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Abstract- The title fused y-butyrolactone (1) was prepared in four steps, 
starting from l,l-diphenyl-I-silacyclopent-3-ene. 

In connection with our studies on the synthesis of silylated therapeutical agents, ' we aimed 
at the preparation of  various diphenylsilacyclopentane del-ivatives. In order to achieve this, 
we made use of fused y-butyrolactones such as hexahydrosilolano[3,4-hlfuran-:-one as 
starting materials. We describe herein an efficient and simple synthesis of such a 
heterocycle via an intramolecular radical cyclization. 9 3 a ~ * ,  6aS*)-5,5-Diphenyl-2, 3, 3a, 4, 
6, 6a-hexahydrosilolano[3,4-blfuran-2-one (1) was readily prepared in a four steps from 1,l-  
diphenyl-1-silacyclopent-3-ene (2)' with an overall yield of 32%. We first attempted to 
prepare 1 by a direct one-step synthesis from 2 (Scheme 1) through oxidative addition of 
acetic acid by means of M ~ ( O A C ) ~ . ~ H ~ O  via the foimation of a carboxymethyl radical.' The 
desired compound (1) was obtained in 8% yield (ref, 8 h) after purification by flash 
chomatography on silica gel as the only isolated product. 
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Next, we envisaged the preparation of 1 ida an intramolecular radical-induced cyclization 
from compound (S), using tin hydride (Ph3SnH) in the presence of a catalytic amount of 2,:'- 
azobisisobutyronitrile (AIBN) in refluxing toluene (5 h). Pure y-butyrolactone (1) was 
obtained in 40.5% yield from 5 according to Scheme 2 after purification using flash 
chromatography on silica gel. Compound (5) was obtained by the reaction between 4"b and 
bromoacetyl bromide (NaH, THF, 12 h, ~ t )  in 64% yield after purification by flash 
chomatography on silica gel. The reduction of the broininated compound (5) promoted the 
formation of an sp\arbon-centered radical (6) which led to radical adduct (7) (5-em-(rig), 
giving finally the y-butyrolactone (1) by hydrogen abstraction. As far as we know, few free- 
radical additions to vinylsilane moieties have been described, ' and few synthetic 
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applications of fiee radical chemishy to the direct preparations of fused y-butyrolactones are 
known : the synthesis of the cyclic lactone from iodo ester using (Bu3Sn)2 under 
photochemical conditions, from a-haloacetates, lo and more recently the synthesis of 
butenolides tluuugh a xanthate based-radical process. I I 
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In conclusion, the fused y-butyrolactone ( I )  was easily prepared under mild reaction conditions 
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EXPERIMENTAL 
Solvents (tetrahydrofuran, ether, toluene) were dried over 48, molecular sieves. 
Commercially available reagents were used as received from suppliers. The progress of the 
reactions was monitored by TLC on silica gel (Merck Kieselgel 60Fzj4). Melting points were 
determined using a Reicher-Kofler apparatus and are uncomected. 'H-NMR spectra were 
recorded on a AC 200 Brucker spectrometer. IR spectra were recorded on a 510 Nicolet 
spectrophotometer. MS were obtained on a Finigan 3000 apparatus. The combustion analyses 
were performed at the Centre de Recherche de Vitly-Alfo~tville (Rhdne-Poulenc Rorer). 
Flash colum chromatography was perfo~med on silica gel (Merck Kieselgel, 230-400 mesh). 
(3aR*, 6aSh)-5.5-Dinhenvl-2. 3.3a. 4.6.6a-hexahvdrosilolanoI3.4-hlfuran-2-one (1 1. 
A. Schenie I: A mixture of 2 (2 g, 8.5 mmol), Mn(OAc),.2H20 (4.5 g, 16.8 mmol) and 
potassium acetate (15 g, 153 mmol) in acetic acid (80 mL), was vigourously stined and 
refluxed under a nitrogen atmosphere during 6 h until the brown colour of manganic acetate 
disappeared. The yellow solution was then diluted with water (300 mL) and extracted with 
ether (2 x 200 ml). The organic layer was dried over anhydrous magnesium sulphate and 
concenwated on a rotaty evaporator. The residue was purified by flash chromatography on 
silica gel using a cyclohexanelethyl acetate mixture (713) as eluent to give 0.2 g (8%) of 1 as 
a colourless oil which slowly c~ystallized, mp 80-85'C (Rr= 0.5 in cyclohexane-ethyl acetate 
mixture 713). 'H-NMR (CDC12 ) 6 1.0 (dd, J =  8.5 and 16 Hz, lH, Si-CH-), 1.6 (m, 3H, Si- 
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CH2- and Si-CH-), 2.4 (dd, .I = 3 and 17 Hz, IH, -CO-CH-), 2.8 (d, J = 17 Hz, IH, -CO- 
CH-), 2.9 (m, IH, Si-CH2-CH-CH2-), 5.1 (td, J = 4 and 6 Hz, IH, Si-CH2-CEO-), 7.5 (m, 
IOH, phenyl rings); IR (KBr) 3070 and 3050 and 3020 (C-H arom.), 2960 and 2920 and 2905 
and 2895 (C-H aliph.), 1760 (C=O), 1585 and 1565 (C=C), 1485 and 1425 (aromatic ring), 
1160 (C-O), I I15 (Si-C), 945 (C-0), 810 (Si-CH2), 745 (C-H aromatic ring), 725 (aromatic 
ring); MS (El) mh:  294 (M+), 253,240, 225, 199, 183, 180, 172, 163, 105 (loo%), 77; (DCI- 
NH,) 31l(M+NH;, loo%), 295; Anal. Calcd for CI8Hl8O2Si: C, 73.43; H, 6.16; Si, 9.54. 
Found: C, 73.5; H, 6.4; Si, 9.6. 
B. Scheme 2: Epoxide (3) (99%) and alcohol (4) (61%) were easily prepared as described in 
references 6a and 6b respectively. 
I .  I-Diphenyl-2.3-dihydro-IH-silol-3-yl2-hromoacetate (5): 
To a stiired mixture of NaH (0.25 g, 6.3 mmol, 60%) in THF (20 mL) under a niwogen 
atmosphere, was added dropwise a solution of alcohol (4) (1.26 g, 5 mmol) in THF (20 mL) 
at it during I h. The reaction mixtule was then cooled to -40°C and a solution of 
bromoacetyl bromide (0.5 mL, 5.7 mmol) in THF (20 mL) was added dropwise. The solution 
was then allowed to reach t i  during 12 h. The yellow solution was diluted with water (100 
mL) and extsacted with ethyl acetate (2 x 100 mL). The combined organic layers were dried 
over anhydrous magnesium sulphate and concentrated on a rotaly evaporator. The residue 
was purified by flash chromatography on silica gel using a dichloromethanelcyclohexane 
mixture (614) as eluent to give 1.2 g (64%) of 5 as a yellow oil (R,=0.5 in dichlorornethane- 
cyclohexane mixture 614). 'H-NMR (CDCI,) G 1.3 (dd, J = 6 and 16 Hz, IH, Si-C&-), 2.1 
(dd, J =  7 and 16 Hz, IH, Si-CH2-), 3.9 (s, 2H, -C&Br), 6.1 (m, lH, -CH-0-CO-), 6.6 (d, .I 
= 10 Hz, IH, Si-C&CH-), 7.0 (d, J = 10 Hz, IH, Si-CH=CH-), 7.3-7.6 (m, IOH, phenyl 
ring); IR (CCIJ) 3150-3000 (C-H arom.), 2970 and 2925 and 2850 (C-H aliph.), 1740 (0 -  
G O ) ,  1595 (C=C), 1490 and 1435 (aromatic ring), 1275 (C-0), I I20 (Si-C), 700 (aromatic 
ring), MS (El) d z :  295, 234, 217, 207, 181, 173, 157, 129, 105 (loo%), 77. 
J3aRX. 6aS*)-S.S-DinhenvI-2,3.3a. 4.6.6a-hexahvdrosilolano[3,4-hlfuran-2-one ( 1 1  
To a refluxing solution of 5 (1.4 g, 38 mmol) in toluene (190 mL) under a nitrogen 
atmosphere, was added dropwise using a syringe pump, a solution of Ph3SnH (1.8 g, 5.2 
mmol) and AIBN (0.25 g, 1.5 mmol) in toluene (30 mL) during 5 h. The reaction mixture 
was then concentsated, and the residue (3.5 g) was triturated with ether (100 mL). The 
resulting white solid was filtered. The ethereal solution was washed with a saturated solution 
of KF (2 x 100 mL), and the combined organic layers wese dried over anhydrous magnesium 
sulphate and concentsated to give 1.4 g of a yellow oil which was purified by flash 
chromatography on silica gel using a cyclohexanelethyl acetate mixture (713) as eluent. 
Compound (1) was obtained in 40.5% yield (0.45 g) as a colourless oil which slowly 
clystallized, mp 80-85°C. 

REFERENCES 
1. For previous works, see: D. Dainour, M. Baireau, G. Duhuc-Rosset, A. Doble, 0 .  

Piot, and S. Mignani, Hioorg & Med Cheni. 1,ett.. 1994, 4, 415; S. Mignani and D. 
Damour, Synth. Coniniitn., 1994, 24, 2017; R.  Boukkeirou, G. Manuel, S. Mignani, 
and D. Damour, $1 Organonlei. Chem., 1994, 484, 119; S. Mignani and D. Damour, 
French Patent  application.^. FR 2689892 (Chem. Absh-., 1994, 120, 946); FR 
2689893 (Chem. Abstr., 1994, 121, 1027); FR 2689894 (Chetn. Absts., 1994, 120, 
946). 

2. See ref. 1, and D. Damour, M.  Ban-eau, F. Dhaleine, G. Doerflinger, M. Vuilhol-gne, 
and S. Mignani, .&nlet/, 1996. 890. 



914 HETEROCYCLES, Vol. 45, No. 5,1997 

3. For reviews, see: B. Giese, 'Radicals in Organic Synthesis: Formation of Carbon- 
Carbon Bonds, ' Vol. 5, ed. by J. E. Baldwin, Pergamon Press, Oxford, 1986; D. P. 
Curran, Synthesis. 1988, 417 and 1988, 489; M. Regitz, B. Giese, A. Ghosez, W. 
Mehl, J. 0. Metzger, and H. Zipse, 'Houben-Weyl, Methoden der Organischen 
Chemie, C-Radikale, ' Vol. E19A, ed. by M. Regitz and B. Giese, Stuttgart, 1989; N. 
A. Porter, B. Giese, and D. P. Curran, Acc. Chem. Res., 1991,24,296; C. P. Jasperse, 
D. P. Curran, and T. L. Fevig, Cheni. Reit, 1991, 91, 1237; D. P. Curran, N. A. 
Porter, and B. Giese, 'Stereochernishy of Radical Reactions: Concepts, Guidelines, 
and Synthetic Applications, ' ed. by D. P. Cuman, N. A. Porter, and B. Giese, VCH, 
Weinheim, 1995 and references cited therein. 

4. S. Mignani, D. Damour, J-P. Bastart, and G. Manuel, Synlh. Conim.. 1995, 25, 3855. 
5. E. 1. Heiba, R. M. Dessau, and P. G. Rodewald, J. Am. Cheni. Chem.. 1974, 96, 

7977; S. A. Kates, M. A. Dombroski, and B. B. Snider, J. Org. Chent.. 1990, 55, 
2427. 

6. a) G. Manuel, P. Mazerolles, and J-C. Florence, C. R. Acad. Sci. Paris, 1969, 269, 
1553; G. Manuel, P. Mazerolles, M. Lesbre, and J-P. Pradel, J. Organonietal. Cheni., 
1973, 61, 147 b) G. Manuel, G. Beltrand, and F. El Anda, Organonietallics, 1983, 2, 
391. 

7. G. Stork, P. Sher, and H-L. Chen, .I. Am. Cheni. Soc., 1986, 108, 6384; J. M. Dener 
and D. Hart, Tetrahedron, 1988, 44, 7037; E. Lee, S-G. Yu, C-G. Hur, and S-M. Yang, 
Tetrahedron Lett., 1988, 29, 769; T. Tom, T. Seko, E. Maekawa, and E. Ueno, J. 
Chem. Soc., Perkin Trans. 1, 1989, 1927; P. Renaud, Tetrahedron Lett., 1990, 31, 769; 
S. D. Burke and J. Rancou~t, J. An7. Chem. Soc.. 1991, 113, 2335; L. Boiteau, Thesis 
(Dr. S. Zard, Ecole Polytechnique, Palaiseau, France), 1994; D. H. R. Ba~ton, J. Cs. 
Jaszberenyi, and E. A. Theodorakis, Tetrahedron, 1992, 48, 2613; S. D. Burke and K. 
W. Jung, Tetrahedron Lett.. 1994, 35, 5837; P. Renaud, M. Gester, and M. Ribezzo, 
Chimia, 1994. 48, 366; M. Altarnut-a, M. Giamrnaruco, M. Taddei, and P. Ulivi, J. 
Org. Cheni.. 1995, 60, 8403; S. Kashimura, M. Ishifune, Y. Murai, N. Moriyoshi, and 
T. Shono, Tetrahedron I.ert., 1995, 36, 769; A. Vaupel and P. Knochel, Tetrahedron 
Lett., 1995, 36, 23 1. 

8. In addition, via a radical pathway, cyclic lactones have been obtained indirectly, 
through: a) an atom transfer cyclization reaction fsom iodo stannyl ester (G. A. Kraus 
and K. Landgrebe, Tetrahedron, 1985,41, 4039; D. P. Curran and C-T. Chang, J. Org. 
Cheni., 1989, 54, 3140) b) elimination of an ethyl group (P. Piccardi, P. Massardo, M. 
Modena, and E. Santoro, .J. Cheni. Sac., Perkin 7i.an.s. 1, 1974, 1848) c) the utilisation 
of haloacetals (G. Stork, P. M. Sher, and H-L. Chen, J. Ani. Chew. Soc., 1986, 108, 
6384; G. Stork, R. J. Mook, S. A. Biller, and S. D. Rychnovsky, J. Am. Cheni. Sac.. 
1983, 105, 3741; Y. Ueno, 0. Moriya, K. Chino, M. Watanabe, and M. Okawara, J. 
Cheni., Soc., Perkin Tram 1, 1986, 7536; S. Busato, 0. Tinembar, and R. Scheffold, 
Tetrahedron, 1990, 46, 3255; J-C. Dulcere, E. Dumez, and R. Faure, Synlett, 1996, 
391; A. Vaupel and P. Knochel, .l. Org. Chem., 1996, 61, 5743) d) cyclization of 
hydroximates ( 0 .  Miyata, A. Nishiguchi, I. Ninomiya, T. Naito, K. Aoe, and K. 
Okamura, Tetrahedron Lett., 1996, 37, 229; 0. Miyata, A. Nishiguchi, I. Ninomiya, 
and T. Naito, Cheni. Phariii. Btill., 1996, 44, 1285). 

9. D. P. Curran and C-T. Chang, Tetrahedron Lett., 1987, 28, 2477. 
10. S. Hanessian, R. Di Fabio, J. Marcoux, and M. Prud'homine, .I Org. Cheni., 1990, 55, 

3436. 
11. R. N. Saicic and S. Zard, $1. Cheni. Soc.. Cheni. Conintun., 1996, 1631. 

Received, 24th January, 1997 


