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CYCLIZATION OF ALLYL SILANES - A NOVEL APPROACH TQ
2-AZABICYCLO[3.3.0]JOCTANES
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Abstract - The methodology which consists in the electrophilic substitution of o -acyl

and N-acyl iminium ions on allyl silanes has been used to accede to 2-azabicyclo[3.3.0]
octane derivatives and realizes a formal total synthesis of azacarboprostacyclin analogs.

Since the discovery of prostacyclins PGI21, a number of prostacyclin analogs have been reported such as

carboprostacyclins and various aza analogs2. The preparation of this class of compounds and its congeners is of
considerable interest due to their polentially usefulness in the treatment of thrombotic disease, hyperension,
inhibition of platelet aggregation and all forms of vascular diseases.

The common structure of azacarboprostacyclins consists in a functionalized 2-azabicyclo[3.3.0]octane
framework. (cf. Scheme 1}.
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Several methods were used to synthesize these azabicyclic oompounds2 ; in our approach7 the second ring is
created by the intramolecular electrophilic substitution of an «-acyl or N-carboxyiminium ion on an
allylsilane derivative (cf. Scheme 2).

Allyisilanes constitute a class of nucleophiles which were largely used in organic synthetic field4. These
compounds exhibit an excellent reactivity towards electrophiles such as carbonyl derivatives® and more
recently «-acyl iminium ions6.

In recent papers, we related intramolecular reactions of cyclic o-acyl iminium ions with allylic silanes ;
this strategy was employed with success 1o accede to indolizidine and quinolizidine bicyclic systems’ and to
realize, in four steps, a formal total synthesis of (+)}-mesembrine in a stereospecific mannerS.

We wish to report here a new method for the preparation of 2-azabicyclo[3.3.0Joctanes based on the
electrophilic substitution of o-acyl iminium ions on an allylsilane derivative. Moreover, the formal total
synthesis of 2-azacarboprostacyclin analogs was realized by the intramolecular cyclization of an allylsilane
on a N-carboxy iminium ion.
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Retrosynthetically, 1 might be derived from 2 by alkylation at the nitrogen position then a Wiltig reaction.
Intermediates 2a and 2b should easily be obtained by ozonolysis then deprotection of 33 and 3b ; which in turn
might be derived from the cyclization of the iminium ions 4a and 4b which resulted from alkylation in 3-
position with appropriate allylsilane moiety of corresponding imides 5a and Sh (cf. Scheme 2).

RESULTS AND DISCUSSION

The key step of this strategy consists in a nucleophitic substitution of the allylsilane moiety either on the o -
acyl iminium ion 43 (R, R = Q ; R' = Ar} or on the N-carboxy iminium ion b (R= R=H;R' = COgFﬂ).

a) Cyelizati -acyl_imini ion :

The slarting materials required for our study are 3-substituted imides 6a15, 6b16, 6¢ and 69 (cf. Scheme
3). Direct alkylation in the a-position of carbonyl groups of imide is indeed not easy10 because of the low
acidity of the protons in this position. The presence ot aryl or phenylsulfonyl® subslituents might facilitate
the abstraction of geminated hydrogens and allow the intreduction of the allylsilane side chain.

The allylic silylated derivative was branched, in & first step, by alkylation of the corresponding imide. Direct
alkylation of N-methyl-3-phenylsuccinimide 8a using NaH/ DMSO as base, then condensation of TMS-CHz

C{= CHg) CHz | in DME, led to imide 73 in 80 % yield {Scheme 3). Structure of 73 was elucidated by classic
spectroscopic methods. Ir spectrum showed absorption bands at 1700 and 1780 cm- due to the carbonyl
groups of a five membered ring imide. TH-Nmr spectrum of Za exhibited a broad singlet around 5 ppm,
attributed to the two methylenic protons and a singlet at 0.0 ppm corresponding to the protons of the
trimethylsilyl group.

In the same way, alkylation of imides 6D, 6c and 6d led respectively lo 7k, Zg and 7d in a range of 40-70 %
yield.

Reduction of Za using sodium borohydride in methanol at 0°C led 1o the hydroxylactam B8a as a mixture of two
diasterecisomers in 62 % yield. Ir spectra showed absorption bands at 1700 ¢m-! and 345¢ cm-!
respectively due to the carbonyl group of a five membered ring lactam and the hydroxyl group. The structure

of 8a was, moreaver, confirmed by its TH-nmr spectrum data ; in particular we noted the appearance of a
multiplet around 4 ppm attributed 10 the hydrogen o to the nitrogen atom of & lactam.

2 Phenylsulfonyl groups might easily be removed at the end of the sequence ot reactions to libarate azabicyclic
compounds having no substituents at the ring junction. (cf. azacarboprostacyclin structure, Scheme 1).

— 1264 —




HETEROCYCLES, Vol. 29, No. 7, 1989

The reduction of 3-substiluted imides is regioselective as demonstrated by Speckamp9 ; the hydride ion
approaches via the less hindered CO (Cg-position) and adds to the C atom of the more hindered one {Ca-

position}. In our case, we obtained effectively as the major product, the hydroxy lactam coming from a
reduction in Co-position according to Speckamp's results.

Scheme 3
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a) NaH/DMSO, DME then TMSCHaC(=GH2)CHol ; b) NaBH,, MeOH, 0°C ; c) CF3COgH, CHCly, 0°C ; d)
Na(Hg), NazHPQ4, MeOH, 0°C ; &) Oq, CH5Clo-MeOH(1-1), MesS.

Treatment, in similar conditions, of the imide 7¢ did not lead to the expected hydroxy lactam 8¢ ; the only
isolated products came from debenzylation and desulfonylation of the starting material. These surprising
results {sulfones and N-benzyl lactams derivatives are recognized to be stable in presence ot sodium
borohydride) have not received a satisfying explanation by ourselves.

Treatment of hydroxylactam 8a with trifluoroacetic acid in methylene chioride at 0°C led to the expecled
bicyclic compound 2a in 88 % yield ; this product results from an intramelecular nucleophilic substitution of
the allylsilane moiety on the o-acyl iminium ion which was generated in acidic medium. Structure of 93 was
elucidated by spectroscopic methods. Ir specira showed an abserption band at 1700 em-1 characteristic of the
carbonyl group of a five membered ring lactam : TH-Nmr spectrum showed a broad singlet al 5.0 ppm
attributed to the methylenic protons and a doublet of doublet at 4.2 ppm attributed to the hydrogen a. fo the

nitrogen of the lactam.

Desullonylation of b (Na(Hg), NagHPOQy4), then ozonolysis led to 1Qb in 50 % global yield.

Access 1o 2-azabicyclo[3.3.0joctanes was realized with a correct overall yield from readily available imides
type §. This methodology presents however some limitations :

- activation in the 3-position of the starting imide is necessary because of the low acidity of the correspon-
ding protons.

- protection of nitrogen atom is necessary to avoid N-alkylation ; moreover protective groups such as benzyl
or paramethoxyphenyl groups do not give good results in the sodium borohydride reduction step.
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b) lizati -carboxy iminium

Access to 2-azacarboprostacyclin analogs using the previous route does nol seem to be easy because of the
difficulty to remove proteclive groups at the end of the synthese and the poor yields of the reduction step (vide
supra). So, an anagther route based on the cyclization of N-carboxy iminium ion type 15 was tested. In this
sequence, allylsilane side chain was introduced in a first step by alkylation of trimethylsilyl lactam 11 ; the
imide function being created in a second step by N-carboxylation of lactam 12.

The precursor of the iminium ion was ethoxy lactam 14 {cl. Scheme 4} which derivated from imide 13. This
way led to product 16b which is a key intermediate in the total synthesis of azacarboprostacyciin analogs!4.
Alkylation with 1-iodo-2-{trimethylsilylmethylpropene at -78°C in THF of N-trimethylsilyl-2-pyrro-
lidonel1 using LDA as base led lo lactam 12 In 67 % yield. Structure of 12 was elucidated by classic spec-
troscopic methods. Ir spectrum showed absorption band at 1700 which is characteristic of a carbonyl of five

membered ring secondary lactam. TH-Nmr spectrum of 12 exhibited a singlet at 0.0 ppm due to the trime-
thylsilyl group and a broad singlet, exchanged with D50, at 7.8 ppm due to the proton on the nitrogen atom.

The N-carboxylation of 12 using LDA as base and Mander's reagent12 (CNCOoMe) as alkylating reagent led 1o
N-carboxy lactams 13a and 13b in a 70-90 % range yield. Their ir spectra showed absorption bands around

1710 and 1790 em-1 characteristic of the vibrations of carbonyl groups of N-carboxy-2-pyrrolidone.
Their structure was morever confirmed by the 1H-nmr specira.

Scheme 4.
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a} LDA, THF, -78°C, 1 h then TMSCH2C(=CH2)CHal ; b} LDA, THF, 1 h then CNCO2R ; c) NaBHy4, H2SO4
then excess HaSOy4 ; d) CF3COgH, CHoClp, 0°C, 4 b ; e) O3, CH,Cly-MeOH {1-1), then MegS.

Reduction of 13a and 13b using Speckamp's method!3 (NaBHy, little HoSO4, EIOH, -20°C then excess
H2304, -20°C -> 20°C) gave ethoxyurethaneP 14a and 14b in 60-80 % range yield as a mixture of two

diastereoisomers. Ir spectra showed a band at 1700 cm1 due 1o the vibration of the carbonyl group of
urethane. TH-Nmr exhibited a multiplet at 5.0 ppm due 1o the hydrogen o to the nitrogen of urethane.

B Atso many attempts of cyclization were realized on a-hydroxyurethanes using various reagents (Lewis acid,
trifuoroacetic acid, ...}, no positive results were obtained.
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Morever, YH-nmr spectra of substrates 12, 13 and 14 showed singlets at 1.5 ppm typical of the methylenic
protons o to trimethylsilyl group and spectra run without TMS showed a singlet around 0.0 ppm characlris-
tic of the protons of trimethylsilyl group. Then, cyclization of the ethoxy carbamates 14a and 14b was
envisaged ; treatment of compounds 14 at 0°C with fluorcacetic acid in methylene chloride led to bicyclic
compounds 15a and 15b. Ir spectra showed a band at 1700 ecm-1 ypical of carbenyl group of a five membered
ring urethane ; 1H-nmr showed a muttiplet at 3.5 ppm due to the proton at the ring junction in the o position
to the nitrogen atom of urethane and a doublet at 4.9-4.7 ppm typical of an exo methylen group.

Ozonolysis (O3 then Mao8) of the bicyclic compound 15b gave the expecled product 16b. Ir spectrum showed
bands at 1700 and 1750 cm-1 respectively due 1o the vibrations of the carbonyl groups of a five membered
ring lactam and a cyclopentanone; TH-nmr exhibited a guadruplet at 4.1 ppm and a triplet at 1.2 ppm due to
the eihyl group. These spectroscopic data are in agreement with literature datal4.

16k constitutes a known intermediate in the total synthesis of azacarboprostacyclin anzlog type 1 (R = H).
The ultimate steps in the synthesis of 1 consist in :

1- Daprotection of the nitrogen atom then fixation of the appropriate side chain in this position.

2- Fixation of the side chain in 7-position using a Wittig reaction.

These two last steps are desctibed in good yields in literature 14.

In conclusion, a novel formal total synthesis of 2-azacarboprostacyclin analogs was realized in correct
overall yield from the readily available starting imide type 12.

EXPERIMENTAL

Meiting points were determined using a Reichert hot stage apparatus and are uncorrected. 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 8&-values {parts per million) relative to tetramethylsilane as the internal reference

standard. A Perkin-Elmer 377 instrument was used 1o determine ir spactra. Mass spectra were recorded on a
Varian CH 5 spectrometer. Merck Kieselgel 60 PFog4 coated on glass plates was used for analytical

chromatography. Products are purified by flash chromatography using silica gel Amicon (35-70 mesh).

1-Methyl-3-phenylsuccinimide (62} .and 1-phenyl-3-phenylsulfonylsuccinimide (6b) were prepared

according to literature procedures15- 16,

1:-Aryl-3-phenylsulfonylsuceinimides (6¢) and (6} were prepared according to literature proce-dure’S.

- nzyl-3-

80 % yield, mp 117°C (ether) ; ir (cm~1)} 1720 and 1780 ; TH-nmr (CDCl3) d 7.6 (5H, m, arom.), 7.2
(SH, m, arom.}, 4.6 (2H, s, CHPh), 4.3 (1H, dd, J1 = 9 Hz, Jo = 4.5 Hz}, 3.2 (2H, m). Anal. calcd for
C17H15NO4S : C, 61.99 ; H, 459 ; N, 4.25. Found : C, 62.01 ; H, 4.61 : N, 4.28.

61 % yield, mp 193-194°C (ether}, Lit.’® mp 194-196°C ; ir (em~1) 1720 and 1790 ; TH-nmr
(CDClz) d 7.9 (5H, m, arom.), 7.0 (4H, s, arom.), 4.5 (1H, dd), 3.9 (3H, s, OCHg), 3.2 (2H, m).
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To a suspension of NaH (0.2 g, 7.8 mmol) in DME (7 ml) stirred at 0°C under nitrogen was added a solution of
imide 8a (0.6 g, 3.2 mmel) in DME (7 ml). To this solution was added quickly DMSOQ (8 ml) and the resulting
solution was stirred for 15 min at 0°C then a solution of 1-iodo-2-(trimethyl-silylmethyljpropene (0.3 g,
1.2 mmol) in DME (8 ml) was added dropwise for 5 min. Then, the solution was allowed to warm at 60°C and

stirred at this temperature for 1 h. The mixture was poured into water (70 ml) and extracled with ether (3 x
20 ml), washed with brine {30 ml) and dried {(MgSO4). Purification by flash chromatography (Hexane-

AcOEt 7:3) afforded 7a as an oil (0.8 g ; 80 %) ;ir (cm~1) 1700 and 1780 ; 'H-nmr (CDCl3) 8 7.5 (5H,
m, arom.), 4.8 (2H, d), 3.2 (2H, m), 3.0 (3H, s, N-CHg), 2.9 (2H, m), 1.4 {2H, s, CH2-SiMeg)}, 0.0
(9H, s, SiMes) : 13C.nmr (CDCI3) & 181.5, 176.9, 147.5, 141.7, 130.3, 129.0, 127.5, 108.9, 53.0,
42.9, 34.3, 28.3, 26.4, 0.0. Exact mass caled for C1gHagNOoSt 315.1648 ; found 315.1647.

To a suspension of NaH (0.05 g, 2 mmol) in anhydrous DME (2 m) stirred at 0°C under nitrogen was added a
solution of imide &b (0.5 g, 1.6 mmol} in DME (20 ml). To this solution was quickly added DMSO (4 ml) and
the resulting mixture was stirred at 0°C for 15 min, then added very slowly to a solution of 1-iodo-
2(trimethylsilylmethyljpropene (0.6 g, 2.4 mmol) in DME {1 ml}. The resulting solution was stirred at

room lemperature for 4 h. The mixiure was poured into water (20 mi) and extracted with ether (3 x 5 ml),
the organic layers were washed with brine and dried {(MgS0y4). Purification by flash chromatography

(Hexane-AcOE! 8:2) afforded 7b as an oil {0.3 g, 47 %} ; ir cm~1) 1720 and 1790 ; 'H-nmr (CDCl3) &
7-8 (10H, m, arom.), 4.8 (2H, d, J = 6 Hz), 3.6 (2H, AB spectra, Jag = 18 Hz}, 2.8 (2H, AB spectra, Jap
‘= 13.5 Hz), 1.5 {2H, ), 0.0 {9H, s, SiMes). Ms (m/z) 441 (10), 426 (20), 300 (BO), 226 (50), 147
{100), 73 (80). Exact mass calcd for CoaHo7NO4SSi 441.1423 ; found 441.1424.

According to a similar procedure we got Zc as an oil in a 73 % yield after purification by flash
chromatography (Hexane-AcOEL 8:2) ; ir (em-1} 1710 and 1780 ; H-nmr (CDClg} 87.8 (5H, m, arom.},

7.5 (5H, s, arom.), 4.6-4.8 (4H, m, CHoPh and CHaCON), 3.45 (AB spectra, Japg = 15 Hz), 2.8 (AB
spectra, JAg = 13 Hz), 1.2 (2H, m, CHo-SiMeg), 0.0 (9H, s, SiMes) ; 13C-nmr (CDCI3) & 174.1, 173.6,

141.1, 136.05, 135.9, 135.2, 132.1, 130.2, 130.05, 129.85, 129.3, 118.8, 11585, 72.4, 44.3, 39.3,
34.1, 28.4, 0.0. Exact mass caled for CogHogNO4SSi 455.1579 ; found 455.1570.

According o the previous procedure we got 7¢d as oil in a 40 % vyield after purification by flash
chromatography {(Hexane-AcOEt 7:3} ; ir (cm' 1) 1720 and 1790; TH-nmr {CDCi3) & 7.7-8.2 (5H, m,

arom.), 7.1 (4H, m, arom.), 4.8 (2H, m}, 3.9 (3H, s, OCH3), 3.5 (AB specira, Jag = 8 Hz), 2.9 (AB
spectra, Jaog = 12 Hz}, 1.5 (2H, s, CHSiMeg), 0.0 (9H, s, SiMea) ; 13C-nmr (CDCl3) 3174.1, 174.0,

161.6, 141.55, 136.55, 135.6, 132.5, 130.6, 129.1, 128.9, 116.1, 72.9, 57.0, 39.5, 34.3, 29.3, 0.0.
Exact mass caled for CogHogNO5SSi 471.1655 ; found 471.1550.

To a solution of imide 7a (0.8 g, 2.5 mmol) and sodium borohydride (0.6 g, 17 mmol) in absolute ethanol
(46 ml) was added 2N HCI {five drops each 15 min}. The resulting mixture was stirred at 0°C for 4 h, then
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poured inlo ice-water and extracted with CHCI3 (3 x 20 ml), washed with brine and dried (MgSO4) to afford
8a as an oil which was purified by flash chromatography {Hexane-AcOEt 6:4) (0.5 g, 62 %) ; ir em 1y
1700 and 3450 ; 1H-nmr {CDCl3) 6 7.5 (5H, s, arom.}, 5.3 {1H, broad s. CH - N), 4.6 (2H, d), 3.0 (3H,
s, CH3), 2.9 {1H, broad s, OH, exch, with D»0), 2.8 (2H, broad s}, 2.5 (2H, broad s}, 1.5 (2H, s,
CHpSiMeg), 0.0 (9H, s, SiMes) ; 13C-nmr (CDClg) 3 188.4, 140.9, 131.1, 129.5, 127.8, 108.5, 53.5,
43.0, 39.4, 34.4, 28.9, 26.9, 0.0. Exact mass caled for C1gHa7NO»Si 317.1804 ; found 317.1802.

The previous procedure was used on the imide 7 to afford 8b as an oil in a 50 % yield after purification by

fltash chromatography (Hexane - AcOEt (6-4)}, mp 134°C (ethar} ; ir (cm") 1710 and 3450 ; 1H-nme
(CDClg) 6 7.4-8.1 (10H, m, arom.}, 5.5 {1H, broad s}, 4.9 (2H, d}, 3.0 {1H, broad s, OH, exch. with

D20). 2.9 (2H, broad s), 2.6 (2H, s), 1.5 (s, 2H, CH»-SiMeg), 0.0 (8H, s, SiMej). Anal. caled for
023H29NO4SSi :C,62.28 ;H,6.59; N, 3.16. Found : C, 62.31; H, 6.62; N, 3.14.

I { imide 7c with NaBH. in MeO}
To a solution of imide 7g (1.6 g, 3.5 mmol} in absolute methanol {85 ml) was added NaBH,4 (0.8 g, 21 mmol)
; the resulling mixture was stirred at 0°C for 5 h, then poured inlo ice-water, extracted with CHCl3 (3 x 20
mt) and dried (MgSQ4). Purification by flash chromatography {(Hexane-AcOEl (6-4)} afforded 1-benzyl-
2,5-dioxo-3-[2-(trimethylsilylmethylallyllpyrroline (0.5 g, 1.6 mmol} ; ir (cm") 1710 and 1770 ;
TH-nmr (CDClg) 8 7.3 (SH, s, arom.), 6.4 (1H, m), 4.6 (4H, m), 3.1 (2H, m), 1.5 (2H, s, CH2-SiMes),
0.0 {3H, s, SiMeg) ; 13C-nmr (CDCig) & 175.0, 171.85, 138.3, 137.15, 130.1, 121.6, 129.1, 124.3,
120.7, 43.5, 35.0, 26.8, 0.0. Exact mass caled for C1gH23NO25i 313.1492 ; found 313.1491, and 3-
phenylsulfonyl-3-[2-(trimethylsilylmethyl)aliyl}succinimide (0.8 g, 2.2 mmol} ; ir {cm- %) 1710,
1770 and 3440 : TH-nmr {CDCl3) & 7.1-7.4 (6H, m, arom.) ; 5.1 (2H, broad s) ; 4.7 (2H, s) ; 3.4 (2H,
m) ; 1.7 (2H, s, CHpSiMeg) ; 0.0 {8H, s, SiMe3) : 13C-nmr (CDCly) 8 181.3, 176.8, 147.3, 141.2,
130.5, 128.7, 127.2, 108.7, 43.1, 34.7, 28.9, 26.2, 0.0. Exact mass calcd for Cy17Ha3N0,48S5i 365.1111,

found 365.1110.

To a solution of imide Zd (0.3 g, 0.6 mmol) in absolute methanol {15 m!} was added NaBHg4 (0.15 9. 4 mmol)
the resulting solution was stirred at 0°C for 5 h, then poured into ice-water, extracted with CHCI5 (3 x 10
ml} and dried (MgSQ0y4). Purification by flash chromalography (Hexane-ACCELt({6-4)) afforded 8d as oil
(0.08 g, 30 %) ; ir (cm"1) 1690 and 3400 ; 'H-nmr (CDCl3) § 7.5 (S5H, m, arom.), 6.9 (4H, m, arom.},
5.9 (1H, s, CH - OH), 5.6 (2H, d,J=6Hz), 4.8 (1H, broad s, OH, exch. with D20), 3.8 (3H, s, OCH3}, 3.0
(2H, s), 1.5 (2H, s, CHp SiMeg), 0.0 (9H, s, SiMe3); 13C-nmr (CDCI3) & 187.9, 140.9, 136.7, 135.4,

133.4, -131.5, 130.8, 129.8, 129.6, 128.2, 110.1, 62.1, 54.2, 38.2, 35.3, 28.2, 26.1, 0.0. Exact mass
calcd for Cp4HgqiNO5SSi 473.1684 ; found 473.1683.

2-Aza-2-methyi-3-0x0-5-phenyl-7-methylenebicyclof3.3.0loctane  (9a}
To a solution of lactam 8a (0.2 g, 0.6 mmol) in anhydrous CHaClo (1.5 ml) was added dropwise CF3CO2H

(0.28 g, 2.5 mmol) at 0°C ; the resulting solution was stirred at 40°C for 20 h then washed with saturated
NaHCOg, water and dried (MgSO 4) to afford 3a as cil after purification by flash chromatography(Hexane-
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AcOEN(1-9)),(0.15 ¢, 88 %) ; ir (cm-1) 1700 ; 1H-nmr (CDCla) & 7.3 (5H, m, arom.}, 4.9 (2H, broad
s), 4.1 (1H, m, CH - N), 2.9 (3H, s, CHg), 2.8-2.5 (6H, m) ; 13C.nmr (CDCla) 8§ 173.4, 147.6, 128.8,
128.7, 126.7, 125.8, 125.4, 108.9, 70.9, 50.2, 46.5, 45.6, 36.7, 28,1, Exact mass caled for CgH(7NO
227.1306 ; found 227.1308.

To a solution of lactam 8b (0.09 g, 0.2 mmol} in anhydrous CHoClz (0.6 ml) was added dropwise CFaCOaH
{0.09 g, 0.8 mmol) at 0°C ; the resulting mixture was stirred at 0°C for 2 h then washed with saturated
NaHCOg, waler and dried (MgS0y4). Purification by flash chromatography (Hexane-AcOEt (1-9)) afforded 9b
as oil (0.04 g, 53 %) ; ir {cm'1) 1710 ; TH-nmr (CDCl3) & 7.5 (5H. m, arom.), 6.8 (SH, m, arom.), 5.0
(2H, d), 4.3 (1H, m, CH - N), 2.7-2.4 (6H, m) ; 13C-nmr (CDCl3) 3 174.2, 1454, 129.2, 1287,

127.9, 126.8, 126.2, 125.9, 1255, 125.2, 125.0, 108.7, 71.0, 51.3, 47.2, 44.3, 36.4. Exacl mass
caled for CogHygNO3S 353.1081 ; found 353.1080.

2:Azaz2-(p-methoxyphenyl}-3-0x0-5-phenylsultonyl-7-methylenebicyclo[3. 3. 0loctane (8d)
To a solution of hydroxylactam 8d (0.07 g, 0.15 mmol} in anhydrous CH2Clz (0.5 mi} was added dropwise

CF3CO2H (0.07 g, 0.6 mmel) at 0°C, the resulling mixture was stirred at 0°C for 2 h then washed with
saturated NaHCO3, water and dried (MgSQ0y4). Purification by flash chromatography (Hexane-AcOEt (1-9))
afforded 9d  as oil {0.015 g, 30 %) ; ir {cm™1) 1710 ; TH-nmr (CDCl3) 8 7.5 (5H, m, arom.), 7.0 {4H,
m, arom.), 5.6 (1H, m, CH -N), 5.0 {2H, m}, 3.8 {5H, m), 3.15 (2H, broad s}, 1.9 (2H, m} ; 13C-nmr
{(CDClz) & 173.1, 148.1, 136.5, 135.4, 133.1, 129.6, 128.2, 128.0, 116.2, 72.3, 52.1, 46.9, 43.2,
35.9. Exact mass calcd for Co1Hp{NO4S 383.1186 ; found 383.1187.

To a solution of sulfone 8b {0.02 g, 0.055 mmol} and KgHPOy4 (0.06 g, 0.23 mmeot} in anhydrous methanol
(0.7 ml} cocled at 0°C was added sedium amalgam Na{Hg} (0.1 g, 0.22 mmol). The resulting mixture was
stirred at 60°C for 3 h, poured into a saturated solution of sodium bicarbonale, extracted with CH2Clz {3 ml)
dried {MgSQy4) and purified by flash chromatography (Hexane-AcoEt (1-8)) to afford product as oil (0.01 g,
60 %) ; ir tem=1) 1710 ; TH-nmr {CDCl3) & 7.3-7.6 (5H, m), 5.1 (2H, d,J=6Hz), 4.4 (1H, m, CH-N},
2528 (6H, my ; 13C.omr (CDClg) & 174.1, 1482, 129.8, 128.6, 128.0, 127.5 116.4, 72.4, 53.0,
46.8, 43.2, 33.1. Exact mass calcd for C14H1gNO 213.1150 ; found 213.1147.

i . 1-3.7-dioxobi [3.3.0] (10t
A solution of the previous lactam (0.10 g, 0.5 mmol} in CH2Cla-MeOH (1-1) {10 m{) was cooled at - 78°C

and ozonized for 30 min. Then, the solution was rapidly purged with N2 for 10 min, treated with dimethy!
sultide (0.5 ml) and allowed to warm to room temperature. The solution was washed twice with water and once
with brine then organic layers were dried (MgSQOy4) and purified by flash chromatography (Hexane-AcOEt
{1-9)) to afferd 10b as oil (0.09 g, 80 %) ; ir (cm") 1740 and 1710 ; TH-nmr (CDClg) 8§ 7.4-76 (5H,
m, arom.}, 4.6 (1H, m, CH-N), 3.2-1.5 (7H, m} ; 13C-nmr (CDCI3) & 216.2, 175.4, 129.4, 1287,
128.2, 127.9, 75.2, 51.4, 47.1, 44.1, 32.8. Exacl mass calcd. for C13H13NOp 215.0943 ; found
215.0941.
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According to literature procedurell, the desired product was got in 68 % yield after distillation in vacuo as a
liquid bpyp = 88°C, Lit17. bpyp= 90°C ; ir {cm 1) 1700 ; TH-nmr (CDCI3) & 3.1 (2H, 1, CHp-N}, 2.0
{4H, m), 0.1 {9H, s, SiMesq).

3-12-(Trimethylsilyl 1-2- lid >
To a solution of LDA obtained from (iPr}gNH {0.37g, 3.67 mmol} and nBuli (2.3 ml, ¢ = 1.6 M) (3.67
mmol) in anhydrous THF (4.5 ml) was added dropwise a! - 78°C a solution of 11 (0.5 g. 3.2 mmol} in THF
(2 ml}, the mixture was stirred at - 78°C for 45 min. A sofution of 1.iodo-2-(trimethyl-
silylmethyljpropene {0.84g, 3.3 mmol) in THF (2 ml} was then added dropwise and the resulting mixture

was stirred at - 78°C overnight and allowed to warm at room temperature for 2 h. The mixture was poured
into water and exiracted with CHaClgy, the combined erganic layers were washed with aqueous sodium

hydroxida 5 %, then water and dried (MgSQy4). After purification by flash chromatography (AcOEl we
afforded 12 (0.45 g, 67 %) as oil ; ir (cm1) 1700 and 3450 ; 1H-nmr (CDCl3) & 7.8 (1H, broad s, exch.
with DgO, NH), 4.6 (2H, broad s), 3.3 (2H, dd, Jy=5Hz, J2=9Hz CH-N), 1.8-2.6 (5H, m), 1.5 (2H, s,
CHp-SiMeg), 0.0 (9H, s, SiMea) ; 13C-nmr (CDCIg) §182.4, 146.4, 109.9, 41.8, 28.7, 27.5, 0.07.
Exact mass calcd for C11H2{NOSi 211.1392 ; found 211.,1330.

To a solution of LDA {1.02 mmol} in anhydrous THF (2 ml} was added dropwise at - 78°C a solution of 12
{0.18 g. 0.85 mmol) in THF (1 mi) ; the mixture was stirred at - 78°C for 45 min then neat methyl cyano-

formate (0.1 g, 1.02 mmol) was added dropwise. The resulting mixture was stirred at - 78°C overnight and
allowed to warm 10 room temperature for 2 h ; it was poured into water {4 ml), exiracted with CHCl3 (3 x 4

ml} and organic layers were dried {M@SQy). Purification by flash chromatography (AcOEt) atlorded 13a as
oit (0.2 g, 90 %) ; ir (cm'T) 1710 and 1790 ; TH-nmr (CDCl3) & 4.7 (2H, broad s}, 3.9 (3H, s,
CO2CHg), 3.7 {2H, m, CHp-N}), 2.0-2.8 (5H, m}, 1.5 (2H, s, CHp-SiMeg), 0.0 (9H, s, SiMea) ;13¢-
nmr {CDCl3) 8§ 175.3, 152.2, 144.2, 109.0, 53.2, 44.3, 42.0, 39.1, 26.0, 24.1, 0.0. Exact mass caled for
C13H23aNO3Si 269.1446 ; found 269.1445.

According to a similar procedure 13b was got as oil in 71 % yield after purification by flash chromatography
(ACOEN ; ir {cm-1y 1720, 1750 and 1795 ; 1H-nmr (CDCl3) 8 4.7 (2H, broad s), 4.3 (2H, q, J=7 Hz,

CO2CHo), 3.7 (2H, m, CHa-N), 2.1-2.9 {§H, m), 1.5 (2H, s, CHp-SiMeg), 1.4 (3H, 1, J=7Hz, CH4CH3),
0.0 (9H, s, SiMea); 13C-nmr (CDCl3) 8 177.0, 172.2, 153.3, 145.7, 140.4, 119.3, 110.45, 63.9,
457, 45.1, 43.5, 405, 31.5, 27.7, 27.4, 25.7, 20.7, 15.6, 0.05. Exact mass calcd for C14Hp5NO3Si
283.1597 ; found 283.1596.

To a solution of imide 13a (0.25 g, 0.9 mmol) in absolule ethanol (7 ml) cooled at - 20°C, sodium
borohydride (0.25 g, 6.5 mmol) was added. Then, each 5 min 2M H2S0Q4 (six drops) was added ; after

completion of the reaction (1 h), the mixture was treated by 6M HpS04 until the pH reached 2. The mixture
was poured inte a salurated solution of sodium bicarbonate and extracted with CHGl3 : the combined organic
layers were washed with bring and dried (K2COg). Purification by flash chromatography {AcOEt) afforded
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14a as oil (0.2 g, 80 %) ; ir cm* 1) 1710 ; TH-nmr {CDCl3) & 5.1 (1H, m, CH-OC2Hs), 4.7 (2H, broad
s}, 3.9 (3H, s, CO3CH3), 3.4-3.7 (4H, m), 1.6-25 (5H, m), 1.5 (2H, s, CHp-SiMea), 1.2 (3H, t,
J=7Hz, CH3CHy), 0.0 (9H, s, SiMeg) ; 3C-nmr (CDCl3) 8 157.75, 147.3, 146.1, 110.7, 109.4, 89.3,
89.2, 65.6, 53.7, 46.4, 45.6, 43.8, 41.1, 38.2, 28.5, 27.8, 16.7, 0.0. Exact mass calcd for C1gHagNOaSi

299.190% ; found 299.1909.

According to the previous procedure 14bh was got in 60% vyield as an olil after purification by flash
chromatography (ACQEY : ir (cm-!) 1700 : TH-nme {CDCla) 8 5.0 (1H, m, CH-OCoHz), 4.6 {2H. broad

s), 4.15 (2H, q, J = 7Hz, CHoCHag), 3.5 (4H, m), 1.7-2.4 {4H, m), 1.5 (2H, s, CHp-SiMegz), 1.2 (3H, 1,
J =7 Hz, CH3CHa), 0.0 (9H, s, SiMeg) ; 13C-nmr (CDCI3) § 158.1, 147.2, 146.3, 110.9, 109.2, 89.4,

89.1, 65.4, 60.2, 54,1, 46.2, 45,8, 43.7, 41,2, 254, 24.8, 16.5, 16.1, 0.0. Exact mass calcd for
C1gH31NO35i 313.2065 ; found 313.2066.

2.Az2.2-carl hQxy-7- lenebicyclo[3.3.01 (15a]
To a solution of urethane 143 (0.46 g, 1.5 mmol} in anhydrous CH3Cly (5 ml) was added dropwise CF3COH

(0.7 g. 6.1 mmol) at 0°C ; the resulting mixture was stirred at this temperature for 4 h then washed with
saturated NaHCO4, water and dried (Mg504). Purification by flash chromalography (AcOEt) afforded 153 as
oit (0.16 g, 60 %) ; ir fem-1) 1700 ; TH-nmr (CDCI3) & 4.9 (2K, d, J = 6Hz }, 3.8 (3H, 5, COaCHa),
3.4 (1H, m, CH-N), 1.6-25 (10H, m) ; 13C.nmr (CDCi3) & 158.2, 146.2, 109.8, 62.3, 51.8, 44.3,
42.5, 32.1, 28.2, 22.4, Exact mass calcd for CygH15NQO2 181.1099 ; found 181.1098.

According to the previous procedure 15b was got in 62 % yield as oil after purification by flash
chromatography (AcOEt) ; ir {cm™1) 1700 ; TH-nmr (CDCl3) 8 4.7 (2H, d. J = 6Hz), 4.1 {2H, q. J=7Hz,

CH2CH3). 3.5 (3H, m, CH-N and CHo-N), 1.9-2.9 (8H, m), 1.2 (3H, 1, J = 7Hz, CH3-CHa); '3C-nmr
(CDCI3) & 155.4, 143.4, 127.2, 112.6, 60.9, 45.5, 44.6, 41.9, 40.5, 22.15, 14.8. Exact mass calcd for
C11H17NOp 195.1255 ; found 195.1254.

Toe a solution of imide 13a (0.1 g, 0.37 mmol) in absolute ethanol (3 mi) cooled at 0°C, sodium borohydride
(0.1 g, 2.6 mmol) was added once. The mixture was stirred al 0°C while six drops of 2M H 2504 were added

each 15 min. After completion of the reaction, the mixture was poured into saturated NaHCCyj and extracted
wilh CHCl3 ; the combined organic layers were washed with brine and dried {K2CO3). Purification by flash
chromatography (AcOEt} afforded product as oil (0.08 g, 75 %) ; ir {cm 1) 1700 and 3600 ; YH-nmr
{CDCI3) & 5.1 (1H, broad s, exch. with D20, OH), 4.6 (2H, broad s), 3.9 (3H, 5, CO2CH3 ), 3.5 (1H, m,
CH-OH), 1.9-2.6 (7H, m), 1.5 (2H, s, CHp-SiMes), 0.0 (9H, s, SiMes).

A solution of urethane 15b (0.2 g, 1 mmol} in CHaClp-MeOH {1-1) (10 ml} was cooled at - 78°C and
ozonized for § min. Then, the solution was rapidly purged with No for 10 min, treated with dimethy! sulfide

{5 ml) and aliowed to warm to room temperature. The mixture was washed twice with water and once with
brine ; organic layers were then dried (MgSO,) and purified by flash chromatography (AcOE1) to afford 16b
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as an oil (0.15 g, 80 %) ; ir {cm-1} 1750 and 1700 ; TH-nmr {CDCl3) & 4.09 (2H, g, J = 7Hz, CHp-
CHa), 1.2 (3H, 1, J = 7Hz, CH3-CHp) according with literature data'4.
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