracted with ethyl ether (2 X 200 mL). The organic 
fractions were combined, washed with HzO, dried (anhydrous 
MgSO,), and evaporated. The residue was fractionally distilled 
to give 7 (13.1 g, 83%): bp 83-87 "C (2OmmHg); IR (neat) 3350, 
1630, 1420, 1020, 900 cm-'; 'H NMR (CDCl,) 6 0.1 (s, 6 H), 0.8 
(d, 2 H), 1.3 (d, 3 H), 1.6 (m, 2 H), 1.8 (d, 1 H), 4.0 (m, 1 H), 4.6-5.1 
(m, 2 H), 5.3-6.3 (m, 1 H). 

Anal. Calcd for CsHlsOSi: C, 60.69; H, 11.46. Found: 61.01; 
H, 11.42. 

Preparation of Allyl(2-chloropropyl)dimethylsilane (8). 
A lOO-mL, three-necked flask was charged with 7 (1.58 g, 0.01 
mol) and CCl, (20 mL). To the mixture was added trioctyl- 
phosphine (3.70 g, 0.01 mol) over a period of 30 min at room 
temperature. After which time the mixture was concentrated in 
vacuo, and the residue was fractionally distilled to give 8 (0.4 g, 
23%): bp 73 "C (18 mmHg); IR (neat) 1600,1420,900 cm-'; 'H 

(m, 2 H), 4.33 (m, 1 H), 4.6-5.2 (m, 2 H), 5.4-6.1 (m, 1 H). 
Anal. Calcd for C8Hl7ClSi: C, 54.36; H, 9.69. Found: C, 54.47: 

H, 9.98. 
Radical Cyclization of Allyl(2-chloroethy1)dimethylsilane 

(6). A 20-mL round-bottomed ampule was charged with 6 (0.162 
g, 1.0 mmol), Bu3SnH (0.35 g, 1.2 mmol), and benzene (6 mL), 

NMR (CDC13) 6 0.2 (s, 6 H), 1.3-1.5 (d, 2 H), 1.7 (d, 3 H), 1.85 
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and the solution was degassed under vacuum by the freeze- 
pump-thaw method (four cycles). The ampule was immersed in 
an oil bath controlled at 80 OC. The reaction was continued for 
4 h. The mixture was directly analyzed with GCMS. 

Radical Cyclization of Allyl(2-chloropropy1)dimethyl- 
silane (8). The radical cyclization of 8 was run in a similar manner 
to that of 6. The compound 8 (0.176 g, 1.0 mmol), Bu,SnH (0.35 
g, 1.2 mmol) and benzene (6 mL) were employed. The GC trace 
showed the following compound (retention time, in min): benzene 
(1); a and b [small peaks] (2.5 and 3); (6); Bu3SnH (16). 

Registry No. 3, 1719-57-9; 4, 33558-75-7; 5 ,  104107-86-0; 6, 

18292-34-7; 12, 112988-54-2; 13, 18293-92-0; 1,l-dimethyl- 
silacyclopentane, 1072-54-4; 1,1,3-trimethylsilacyclopentane, 
17936-93-5; 1,1,2,5-tetramethylsilacyclopentane, 55956-01-9; 1,l- 
dimethylsilacyclohexane, 4040-74-8. 

104107-85-9; 7, 112988-53-1; 8, 78847-25-3; 10, 101772-53-6; 11, 

Cons t ruc t ion  of a n  Enant iomer ica l ly  P u r e  
Cis-Fused 7-0xabicyclo[4.3.0]nonan-3-one 

Skeleton. S y n t h e s i s  of 
(1s ,6R ,8R ,9R )-8,9-(Isopropylidenedioxy)-7-oxabi- 

cyclo[4.3.0]nonan-3-one f rom D-Allose 

Kin-ichi Tadano,* Masayuki Miyazaki, Seiichiro Ogawa,* and 
Tetsuo Suamit 

Department of Applied Chemistry, Faculty of Science and 
Technology, Keio University, Hiyoshi, Kohoku-ku, 

Yokohama 223, Japan 

Received July 28, 1987 

In our previous papers, we reported several novel ap- 
proaches directed toward the syntheses of enantiomerically 
pure highly oxygenated carbocycles starting from carboh- 
ydrates.l One of the newly developed approaches includes 
the transformation of D-glucose to (lR,6R,gR,9R)-8,9- 
(isopropylidenedioxy)-7-oxabicyclo[4.3.0]non-4-en-3-one 
(1),lcsf which was readily converted to  another chiral 
building block, 7-oxabicyclo[4.3.0]non-3-en-5-one derivative 
(2).lh The utility of compounds 1 and 2 was demonstrated 
by their stereoselective conversion to some enantiomeri- 
cally pure pseudosugars.lc,df,h The  construction of the 
trans-fused bicyclic compound 1 was achieved by an in- 
tramolecular aldol cyclization of a D-glucose-derived in- 
termediate as the key reaction. In an extension of our 
interests in the intramolecular aldol cyclization of carbo- 
hydrate-derived intermediates, we report a synthesis of 
(lS,6R,8R,9R)-8,9- (isopropylidenedioxy)-7-oxabicyclo- 
[4.3.0]nonan-3-one (3) starting from the known 1,2:5,6- 
di-0-isopropylidene-a-D-allofuranose (4). Compound 3 
possesses a cis stereochemistry at  the ring juncture, which 
is not readily obtainable by our previous approaches. 

Removal of the 5,6-0-isopropylidene group in compound 
4, which was prepared from D-glucose according to  the 
reported procedure,2 with 60% aqueous acetic acid gave 
compound 5. The glycol cleavage3 of compound 5 by 
periodate in aqueous methanol was followed by a Wittig 
olefination of the resulting 1,2-O-isopropylidene-cu-D- 
ribo-pentodialdo-1,4-furanose (6)  with  (2-oxo- 
propy1idene)triphenylpho~phorane~ in refluxing benzene 
and resulted in the formation of three carbon extended 
(E)-&unsaturated ketone 7 in 75% yield from 4. Hy- 

' Present address: Department of Chemistry, Faculty of Science 
and Technology, Meisei University, Hodokubo, Hino, Tokyo 191, 
Japan. 
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