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Introduction 

Nitrogen heterocycles constitute the largest class of biologically active compounds, l"~ and 

several of these compounds are characterized by the presence of chiral piperidine or azepane ring 

systems. Synthesis of chiral six- and seven-membered nitrogen heterocycles thus forms a task of great 

interest. An expedient approach to the construction of chiral oxygen heterocycles involving O-allyl 

carbohydrate nitrone cycloaddifion has recently gained much importance. 3"9 Recently a similar 

strategy involving N-allyl carbohydrate nitrone cycload_difion for the synthesis of chiral nilrogen 

heterocycles from carbohydrate derivatives has been reported by us in a preliminary acx, ount.l° We 

detail herein the study leading to the synthesis of chiral six- and seven-membered nitrogen hetero- 

cycles from 3-N-allyl carbohydrate nitrones, demonstrating an interesting comrol of regioselectivity of 

on the nitrogea atom of the N-allyl moiety. 

The sUategy is depicted in Scheme 1, in 
N 

which the nilrone I derived from an N-allyl [ ~ / ~  

carbohydrate derivative can afford a fused 1 

isoxazolidine 2 or its bridged c~unterpart 3 or 

2 3 
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both, dependin8 upon the regioselectivity of the cycloaddition. It is clear that both 2 end 3 i n ~  

a nitrogen heterocycle besides the isoxazolidine ~ and the ring size of the nitrogen heterocycles in 

the ,bridged isomer 3 is one carbon atom larger than in the fused isomer 2. Morenver both 2 and $ 

contain two more chiral centers than the precursor nitrone 1. An interes6n__g possibility in the Sehcme 1 

was whether the regioselectivity of the cycloaddifion could be controlled by changing the substituent 

on the nitrogen atom. The desired control could indeed be realised as described below. 

Results and Discussion 

The different substituted N-allyl carbohydrate derivatives required for this study were prepered 

from known amines 411 and S 12 (Scheme 2). Allylation of 4 or 5 with a stoichiometric amount of allyl 

bromide in the presence of anhydrous K2CO3 in dly acetone gives a mixture of 6a / 6b or 6g / 6k 

Tosylafion of 4 or $ with TsCl in pyddine followed by allylation with allyl bromide in the presence 

of anhydrous K2CO3 in acetone afforded the 3-(N-allyl-p-tohienesulphonamido)-l,2:5,6-di-O-isopro- 

wlidene carbohydrate derivatives 6f or 61, respectively. The allylamino derivative 6a could also be 

obtained from the well known ketone 7 t3 via the formation of the corresponding N-allylimine g 

through reaction with allylemine followed by reduction by NaBI-I4. The I~-orientation of the 3-H is 

expected because similar stereochemistry was observed in the reaction of the ketone 7 or similar 

systems with NaBH4,14 CH3Mgl, Is and LAH. n The assigned stereochemistw of the allylamino group 

in the comt~und obtained from N-allylimine $ was also established by the fact that it was identical 

with the product obtained from 4 by mono allylation. The allylamino derivative 6a was utilised for the 

synthesis of other substituted allylamino derivatives by alkylation or acylation according to Scheme 2. 

The 5,6-O-isowopylidene group in 6a-i was selectively removed by using either 75% AcOH in 

wetcr Is or 2N H2SO4 in methanol m6 to finnish the 1,2-O-isopropyfidene derivatives 9a-i. O x i ~  

cleavage Iv of the diol moiety in 9a-i with sodium metaperiodate in aqueous methanol led to the 

aldehydes lOb-i, which were used without purification for the generation of the nitrones l i s a  by 

treatment with N-benzyl hydroxyJamlne 18 in benzene at room temperature. 

The Table I shows the results of the cycloaddition of the nitrones l l a - f  with a-N-allyl moiety, 

Thus, the treatment of the aldehyde los with N-benzylhydmxylamine afforded, wa the cycloaddition 

of the niUone l la ,  the azepane derivative 12a exclusively in 80 % yield (Table 1). The gross smsctme 

of 12a was easily cstabli.~hcd on the basis of the ]3C N-MR slmett~ which exhibited the 5-C as a 

high field triplet at 6 29.9. The stereochemi.~try of the bridge methylene was assigned on the basis 

of analogy with an oxepane derivative obtained by the cycloaddifion of the ~meslzmding O-allyl 
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8, R = H, 3-13H 
b, R = allyl, 3-I~H 
c, R = Bn, 3-~H 

d, R = AC, 3-13H 
e, R = Piv, 3-13H 
f, R = Ts, 3-13H 

• g , R = H ,  3-aH ] 
h, R allyl, 3-¢¢H~ 
i ,R Ts, 3-r,H J 

a 1.5 eq. allyl bromide, anhydrous K2CO3, acetone; b TsCI, Py; c allyl bromide, anhydrous K2COs, 
acetone; d ailylamine, 3A MS, benzene, reflux; e NaBI-I4, MeOI~ f BnBr, anhydrous K2CO~, 
acetone, g Ac20, Py; h PivCl, Py; i 75 % AcOH (aq.)j 2N H2S04 in MeOH; k NaIO( in aq. MeOH; 
I BnNHOH, CsI-I~, 3A MS 

Scheme 2 

nitrone. 6 However, a change in the regioselectivity was observed in the cycloaddition of the N, 

N-diallyl nitrone l lb ,  which led to the formation of a mixture (78 %) of the piperidine D b  and 

theazepane 12b in a ratio of 2:1. The ~ucture of 13b was established by the IH and 13C NMR 

spectral d a~_ The a~3emance of a one-proton multiplet at 8 3.08 in the ]H NMR spectrum and a 

doublet at 8 40.3 in the 13C NMR specmnn clearly indiaated the presence of the piperidino- 

isoxazolidine ring in 13b. The s~cttwe and stereochemistry of 12b was secured by its identity with 

the product obtained by allylation of 12a (Scheme 3). Similarly, the N-allyl-N-benzyl nitrone 11¢ 

afforded a mixture (70 %) of the piperidine 13¢ and the azepane 12¢ which was found to be identical 

with the product obtained by benzylation of 12a (Scheme 3), in a ratio of 3:1 as evident from the IH 

NMR spectrum of the mixture. Formation of a seven-membered ring was drastically reduced when the 

nitrogen atom of the N-allyl moiety was substituted by an acetyl group. This was apparent in the 

cycloaddition of the N-allyl.N-acetyl nilrone l ld ,  which afforded a mixture of products, the 1H NMR 

spectnun of which indicated the formation of the piperidine 13d and the azepane 12d in a ratio of 
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Table !: Cycioaddition of ct-N-allyl Carbohydrate 
Nitrones 1 l a-f 

]~ttrones Product(s) Yield (%) Bridge 
-CH 2- 

l la ,  R = H 12, 80 [3 

l ib ,  R = ailyl 12b + 13b 78 13 

11¢, R = Bn 12c + 13c 70 [] 

l id ,  R ffi Ac 17,d + 13d 70 cc 

l ie,  R = Piv 12e + 13e 65 tx 

Uf, R = Ts 13f 85 - 

H 

lSf, 2-~H 16, 2-~H 
ISL 2.oJ-I 17. 2-o.I-I 
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Table 2: Cycloaddition of ~-N-alIyl Carbohydrate 
N'itrones I Ig-i 

Nitrones Product(s) Yield (%) 

l lg,  R = H 14g 80 

1111, R ffi allyl ISh 78 

lli~ R = Ts ISi 70 

Bridge 
-CH~- 

1 2 a  

~ n 

/ : 0 
0 " " 'O  

12b, R = Allyl 
12c, R = Bn 
18, R = Ac 
19, R --- Piv 
20, R--- Ts 

Scheme 3 

12:1. A mixture (1:1) enriched in 12d along with a sample of  13d could, however, be obtRined by 

repeated flash chromatography. The tH NMR spectrum of  the enriched mixture exhibited the bridsed 

methylene protons in 12d as a one-proton multiplet at 8 2.34 and a one-proton doublet at 8 2.18 ( J ~  

= 13.0 Hz). Surprisingly 12d was not found to be identical with 18 (Scheme 3), which was prepared 

from 12a by ac, etylation, because the IH NMR spectrum of  18 exhibited a one-proton multiplet at 8 

2.56 and a one-proton doublet at 8 1.99 ( J tw  = 12.2 Hz ) although other features of  the IH NMR 

spectra of  12d and 18 were ~milar. The only reason for the discrepancy in the chemical ~ i ~ s  of  12d 

and 18 is that they are diastereomeric, differing only in the stcreochemisery of  the bridse 

methylene. I t  is conceivable that the seven=membered Uansifion ~ite,  through which 12a is 



S. Majunutar et al. /Tetrahedron 55 (1999) 12157-12174 12161 

formed, bevemes less probable for the formation of 12d due to the planar geometry of the amide bond. 

The alternative approach of the olefinic bond and nitrone dipole leads to 12d with [i-orientation unlike 

12a. Similarly, the N-allyl=N-pivaloyl nitrone l i e  afforded an inseparable mixture of the piperidine 

13e and the azepane 12e in a ratio of 15:1 as apparent from the IH NMR speclnnn of the mixture. 

However, sufficient information about their slructtwes could be obtained from the lH and lSC NMR 

specmnn of this mixture. The 5-H of the piperidine 13e was indicated by a one-proton multiplet at 8 

2.91, whereas the bridge methylene protons viz the 5-HA and 5-HB of the azepane 12e were indizated 

by a one-proton multiplet at 8 2.35 and a one-proton doublet at 8 2.22 respectively in the mH NMR 

spectrum of the mixture. In contrast, the product 19 obtained by pivaloylafion of 12a was found to be 

different from 12e, because the tH NMR spectrum of 19 exhibited the bridge methylene protons 5-H^ 

and 5-He as a one-proton mulfiplet at 8 2.52 and a one-proton doublet at 8 1.97 respectively and 

hence, the bridge methylene in 12e was assigned the [3-orientation. A more dramatic change in the 

regioselectivity was observed when piperidine 13f was formed exclusively in 85 % yield via the 

cycloaddition of the N-allyl-N-p-toluenesulphonyl nitrone llf.  The stereochemisUy of the newly 

formed chiral centers i.e. 4-C and 5-C in 13f was established from the relevant tI-I, IH coupling 

constants v/z. ,/3, 4, J4, 5 and J6B, 5 in 16, which was prepared in 44 % yield by the reducfive cleavage of 

isoxazolidine ring in 13f by Wansfer hydrogenation 19 using cyclohexene and Pd-C followed by 

acetylafion. The -/4, s = Y4, 5 = 8.5, J6B, 5 = 2.7 and J6A, 5 = 2.3 Hz in the IH NMR spectrum of 16 were 

consistent with the assigned stereocbemistry of 16, and hence D f  was assigned the stereochemistry as 

shown. Interestingly, although no N-Ts azepane derivative was obtained from the cycloaddition, an Ar- 

Ts azepane 20 could indeed be prepared by tosylation of 12a (Scheme 3). 

Table 2 shows the results obtained in the cycloaddition of the nitrones llg-i in which the N- 

allyl moiety has ~-orientation. The nilrohe l l g  derived from the aldehyde 10g underwent cyclo- 

addition affording the azepane derivative 14g as the exclusive product in 43 % yield. The 

stereochemistry of the bridge methylene in 14g was established by its analogy with the oxepane 

derivative obtained from the cycloaddition of the corresponding 3-O-allyl nilrone. 4 However, in 

contrast to the behavior of l ib  (Table 1), the cycloaddifion of the nitrone l l h  funfished exclusively a 

piperidine derivative lb'h in 71% yield (Table 2). The N-allyl-N-p-toluenesulphonyl nilrone l l i  gave 

on cycloaddifion the piperidine derivative 15i in 78 % yield, indicating that when the nilrogen atom is 

substituted by a p-toluenesulphonyl group, a six-membered ring is obtained irrespective of the 

stereochemistry at 3-C. The stereochemistry of 151 was established by correlation with that of 17, 

which was obtained in 61% yield by the reductive cleavage of the N-O bond in 15i followed by 



12162 S. Majumdar et aL /Tetrahedron 55 (1999) 12157-12174 

acetylation. The ,/4. 3 = 5.2, J4. 5 = 4.9, J ~  5 = 6.4, J6e. 5 = 6.2 Hz in the IH NMR spectrum of 17 

indicated the assigned stereochemistry of 17, thus establishing also the stereochemistry of 151. Thus, it 

is evident th~ the cyclcaddition of 3-N/-/allyl nitrones l l a  and 11| with the nitrogen atom b e a s ~  no 

mbstiment was observed to show the same regioselectivity as found in the cases of the 

O-allyl nilrone cyclcaddifions. 3" 6 The exclusive formation of the fused isoxazolidines 15~ lSh and 

151 from the niCones llf~ l l h  and 111 was conspicuous, because the conesp~din~ O-allyl-N-benzyl 

nierones 4'6 or the O-allyl-N-methyl nierones s were reported to give bridged isoxazolidines on 

cyclcaddition. 

The above results suggest that a seven-membered transition state leading to a bridged 

isoxazolidine is probable only in the cases of-NH allyl nitrones l l a  and l lg,  whereas in the other 

cases this transition state is desmbilised by the steric interaction between the N-substituent and the 

developing isoxazolidine ring or the bridge mefleylene group. In conclusion, it was demonstrated that 

N-allyl carbohydrate niirone cycloaddition is an important strategy for the synthesis of six- and seven- 

membered nilrogen heterecycles. An interesting and useful aspect of this cycloaddition is the control 

of the regioselectivity by substitution at the nilrogen atom. This tuning of regioselectivity will be 

potentially useful for the preferential synthesis of six- and seven-membered nitrogen heterocycles 

from carbohydrate derivatives. 

EXPERIMENTAL 

Melting points are un¢~re~ed. IH and 13C HMR spectra were measured in CDCI3 solutions at 

300 and 75 MHz, respectively. Mass spectra were recorded on a JEOL AX-500 and JEOL D-300 

insUement using electron impact (70 eV) as the ionisation technique. Reactions were monitored by 

thin layer chromatography using Merck 60 F254 precoated silica gel plate (No. 5554). Silica gel of 

mesh size 60-120 (SRL, India) was used for column chromatography. Organic extracts were dried 

over anhydrous Na2SO4. Solvents were removed in a rotary evaporator under reduced pressure. 

General procedure for the preparation of 6n, 6b, 6f and 6k: A mixture of 3-deoxy-3- 

amino- 1,2:5,6-di-O-isopropyfidene-ct-D-allofuranose 4 llor 3-deoxy-3-amino- 1,2:5,6-di-O-isopropyl- 

idene-a-D-glucofuranose 512 (18.5 retool), anhydrous K2CO3 (3.85 g), allyl bromide (1.8 ml, 20.7 

mmol) and acetone (50 nd), was stirred at 25°C for 16 h. TLC of the crude reaction mixture indicates 

two distinct spots for the products. Filtration followed by evaporation of the solvent from the filtrate 

gave a yellowish syrup which on chromatography over silica gel, umng hexane-ethyl acetate (19:1 to 

4:1) as eluent gave diallyl and monoallyl amino derivatives. 
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3-Degvy-3,aUylamlm~ l : 2,$:6-di.O.~propyiMene-~.D-nllafuranose (6a): Yield 67%; 

[a]~ '4+ 83.6 (¢ 0.67, CHCI3); IR (neat): 3338, 1643, 1377 cm'l; IH NMR: 8 5.88 (m, IH), 5.79 (d, J 

- 3.8 Hz, IH), 5.20 (dd, J =  17.2,1.5 Hz, IH), 5.10 (dd, J =  10.2, 1.4 Hz, IH), 4.61(t, J--  4.2 Hz, lED, 

4.34 (dt, J =  6.9, 3.7 I-Iz, lED, 4.16 (t, J =  7.9 Hz, lED, 3.99 (dd, J =  8.0, 6.8 Hz, IH), 3.81 (dd, J =  

9.5, 3.7 I-lz, IH), 3.40 (dd, J = 14.4, 4.6 Hz, IH), 3.24 (dd, J = 14.9, 4.9 Hz, lED, 3.05 (dd, J = 9.5, 

4.6 Hz, IH),1.53 (s, 3H), 1.44 (s, 3H), 1.37 (s, 3H), 1.35 (s, 3H); 13C NMR: 6 137.1, 116.0, 111.9, 

109.4, 104.3, 79.0, 78.1, 75.8, 65.1, 61.4, 50.8, 26.7, 26.4, 26.2, 25.3; MS (El) m/z 299 (M+), 284. 

3-Deoxy-3-dtaUylamino- 1:2, 5: 6.dl-O-@opropy~a-D-aUofurtmose (6b): Yield 20%; 

[a ]D 3° + 89.8 (¢ 0.65, CHCI3); IR (neat): 1640, 1375 ~n'l; IH NMR: 8 5.82 (m, 2ED, 5.69 (d, J = 3.8 

H_z, lED, 5.20 (dd, J= 17.2, 1.4 Hz, 2I-I), 5.10 (bd, J= 10.2 H_z, 2H), 4.65 (t, J =  4.0 I-Iz, lED, 4.30 m, 

2H), 3.98 (m, 2H), 3.48 (dd, J = 14.6, 5.2 Hz, 2H), 3.28 (dd, J -  14.6, 7.3 I-Iz, 2H), 3.06 (dd, J = 9.6, 

3.9 Hz, lED, 1.54 (s, 3H), 1.45 (s, 3H), 1.38 (s, 3H), 1.31 (s, 3H); 13C NMR: 8 136.2 (2C), 115.9 

(2C), 111.5, 108.5, 103.0, 78.8, 75.1, 73.9, 64.0, 62.7, 53.8 (2C), 25.9, 25.6, 25.4, 24.6; MS (El) m / z  

339 (M+), 324 (M + - 15). 

3-Deox~3-allylamino- I: 2, 5: 6-di-O4sopropylidene-a-D-glucofnranose (6g): Yield 35% 

[a]D 26 --29.0 (C 0.8, CHCI3); IR (neat): 3344, 1643, 1377 cm'l; IH NMR: 8 5.86 (m, 2ED, 5.24 (dd, J 

= 17.2, 1.6 Hz, IH), 5.13 (dd, J= 10.8, 1.4 Hz, IH), 4.53 (d, J= 3.7 Hz, lED, 4.16 (m, 3ED, 3.97 (dd, J 

= 8.3, 5.0 Hz, IH), 3.40 (ddt, J = 14.4, 5.4 I-Iz, IH), 3.33 Cod, J = 3.5 Hz, lED, 3.29 (ddt, J = 14.4, 6.0 

I-Iz, lED, 1.50 (s, 3I-I), 1.42 (s, 3H), 1.35 (s, 3I-I), 1.31 (s, 3H); 13C NMR: 6 136.0, 115.9, 111.1, 109.1, 

104.7, 83.2, 80.8, 72.5, 67.8, 62.9, 49.8, 26.5 (2C), 25.9, 25.0; MS (El) m/z 299 0V/+), 284 (M+-I5). 

3-Deox~ 3.diallylamlno-l ,2 : 5, 6-di-O4sopropylidene-a-D-glucofuranose (610: Yield 60 
%; [a]24D --24.6 (C 1.0, CHCI3); IR (neat): 1642, 1376 cm'l; IH N'MR: 8 5.81 (m, 3ED, 5.20 (m, 4H), 

4.72 (d, J=  3.6 I ~  lED, 4.30 (m, lED, 4.10 (n~ 2ED, 3.97 ( ~  lED, 3.46 (d, J-- 4.8 ~ lED, 3.40 (bd, 

J= 13.2 I-Iz, 2H), 3.03 (dd, J= 14.7, 7.2 I-Iz, 2H), 1.50 (s, 3H), 1.41(s,3H), 1.36 (s, 3ED, 1.31 (s, 3ED; 

~3C NMR: 8 134.2 (2C), 116.2(2C), 109.8, 109.1, 103.5, 80.1, 78.8, 71.1, 66.0, 64.2, 52.6 (2C), 25.3, 

25.0, 24.0, 23.7; MS (El) m/z 339 (M+), 324 (M +- 15). 

Ge~,rai procedure for ~ e  preparation o f  6./'am/6/: To a solution of 3-deoxy-3-amino- 

1,2:5,6-di-O-isopropylidene-a-D-allofimmose 4nor 3-deoxy-3-amino-l,2:5,6-di-O-isopropylidene-a- 

D.glucofuranos e S 12 (6.2 retool) in pyridine 05  ml) was added TsCl (7.5 retool) in pyridine (15 ml), 

and the solution was kept at 25°C for 16 h. It was then pom'ed into crushed ice and the mixture was 

extracted with CHCI3. The organic layer was washed with water and dried. Removal of the solvent 

gave a syrupy liquid. A mixture of this syrup (2 g), anhydrous K2CO3 (6.0 g), allyl bromide (0.85 ml,  
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9.0 retool) and acetone (50 ml) was stirred at 25°C for 24 h. The mixture was filtere~and the filtrate 

was concentrated, diluted with water and extracted with CHCI3. The organic layer was washed with 

water, dried and concamlrated to gave 6f or 61 a syrupy liquid. 

3-Deoxy-3-(N.ellyi-p-toluenesulp honamido)- I : 2, 5: 6.di-O4soprapytidene-a-lgaUofa- 

ranese (6.I): Yield 78%; [aid 26"4 + 86.5 (C 1.1, CHCh); IR (neat):1638, 1375, 1339 cm'l; IH ~ 8 

7.74 (d, J =  8.3 Hz, 2I-l), 7.29 (d, J =  8.1 Hz, 2I-I), 5.93 (m, lid), 5.69 (d, J =  3.6 Hz, IH), 5.18 (dd, J 

= 17.2, 1.2 Hz, IH), 5.10 (dd, J =  10.1, 1.1 Hz, 1H), 4.49 (t, J =  4.0 Hz, 1H), 4.30 (dd, J--  9.9, 4.4 

Hz, 1H), 4.23 (dd, J =  16.6, 7.2 Hz, IH), 4.15 (dd, J =  16.6, 5.7 Hz, IH), 4.00 (dd, J--  6.6, 4.4 Hz, 

IH), 3.84 (m, 3H), 2.42 (s, 3I-I), 1.53 (ss 3H), 1.37 (s, 3H), 1.26 (s, 3H),1.24 (s, 3H), ~3C NMR: 8 

143.4, 137.3, 136.0, 129.5 (2C), 127.3 (2C), 117.1, 113.0, 109.4, 103.6, 80.0, 75.6, 74.8, 65.2, 60.8, 

49.2, 26.5, 26.0 (2C), 25.0, 21.4; MS (El) m / z  453 (M+), 438 (M+-15). 

3-Deoxy-3-(N-~lyl-p-tolnenesulphonamido)-1: 2, 5: 6-di-O.isopropylide~a-D~luco- 

furanose (61): Yield 75 %; [ a ] ~  -18.3 (c 3.5, CHCI3); IR (neat): 1639,1597,1377 cm4; IH NMR: 8 

7.78 (d, J = 8.3 I-Iz, 2H), 7.28 (d, J = 8.2 Hz, 2H), 5.91 (d, J = 3.7 Hz, 1H), 5.81 (m, IH), 5.15 (m, 

2H), 4.85 (d, J = 3.6 Hz, 1H), 4.30 (d, J = 6.0 Hz, IH), 4.04 (dd, J = 8.2, 4.4 I-Iz, 1H), 3.99 (m, lI-l), 

3.91 (m, 4H), 2.42 (s, 3H), 1.49 (s, 3H), 1.32 (s, 3H), 1.28 (s, 3H), 1.21 (s, 3H); ~3C NMR: 8 143.4, 

137.3, 134.3, 129.3 (2C), 127.8 (2C), 118.4, I l iA,  109.4, 105.0, 84.4, 80.5, 71.9, 67.5, 64.4, 50.4, 

26.6, 26.4, 25.8, 25.1, 21.4; MS (EI) m/z 453 (M+), 438 (NF- 15), 298. 

Preparation o f  6a from the ketone 7 and ailyl am/he: A mixture of ketone 713 (5.5 g, 19.9 

retool), activated 3A moleculer sieves (5 g) and allylamine (2 ml, 48 retool) in C6I-I6 (40 nil), was 

heated under reflux for 8 h, after which the mixture was filtered and the residue was washed with 

MeOH (40 ml). The syrupy liquid obtained after removal of solvent from the combined filtrate and 

washings was taken in MeOH (25 ml), cooled to 0°C and NaBI-I4 (1 g) was added to this solution in 

portions with stirring. After addition was complete the reaction mixture was stirred for further 8 h at 

0°C. MeOH was removed under reduced pressure and the residue was extracted with CH2C12. The 

organic layer was washed with water, and dried. Removal of solvent gave a syrup, which was 

chromatographed over silica gel, the eluation of hexane-ethyl acetate (5:1) giving 6a (97 %) as a 

colourless syrup. 

Preparation o f  6ffrom 6a: To a stirred solution of 6a (0.5 g, 1.9 retool) in pyridine (5 ml), 

TsCI (0.405 g, 2.12 retool) was added at room tempemtme and the solution was kept at the same 

temperature fur 12 h. The reaction mixture was poured into crushed ice and then exlxacted with 

CH2CI2. The organic layer was washed with water, dried, and removal of solvent furni~ed a syrupy 
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liquid, which was chromatographed over silica gel to gave 6f as a colourless syrup (86 %). 

Preparation o f 6 b f r o m  6a" A mixture of 6a (0.3 g 1.0mmol), anhydrous K2CCh (0.5 g, 3.6 

retool) and allyl bromide (0.1 mi, 1.2 retool) in acetone (10 ml) was stirred at 25°C f or 32 h. 

Filtration of the mixture and removal of solvent from the filtrate afforded a syrup, which was zhroma- 

tographed over silica gel (hexane - ethyl acetate, 19:1 ) to gave 6b as a syrupy liquid (91%). 

3-Deoxy-3-nllylCoenzyi)mnino-1: 2, 5: 6-di-O-isopropylidene-a-D-allofuranose (6c): A 

mixture of 6a (0.4 g, 1.33 mmol), anhydrous K2CO3 (1.0 g) and benzyl bromide (0.2 ml, 2.0 mmol) in 

dry acetone ( 10 ml) was stirred at 25°C. After completion of reaction (20 h) as revealed by TLC, the 

reaction mixture was filtered and the residue was washed with acetone. A syrupy liquid obtained after 

removal of solvent from the combined fillrate and washings chromatographed over silica gel (hexane - 

ethyl acetate, 9:1) giving 6¢ as a colouTless syrup (86%); [aid z64 + 136.0 (C 0.45, CHCI3); IR (neat): 

1641, 1374 cm'l; IH NMR: 8 7.30 (m, 5H), 5.85 (In, 1H), 5.65 (d, J =  3.7 Hz, 1H), 5.19 (m, 2H), 4.67 

(t, J =  3.9 Hz, IH), 4.37 (dd' J =  10.1, 4.0 Hz, 1H), 4.25 (m, lI-l), 4.07 (d, J =  14.2 I-lz, 1H), 3.86 (dd' 

J =  7.0, 3.5 Hz, 1H), 3.78 (d' J =  14.2 Hz, 1H), 3.50 (dd, J =  14.7, 5.1 Hz, 1H), 3.3 l(dd' J =  14.5, 7.4 

Hz, lid), 2.90 (dd, J = 10.0, 4.1 Hz, 1H), 1.56 (s, 3H), 1.40 (s, 3H), 1.39 (s, 3H), 1.34 (s, 3I-l); 13C 

NMR: 8 140.0, 137.2, 128.4 (2C),128.2 (2C),126.8, 116.8, 112.4, 109.2, 103.9, 79.2, 76.1, 74.8, 64.9, 

63.6, 55.4, 54.8, 26.7, 26.3, 26.2, 25.4; MS (EI) m/z 389 (M+), 374 (M +- 15), 298, 91. 

3-Deoxy-3-ailyl(acetyl)amido.1: 2, 5: 6.dt-O-isopropylidene-a-D.allofuranose (6d) : T o a 

stirred solution of 6a (0.5 g,l.9 retool) in pyridine (2 ml), Ac20 (1 ml) was added at room temperature 

and the rection mixture was kept at the same temperature for 12 h. It was then poured into crushed ice 

and extracted with CH2C12. The organic layer was washed with water, dried and concentrated. The 

residual pyridine was removed under reduced pressure by azeotropic distillation with toluene yielding 

a syrupy liquid, which was chromatographed over silica gel 0aexane-etbyl acetate, 5:1) to give 6d as a 

colonrless syrup (98 %); [ct]D 264 + 114.0 (c 0.6, CHC13), IR (neat): 1651, 1376 cm "l, IH NMR: 6 5.93 

(m, 1H), 5.75 (d' J =  3.5 I-lz, 1H), 5.20 (bs, 1H), 5.10 (dd' J =  9.0, 1.0 Hz, lI-l), 4.83 (dd, J = 9.9, 4.4 

Hz, liT), 4.67 (t, J =  3.9 Hz, lI-l), 4.23 (dd, J =  9.9, 4.6 Hz, 1H), 4.11(m, 4H), 3.91 (dd, J =  11.0, 9.0 

Hz, IH), 2.12 (s, 3H), 1.55 (s, 3H), 1.42 (s, 3H), 1.32 (s, 6H), ~3C NMR: 8 172.6, 135.3, 116.0, 

112.7, 109.3, 103.8, 79.5, 76.3, 75.3, 65.9, 57.1, 49.0, 26.5, 26.1, 26.0, 24.9, 21.9; MS (El) m / z  341 

(M+), 326 (M+-I5). 

3-Deoxy-3-o.llyl(pivaloyOamido, l :  2, 5: 6-di-OdsopropyUdene-a-D-allofuranose (6~): 

The same procedure as described above for 6d ushag 6a (0.7 g, 2.34 retool), pyridine O ml) and 

(CH3)3CCOCI (0.5 ml, 4.0 mmol) gave 6e after chromatography over sifica gel (hexano-eflwl acetate, 
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19 : 1) as a colourlesssyrup, (94.8 %); [a]D 264 + 92.8 (C 0.5, CHCI3); IR (neat): 3074, 1629, 1376 

~m'l; IH NMR: 8 5.95 (m, IH), 5.75 (d, J =  3.7 Hz, 1H), 5.11 (m, 2H), 4.73 (t, J--  3.9 l-lz, 114), 4.51 

(dd, J =  9.1, 4.4 l-lz, IH), 4.40 (dd, J =  9.0, 5.2 Hz, IH), 4.31 (bs, 2I-I), 4.06 (m, 2H), 3.85 (m, IH~ 

1.55 (s, 3I-I), 1.42 (s, 3H), 1.31 (s, 15H); ~3C NMR: 8 178.6, 137.3, 115.3, 113.0, 109.6, 103.8, 79.9, 

76.6, 76.2, 66.7, 60.91 49.0, 39.6, 28.9 (3C), 26.6, 26.2 (2C), 25.1; MS (El) m/z 383 (M+), 368 (M +- 

15), 325. 

General Procedure for the Intramolecular Nitrone Cycloaddition- 

The diisowopylidene carbohydrate derivatives 6a-I were deprotected by the following methods. 

Method A (for 6d, 6e, 6f and 61): A solution of the 1,2:5,6-di-O-isopropylidene derivative (2.5 mmol) 

in aqueous acetic acid (75%, v/v, 10 ml) was stirred for 14 h at room temperature. The reaction 

mixture was then evaporated under reduced pressure and the residue was repeatedly coevaporated 

with dry toluene in order to remove the residual acetic acid, and dried. The residue was 

chromatographed over silica 8el (ethyl acetate) giving the intermediate diol as a colourless syrup. 

9f." Yield 83 %; [a]D 26 +126.0 (c 0.50, CHCI3); IR (neat): 3462, 1637, 1596, 1376 cm't; ~H 

NMR: 8 7.76 (d, J = 8.3 I-lz, 2I-1), 7.32 (d, J = 8.3 l-Lz, 2I-I), 5.91 (m, IH), 5.65 (d, J = 3.6 Hz, lI-I), 

5.20 (m, 2H), 4.29 (m,3H), 4.20 (dt, J =  16.2, 5.1 Hz, lI-I), 4.00 (dd, J =  lif0, 4.2 Hz, IH), 3.75 (dd, J 

= 9.8, 4.8 I-Iz, Ill), 3.66 (m, 2H), 2.91 (d, J = 6.0 ~ lI-l), 2.44 (s, 3H), 2.15 (bs, IH), 1.53 (s, 3H), 

1.24 (s, 3H); 13C N]V[R: ~ 143.8, 137.0, 135.8, 129.7 (2C), 127.3 (2C), 117.7, 113.1, 103.4, 79.5, 

76.1, 71.8, 62.8, 59.2, 49.2, 26.5, 26.1, 21.5; MS (EI) m/z 398 (M +- 15). 

9d: Yield 86 %; [a]u24+ 81.0 (c 0.83, CH3OH); IR(neat): 3400, 1624, 1378 cm'l; IH NMR: 8 

5.94 (m, 1H), 5.76 (d, J =  3.2 Hz, !H), 5.18 (m, 2H), 4.97 (dd, J = 9.8, 4.2 Hz, lI-I), 4.65 (t, J =  4.0 

Hz, IH), 4.24 (dd, J--  9.8, 4.8 I-Iz, 1H), 4.14 (m, IH), 3.73 (m, 2H), 3.58 (dd, J--  11.4, 6.2 Hz, 1H), 

2.13 (s, 3H), 1.55 (s, 3H), 1.26 (s, 3H); ~3C NMR: 8 171.5, 136.2, 116.1, 111.7, 103.5, 79.6, 76.5, 

72.0, 62.2, 55.0, 48.9, 26.5, 26.2, 22.2; MS (EI) m/z 301 (M+), 286 (M +- 15). 

9e: Yield 88 %; [a]D 22 + 87.5 (C 0.4, CHCI3); IR (neat): 3438, 1615, 1378 cm'l; tH NMR: 8 

5.90 (m, 1H), 5.75 (d, J = 3.0 I-lz, 1H), 5.19 (m, 2H), 4.70 (t, J = 3.9 Hz, lI-I), 4.57 (dd, J = 9.9, 4.0 

I-Iz, IH), 4.50 (dd, J = 9.9, 4.3 I-Iz, 1H), 4,37 (m, 2H), 3,78 (m, lI-I), 3.69 (dd, J = 11.4, 4.0 I-Iz, IH), 

3.62 (dd, J = 11.4, 6.2 Hz, 1H), 3.06 (bs, IH), 2.28 (bs, lid), 1.56 (s, 3H), 1.32 (s, 12H); 13C NMR: 8 

174.4, 136.7, 116.6, 113,1, 103.3, 80.1, 76.9, 72.3,63.4, 59.5, 49.4, 40.1, 29.0 (3C), 26.7, 26.3; MS 

(El) m/z 343 (M+~ 328 (M +- 15), 286. 
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~:  Yield 90 %; [¢t]D24+12.0 (c 0.65, CHCI3); IR (neat): 3494, 1639, 1595, 1378 ~a'l; IH 

NMR: 8 7.77 (d , J=  8.3 Hz, 2I-I), 7.36 (d,J-- 8.1 Hz, 2H), 5.77 (m, 2H), 5.16 (m, 2H), 4.41(m, 2H), 

4.14 (dd, J--  9.1, 4.2 I-Iz, IH), 4.04 (dd, J--  16.6, 5.9 Hz, 1H), 3.85 (m, 4I-I), 3.50 (bs, ll-I), 2.46 (s, 

3H), 2.24 Cos, IH), 1.47 (s, 3H), 1.20 (s, 3H); t3C NMR: 8 144.0, 136.5, 134.0, 129.9, 127.1, 118.5, 

111.4, 104.6, 82.6, 79.7, 68.3, 64.0, 63.9, 49.5, 26.1, 25.7, 21.4, 20.9, 14.0; MS (El) m/z 414 (M + + 

1), 398 (M + - 15). 

Method B (for 6a-¢, 0g and Oh): A solution of the 1,2:5,6-di-O-isopropylidene derivative (7.5 

retool) in a medium oantainin8 methanol (45 ml) and 2N H2SO4 (4 ml) was stirred at room 

tempe~Lare for 32 h. H2SO4 was neutralised by the addition of saturated aqueous NaHCO3. and 

MeOH was removed under reduced pressure. The residue was diluted with water and extracted with 

chloroform. The organic layer was washed with water, dried and concentrated to giving a yellowish 

syrup which on chromatographed over silica gel (ethyl acetate) afforded the intermediate diol as a 

colourless syrup. 

9a: Yield 83 %; [cc]n 26 +110.7 (c 0.45, CHC13); IR (neat): 3418, 1646, 1453, 1378 cm'l; ~H 

NMR: 8 5.87 (m, 2H), 5.25 (dd, J =  17.1, 1.3 I-Iz, lI-I), 5.17 (dd, J =  10.2, 1.0 Hz, 1H), 4.67 (t, J =  

4.1 I-Iz, IH), 4.01 (m, 1H), 3.75 (m, 2H), 3.71 (d, J =  2.8 I-Iz, 1H), 3.44 (ddd, J =  13.6, 6.3, 1.0 Hz, 

IH), 3.22 (m, 2H), 2.06 (d, J = 1.8 Hz, lid), 1.54 (s, 3H), 1.36 (s, 3I-I); ~3C NMR: 8 135.1, 117.6, 

112.3, 104.6, 81.2, 76.7, 70.6, 63.0, 59.0, 50.3, 26.6, 26.4; MS (EI) m/z 259 (M+), 258 (M +- 1), 244. 

9b: Yield 92 %; [¢t]a 3° + 97.3 (¢ 0.52, CHC13); IR (neat): 3432, 3076, 1640, 1375 cm4; ~H 

NMR: 8 5.79 (m, 2I-I), 5.75 (d, J =  3.8 Hz, lI-I), 5.21 (m, 4H), 4.73 (t, J =  3.8 Hz, 1H), 4.19 (dd, J =  

10.2, 4.6 Hz, IH), 3.90 (m, 1H), 3.76 (dd, J = 12.2, 4.2 Hz, lI-I), 3.65 (m, 3H), 3.23(m, 3I-I), 1.55 

(s,3H), 1.33 (s, 3H). 13C NMR: 8 134.8 (2C), 118.9 (2C), 112.8, 104.4, 77.9, 76.1, 71.7, 62.5, 61.7, 

54.7 (2C), 26.7, 26.2; MS (El) m/z 299 (M+), 298 (M+-I), 284 (M +- 15). 

9c: Yield 82 %; [ct]D 264 +86.0 (c 0.9, CHC13); IR (neat): 3430, 1642 1377 em4; ~H NMR: 8 

7.32 (m, 5H), 5.84 (m, 1H), 5.70 (d, J =  3.6 Hz, lI-I), 5.24 (m, 2H), 4.77 (t, J = 3.7 Hz, IH), 4.25 (m, 

2H), 3.70 (m, 6H), 3.27 (dd, J =  14.4, 8.8 Hz, 1H), 3.21 (dd, J =  10.1, 3.8 Hz, 1H), 1.57 (s, 3H), 1.35 

(s, 3H); ~3C NMR: 8 137.6, 135.2, 129.0 (2C),128.7 (2C), 127.7, 118.9, 112.9, 104.4, 77.8, 74.8, 

72.7, 62.9, 62.8, 56.1, 55.0, 26.8, 26.3; MS (El) m/z 349 (M+), 334 (M +- 15). 

9k: Yield 82 %; [¢t]a 2s -16.0 (c 0.6, CHCI3); IR (neat): 3446 ( broad ), 1643, 1378 cm4; ~H 

NMR: 8 5.86 (d, J = 3.9 Hz, IH), 5.78 (m, 2H), 5.24 (m, 4H), 4.77 (d, J = 3.9 l-Iz, 1H), 4.24 (In, 1H), 

3.86 (m, 2H), 3.67 (m, IH), 3.56 (d, J = 5.9 I-lz, IH), 3.40 (dd, J = 13.8, 5.4 I-Iz, 2H), 2.97 (dd, J = 
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13.8, 8.1 Hz, 2H), 1.49 (s, 3I-l), 1.25 (s, 3H); 13C NMR: 6 134.7, 119.3, 111.5, 106.1, 79.3, 71.5, 

67.1, 65.0, 55.0, 27.1, 26.4; MS (El) m/z 299 (M+), 284 (M +- 15). 

9g: Yield 90 %; [a]D 24 -15.5 (¢ 0.31, CHCI3); IR (neat): 3510, 1643, 1378 cm'l; IH NMR: 6 

5.87 (m, 2H), 5.27 (m, 2H), 4.65 (d, J =  3.4 Hz, IH), 4.13 (t, J =  4.3 Hz, 1H), 4.04 (bs, IH), 3.89 (m, 

IH),3.65 (dd, J =  11.5,4.6Hz, 1H),3.54(dd, J = 13.7, 5.3 Hz, IH), 3.44 (d , J=3 .8  Hz, IH), 3.30 

(dd, J =  13.6, 6.4 Hz, lI-l), 1.49 (s, 3H), 1.31 (s, 3H); 13C NMR: 5 134.1, 118.4, 111.6, 104.5, 82.1, 

78.5, 70.5, 64.0, 63.6, 49.5, 26.5, 26.0; MS (El) m/z 259 (M+), 243. 

To a solution of above syrupy diol (1 mmol) in MeOH (10 ml), NalO4 (1.1 mmol) in water (5 

ml) was added with stirring at 25°C for 2 h. The white precipitate was filtered and the residue was 

washed with MeOH. The residue obtained alter removal of solvent from the combined filtrate and 

washings under reduced pressure was diluted with water and extracted with CH2C12. The orgalli¢ 

layer was washed with water, dried and concentrated affording the intermediate aldehyde as a yellow 

syrup which was used immediately without any further purification; IR (neat): 10a: 1739 cm'l; 10b: 

1738 cml; 10e: 1736 cml; lOd: 1732, 1630 ¢m1; 10e: 1737, 1620 cml; 10f: 1737 cm~; 10g: 1739 

cm'l; 10h: 1738 cm'l; 10i: 1736 cml; 

A mixture of the above aldehyde (1 mmol), BnNHOH (1.2 retool) and 3A molecular sieves 

(1 g) in benzene (6 ml) was stirred at 25°C till the TLC of the reaction mixture indicated the 

disappearance of the starting material. The reaction mixture was filtered and the residue was washed 

with benzene. The combined filtrate and the washings were evaporated to afford the crude product 

which was chromatographed over silica gel. Reaction times, chromatographic eluents and yields are 

shown separately for the respective compounds. 

(2aR, 2bR, 411, 511, 5aR, 7aS)-2-benzyi-2b,4,5, 5a-tetrahydro-4,5-isopropylidenedioxy-furo 

[2',3':4,5]-l-oxa-2,6-diazabicyclo[4.2.1]nomme (12a): Time 16 h, eluent" ethyl acetate; yield 80 %; 

colourless needles; m.p104-105°C (chloroform-hexane); [a]D 25 + 93.9 (c 0.5, CHC13); IR (KBr): 3350, 

1454,1371 cml; IH N-MR: 8 7.30 (m, 5H), 5.80 (d, J =  3.6 I-Iz, lI-I), 4.52 (m, 2I-l), 4.05 (d, J =  13.0 

Hz, 1H), 3.85 (d, J = 13.0 I-Iz, 1H), 3.74 (dd, J = 7.6, 2.1Hz, 1H), 3.48 (dd, J-- 9.7, 2.3 Hz, 1H), 3.39 

(dd, J =  9.7, 4.3 I-Iz, 1H), 3.14 (d, J =  15.0 I-Iz, 1H), 2.71 (dd, J =  15.0, 3.0 I-Iz, 1H), 2.37 (m, 1H), 

1.85 (d, J = 13.0 Hz, 1H), 1.50 (s, 3H), 1.30 (s, 3H); 13 C NMR: 8 137.4, 129.0 (2C), 128.4 (2C), 

127.3, 112.0, 104.0, 81.2, 79.9, 78.6, 62.9, 61.4, 58.6, 51.5, 29.9, 26.4, 26.0. MS (EI )m/z  332 (M+), 

317 (M+-15), 91; Anal. Calcd. for CI~I2404N2:N, 8.42; Found: N, 8.84. 

($aR, 611, 711, 8aR)-l-benzTI-5-aHyl-l,3,3a, Sa,6,7,ga,8b-octahydre-6,7-1sopropylldenedioxy 

-4H-furo[2',3':5,6lpyrido[4,3-c]hoxuole (13b): Time 20 h; eluent (flash chromatography): hexane- 



S. Majumdar et al. / Tetrahedron 55 (1999) 12157-12174 12169 

chloroform ( 9:1 ); yield (lab + 12b); 78 %; sticky material; [(I,]D 27 "[" 37.6 (c 0.51, CHCI3); IR (KBr): 

1640, 1376, 1302 cm']; ]H NMR: 8 7.33 (m, 5H), 5.92 (m, IH), 5.78 (d, J = 3.6 I-Iz, 1H), 5.21 (m, 

2I-1), 4.62 (t, J =  3.7 Hz, IH), 4.12 (m, 2I-1), 4.05 (d, J =  13.9 I-Iz, IH), 3.95 (d, J =  13.6 Hz, IH), 3.69 

(t, Y = 8.3 Hz, liT), 3.49 (dd, J = 13.5, 5.8 l-lz, IH), 3.08 (m, 4H), 2.43 (dd, Y-- 12.4, 4.4 I-Iz, l I ~  

2.00 (dd, Y = 10.3, 3.8 Hz, IH), 1.59 (s, 3H), 1.33 (s, 3H); ~3C NMR: 8 137.4, 134.1, 128.9 (2C)~ 

128.2 (2C), 127.1, 118.5, 112.9, 105.1, 77.6, 75.1, 68.5, 67.8, 66.6, 60.0, 58.2, 51.6, 40.3, 26.5, 26.2; 

MS (El) m/z 372 (M+), 357 (M +- 15), 91; Anal. calcd, for C21H2gO4N2: N, 7.52; Found: N, 7.06. 

(2aR, 2bR, 4R, SR, SaR, 7aS)-2-beByl-6-allyi-2b,4,.~a-tetrahydro-4,S-impropylidmedi- 

oxy-furo[2',3':4,S]-l-oxa-2,6-dlazabicyclo[4.2.1]nonane (12b): Time 20 h; eluent (flash chromato- 

graphy): hexane-chloroform (9:1); yield (13b + 12b):78 %; colourless solid, nLp.ll8-119°C 

(chloroform-hexane); [ct]D 27 + 144.8 (c 0.54, CHCI3); IR (neat): 1640, 1377 cm'l; IH NMR: 8 7.30 (m, 

5H), 5.92 (m, lH), 5.79 (d, J =  3.4 Hz, 1H), 5.18 (m, 2H), 4.67 (t, J = 3 . 5  I-Iz, 1H), 4.60 (m, IH), 4.05 

(d, J = 13.3 Hz, liT), 3.89 (dd, J = 11.1, 2.7 I-Iz, lI-I), 3.86 (d, J = 13.3 Hz, 1H), 3.69 (dd, J = 7.3, 2.7 

Hz, lI-I), 3.50 (dd, J =  6.5, 1.5 Hz, 2H), 3.12 (dd, J = 9.5, 3.8 Hz, IH), 2.74 (m, 2H), 2.30 (m, lH), 

2.15 (d, J =  12.4 Hz, 1H), 1.55 (s, 3H),1.25 (s, 3I-I); 13C NMR: 8 137.0,134.8, 129.0 (2C), 128.4 (2C), 

127.3, 118.0, 112.2, 103.9, 80.1, 79.4, 76.8, 63.6, 62.5, 61.3, 58.6, 56.7, 29.0, 26.7, 26.1; MS (El) m/z 

372 (M+), 371 (M +- 1), 357 ( M +- 15), 91; Anal. calcd, for C21H2804N2: N, 7.52; Found: N, 7.73. 

(5aR, 6R, 7R, 8aR)-l,5-dibenzyl-1, 3,3a,Sa,6,7,ga,Sb-eetahydre-6,7-iseprepyli-dmedloxy- 

4H-furo[2',3':5,6lpyrldo[4, 3-c]isexazele (13c): Time 20 h; eluent (flash chromatography): hexane- 

chloroform (9:1); yield: 70 %; colourless needles; m.p. 109°C (chloroform-hexane); [Ct]D 22 + 48.4 (C 

0.5, CHCI3); IR (KBr): 1374 cm~; ~H NMR: 5 7.31 (m, IOH), 5.81 (d, J = 3.5 I-Iz, IH), 4.60 (bs, 

1H), 4.18 (d, J =  12.8 I-Iz, 1H), 3.98 (m, 3H), 3.92 (d, J =  13.4 I-Iz, 1H), 3.63 (dd, J = 8.6, 7.5 I-Iz, 

1H), 3.31 (d, J = 12.8 I-Iz, 1H), 3.19 (t, J - -  8.2 Hz, 1H), 2.95 (m, 2H), 2.26 (dd, J = 12.5, 4.3 Hz, 

lI-I), 2.03 (dd, J = 10.1, 4.0 Hz, 1H), 1.60 (s, 3H), 1.32 (s, 3H); t3C NMR: 8 137.9, 137.4, 129.0 

(2C), 128.9 (2C), 128.2 (4C), 127.3, 127.2, 112.8, 105.3, 77.6, 68.5, 68.3, 66.3, 59.9, 58.9, 58.8, 

51.6, 40.2, 26.5, 26.2; MS (El) m/z 421 (M +- 1), 406 (M+-15), 92; Anal. calcd, for C25H3oO4N2: C, 

71.06; H, 7.15; N, 6.63; Found: C, 70.97; I-I, 6.66; N, 6.59. 

(2aR, 2bR, 4R, 5R, 5aR, 7aS)-2,6-dibenzyl-2b, 4, 5, Sa-tetrahydro-4,5-isopropylldenedloxy 

-fnro[2',3':4,5]-l-oxa-2,6-dlazabicyclo[4.2.1]nomme (12c): Time 20 h; eluent (flash chromatogra- 

phy): hexane-chloroform (9:1); yield: 70 %; colourless needles; m.p.94-95°C (ether); [C~]D 22 + 92.5 (C 

0.32, CHCI3); IR (KBr): 1378 cm'~; tH NMR: 5 7.32 (m, lOH), 5.86(d, J = 3.4 I-Iz, 1H), 4.73 (t, J = 

3.5 I-lz, lid), 4.51 (d, J =  12.8 I-Iz, IH), 4.49 (m, 1H), 4.07 (d, J =  13.3 Hz, 1H), 3.99 (dd, J =  9.5, 2.8 
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l-lz, 1H), 3.85 (d, 3--- 13.3 Hz, IH), 3.72 (dd, J = 7.0, 2.5 I-Iz, lI-I), 3.41 (d, 3 = 12.8 Hz, IH), 3.24 

(dd, 3-- 9.5, 3.9 Hz, IH), 2.62 (dd, 3 = 13.2,4.0 Hz, lI-I), 2.44 (d, 3 = 13.2 Hz, 1H), 2.26 (m, IH), 2.14 

(d, J = 12.2 Hz, 1H), 1.59 (s, 3H), 1.33 (s, 3I-I); ~3C NMR: ~5 140.3, 137.4, 129.0 (2C), 128.6 (2C), 

128.3 (2C),128.1 (2C), 127.2, 126.8, t12.3, 104.5, 80.5, 79.8, 76.8, 64.8, 62.7, 61.7, 59.1, 58.3, 29.2, 

26.7, 26.4; MS (El) m / z  422 (M+), 407 (M +- 15), 91; Anal. calod for C25H3oOoN2: C, 71.06; I-I, 7.15; 

N, 6.63; Found: C, 71.27; I-I, 7.04; N, 6.59. 

(SaR, 6R, 71~ 8ag)-l-beazyl-5-acetyi-l,3,3a, Sa,6,7,Ss, gb-ectahydre-6,7-1mpl~pylidemedl- 

exy-4H-fm'e[2',3':$,6]pyride[4, 3-¢limxsmle (Dd): Time 24 h; eluent: etbylacetate; yield 77 %; 

colourless needles; m.p.86-87°C (chloroform-hexane); [a]D 26 + 23.3 (c 0.60, CHCI3 ; IR (KBr): 1672, 

1620, 1376 cm'l; IH NMR: ~5 7.34 (m, 5H), 5.85 (d, 3 = 3.5 I-lz, 1H), 5.24 (t, 3 = 3.6 Hz, 1H), 4.33 (m, 

1H), 4.30 (d , J  = 14.8 Hz, IH), 4.12 ( t ,3=  8.4 l-Iz, 1H), 3.89 (d, J = 14.8 Hz, IH), 3.58 (dd, J =  13.0, 

5.4 Hz, 1H), 3.45 (m, 2H), 3.24 (dd, J = 11.5, 3.7 I-Iz, IH), 3.05 (t, J = 8.7 Hz, IH), 2.95 (m, IH), 

2.12 (s, 3H), 1.54 (s, 3H),1.34 (s, 3H); ~3C NMR: 8 170.8, 137.0, 129.0 (2C), 128.2 (2C), 127.3, 

112.6, 105.6, 77.4, 75.3, 68.1, 66.5, 60.6, 59.2, 45.6, 43.0, 26.3, 26.2, 21.9; MS (El) m/z 374 (M+), 

359 (M +- 15), 107, 92; Anal.calcd for C2oi-I2605N2: C, 64.15; H, 6.99; N, 7.48; Found C, 64.29; I-I, 

6.72; N, 7.22. 

12d: The product was a mixture of 13d and 12d present in a ratio of 1:1 (obtained by the 

repeated flash chromatography) as apparent from the IH NMR spectrum of the mixture. The spectrum 

of the mixture exhibit the following peaks due to 12d. IH NMR: 8 5.75 (d, J = 3.7 I-Iz, 1H), 4.95 (t, J 

-- 3.8 I-Iz, lI-I), 4.76 (m, 1H), 2.34 (m, 1H), 2.17 (d, J =  13.0 I-Iz, IH), 2.11 (s, 3H), 1.56 (s, 3H), 1.28 

(s, 3H); ~3C NMR: 8 30.5 (CH2) 

(~mR, 6R, 7R, 8sR)-l-benzyi-5-pivaloyi-l,3,3a,Sa,6,7,Ss, 8b-octshydro-6,7-1soprepyldae- 

diexy-4H-fwo[2',3':5,6]pyrido[4,3-c]isexazele (13e): The product was a mixture of 13e and 12e 

present in an approximate ratio of 15:1 as apparent from the IH NMR spectrum of the mixture. IH 

NMR (obtained from the spectrum of the mixture with 12e): ~ 7.31 m, 5I-I), 5.83 (d, J = 3.6 Hz, 1H), 

5.15 (t, J =  3.7 I-Iz, 1H), 4.32 (dd, J =  11.0, 9.0 Hz, 1H), 4.28 (d, J =  14.3 l-Iz, 1H), 4.10 (t, J =  8.5 

Hz, IH), 3.92 (dd, J = 13.0, 5.0 I-lz, 1H), 3.88 (d, J = 14.3, IH), 3.42 (dd, J = 8.6, 6.5 Hz, 1H), 3.33 

(d, J =  12.9 Hz, 1H), 3.28 (dd, J = 7.1, 3.8 I-Iz, IH), 3.04 (t, J =  8.2 I-lz, lI-l), 2.91 (m, 1H), 1.53 (s, 

3H), 1.27 (m, 12H); ~3C NMR: 8 178.5, 137.3, 129.0 (2C), 128.0 (2C), 127.1, 112.2, 105.7, 77.2, 

75.0, 68.0, 66.5, 60.6, 60.4, 46.7, 44.2, 38.7, 28.0 (3C), 26.3, 26.2. 

12e: The 1 HNMR spectrum of the mixture exhibited the following discernible peaks due to 

12e; 8 5.71 (d, J =  3.8 I-Iz, IH), 4.95 (t, J =  3.8 Hz, lI-l), 2.35 (m, IH), 2.22 (d, J =  12.2 Hz, IH). 
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(SaR, elL, 7R, SaR)- 1-bcmwI-S-al~l- 1,3,3a, Sa,6,7,Sa,Sb-octahyth'e-6,7-1sopropyBdmedlexy 

-4X-fm~t2',3'-S,6lpyr~14k3-cl~xa~Je (130: Time 16 h; eluent: hexane-ethyl acetste (5:1); yield 

85 %; coloudess needles; m.p 110-111°C ( e t h e r - h ~ ) ;  [Ct]D~°+21.1 (¢ 0.664, CHCI3); IR (KBr): 

1598, 1376, 1346 cm'~; ~H NMR: 8 7.78 (d, J--  8.3 Hz, 2H), 7.30 (m, 7141, 5.85 (d, J =  3.6 Hz, liT), 

4.96 (t, J = 3.6 t ~ ,  1I~, 4.26 (dd, J = 11.0, 8.7 t ~ ,  tH), 4.23 (d, J = 14.5 ~ 1I~, 3.94 (t, J = 8.5 

Hz, liT), 3.80 (d, J = 14.5 Hz, IH), 3.55 (dd, J--  14.4, 5.3 Hz, 1H), 3.28 (dd, J = 8.8, 5.5 Hz, IH), 

3.18 (dd, J = 14.4, 12.9 Hz, 1H), 3.05 (dd, J = 11.0, 3.7 Hz, IH), 2.81 (t, J =  9.1 Hz, IH), 2.48 (s, 

31-1), 2.45 (In, 1H), 1.57 (s, 3H), 1.38 (s, 3H); ~3C NMR: 8 144.2, 136.8, 135.0, 129.8, 128.9, 128.1, 

127.6, 122.2, 112.9, 105.5, 78.5, 75.7, 68.0, 66.6, 60.4, 59.4, 45.4, 41.6, 26.4, 26.3, 21.5; MS (El) m/z 

486 (M+), 471 (M +- 15), 91; Anal. calcd for C25H3oN206S: N, 5.76; Found: N, 5.49. 

(2aS, 2bR, 4R, SR, SaS, 7aR)-2-benzyl-2b,4,S,$a-tetrahydro-4,S-isopropy§denedlexy-furo 

[2',3':4,$]-l-oxa-2,6-dlazabicyclo[4-2.1]nomme (14g): Time 16 h; eluent: ethyl acetate; colourless 

needles; Yield 43%; m.p.119-120°C (ether-hexane); [Ct]D 25 - 57.3 (C 0.3, CHCI3); IR (KBr): 3432, 

1377 cm'~; ~H NMR: 8 7.35 (m, 5I-I), 5.81 (d, J =  3.7 Hz, lI-I), 4.62 (dd, J =  8.5, 3.4 I-Iz, lI-I), 4.25 (d, 

J--  3.7 ~ 1H), 4.08 (d, J = 12.6 Hz, 1H), 4.05 (d, J = 4.1 I-Iz, lI-I), 3.73 (d, J = 12.6 I-Iz, 1H), 3.69 

(dd, J =  6.3, 3.7 Hz, 1H), 3.37 (d, J = 2.3 I-lz, IH), 2.92 (d, J=14.3 Hz, lI-l), 2.76 (dd, J = 14.3, 3.7 

I-Iz, lI-I), 2.52 (d, Y= 12.6 Hz, lI-I), 2.33 (m, lI-I), 1.47 (s, 3I-I), 1.27 (s, 3H); ~3C NMR: 8 136.9, 129.2, 

128.5, 127.6, 111.4, 103.7, 86.4, 79.3, 78.5, 63.3, 62.5, 51.4, 26.8, 26.5, 26.0; MS (El) m/z 332 (M+), 

91; Anal. calcd for CIsH2404N2: C, 65.04; H, 7.27; N, 8.42; Found: C, 65.20; H, 6.87; N, 8.37. 

($aS, 6R, 7R, 8aR)-l-benzyl-5-allyl-l,3,3a,$a,6,7,8a,8b-octahydro-6,7-1sopropylidenedioxy- 

4H-furo[ 2',3':$,6]pyrido[4, 3-¢]isoxazole (15h): Time 18 h; eluent: hexane-ethyl acetate (5:1); yield 

71%; sticky material; [Ct]D 25 - 210.0 (C 0.2, CHCI3); IR (neat): 1640, 1377 cm'l; IH NMR: 8 7.32 (m, 

5H), 5.80 (m, 2H), 5.20 (m, 2H), 4.62 (d, J = 3.8 I-lz, 1H), 4.03 (m, 4H), 3.60 (d, J = 7.8 Hz, IH), 

3.52 (td, J = 14.5, 4.5, 2.4 Hz, 1H), 3.23 (bd, J = 4.8 I-Iz, 1H), 2.84 (d, J = 3.6 I-Iz, lI-I), 2.78 (m, 3I-I), 

2.25 (bt, 1H), 1.38 (s, 3H), 1.30 (s, 3H); ~3C NMR: ~ 137.4, 134.9, 129.4 (2C), 128.8 (2C), 127.8, 

118.4, 111.4, 104.2, 82.9, 75.5, 69.6, 65.5, 64.4, 62.9, 58.2, 51.1, 40.9, 27.0, 26.5; MS(El) m/z 372 

(M+), 355 (M +- 15), 91; Anal. calcld, for C21H2804N 2" N, 7.52; Found: N, 7.12. 

( 5aS, 6R, 7R, 8a)- l-benzyi- 5-p-tolnenesulphonyl- 1,3,3a,$a,6, 7,sa, gb-octahy dro-6, 7-1sopro- 

pylidenedioxy-4H-furo[2',3':$,6]pyrido[4,3-c]isoxazole (151): Time 16 h; eluent- hexane-ethyl 

acetate (5:11; Yield 78 %; sticky material; [a]D 3°- 102.5 (C 0.4, CHCI3); IR (neat): 1598, 1376, 1340 

cm~; ]H NMR: 8 7.77 (d, J =  8.2 I-Iz, 2H), 7.30 (m, 7H), 5.77 (d, J =  3.7 Hz, 1H), 4.84 (d, J = 3.7 Hz, 

IH), 4.15 (s, 2H), 3.97 - 3.66 (m, 3H), 3.43 (d, J = 14.0 Hz, lI-I), 3.23 (m, 2H), 3.09 (t, J = 8.4 Hz, 
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1H), 2.78 (m, 1H), 2.42 (s, 3I-I), 1.42 (s, 3H), 1.27 (s, 3H); 13CNMR: 8 143.8, 138.9, 138.7, 129.7, 

128.4 (2C), 128.3 (2C), 27.5 (2C), 127.4 (2C), 111.8, 103.8, 85.4, 73.5, 68.8, 61.6, 61.2, 59.4, 40.6, 

39.9, 29.5, 26.1, 21.5; MS (El) m/z 486 (M+), 471 (M + - 15), 106, 91; HRMS calcd for C25HaeO6 N2S: 

486.182459;'M + found 486.182821. 

(2aR, 2bR, 4R, $R, 5aR, 7aS)-2-bem~l-6-p- to lueaemlphoayi-2b,4 ,5 ,Sa- te t rahyd~ 

propyiidmedioxy-fm-o 12',3':4,Sl-l-oxa-2,6-dimmbkyclo [4.2.1lnomme (20): It was prepared by the 

procedure, described for 6f from 6a. Yield 70 %; coloudess needles; m.p.139°C (ether); [a]a ~ + 

170.5 (c 0.4, CHCI3); IR (KBr): t622, 1368 cm]; IH NMR: 8 7.68 (d, J =  7.0 I-Iz, 2H), 7.28 (m, 5H), 

7.18 (d, J =  7.5 Hz, 2H), 5.71(d, J =  3.6 Hz, 1H), 4.73 (t, J =  3.3 Hz, IH),4.66 (m, 1H),4.06(dd, J 

-- 10.1, 3.3 l-Iz, lI-l), 3.96 (d, J = 13.4 Hz, IH), 3.89 (d, J = 3.69 I-Iz, IH), 3.81 (d, J =  13.4 I-lz, IH), 

3.77 (dd, J = 10.0, 3.5 l-Iz, 1H), 3.64 (dd, J = 7.3, 2.3 Hz, lid), 3.62 (dd, J = 14.9, 2.6 l-Iz, IH), 2.42 

(m, 1H), 2.37 (s, 2H), 2.05 (d, J =  12.9 Hz, lI-I), 1.30 (s, 3I-I), 1.19 (s, 3H); 13C NMR: ~ 143.1, 139.5, 

137.2, 129.3 (2C), 129.2 (2C), 128.8 (2C), 127.8, 127.7 (2C), 113.0, 104.4, 79.5, 78.2, 75.8, 63.2, 

62.0, 61.4, 55.4, 31.8, 26.8, 26.7, 21.9; MS (El) m/z 486 (M+), 472 (M +- 15), 91; Anal. calcd for 

C25H3oO6N2S: N, 5.76; Found: N, 5.93 

(2aR, 2bR, 4R, SR, SaR, 7aS)-2-benzyl-6-acetyl-2b,4,S,Sa-tetrahydro-4,5-hoprepyiidme- 

dloxy-fnre[2',3':4,Sl-l-exa-2,6-dlazabicycle[4.2.1lnonune (18): It was prepared by the procedure, 

described for 6d from 6a. Yield 93 %; colourless needles; m.p.126°C (chloroform); [tz]D 26 + 198.7 (c 

0.9, CHC13); IR (KBr): 1638, 1377 cml; ]H NMR: 8 7.27 (m, 5I-I), 5.73 (d , J=  3.7 I-Iz, lI-I), 5.17 (t, 

J=3.7 I-Iz, 1H), 4.57 (dt, J =  8.2,1.8 Hz, 1H), 4.41 (dd, J =10.5, 3.7 I-Iz, lI-I), 4.06 (d, J =  10.5 I-Iz, 

1H), 4.03 (d, J =  13.6 Hz, 1H), 3.95 (dd, J =  15.1, 8.1 I-Iz, 1H), 3.79 (d, J =  13.6 I-lz, lI-I), 3.69 (d, J =  

6.1 Hz, 1H), 3.15 (dd, J =  15.1, 1.8 I-Iz, IH), 2.55 (m, 1H), 2.01 (s, 311), 1.99 (d, Y= 12.2 I-Lz, IH), 

1.77 (s, 3H), 1.30 (s, 3H); t3C NMR: 8 173.4,137.8, 129.2 (2C), 129.0 (2C), 128.0, 112.4, 104.5, 

79.7, 79.0, 72.5, 63.7, 62.0, 61.4, 52.7, 39.6, 27.0, 26.7, 23.4; MS (EI) m/z 374 (M+), 359 (M +- 15), 

106, 91; Anal, calc, d. for C2oi-I2605N2: C, 64.15; H, 6.99; N, 7.48; Found: C, 64.30; H, 6.71; N, 7.52. 

(2aR, 2bR, 4R, 5R, $aR, 7aS)-2-benzyl-6-pivaloyl-2b,4,$,$a-tetrahydro-4,5-1sopropylidene- 

dloxy-furo[2',3':4,$]-l-oxa-2,6-dlazabicycio[4-2.1]nonune (19): It was prepared by the procedure, 

described for 6e from 6a. Yield 73 %; colourless needles; m.p. 152°C (ether); [ct]D 26 + 171.0 (c 0.4, 

CHCI3); IR (KBr): 1620, 1373 cm~; ]H NMR: 8 7.27 (m, 5H), 5.70 (d, J =  3.9 Hz, 1H), 5.16 (t, J = 

3.7 I-Iz, IH), 4.54 (dt, J = 7.4, 2. IHz, lI-I), 4.30 (dd, J = 10.5, 3.7 I-Iz, 1H), 4.15 (dd, J = 14.9, 7.5 Hz, 

lI-I), 4.08 (d, J =  13.7 l-Iz, 1H), 4.03 (d, J =  10.5 I-Iz, IH), 3.76 (d, J =  13.6 Hz, 1H), 3.68 (d, J =  6.1 

H_z, 1H), 3.14 (dd, J =  14.9, 2.2 I-Iz, 1H), 2.52 (m, 1H), 1.97 (d, J =  12.1 Hz, 1H), 1.46 (s, 3H), 1.28 
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(s, 12H); t3C NMR: 8 181.1, 137.8, 129.3 (2C), 129.0 (2C), 127.9, 112.1, 104.3, 79.5, 78.8, 73.2, 

63.5, 62.6, 61.9, 52.7, 40.0, 38.5, 29.5 (3C), 27.0, 26.8; MS (El) m/z 416 (NC), 401 (M +- 15), 91; 

Anal. cald. for C23I-I3205N2: N, 6.72; Found: N, 6.86. 

(21L, 3R, 3aR, 6R, 7S, 7aR)-4-p-toluemsulplmnyl-6-aeetoxy=7=N=acetylamino-2,3,3a,6,7,7a- 

hexaltydro-2,3-1sepropylidenedlexy-Sl[l-furo[3,2-blpyridine (16): To a solution of 13f (0.4 g, 0.82 

retool) in ethanol (24 ml), palladium-charcoal (10°/0) (0.5 g) and cyclohexene (3 ml) were added and 

the mixture was reflux under nitrogen atmosphere for 10 h. After cooling the reaction mixture was 

filtered and the residue was washed with hot ethanol repeatedly. The comb:med filtrate and the 

W~L~hings were evaporated under reduced pressure and an oily residue was obtained. The materials 

was dissolved in pyridlne (5 ml) and acetic anhydride (3.5 ml) was added at 0°C. The reaction mixture 

was allowed to warm up to 25°C and left 12 h. It was then poured into ice-water (20 ml) and extracted 

with CH2CI2. The organic layer was washed with water and dried. Removal of solvent to afforded a 

solid (0.35 g) which was washed thoroughly with ether and crystallised from ether-hexane to furnish 

16 as colourless needles (61.7%); m.p.120 -123°C; [Ct]D 28 + 80.8 (C 0.50, CHCla); IR (KBr): 3326, 

1720, 1648, 1377 cm4; tH NMR: 8 7.71 (d, J =  8.2 Hz, 2H), 7.36 (d, J =  7.8 I-Iz, 2H), 6.17 (d, J =  5.2 

I-Iz, 1H), 5.76 (d, J = 3.2 I-Iz, 1H), 5.11 (t, J = 3.3 Hz, 1H), 4.25 (dd, J = 10.9, 3.6 Hz, lid), 3.99 (m, 

2H), 3.90 (dt, J4.J = J~.5 = 8.5 I-Iz, J~.~m = 5.1 Hz, 1H, 4-I-I), 3.80 (dd, J =12.5, 2.3 Hz, lI-I), 2.62 (m, 

1H, 5-H), 2.54 (dd, J = 12.5, 2.7 Hz, 1H), 2.46 (s, 3H), 2.28 (dd, J = 8.4, 4.2 I-Iz, 1H), 2.01 (s, 3H), 

1.97(s, 3H), 1.56 (s, 3H), 1.39 (s, 3H); t3C NMR: 8 170.8, 170.6, 144.5, 132.3, 129.7 (2C), 128.2 

(2C), 113.2, 104.4, 79.0, 73.1, 64.1, 60.7, 52.1, 49.5, 36.4, 26.2, 26.0, 23.1, 21.5, 20.7; MS (FAB) 

m/z 483 (M++ 1), 467 (M +- 15),107; Anal. calcd for C22H30OsN2S: N, 5.80; Found: N, 5.89. 

(2R, 3R, 3aS, 6R, 7S, 7aR)-4-p-toluenesulphonyl-6-acetoxy-7-N-acetylamino-2,3,3a,6,7,7a- 

hexahydro-2~l-iseprepyUdenediexy-5H-fure[3,2-blpyridine (17): The same procedure as described 

above for 13f furnished 17. Yield: 75 %; colourless needles; m.p. 83-85°C (ether-hexane); [ct]D 28 - 9.8 

(c 0.45, CHC13); IR (KBr): 3326, 1720, 1648, 1378 on't; tH NMR: 8 7.75 (d, J = 8.2 I-Iz, 2H), 7.39 

(d, J =  7.8 I-Iz, 2H), 5.81 (d, J =  3.8 I-Iz, 1H), 5.55 (d, J =  9.5 Hz, 1H), 4.66 (d, J =  3.8 Hz, 1H), 4.62 

(dt, J~,5 = J~m = 9.6 Hz, J o  = 5.2 Hz, 1H), 4.42 (t, J = 5.2 Hz, 1H), 4.15 (m, 2H), 3.90 (dd, J = 11.2, 

7.5 I-Iz, 1H), 3.19 (dd, J =  13.4, 6.2 Hz, IH), 3.13 (dd, J = 13.4, 6.2 I-Iz, 1H), 2.54 (m, 1H), 2.44 (s, 

3H), 2.04 (s, 3H), 1.84 (s, 3H), 1.52 (s, 3H), 1.30 (s, 3H); 13C NMR: 8 170.0, 169.9, 144.6, 134.7, 

130.1 (2C), 127.5 (2C), 112.2, 104.9, 85.3, 75.7, 62.9, 60.1, 43.9, 41.3, 32.3, 26.9, 26.5, 23.1,21.6, 

20.8; MS (FAB) m/z 483 (M++ 1), 467, 107; Anal.caled.for C22HaoOsN2S: N, 5.80; Found: N, 5.75. 
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