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&bsmcl - The methodology which consists in the electrophilic substitution of a-acyl 

and N-acyl iminium ions on allyl siianes has been used to accede to 2-arabicyclo[3.3.0] 

octane derivatives and realizes a formal total synthesis of azacarboprostacyclin analogs. 

Since the discovery of prostacyclins PGI~I, 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 potentially usefulness in the treatment of thrombotic disease, hypertension. 

inhibition of platelet aggregation and all forms of vascular disease3. 

The common structure of azacarboprostacyclins consists in a functionalized 2-azabicyclo[3.3.0loctane 

framework. (cf. Scheme 1). 

Scheme 1 

Several methods were used to synthesize these azabicyclic compounds2 ; in our approach7 the second ring is 

created by the intramolecular electrophilic substitution of an a-acyl or N-carboxyiminium ion on an 

allylsilane derivative (cf. Scheme 2). 

Allylsilanes constitute a class of nucleophiles which were largely used in organic synthetic field4. These 

compounds exhibit an excellent reactivity towards electrophiles such as carbonyl derivatives5 and more 

recently a-acyl iminium ion&. 

in recent papers, we related intramolecular reactions of cyclic a-acyl iminium ions with allylic silanes ; 

this strategy was employed with success to accede to indolizidine and quinolizidine bicyclic systems7 and to 

realize, in four Steps, a formal total synthesis of (t)-mesembrine in a stereospecific manner8. 

We wish to repon here a new method for the preparation of 2-azabicyclo[3.3.0]octanes based on the 

electrophilic substitution of a-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. 



Scheme 2, 

Retrosynthetically. 1 might be derived from 2 by alkylation at the nitrogen position then a Wittig reaction. 

Intermediates 2a and a should easily be obtained by ozonolysis then deprotection of 3a and 3h ; which in turn 

might be derived from the cyclization of the iminium ions 4a and 4h which resulted from alkylation in 3- 

position with appropriate aliylsilane moiety of corresponding imides 5a and 5.b (cf. Scheme 2). 

RESULTS AND DISCUSSION 

The key step of this strategy consists in a nucleophilic substitution of the aliylsilane moiety either on the a - 
acyl iminium ion 4a (R. R = 0 ; R' = Ar) or on the N-carboxy iminium ion a (R = R = H : R' = co2R1). 

a) Cvclilation on a-acv l  lmlnium : 
. . 

The starting materials required for our study are 3-substituted imides ~ 1 5 .  &I6, 6c and M (cf. Scheme 
3). Direct alkylation in the a-position of carbonyl groups of imide is indeed not easylo because of the low 

acidity of the protons in this position. The presence of aryl or phenylsulfonyla subslituents might facilitate 

the abstraction of geminated hydrogens and allow the introduction of the allylsilane side chain. 

The allylic silylated derivative was branched, in a first step, by alkylation of the corresponding imide. Direct 
alkylation of N-methyl-3-phenylsuccinimide U using NaHI DMSO as base, then condensation of TMS-CH2 

C(=  CH2) CH2 I in DME, led to irnide Za in 80 % yield (Scheme 3). Structure of Za was elucidated by classic 

spectroscopic methods. Ir spectrum showed absorption bands at 1700 and 1780 cm-1 due to the carbonyl 

groups of a five membered ring imide. H-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 fjb. & and M led respectively to a. Zl; and Ld in a range of 40-70 % 

yield. 

Reduction of Za using sodium borohydride in methanol at 0°C led to the hydroxylactam !la as a mixture of two 

diastereoisomers in 62 % yield. Ir spectra showed absorption bands at 1700 cm-1 and 3450 cm-1 

respectively due to the carbonyi group of a five membered ring lactam and the hydroxyl group. The structure 

of Ba was, moreover, confirmed by its H-nmr spectrum data ; in panicular we noted the appearance of a 

multiplet around 4 ppm attributed to the hydrogen a to the nitrogen atom of a lactam. 

a Phenylsulfonyl groups might easily be removed at the end of the sequence of reactions to liberate azabiiciic 

compounds having no substituents at the ring junction. (cf. azacarboprostacyclin structure. Scheme 1). 





b) Cvclization o n  N-carboxv lminium l o n g :  

Access 10 2-azacarboprostacyclin analogs using the previous route does not seem to be easy because of the 

difficulty to remove protective groups at the end of the synthese and the poor yields of the reduction Step (& 

m). SO, an another 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 alkyiation of trimethylsilyl lactam il ; 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 (cf. Scheme 4) which derivated from imide U. This 

way led to product which is a key intermediate in the total synthesis of azacarboprostacyciin analogs14. 

Alkylation with I-iodo-2-(trimethylsilylmethyl)propene at -78°C in THF of N-trimethylsilyl-2-pyrro- 

lidonet1 using LDA as base led to lactam li: 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. H-Nmr spectrum of 12 exhibited a singlet at 0.0 ppm due to the trime- 
thylsilyl group and a broad singlet, exchanged with D20, 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 (CNC02Me) as alkylating reagent led to 

N-carboxy iactams 13a and in a 70-90 % range yield. Their ir spectra showed absorption bands around 

1710 and 1790 cm-l  characteristic of the vibrations of carbonyl groups of N-carboxy-2-pyrroiidone. 

Their structure was morever confirmed by the IH-nmr spectra. 

Scheme 4. 
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a) LDA, THF. -78°C. 1 h then TMSCH2C(=CH2)CH21 ; b) LDA. THF, 1 h then CNC02R ; c) NaBH4. H2S04 

then excess H2S04 : d) CF3C02H. CH2C12. O"C, 4 h ; e) 03. CH2CI2-MeOH (1-1). then Me2S. 

Reduction of and XB using Speckamp's method13 (NaBH4, little H2SO4, EtOH. - 2 0 " ~  then excess 

H2S04. -20°C -s 20°C) gave ethoxyurethaneb14a and M in 60-80 % range yield as a mixture of two 

diastereoisomers. Ir spectra showed a band at 1700 cm-I  due to the ~ibration of the carbonyl group of 

urethane. I t i - ~ m r  exhibited a multiple! at 5.0 ppm due to the hydrogen a to the nitrogen of urethane. 

Also many attempts of cyclization were realized on a-hydroxyurethanes using various reagents (Lewis acid, 

trifuoroacetic acid, ... ), no positive results were obtained. 





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 &a (0.6 g. 3.2 mmol) in DM€ (7 ml). To this solution was added quickly DMSO (8 rnl) and the resulting 

solution was stirred for 15 min at 0°C then a solution of 1-iodo-2-(trimethyl-silylmethyl)propene (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 extracted with ether (3 x 
20 ml), washed with brine (30 ml) and dried (MgS04). Purification by flash chromatography (Hexane- 

AcOEt 7:3) afforded Za as an oil (0.8 g : 80 %) ; ir (cm-I) 1700 and 1780 ; H-nmr (CDC13) 6 7.5 (5H. 

m, arom.), 4.8 (2H, d), 3.2 (2H, m), 3.0 (3H, s, N-CH3), 2.9 (2H, m), 1.4 (2H, s, C&-SiMe3), 0.0 

(9H, s, SiMe3) : I3C.nmr (CDC13) 6 181.5, 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 calcd tor C18H25N02Si 315.1648 : found 315.1647. 

To a suspension of NaH (0.05 g. 2 mmol) in anhydrous DME (2 ml) stirred at 0°C under nitrogen was added a 

solution of imide 6!2 (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 l-iodo- 

2(lrimethylsilylmethyl)propene (0.6 g. 2.4 mmol) in DME (1 ml). The resulting solution was stirred at 

room temperature for 4 h. The mixture was poured into water (20 ml) and extracted with ether (3 x 5 rnl). 
the organic layers were washed with brine and dried (MgS04). Purification by flash chromatography 

(Hexane-AcOEt 8:2) atforded a as an oil (0.3 g. 47 %) ; ir (cm-I) 1720 and 1790 ; H-nmr (CDC13) 6 

7-8 (IOH, m, arom.), 4.8 (2H, d, J = 6 Hz), 3.6 (2H. AB spectra, JAB = 18 Hz), 2.8 (2H, AB spectra, Jm 
= 13.5 Hz), 1.5 (2H, s), 0.0 (9H. s, SiMe3). Ms (mlz) 441 (10). 426 (20). 300 (SO), 226 (50). 147 

(loo), 73 (80). Exact mass calcd for C23H27N04SSi 441.1423 ; found 441.1424. 

According to a similar procedure we got as an oil in a 73 % yield after purification by flash 
chromatography (Hexane-AcOEt 8:2) : ir (cm-l )  1710 and 1780 ; IH-nmr (CDC13) 67.8 (5H, m. arom.). 

7.5 (5H. s, arom.), 4.6-4.8 (4% m. CH2Ph and CH2CON). 3.45 (AB spectra, JAB = 15 Hz). 2.8 (AB 

Spectra. JAB = 13 Hz). 1.2 (2H. m, Ck -S iMe3) ,  0.0 (9H, s. SiMe3) ; I3C-nmr (CDC13) 6 174.1. 173.6, 

141.1, 136.05, 135.9. 135.2, 132.1, 130.2, 130.05, 129.85, 129.3, 118.8, 115.95, 72.4, 44.3, 39.3. 
34.1. 28.4, 0.0. Exact mass calcd for C24H29N04SSi 455.1579 ; found 455.1570. 

According to the previous procedure we got Ld. as oil in a 40 % yield after purification by flash 
chromatography (Hexane-AcOEt 7:3) ; ir (cm- l )  1720 and 1790: IH-nmr (CDC13) 6 7.7-8.2 (5H. m. 

arom.), 7.1 (4H, m, arom.), 4.8 (2H. m). 3.9 (3H, s, OCH3), 3.5 (AB spectra, JAB = 8 Hz), 2.9 (AB 

spectra, JAB = 12 HZ), 1.5 ( 2 ~ .  s. C k S i M e 3 ) .  0.0 (9H, s, SiMe3) : 13c-nmr (CDC13) 6174.1, 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 calcd for C24H2gN05SSi 471.1555 : found 471.1550. 

To a solution of imide Za (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 into ice-water and extracted with CHCl3 (3 x 20 ml), washed with brine and dried (MgS04) to afford 

BA as an Oi l  which was purified by flash chromatography (Hexane-AcOEt 6:4) (0.5 g. 62 %) ; ir (cm-I) 
1700 and 3450 ; I ~ - n m r  (CDCI3) 6 7.5 (5H. s. arom.). 5.3 (IH. broad s. CH - N). 4.6 (2H. d). 3.0 (3H. 

s, CH3). 2.9 (1H, broad s, OH, exch. with D20). 2.8 (2H, broad s), 2.5 (2H, broad s), 1.5 (2H, s, 

CH2SiMe3), 0.0 (9H, s, SiMe3) ; l3c.nmr (CDC13) 6 188.4, 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 calcd for C18H27N02Si 317.1804 ; found 317.1802. 

I -Phenvl  . 4 . ohenvlsulfonvl . .  4 12 . ( t r imethvls i lv lmethvl la l lv l ldroxv . .  . 2 . 

The previous procedure was used on the imide Zh to afford &b as an oil in a 50 % yield aner purification by 

flash chromatography (Hexane - A6)Et (6-4)), mp 134% (ether) ; ir (cm-1) 1710 and 3450 ; 1H-nmr 
(CDCI3) 6 7.4-8.1 (IOH, m, arom.). 5.5 (IH, broad s). 4.9 (2H, d). 3.0 (IH, broad s. OH. exch. with 

D20). 2.9 (2H, broad s), 2.6 (2H. s). 1.5 (s, 2H. CH2-%Me3), 0.0 (9H, s. SiMe3). Anal. calcd for 

C23H29N04SSi : C, 62.28 ; H. 6.59 ; N. 3.16. Found : C. 62.31; H. 6.62; N. 3.14. 

To a solution of imide .Z (1.6 g, 3.5 mmol) in absolute methanol (85 ml) was added NaBH4 (0.8 g, 21 mmol) 

; the resulting mixture was stirred at 0% for 5 h, then poured into ice-water, extracted with CHCI3 (3 x 20 

ml) and dried (MgS04). Purification by flash chromatography (Hexane-AcOEt (6-4)) afforded l-benzyl- 

2,5-dioxo-3-[2-(trimethylsiiylmethyl)aliyl]pyrroline (0.5 g. 1.6 mmoi) ; ir (cm- I )  1710 and 1770 ; 
H-nmr (CDC13) 6 7.3 (5H, s, arom.). 6.4 (IH, m). 4.6 (4H, m). 3.1 (2H, m). 1.5 (2H, s. CH2-SiMe3). 

0.0 (9H, s, SiMe3); 13c-nmr (CDCI3)S 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 calcd for Cl8HZ3NO2Si 313.1492 ; found 313.1491, and 3- 

phenyisulfonyl-3-[2-(trimethylsilylmethyl)allyl)succinimide (0.8 g, 2.2 mmol) ; ir (cm- I )  1710. 
1770 and 3440 ; IH-nmr (CDCI3) 6 7.1-7.4 (6H, m, arom.) ; 5.1 (2H, broad s) : 4.7 (2H, s) ; 3.4 (2H. 

m) ; 1.7 ( 2 ~ ,  s. C k S i M e g )  ; 0.0 (9H. s. SiMeg) ; 13c-nmr (CDCI3) 6 181.3. 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 C17H23N04SSi 365.1111, 

found 365.1 110. 

. .  . 

L8dl 
TO a solution of imide Zd (0.3 g. 0.6 mmol) in absolute methanol (15 ml) was added NaBH4 (0.15 g. 4 mmol) 

the resulting solution was stirred at 0°C for 5 h, then poured into ice-water, extracted with CHCI3 (3 x 10 

ml) and dried (MgS04). Purification by flash chromatography (Hexane-ACOEt(6-4)) afforded Bd as oil 

(0.08 g, 30 %) ; ir (cm-I) 1690 and 3400 ; j ~ - n m r  (CDCI3) 6 7.5 (5H, m, arom.), 6.9 (4H, m, arom.), 

5.9 (IH, s, CH - OH), 5.6 (2H. d.J=6Hz), 4.8 (IH, broad s, OH, exch. with D20), 3.8 (3H. s, OCH3), 3.0 

(2H. 5). 1.5 (2H. S. CH2 SiMes), 0.0 (9H. s. SiMe3); I3c-nmr (CDCI3) 6 187.9. 140.9, 136.7, 135.4, 

133.4, -131.5, 130.6, 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 Cz4H31N05SSi 473.1684 ; found 473.1683. 

. .  . .  
To a solution of lactam (0.2 g. 0.6 mmol) in anhydrous CH2CI2 (1.5 ml) was added dropwise CF3C02H 

(0.28 g. 2.5 mmol) at 0% ; the resulting solution was stirred at 40°C for 20 h then washed with saturated 

NaHC03, water and dried (MgSOq) to afford 9a as oil after purification by flash chromatography(Hexane- 



AcOEt(1-9)).(0.15 9. 88 %) ; ir (cm- l )  1700 ; H-nmr (CDCI3) 6 7.3 (5H, m, arom.). 4.9 (2H, broad 

s). 4.1 (1H. m. CH - N). 2.9 (3H, s. CH3). 2.8-2.5 (6H, m) ; l3c.nmr (CDCIj) 6 173.4. 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 calcd for C15H17N0 

227.1306 ; found 227.1308. 

. . .  
To a solution of lactam f!h (0.09 g. 0.2 mmol) in anhydrous CH2C12 (0.6 ml) was added dropwise CF3C02H 

(0.09 g. 0.8 mmol) at 0°C ; the resulting mixture was stirred at 0°C for 2 h then washed with saturated 
NaHC03, water and dried (MgSOq). Purification by flash chromatography (Hexane-AcOEt (1-9)) anorded 3.b 

as oil (0.04 g. 53 %) ; ir (cm-l )  1710 ; H-nmr (CDCI3) 6 7.5 (5H. m, arom.). 6.8 (5H, m, arom.). 5.0 

(2H. d). 4.3 ( IH.  m. CH - N). 2.7-2.4 (6H. m) ; l 3 c - n m r  (CDC13) 6 174.2. 145.4. 129.2. 128.7. 

127.9. 126.8, 126.2. 125.9. 125.5. 125.2, 125.0, 108.7, 71.0. 51.3, 47.2. 44.3. 36.4. Exact mass 
c a l d  for C20HI9NO3S 353.1081 ; found 353.1080. 

. . .  . . .  . .  -&ll . . 
To a solution of hydroxylactarn (0.07 Q. 0.15 mmol) in anhydrous CH2C12 (0.5 ml) was added dropwise 

CF3C02H (0.07 g. 0.6 mmol) at 0°C. the resulting mixture was stirred at 0°C for 2 h then washed with 

saturated NaHC03, water and dried (MgS04). Purification by flash chromatography (Hexane-AcOEt (1-9)) 

afforded 9d as oil (0.015 g. 30 %) ; ir (cm-l) 1710 ; lH-nrnr (CDCt3) 6 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 
(CDC13)S 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 C21H21N04S 383.1186 ; found 383.1187. 

. .  . .  
To a solution of sultone % (0.02 g. 0.055 mmol) and K2HP04 (0.06 g. 0.23 mmol) in anhydrous methanol 

(0.7 ml) cooled at 0°C was added sodium amalgam Na(Hg) (0.1 g, 0.22 mmol). The resulting mixture was 
stirred at 50°C for 3 h, poured into a saturated solution of sodium bicarbonate, extracted with CH2C12 (3 ml) 

dried (MgS04) and purified by flash chromatography (Hexane-AcoEt (1-9)) to allord product as oil (0.01 g. 

60 YO) ; ir (cm-I)  1710 ; H-nrnr (CDCi3) 6 7.3-7.6 (5H. m). 5.1 (2H. d.J=6Hz). 4.4 (IH, m. CH-N). 

2.5-2.8 (6H. m) : l3c.nmr (CDC13)6 174.1. 148.2. 129.8. 128.6. 128.0. 127.5. 116.4. 72.4. 53.0. 

46.8. 43.2. 33.1. Exact mass calcd for C14H15NO 213.1150 ; found 213.1147. 

A solution of the previous lactam (0.10 g. 0.5 mmol) in CH2C12-MeOH (1-1) (10 ml) was cooled at - 78% 

and ozonized for 30 min. Then, the solution was rapidly purged with N2 lor 10 min, treated with dimethyl 

sulfide (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 (MgSOq) and purified by flash chromatography (Hexane-AcOEt 

(1-9)) to afford l o b  as oil (0.09 g. 80 %) : ir (cm-l )  1740 and 1710 ; H-nmr (CDCI3) 6 7.4-7.6 (5H. 

m. arom.). 4.6 (1H. m. CH-N). 3.2-1.5 (7H. m) ; I3c.nmr (CDC13) 6 216.2. 175.4. 129.4. 128.7. 
128.2, 127.9. 75.2. 51.4. 47.1. 44.1. 32.8. Exact mass calcd. for C13H13N02  215.0943 ; found 

215.0941. 
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According to literature procedure11. the desired product was got in 68 % yield aner distillation in vacuo as a 
liquid bpI2 = 88°C. ~ i t17 .  bpI2= 90°C ; ir (cm-I) 1700 ; 'H-nmr (CDCI3) 6 3.1 (2H. 1. CH2-N). 2.0 

(4H, m). 0.1 (9H, s. SiMe3). 

To a solution of LDA obtained from (iPr)2NH (0.379. 3.67 mmol) and nBuLi (2.3 ml, c - 1.6 M) (3.67 

mmol) in anhydrous THF (4.5 ml) was added dropwise at - 78°C a solution of U. (0.5 g. 3.2 mmol) in THF 

(2 mi). the rnixture was stirred at - 78°C for 45 min. A solution of 1-iodo-2-(trimethyl- 

silylmethyl)propene (0.84g. 3.3 mmol) in THF (2 ml) was then added dropwise and the resulting mixture 

was slirred at - 78°C overnight and allowed to warm at room temperature for 2 h. The mixture was poured 
into water and extracted with CH2C12, the combined organic layers were washed with aqueous sodium 

hydroxide 5 %. then water and dried (MgSOq). After purification by flash chromatography (AcOEI) we 

afforded 12 (0.45 g. 67 %) as oil ; ir (cm-I) 1700 and 3450 ; H-nmr (CDCI3) 6 7.8 (IH. broad s, exch. 

with D20. NH). 4.6 (2H. broad s). 3.3 (2H. dd. JI-~HZ, J2=9Hz CH-N). 1.8-2.6 (5H. m). 1.5 (2H. s. 

C k - S i M e 3 ) ,  0.0 (9H, s. SiMe3) ; l3c.nmr (CDCI3) 6182.4. 146.4. 109.9. 41.8. 28.7. 27.5. 0.07. 

Exact mass calcd for C1 I ti21 NOSi 211.1392 ; found 21 1.1390. 

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 ml) ; the mixture was stirred at - 78°C for 45 min then neat methyl cyano- 

formate (0.1 Q. 1.02 mmOl) was added dropwise. The resulting rnixture was stirred at - 78% overnight and 
allowed to warm to room temperature for 2 h ; it was poured into water (4 ml), extracted with CHCI3 (3 x 4 

ml) and organic layers were dried (MgS04). Purification by flash chromatography (AcOEt) aflorded &as 

oil (0.2 g. 90 %) ; ir (cm-1) 1710 and 1790 ; ' ~ - n m r  (CDCI~)  6 4.7 (ZH, broad s). 3.9 (3H, s. 

C02CH3). 3.7 (2H, m. CH2-N). 2.0-2.8 (5H. m). 1.5 (2H, s. Ck -S iMe3) .  0.0 (9H. s. SiMe3) ; I ~ c -  

nmr (CDC13) 6 175.3. 152.2. 144.2. 109.0. 53.2. 44.3. 42.0. 39.1. 26.0. 24.1. 0.0. Exact mass calcd lor 

C13H23N03Si 269.1446 ; found 269.1445. 

e 113bJ 

According to a similar procedure l3b was got as oil in 71 % yield after purification by flash chromatography 
(AcOEt) ; ir (cm-I) 1720. 1750 and 1795 ; ' ~ - n r n r  (CDC13) 6 4.7 (2H. broad s). 4.3 (2H. q. J-7 Hz. 

C02CH2). 3.7 (2H. m, CH2-N), 2.1-2.9 (5H. m), 1.5 (2H, s, Ck-SiMe3) ,  1.4 (3H, 1, J=7Hz, CH3CH2), 

0.0 (9H. s, SiMe3) ; I3c.nmr (CDC13) 6 177.0, 172.2, 153.3. 145.7, 140.4. 119.3. 110.45. 63.9. 

45.7, 45.1, 43.5, 40.5, 31.5, 27.7, 27.4, 25.7, 20.7, 15.6, 0.05. Exact mass calcd for C14H25N03Si 

283.1597 : found 283.1596. 

f14a l  

To a solution of imide Ua (0.25 g. 0.9 mmOl) in absolute ethanol (7 ml) cooled at - 20°C. sodium 
borohydride (0.25 g. 6.5 mmol) was added. Then, each 5 min 2M H2SO4 (six drops) was added ; after 

completion of the reaction (1 h), the mixture was treated by 6M H2SO4 until the pH reached 2. The mixture 

was poured into a saturated solution of sodium bicarbonate and extracted with CHC13 : the mmbined organic 

layers were washed with brine and dried (K2CO3). Purification by flash chromatography (AcOEt) afforded 



& as oil (0.2 g. 80 %) ; ir (cm-1) 1710 ; l ~ - n m r  (CDCI3) 6 5.1 (IH. m. C H - O C ~ H ~ ) .  4.7 (2H. broad 
s), 3.9 (3H. s. C02CH3).  3.4-3.7 (4H. m). 1.6-2.5 (5H, m). 1.5 (2H. s, C&-SIMe3), 1.2 (3H, 1. 

J-7Hz. C&CH2). 0.0 (9H. s. SiMe3) ; 13C-nmr (CDCI3) 6 157.75. 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 Cl5HZ9N03Si 

299.1909 ; found 299.1909. 

. . 
ldlne (14b l  

According lo the previous procedure 14h was got in 60% yield as an oil after purification by flash 
chromatography (ACOE~) : ir (cm-1) 1700 : l ~ - n m r  (CDCI~) s 5.0 ( i ~ ,  m. CH-OC~H~) .  4.6 (2H. broad 

5). 4.15 (ZH. 4. J = 7Hz. CH2CH3). 3.5 (4H. m). 1.7-2.4 (4H. m). 1.5 (2H. s. C&-SiMe3). 1.2 (3H. 1. 

J =7 Hz. C&CH2). 0.0 (9H. s. SiMe3) ; 13c.nmr (CDC13) 6 158.1. 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. 25.4. 24.8. 16.5. 16.1. 0.0. Exact mass calcd for 
C l  ~ H 3 1 N 0 3 S i  313.2065 ; found 313.2066. 

To a solution of urethane 14a (0.46 g. 1.5 mmol) in anhydrous CH2CI2 (5 ml) was added dropwise CF3C02H 

(0.7 g. 6.1 mmol) at 0°C ; the resulling mixture was stirred at this temperature for 4 h then washed with 
saturated NaHC03, water and dried (MgS04). Purification by flash chromatography (AcOEt) afforded 15a as 

oil (0.16 g. 60 %) ; ir (cm-1) 1700 ; 1 ~ - n m r  (CDCI3) 6 4.9 (214. d. J - 6 ~ z  ). 3.8 (3H, s. ~ 0 2 ~ ~ 3 ) .  

3.4 (IH. m. CH-N). 1.6-2.5 (IOH. m) ; 13c-nmr (CDC13)S 158.2. 146.2, 109.8, 62.3, 51.8, 44.3, 

42.5. 32.1. 28.2. 22.4. Exact mass calcd for C10H15N02 181.1099 ; found 181.1098. 

. . .  

According to the previous procedure l5b was got in 62 % yield as oil after purification by flash 
chromatography (AcOEt) ; ir (cm-l) 1700 ; H-nmr (CDCI3) 6 4.7 (2H, d. J - 6Hz). 4.1 (2H. q. J-7Hz. 

CH2CH3). 3.5 (3H. m. CH-N and CH2-N). 1.9-2.9 (8H, m). 1.2 (3H, 1, J = 7Hz, C h - C H 2 )  ; l 3 c - n m r  

(CDC13) 6 155.4. 143.4. 127.2. 112.6. 60.9. 45.5. 44.6. 41.9. 40.5. 22.15. 14.8. Exact mass calcd for 

C l l H 1 7 N 0 2  195.1255 : found 195.1254. 

. .  . 

To a solution of imide U a  (0.1 g. 0.37 mmol) in absolute ethanol (3 ml) cooled at O"C, sodium borohydride 
(0.1 g. 2.6 mmol) was added once. The mixture was stirred at 0°C while six drops of 2M H2S04 were added 

each 15 min. AfIer completion of the reaction, the mixture was poured into saturated NaHC03 and extracted 

with CHC13 : 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-l) 1700 and 3600 ; 1H-nmr 
(CDC13) 6 5.1 ( lH,  broad s, exch. with D20, OH), 4.6 (2H, broad s), 3.9 (3H, s, C02CH3 ), 3.5 ( lH, m, 

CH-OH). 1.9-2.6 (7H. m). 1.5 (2H. s, Ck -S iMe3) .  0.0 (9H. s. SiMe3). 

A solution of urethane 15h (0.2 g. 1 mmol) in CH2C12-MeOH (1-1) (10 ml) was moled at - 78% and 

ozonized for 5 min. Then, the solution was rapidly purged with N2 for 10 min, treated with dimethyl sulfide 

(5 m ~ i a n d  allowed to warm to room temperature. The mixture was washed twice with water and once with 
brine ; organic layers were then dried (MgS04) and purified by flash chromatography (AcOEt) to alford 




