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Abstract - Access to 1- and 2-azabicyclo[x.y.O]alkanes by intramolecular cyclization of 

allylsilanes on a-acyliminium ions is described. This methodology is also used to achieve a highly 

stereoselective total synthesis of (f)- mesembrine. 

N-Acyliminium ions have been shown to be highly important intermediates in organic synthesis.1 N- 

Acyliminium ion - olefin cyclization revealed in several cases high regio- and stereoselectivities which were 

exploited with success in the total synthesis of several alkaloids such as histrionicotoxin.2 gephyrotoxin? 
lupinine4 and isoretronecanol.5 
Allylsilanes have been recently used as n-nucleophiles in organic synthesis6 These very reactive compounds are 
known to react with electrophies with high regioselectivity due to the p effect of silicon.7 

Intermolecular reactions of allylsilanes with N-acyliminium ions were described.8 Intramolecular version with 

vinylsilanes? a l l y l ~ i l a n e s ~ ~  and pr~pargylsi lanes~~ was also observed, as well as allylsilanes-iminium ions 

cyclizations which generate substituted piperidines.12 

Azabicycloalkanes constitute important intermediates in alkaloid synthesis.5 We wish to report here the access to 
1-azabicyclo[x.y.O]alkane derivatives where the nitrogen atom is in the bridgehead position, 2-azabicyclo- 
[4.3.0]nonanes where the nitrogen atom is next to the ring junction and mesembrine which is a 7-azabicyclo- 
[4.3.0lnonane with the nitrogen atom in the a position of the ring junction. The mute to these compounds we 

anticipated was based on an intramolecular cyclization of acyliminium ions substituted by an allylsilyl side chain 
as an internal n-nucleophile. a-Hydroxylactams and a-ethoxylactams produced from cyclic imides could serve 

as precursors to these intermediates.'3 

RESULTS AND DISCUSSION 

1 - Svnthesis of I-azabicy&&&v.Olalkane~ 

Access to 1-azabicyclo[x.y.Olalkanes was expected from N-acyliminium ions (1). (2) and (3) (Scheme I). Ring 

closure of N-acyliminium intermediates ( la)  and ( lb)  is an example of a 5-endo-trig process which is known to 

be disfavoured according to Baldwin's rules.14 However, some exceptions have been encountered with this 
process15 and we envisaged that this cyclization might be allowed due to the cation stabilizing p-effect of the 
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silicon atom. Ring forming reactions from 2 and 3 are 6- or 7-endo-trig cyclizations which are favoured. 

l a  m r l  o = l  

I b  m.1 0 = 2  

la m=2 ,,=I 

2 b  m=2 a = 2  

3  m=3 n = 1  

Scheme 1 

The synthesis of a-hydroxylactams or a-ethoxylactams precursors of intermediates (1-3) began with the 

preparation of alcohols (4). (5) and (6) (Scheme 3). Alcohol (4) was previously described by Trost.16 Alcohol 

(5) was simultaneously synthesized by Japanese authors17 and by us.10 following the same procedure. 

Analogous reaction sequences with 4-methyl-4-penten-1-01 provided a 1:1 mixture of isomeric allylsilanes (6) 
and (7). They were separated by silica gel column chromatography (Scheme 2). 

Scheme 2 

This reaction leading to a mixture of isomeric products, we developed an alternative route to the required alcohol 
(6). Treatment of y-butyrolactone with trimethylsilylmethylmagnesium chloride followed by treatment of the 

disilylated intermediate by silica gel, according to a described procedure,l* afforded pure 6. Synthesis of imides 

(8). (9) and (10) was accomplished from alcohols and succinimide or glutarimide via the Mitsunobu reaction.lg 
Reduction of imides (8-10) with NaBH4, by the method of Speckamp20 and Chamberlin,4 gave a- 
hydroxylactams (11-13). Hydroxylactams ( l l a )  and (1Za) were converted to ethoxylactams (14) and (15). 
Five-membered ring forming reactions were attempted with a-hydroxylactams ( l l a )  and ( l l b )  and a- 

ethoxylactam (14). Treatment of 11s and l l b  with trifluoroacetic acid (4 equiv.) in dichloromethane at room 
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temperature led exclusively to protodesylilated products. Cyclization also failed from 14 by treatment with Lewis 

acids (Tick,  SnC4 or BF3 . Et20).8.21 

11 .  m=l n = l  
l l b  m = l  n = 2  

11s m=2 o = l  
l Z b  m=2 n=Z 

1 3  m = 3  n = 1  

Scheme 3 

Reactions of 12a,12b and 13 with trifluoroacetic acid gave the cyclized products (16a), (16b) and (17) in 

respectively 70, 94 and 78 % yields. Compound (16a) was also obtained by treatment of 15 with T i c 4  in 

dichloromethane. 

Contrary to our expectations, our attempts at obtaining five-membered rings via a 5-endo-trig cyclization were 

unsuccessful. On the other hand, these reactions constitute excellent routes to functionalized indolizidines, 

quinolizidines and 1-azabicyclo[5.3.0]decanes. 

2 - Svnthesis of 2-azabicvclo14.3.01nonane~. 
These compounds were assumed to be obtained from N-acyliminium ion (18) with the allylsilyl side chain a to 

the imide function (Scheme 4). 

R = H, Me 

1 8  1 9  

Scheme 4 

Cyclization of 18 is a 5-exo-trig reaction which is a favoured process. Precursor of intermediate (18) was 
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thought to be the a-hydroxylactam produced from cyclic imide (19) coming from alkylation of glutarimide with 

1-iodo-2-uimethylsilyl-2-pmpene. Introduction of a side chain in the position 3 of glutarimide has been described 

using sodium amide in liquid ammonia22 or LDA in THFHMPA.23 Under these conditions we were not able to 
introduce the allylsilyl side chain at the a-carbon of glutarimide or N-methylglutarimide. 

Because of the failure of this strategy, we considered an alternative method (Scheme 5). The key feature in this 
approach was based upon introduction of the allylsilyl side chain in the a-position of a lactam moiety, then N- 

methoxycarbonylation of the lactam in order to stabilize the iminium ion which would be formed during the 

cyclization step. We already used this strategy for the synthesis of azacarboprostacyclines.24 This kind of 

cycliition is probably kinetically controlled and the stereochemistry of the isolated product is determined by the 
Wansition state of lowest energy. A careful examination of molecular models shows that the transition state which 

ensures a good orbital overlap should lead to the bicyclic compound with a cis stereochemistry of the ring 

junction. 

1) LDA 

1) NCCOlMe 

22 R = H  
23 R = E t  

Scheme 5 

Akylation of N-uimethylsilylpiperidin-2-one at - 7 8 T  in THF using LDA as base with l-iodo-2- 

rrimethylsilylrnethyl-2-propene led to the expected lactam (20) in 76% yield. N-Methoxycarbonylation of 20 

gave 2 1  in 89 % yield. Either hydroxylactam (22) (NaBH4, H2SO4, EtOH) or ethoxylactam (23) (NaBH4, 

excess H2SO4, EtOH) were prepared by reduction of 21 according to Hiemsua's procedure.25 Treatment of 
hydroxylactam (22) with CF3C@H or ethoxylactam (23) with T i c 4  led to a mixture of products resulting from 

cyclization and isomerization of the double bond. Therefore, we generated the acyliminium ion in a nonacidic 

medium; the reaction was carried out with rnethanesulfonyl chloride and Uiethylamine in dichloromethane. Under 

these conditions. hydroxylactam (22) led to a single bicyclic compound which was assigned &ructure (24). 

Although the stereochemistry of this compound has not yet been demonstrated (in particular, the H-l and H-6 

resonances in the nmr spectrum are too complex to allow the determination of coupling constants), it is supposed 

lo be cis in view of stereoelectronic considerations (vide infa). 

3 - Svnthesis of (+LM-. 

Mesembrine (25) is an alkaloid of considerable interest due to its CNS activity.26 We planed to prepare this 7- 

azabicyclo[4.3.0]nonane via intramolecular cyclization of cyclic acyliiinium ion (26) (Scheme 6). 
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2 5  2 6  

Scheme 6 

An important stereochemical issue concerns the ring junction stereochemistry which is established in the 

cyclization step. It was anticipated that this reaction would be highly stereoselective from considerations of the 

transition states. Among the two possible chair-like transition states (A and B), A ,  leading to the cis 

stereochernistty, would be predominant over B, leading to a trans ring junction, to avoid the steric repulsion 

between the aryl substituent and the rr-nucleophile. Furthermore, p orbitals overlapping is possible in A, which 
is not the case in B (Scheme 7). 

A 

Scheme 7 

The requisite precursors of intermediate (26) were prepared according to Scheme 8 

2 7 2 8  2 9  3 0 

Scheme 8 

Alkylation of N-methyl-3-arylsuccinimide with tosylate of alcohol (5) is possible due to the presence of the aryl 
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suhstituent which increases the acidic character in a-position of the imide function. It gave imide (27) in 60 % 

yield. It seemed possible to carry out the regioselective reduction of the more sterically hindered carhonyl group 

of 27, based on work with geminally disuhstituted succinimides.13 As expected, reduction of 27 exclusively 
afforded hydroxyamide (28) as a mixture of diastereoisomers which were not separated. Cyclization of 28 under 

usual acidic conditions (trifluoroacetic acid in dichloromethane) led to a mixture of isomeric compounds resulting 

from isomerization of the exocyclic double bond to the more stable endocyclic position. Therefore, the 

acyliminium ion was generated in a nonacidic medium (MsC1, Et3N. CH2C12); it gave 29 as a single isomer, 

which was ozonized (03, then Me2S) to give 30. The IH-nmr spectrum of 30 was in excellent agreement with 
that of cis-l-methyl-3a-(3,4-dimethoxyphenyl)octahydroindole-2,6-dione depicted in the literature.27 thereby 

establishing the cis stereochemistq of 29. 

As was anticipated, the reaction is highly stereoselective, we isolated a single isomer with a cis ring junction. As 

30 has been shown to he a precursor of mesemhrine (251," this strategy constitutes a new formal total synthesis 

of (+)-mesemhrine (25) in a highly stereoselective manner. 

In conclusion, inuamolecular nucleophilic attack of allylsilanes on acyliminium intermediates has been found to 

give methylene substituted azabicycloalkanes in good yields. Access to 5.6 and 7 membered rings was possible 
by varying the size of the starting imide or the length of the allylsilyl chain. These cyclizations offer the 

opportunity of introducing an exocyclic methylene group as a useful functionality for further structural 

elaborations. Moreover, they proceed in a highly stereoselective manner. They are potentially very useful for the 

total synthesis of alkaloids, as was shown here with the synthesis of (+)-mesembrine. Studies of other 

applications of these reactions toward the synthesis of alkaloids are in progress. 

EXPERIMENTAL 

Proton nuclear magnetic resonance spectra were recorded on JEOL C 60 H and Bruker MSL 300 spectrometers. 

Carbon 13 nuclear magnetic resonance spectra were run on JEOL FX 60 and Bruker MSL 300 spectrometers. 
Chemical shifts are recorded as 6 values (ppm) relative to tetramethylsilane as the internal reference standard. A 

Perkin-Elmer 377 instrument was used to determine ir spectra. Mass spectra were recorded on a Varian CH 5 

spectrometer. Merck Kieselgel60 PF254 plates were used for analytical chromatography. Products were purified 

by flash column chromatography using silica gel. 
4-Trimethvl- (6) 
a) A procedure described by 0chiai17 was followed. To a solution of N,NNN-tetramethylethylenediamine 

(20 g, 0.17 mol) in hexane (160 ml) was added dropwise a hexane solution of n-hutyllithium (1.5 M, 113 ml, 

0.17 mol) followed by 4-methyl-4-penten-1-0128 (8.6 g, 0.086 mol), under nitrogen. The mixture was heated at 

60°C for 6 h. The resulting red mixture was cooled to - 7 8 T  and Uimethylchlorosilane (28 g, 0.26 mol) was 

added. The reaction mixture was stirred for 4 h at room temperature, then diluted with water and the products 

were extracted with ether and dried (MgS04). Evaporation of the solvent left a syrup which was purified by 

distillation (bp 95-1lO0C/15 mm Hg) to give a mixture (1:l) of disilylated compounds (14 g, 67 % yield), IH- 
nmr (CDC13) 6 5.00 (lH, m), 4.60 (2H, m), 3.40-3.70 (4H, m), 1.90-2.40 (6H, m), 1.60 (3H, s), 1.50 (4H, 

s), 0.01 (18H, s), 0.00 (18H, s); 13C-nmr (CDC13) 6 147.3 (s), 135.3 (s), 118.3 (d), 107.5 (t), 63.0 (t), 62.6 
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(t), 34.8 (t), 32.7 (t), 31.3 (t), 27.3 (t), 26.7 (t), 23.8 (q), 0.0 . 
The preceding mixture (14.7 g, 0.06 mol) in THF (110 ml) was treated with a 1N aqueous solution of H2SO4 

(30 ml) for 20 min at O°C. Solid anhydrous potassium carbonate was then added and the organic products were 

extracted with ether. After usual work-up, the crude product was distilled (hp 70-87°C/4 mm Hg) to give a 
mixture of alcohols (6) and (7) (6.5 g, 63 % yield; ir (CC4, cm-I) 3350 and 1640); they were separated by flash 

column chromatography (Hexane-AcOEt 8:2). Alcohol 6 : spectral data identical with that reponed.29 Alcohol 7 : 
'H-nmr (CDC13) 6 5.20 (2H, t, J = 6.8 Hz), 3.75 (2H, t, J = 6.6 Hz), 3.40 (lH, s), 2.30-2.60 (2H. m), 1.90 
(3H, broad s), 1.70 (2H. s), 0.20 (9H, s); 13C-nmr (CDC13) 6 135.9 (s), 118.0 (d), 62.5 (t), 32.4 (t), 26.5 (q), 

23.6 (0, 0.0. Anal. Calcd for CgH200Si : C, 62.79; H, 11.63. Found : C, 62.30; H, 11.91. 
b) A procedure described by 0chiai18 was followed. y-Butyrolactone (4.4 g, 0.051 mol) in ether (15 ml) was 

added to a solution of trimethylsilylmethylmagnesium chloride (0.204 moll in anhydrous ether (100 ml), at O°C. 

The mixture was stirred for 2 h under reflux, then saturated aqueous NH4CI (50 ml) was added and the layers 
were separated. The aqueous phase was extracted with ether and the combined organic phases were dried 
(MgS0.t). The solvent was then removed and the crude product in CHC13 (200 ml) was stirred with silica gel for 

24 h at room temperature. After filtration then concentration, the C ~ d e  product was subjected to flash column 

chromatography (Hexane-AcOEt 8:2) to yield alcohol (6) (2.2 g, 25 %). 

rimethvlsilvlmethvl)oroo-2en-I-vllsuccinimide (8a) 
Diethyl azodicarboxylate (DEAD, 0.09 g, 0.5 mmol) was added dropwise to a solution of succinimide (0.05 g, 

0.5 mmol), 1-hydroxy-2-trimethyl~ilylmethylpropene~~ (0.15 g, 1 mmol) and triphenylphosphine (0.13 g, 0.5 

mmol) in anhydrous THF (2.5 ml). The resulting reaction mixture was stirred at room temperature for 8 h. After 
evaporation to dryness, the residue was purified by flash chromatography (Hexane-AcOEt 1:l) to afford 8a as an 
oil (0.10 g, 89 %); ir (CC4, cm-I) 1710 and 1780; LH-nmr (CDC13) 6 4.60 (2H, d, J = 6 Hz), 3.90 (2H. s), 

2.75 (4H.s). 1.50 (2H. s), 0.00 (9H, s. SiMe3). Anal. Calcd for C11HtgN0~Si : C, 58.63: H, 8.51; N, 6.22; 

Si, 12.43. Found : C, 58.63; H, 8.52; N, 6.22; Si, 11.90. 

eth-00-2-en-I-vllelutarimide (8b) 

According to the previous procedure we obtained 8 b  as an oil in 46 % yield after purification by flash 
chromatography (Hexane-AcOEt 1:l); ir (CC14, cm-I) 1650 and 1740; ' ~ - n m r  (CDC13) 6 4.40 (ZH, d, J = 6 

Hz), 4.10 (2H. s), 2.50 (4H, t, J=6 Hz), 1.10 (2H. m), 1.50 (2H. s), 0.00(9H, s, SiMe3). Anal. Calcd for 

C I Z H ~ I N O Z S ~  : C, 60.22; H, 8.85; N, 5.86; Si, 11.70. Found : C, 60.14: H, 8.65; N, 5.76; Si, 11.62. 
vl)hut - 3 - en -1-vllsuccinimi& (9a) 

According to the previous procedure we obtained 9 a  as an oil in 71 W yield after purification by flash 
chromatography (Hexane-AcOEt 1:l); ir (CC4, cm-I) 1680 and 1730; IH-nmr (CDCI,) 6 4.60 (2H. s), 3.60 

(2H. t, J = 6 Hz), 2.65 (4H, s), 2.20 (2H, t, J = 6 Hz), 1.55 (2H. s), 0.00 (9H, s); 1%-nmr (CDC13) 6 178.5, 

145.3, 110.9, 38.6, 37.1, 29.6, 27.7, 0.0; exact mass calcd for C I ~ H ~ ~ N O Z S ~  - 239.1336; found 239.1346. 
Anal. Calcd for C I Z H Z I N O ~ S ~  : C, 60.22; H, 8.85; N, 5.86; Si, 11.70. Found : C, 60.19; H, 8.88; N, 6.12; Si, 
11.52. 

I T ~ v l s i l v l m ~ t - 3 - e n - I - v l l e l u t a r i m i d e  (9b) 

According to the previous procedure we obtained 9 b  as an oil in 46 % yield after purification by flash 
chromatography (Hexane-AcOEt 1:l); ir (CC14, cm-I) 1680 and 1730; 1H-nmr (CDC13) 6 4.55 (2H, s), 3.85 

(2H, t, J = 7 Hz), 2.55 (4H. m), 2.10 (4H, m), 1.50 (2H, s), 0.00 (9H, s); I3C-nmr (CDC13) 6 173.7, 146.1, 
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110.5, 39.5, 37.7, 34.3, 27.9, 18.6, 0.0. Anal. Calcd for C13H23NOzSi : C, 61.62; H, 9.16; N, 5.53; Si, 
11.05. Found : C, 61.48; H, 9.02; N, 5.80; Si, 10.71. 
- - N 1 4 , , t t 4 4 e n .  I-v~lsuccin' . lrn& (10) 

According to the previous procedure we obtained 10 as an oil in 54 % yield after purification by flash 
chromatography (Hexane-AcOEt 6:4); IH-nmr (CDC13) 6 4.55 (2H, m), 3.48 (2H, t, J = 7 Hz), 2.70 (4H, m), 

1.60-2.40 (4H. m), 1.50 (2H, s), 0.00 (9H, s); 13C-nmr 6 177.0 (s), 145.9 (s), 107.3 (0, 38.4 (t), 35.1 (t), 

28.0 (0. 26.6 (th25.5 (0, 0.0. Anal. Calcd for C13H23N02Si : C, 61.62; H, 9.16; N, 5.53; Si, 11.05. Found : 
C, 61.59; H, 9.25; N, 5.53; Si, 10.84. 
- - ~ l ~ r 0 ~ - 2 - e n - 1 - v l l - 5 - h v d r o x v - 2 - o v m o l i d ~  ( l l a )  

A solution of 8a (0.04 g, 0.16 mmol) and NaBQ (0.02 g, 0.5 mmol) in anhydrous methanol (3 ml) was s h e d  

at - 5°C for 5 h. Water was added then extraction with CHC13 (3 x 3 mi), drying (MgS04). removal of the 

solvent and purification by flash chromatography (Hexane-AcOEt 3:7) gave l l a  as an oil (0.04 g, 94 %); ir 
(CC14, cm-I) 1690; IH-nmr (CDC13) 6 5.10 (2H. d, J = 5 Hz), 4.60 (IH, hroad sf, 4.10 (IH, hroad s, exch. 

with D20), 3.80 OH, AB spectrum. JAB = 15 Hz), 2.10 (4H, m), 1.50 (2H, s), 0.00 (9H, s). Anal. Calcd for 

C I I H Z I N O ~ S ~  : C, 58.12; H, 9.32: N, 6.16; Si, 12.32. Found : C, 58.27; H, 9.33; N, 6.07: Si, 12.02. 
~ o r o o . 2 - e * - l - v l . . v & o x v  . 2 . nl- . . 

(lib) 
According to the previous procedure we obtained l l b  as an oil in 67 % yield after purification by flash 
chromatography (Hexane-AcOEt 3:7); ir (CC4, cm-I) 3300 and 1640; ' ~ - n m r  (CDC13) 6 4.90 (2H, hroad s), 

4.60 (2H. broad s with 1H exch. with D20), 3.90 (2H, AB spectrum, JAB = 15 Hz), 2.40-1.50 (6H, m), 1.50 

(2H, s). 0.00 (9H, s). Anal. Calcd for ClzH23N02Si : C, 59.71; H, 9.61; N, 5.81; Si, 11.60. Found : C, 

59.77; H, 9.56; N, 5.93; Si, 11.42. 

hvdroxv-2.- (1Za) 
According to the previous procedure we obtained 12a as an oil in 95 % yield after purification by flash 
chromatography (Hexane-AcOEt 3:7); ir (CC4, cm-I) 3350 and 1670; 'H-nmr (CDC13) 6 5.20 (IH, m), 4.60 

(3H with 1H exch. with D20, m). 3.70-3.10 (2H, m), 2.40-2.00 (6H, m), 1.50 (2H. s), 0.00 (9H, s); 13C.nmr 
(CDC13) 8 176.5, 145.9, 110.3, 84.5, 39.7, 37.3, 30.4, 29.5, 27.9, 0.0; exact mass calcd for C I Z H ~ ~ N O Z S ~  

241.1492; found 241.1493. Anal. Calcd for C12H23N02Si : C, 59.71; H, 9.61; N, 5.81; Si, 11.60. Found : C, 

59.59; H, 9.66; N, 5.77; Si, 11.26. 

l-13-(Trimethulsilvlmethvllhut-3-en-l-vll-6-hvdroxv-2-~ioerido (1Zb) 

According to the previous procedure we obtained 12b as an oil in 67 % yield after purification by flash 
chromatography (Hexane-AcOEt 3:7): ir (CC4, cm-I) 3300 and 1650; 1H-nmr (CDCl3) 6 6.40 (1H. t, 1 = 6 

Hz), 4.55 (2H. s). 4.20 (1H exch. with D20, broad s), 3.70-3.10 (4H, m), 2.20-2.00 (4H, m), 1.60 (ZH, m), 
1.45 (2H, s), 0.00 (9H. s); 13C-nmr (CDC13) 6 174.9, 145.9, 110.4.63.0, 39.1, 38.8, 37.5, 33.4, 27.8, 23.4, 

0.0; exact mass calcd for C13H25N02Si 255.1448; found 255.1455. Anal. Calcd for C13H25N02Si : C, 61.14; 
H, 9.87; N, 5.49; Si, 10.96. Found : C, 61.03; H, 10.11; N, 5.13; Si, 10.76. 

1-14-(Trimethvls~vl)oent-4-en-1-vll-5-hvdroxv-2-nv~olidon~ (13) 

According to the previous procedure we obtained 1 3  as an oil in 62 % yield after purification by flash 
chromatography (AcOEt); ir (CC4, cm-I) 3320 and 1680; IH-nmr (CDC13) 6 5.95 (lH, d, J = 7.5 Hz), 5.40- 

5.00 (IH, m), 4.58 (IH, broad s), 4.52 (IH, broad s), 3.65-3.10 (ZH, m), 2.55-1.65 (8H, m), 1.52 (2H. s), 
0.00 (9H, s); 13C-nmr (CDC13) 6 176.6, 147.8, 108.6, 84.3, 41.0, 36.8, 30.4, 29.4, 28.0, 26.9, 0.6. Anal. 
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Calcd for C13Hz5N0zSi : C, 61.14; H, 9.87; N, 5.49. Found : C, 61.16; H, 10.20; N, 5.41. 

ethoxv-2.- (14) 
To a suspension of NaH (0.06 g, 2.5 mmol) in anhydrous THF (1.5 ml), EtI (0.47 g, 3 mmol) was added at 
50°C. Then, 11s (0.5 g, 2.2 mmol) in anhydrous THF (1 ml) was added dropwise over 15 min; the resulting 

solution was stirred for 2 h at 50°C then cooled and hydrolysed with HzO. Extraction, drying (MgS04) and 

removal of the solvent afforded 14 as an oil (0.45 g, 80 %) after purification by flash chromatography (Hexane- 
AcOEt 1:l); u (CC4, cm-I) 1700; 'H-nmr (CDC13) 6 4.90-4.70 (lH, m), 4.60 (2H, s), 3.60-3.20 (4H, m), 
2.60-2.10 (4H, m). 1.60 (2H. s), 1.20 (3H. t, J = 6 Hz), 0.00 (9H, s); 13C-nmr (CDC13) 6 174.9, 146.7, 

108.9, 88.2, 61.9, 45.9, 28.9, 24.9, 84.0, 15.3, 0.0; exact mass calcd for C13H25NOzSi 255.1648; found 

255.1648. Anal. Calcd for C13H25N0zSi : C, 61.14: H, 9.87; N, 5.49. Found : C, 61.54; H, 9.73; N, 5.15. 
- - -ut-3-en-1-vl1-5-ethoxv-2-nv* (15) 

According to the previous procedure we obtained 15 as an oil in a 80% yield; u (CCb, cm-1) 1700; 1H-nmr 
(CDC13) 6 5.10-4.90 (1H. m), 4.65 (2H, s), 3.80-3.20 (4H, m), 2.40-2.20 (6H, m), 1.60 (2H, s), 1.20 (3H, t, 

J = 6 Hz), 0.00 (9H, s); L 3 ~ - n m r  (CDC13) 6 176.0. 146.0, 110.1, 90.6, 62.8, 40.3, 37.4, 30.3, 27.9, 26.2, 

16.7. 0.0; exact mass calcd for C14Hz7NOzSi 269.1804; found 269.1804. Anal. Calcd for C14H27N02Si : C, 
62.42; H, 10.11; N, 5.49; Si, 10.96. Found : C, 61.54; H, 9.73; N, 5.15; Si, 10.86. 

methvlenbicvclol3.4.Olnonane (Ma) 
To a solution of 1 2 s  (0.24 g. 1 mmol) in anhydrous CHzCIz (3 ml) stirred to 0°C was added dropwise 

CF3COzH (0.45 g, 4 mmol); the resulting mixture was stirred at 0°C for 4h then washed with saturated 

NaHCO3, water and dried (MgS04). The solvent was removed and purification by flash chromatography 
(Hexane-AcOEt 1 :9) afforded 16a as an oil (0.1 g, 70 %); u (CC4, cm-1) 1690 and 1650; 1 ~ - n m r  (CDCI3) 6 
4.83 (2H, s), 4.22 (lH, ddd, J = 13.0, 6.0, 1.5 Hz), 3.70-3.30 (lH, m), 2.70-1.50 (9H, m); '3C-nmr (CDC13) 
6 173.7, 143.65, 110.0, 58.3. 42.3.40.7, 33.3, 30.2, 24.9; exact mass calcd for CgH13NO 151.0994; found 

151.0990. Anal. Calcd for CgHnNO : C. 71.49; H, 8.67; N, 9.26. Found : C, 71.38; H, 8.58; N, 9.15. 

?-Aza-2-oxo-8-methvlenbicvclo14.4.0ldec~ (16b) 
According to the previous procedure we obtained 16b as an oil in 94 % yield after purification by Flash 
chromatography (Hexane-AcOEt 1:9); ir (CC4, cm-I) 1650; 'H-nmr (CDC13) 6 5.10-4.80 (1H. m), 4.70 (2H, 

s), 3.50-3.00 (lH, m). 2.70-1.50 (11H, m); 13C-nmr (CDC13) 6 169.4, 144.6, 109.5, 57.3, 43.1, 42.3, 34.0, 

33.0,30.0, 19.0; exact mass calcd for CIOHISNO 165.1150; found 165.1147. Anal. Calcd for CIOHI~NO : C, 

72.69; H, 9.15; N, 8.48. Found : C, 72.48; H, 9.65; N, 8.38. 

(17) 
According to the previous procedure we obtained 17 as an oil in 78 % yield after purification by flash 
chromatography (C&-MeOH 955); u (CC4, cm-l) 1670; IH-nmr (CDC13) 6 4.82 (lH, s), 4.71 (lH, s), 3.93 

(lH, ddd, J = 2.5, 6.0, 14.0 Hz), 3.70-3.58 OH, m), 2.85 (lH, ddd, J = 2.5, 11.0, 14.0 Hz), 2.46 (lH, dd, J 
= 4.3, 14.0 Hz), 2.90-2.70 (3H, m), 2.65-2.40 (2H, m), 1.80-1.50 (4H, m); 1%-nmr (CDC13) 6 174.8, 

145.7, 114.6, 59.2, 43.0.41.7, 37.0, 30.9, 27.1, 25.3; ms (mlz) 165 (6% 150 (24). 137 (19). 122 (12), 110 

(100). 97 (48). 96 (36). 84 (52). 82 (33). 81 (27). Anal. Calcd for C I O H I ~ N O  : C, 72.68; H, 9.16; N, 9.69. 

Found : C, 72.97; H, 9.20; N, 8.79. 

vll-2-oi~eridone (20) 
To a solution of LDA obtained from (iPrhNH (0.96g, 9.6 mmol) and nBuLi (6.6 ml, c = 1.5 M) in anhydrous 
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THF (5 ml) a solution of 1-himethylsilyl-2-piperidone30 (1.58 g, 9.2 mmol) in THF (5 ml) was added dropwise. 

The mixture was stirred at - 7 8 T  for 45 min. A solution of 1-iodo-2-(trimeth~lsil~lmeth~l)~r~ene (2.4 g, 9.4 

mmol) was then added and the resulting mixture was stirred overnight then allowed to wann to room temperature 

for 2 h. The mixture was poured into water and extracted with CH2C12. The combined organic layers were 

washed with 5 % NaOH, then water and dried (MgS04). After removal of the solvent and purification by flash 
chromatography (AcOEt) we obtained 20 as an oil (1.44 g, 72 46); ir (CCh, cm-1) 1660; 'H-nmr (CDC13) 6 
7.50 (1H. broad s, exch. with D201, 4.60 (2H, s), 3.30-3.00 (2H. m), 2.60-1.40 (7H, m), 1.50 (2H, s), 0.00 
(9H, s); '3C-nmr (CDC13) 6 175.9, 145.5, 109.8,42.8, 40.8, 39.5, 26.3, 26.0, 21.5, 0.0; exact mass calcd for 

ClzH23NOSi 225.1548; found 225.1547. Anal. Calcd for C12H23NOSi : C, 63.96; H, 10.29; N, 6.22; Si, 
12.43. Found : C, 63.89; H, 10.11; N, 6.29; Si, 12.52. 

- -  - 1-M&u&&u~vl 3 ~ ~ ~ r ~ - Z - e n - l - v l ) - 2 - o i o e r i d o n e  (21) 

To a solution of LDA (5 mmol) in anhydrous THF (10 ml) cooled to -78°C was added dropwise a solution of 20 

(1 g, 4.5 mmol) in THF (50 ml); the mixture was stirred at -78°C for 45 min then neat methyl cyanoformate (0.4 

g, 4.8 mmol) was added dropwise. The resulting mixture was stirred at -78'C overnight and allowed to warm to 
room temperature for 2 h. The mixture was poured into water and extracted with CHC13. Organic layers were 

dried (MgS04) and concentrated. Purification by flash chromatography (AcOEt) afforded 21 as an oil (1.13 g, 
89 W); ir (CC4, cm-') 1780 and 1710; 'H-nmr (CDCl3) 6 4.60 (2H, s), 3.90-3.70 (5H. m), 2.90-1.60 (7H, 

m), 1.50 (2H. s). 0.00 (9H, s); 13C-nmr (CDC13) 6 174.3, 173.6, 144.9, 110.1, 54.0, 46.6, 42.4, 40.2, 26.3, 

25.9,21.8. 0.0; exact mass calcd for C14HzsN03Si 283.1598; found 283.1599.Anal. Calcd for C14H25N03Si : 

C. 59.33; H. 8.90; N, 4.94: Si, 9.88. Found : C, 59.51; H, 8.79; N, 4.89; Si, 9.75. 
- - - -  - - - -  -(22) 

To a solution of imide (21) (0.1 g, 0.35 mmol) in absolute ethanol (3 ml), cooled to O°C, NaBH4 (0.1 g, 2.6 
mmol) was added. The mixture was stirred at O°C while six drops of 2M HzSO4 were added each 15 min. After 

completion of the reaction, the mixture was poured into saturated NaHC03 andextracted with CHCl3; the 

combined organic layers were washed with brine and dried (KzCq). Removal of the solvent and purification by 

flash chromatography (AcOEt) gave 22 (0.07 g, 70 %) as an oil; ir (CC4, cm-1) 3400 and 1700; 1H-nmr 
(CDC13) 6 5.50 (lH, broad s), 4.60 (2H, s), 3.70-3.60 (SH, m), 3.20 (IH, broad s, exch. with DzO), 2.20- 

1.40 (7H. m), 1.50 (2H. s), 0.00 (9H, s); I3C-nmr (CDC13) 6 157.1, 146.9, 146.2, 110.8, 109.4, 90.3, 89.3, 

53.2, 46.5, 45.4, 43.3. 40.9. 38.7, 28.0, 27.2, 16.0, 0.0. Anal. Calcd for C14H27N03Si : C, 58.91; H, 9.54; 
N, 4.91; Si, 9.81. Found : C, 58.67; H, 9.26; N, 4.87; Si, 10.13. 

tUimethvlsilvlmethvl~oro~-2un-l-vlloioeridine (23) 
To a solution of the imide (21) (lg, 3.5 mmol) in absolute ethanol (20 ml) cooled to -20°C, N a B Q  (0.94 g, 25 

mmol) was added. Then, each 15 min, 2M H2SO4 (six drops) was added. After completion of the reaction (lh), 

the mixture was treated with 6M H2SO4 until pH 2. The mixture was poured into saturated NaHC03 and 

extracted with CHC13; the combined organic layers were washed with brine, dried (KzCO3) and concentrated. 

Purification by flash chromatography (AcOEt) afforded 23 (lg, 90 %)as an oil; ir (CCb, cm-1) 1700; IH-nmr 
(CDC13) 6 5.40 (lH, s), 4.60 (2H, s), 3.80 (3H, s), 3.70-3.40 (4H, m), 2.10-1.40 (7H, m), 1.50 (2H, s), 

1.20 (3H. t. J = 7.0 Hz), 0.00 (9H, s); 13C-nmr (CDC13) 6 157.7, 146.9, 146.1, 110.8, 109.2, 89.2, 89.0, 

65.2, 53.2, 46.3, 45.4, 43.2, 41.0, 38.4, 28.2, 27.9, 27.4, 16.2, 0.0; exact mass calcd for CI6H31N03Si 

312.9847; found 312.9846. Anal. Calcd for C16H31N03Si : C, 61.30; H, 9.97; N, 4.47; Si, 8.93. Found : C, 
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61.46; H, 10.05; N, 4.38; Si, 8.76. 
- - -  . - (24) 

To a solution of the hydroxycahamate (22) (0.16 g, 1.6 mmol) in anhydrous CHzCIz (0.6 ml) cooled to -20°C, 

NEt3 (0.17 g. 1.7 mmol) and MsCl (0.19 g, 1.17 mmol) were added. The resulting solution was stirred at room 
temperature for 16 h, then washed with aqueous NaHC03, saturated NaCl and dried (MgSO4). After removal of 

the solvent and purification by flash chromatography (AcOEt) we obtained 24 (0.14 g, 45 %) as an oil; ir (CC4, 
cm-') 1710 and 1670; 'H-nmr (CDC13) 6 4.75 (2H, d, J = 16 Hz), 3.80-3.70 (4H, m), 3.60-3.40 (2H, m), 

2.60 (2H, d. J = 7.5 Hz), 1.90-1.70 (4H, m), 1.70-1.50 (3H, m); '3C-nmr (CDC13) 6 154.3, 143.7, 111.9, 
52.9, 44.3, 42.1.42.0, 24.7, 24.4, 21.7; exact mass calcd for C11H17N02 195.1255; found 195.1258. Anal. 

Calcd for C I I H I ~ N O ~ :  C, 67.66; H, 8.78; N, 7.17. Found : C, 67.48; H, 8.86; N, 7.08. 
N-methvl-3-13.4-dunethoxv~bl) .. 3 13 . tul 'methvlsilvlmethvl)hut-3-en-1-vllsuccinimide (27) 

To a solution of NaH (0.18g, 7.5 mmol) in dry DME (19 ml) under N2 cooled to O°C, was added a solution of 

N-methyl-3-(3,4-dimethoxyphenyl)s~ccinimide~~ (0.8 g, 3.2 mmol) in dry DME (19 ml). To the stirred mixture, 

DMSO (19 ml) was quickly added and stirring was continued for 15 min at O°C. Then, a solution of tosylate32 

(0.2 g, 6.4 mmol) of the alcohol (5) in DME (3 ml) was added dropwise over 5 min and, after addition was 

complete, the mixture was stirred at 50°C for I h. The mixture was then poured into Hz0 (70 ml) and extracted 

with ether (3 x 20 ml). ?he combined extracts were washed with brine, dried (MgS04) and concentrated. After 
purification by flash chromatography (Hexane-AcOEt 7:3) we obtained 27 (0.74 g, 60 %) as an oil; ir (CC4, 
cm-') 1780 and 1710; IH-nmr (CDC13) 6 7.20-6.80 (3H, m), 4.60 (2H. s), 3.92 (3H, s), 3.90 (3H. s), 3.06- 

3.02 (2H, m), 3.05 (3H, s), 2.50-2.00 (4H, m), 1.55 (2H, s), 0.00 (9H, s); 13c-nmr (CDCl3) 6 181.7, 176.9, 

150.5, 149.8, 147.5, 133.9. 119.8, 112.5, 111.2, 108.9, 57.3, 52.6, 42.7, 39.8, 34.4, 28.3, 26.3, 0.0; exact 

mass calcd for Cz1H31N04Si 389.2014; found 389.2015. Anal. Calcd for C21H31N04Si : C, 64.75; H, 8.03; 

N, 3.60; Si, 7.19. Found : C, 64.81; H, 8.04; N, 7.08; Si, 7.33. 

~ v l - 4 - ( 3 . 4 - d i ~ ~ @ h x  vohenv1)-4-l?-ttrimethvlsilvlrn~)but - -  3 en - -  1 vll .. 5 hvdroxv - 2 - o vrrolldone(28) 
A mixture of 27 (0.17 g, 0.45 mmol) and NaBH4 (0.12 g, 3.2 mmol) in EtOH (8 ml) was stirred at O°C while at 
regular intervals (15 min) 3-4 drops of 2N HCI in EtOH were added. Stirring was continued for 24 h then the 

solution was poured into H z 0  and extracted with CHCI3. The extract was dried (MgS04). the solvent was 

removed and purification by flash chromatography (AcOEt) afforded 28 (0.1 g, 67 %) as an oil; u (CC14, cm-1) 
3350, 1710 and 1685; IH-nmr (CDC13) 6 7.10-6.80 (3H, m), 6.50-6.00 (lH, m), 5.30-5.10 (lH, m), 4.70- 

4.50 (2H, m), 3.90 (6H, s), 2.90 (5H, m), 2.10-1.30 (4H, m), 1.50 (2H, s), 0.00 (9H, s); I3C-nmr (CDC13) 6 
175.8, 149.2, 142.7, 140.8, 138.2, 110.1, 96.8, 94.7, 90.1, 85.2, 50.1, 28.2, 0.0; exact mass calcd for 

C21H33N04Si 391.2170; found 391.2171. Anal. Calcd for C21H33N04Si : C, 64.41; H, 5.94; N, 3.58; Si, 
7.15. Found : C, 64.09; H, 5.82; N, 3.92; Si, 7.08. 

- - 1 8 o x o - l - 1 3 . 4 - d i m e t h o x v o h e n v l ~ - 4 - m e t h v l e ~  (29) 

To a solution of 2 8  (0.12 g, 0.3 mmol) in anhydrous CH2Clz (0.2 ml) cooled to - 20°C, NEt3 (0.03 g, 0.32 

mmol) and MsCl (0.036 g, 0.32 mmol) were added. The resulting solution was stirred overnight at room 

temperature. The reaction was quenched with sat. NaHC03, extracted with CHzC12 (3 x 1 ml) and the extract 

was washed with sat. NaCl and dried (MgSO4). After removal of the solvent and purification by flash 

chromatography (AcOEt) we obtained 29 (0.07 g, 80 %) as an oil; ir (CC14, cm-1) 1680 and 1650; 1H-nmr 
(CDC13) 6 6.90 (3H. s), 4.80 (2H, s), 4.00 (IH, t, J = 4.5 Hz), 3.90 (6H, s), 2.80 (3H, s), 2.60-2.40 (2H, 
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m), 2.20-1.90 (6H, m); I3C-nmr (CDC13) 6 173.7, 150.4, 149.7, 143.0, 133.8, 118.4, 112.4, 111.3, 110.2, 

64.4, 56.0.47.2, 42.6, 35.9, 35.5, 29.7, 26.9; exact mass calcd for C18H23NO3 301.1672; found 301.1675. 
Anal. Calcd for C18H23N03 : C, 71.73; H, 7.69; N, 4.65. Found : C, 71.86; H, 7.68; N, 4.35. 
- - -  ethvl-4 8 - d i o x o - l - ( 7 . ~ v l ~ h i c v c l o l 3 . 4 . 0 l n o n a n e ~ 3 0 )  

To a solution of 29 (0.03 g, 0.11 mmol) in CH2C12-MeOH (1:l) (2 ml) was added 0.1 ml of 0.1 96 sudan red 

7Blmethylene chloride solution. The red solution was cooled to -78°C and ozonized until the red color began to 

lighten. The solution was rapidly purged with N2 for 10 min. then treated with dimethyl sulfide (0.1 ml) and 

allowed to warm to room temperature. The solution was washed twice with water, once with brine and dried 

(MgSO4). After removal of the solvent and purification by flash chromatography (AcOEt) we obtained 30 

(0.032 g, 95 %) as an oil; the spectral data are identical with that reported;27 ir (CC14, cm-1) 1720 and 1690; 1H- 
nmr iCDC13) 6 6.90-6.80 (3H. m), 4.40 (lH, t, J = 7.0 Hz), 3.90 (6H, s), 2.90-2.70 (7H, m), 2.40-2.30 (4H, 
m); I3C-nmr (CDC13)6 216.7, 175.4, 149.6, 147.2, 118.4, 112.4, 111.4, 110.0, 64.8, 55.2, 46.4, 41.5, 

36.2, 31.2, 29.0, 25.2. 
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