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Abstract - A  new method to obtain the four isomers of tropane skeleton by dipolar 

addition of 3-oxidopyridinium betaines to activated olefins is described, and a 

general synthetic strategy for tricyclic tropane homologues is also reported. 

Bao Gong Teng A is an alkaloid isolated from the chinese herb, Ervcibe obtusifolia.l.2 This natural product 

showed antiglaucoma properties.3 This molecule, presented in Figure 1, has a nortropane skeleton with a 

6-exo-acetoxy group.4 Its asymmetric synthesis was described,S but no pharmacological study concerning 

dia- and regioisomers was reported. 
U 

Moreover, tropane analogs have a propensity to bind to monoamine transporters, particularly the dopamine 

tran~~orter.6.7 Compounds with high pharmacological specificity for particular neurotransmitter 

transporters, as well as chemical stability and ability to cany radioactive atoms without loss of 

pharmacological activity or selectivity are of interest as research tools. So, we present here an original 

method to obtain the different isomers of azabicyclooctene structure from the main synthesis step to access 

to tropane skeleton : an 1,3-dipolar cycloaddition of dipolarophiles to pyridinium betaines. We describe also 

a new synthetic approach to access in one-pot reaction to tricyclic tropane homologues. 
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The 1,3-dipolar cycloaddition of pyridinium betaines is a well-known synthetic method which is largely 

used for preparing tropane derivatives. Particularly, the regioselective preparation of azabicyclo[3.2.l]oct- 

3-ene compounds is recognized as a very significant methodology, and reactions with different 

N-substituants and dipolarophiles were reported.8 Although there are four conceivable products that could 

be formed by reaction of I-methyl-3-pyridiniumolate with acrylonitrile, methyl acrylate, methyl vinyl ketone 

or methyl methacrylate, only the two diastereoisomers 6-endo and 6-exo were detected.9 In a few cases, the 

7-endo cycloadduct from 3-oxidopyridiniums with acrylonitrile was described,l@l2 but the formation of 

the 7-exo compound has never been demonstrated. In this regard, we realized the cycloaddition of N-benzyl 

(or -methyl)-3-hydroxypyridinium salts with different dipolarophiles (Scheme 1). 

A 
la,b 2a-1 3a,b 

a : n = l  
a  : Rr = CH2-C6H5 b : n = 2  
b :  R1 =CH3 a  : Rr = CH2-C6H5 ; R2 = CN 

b  : R1 = CH2-C6H5 ; R2 = C02CH3 
C : Rr = CH2-C6H5 ; R2 = CYOH 
d : Rr = CH2-C6H5 ; R2 = C2H40H 
e :R1=CH3;R2=CN 
f : R i  = CH3 ; R2 = C02CH3 

Scheme 1 

In thelH-NMR spectrum, we observe eight aromatic signals (except the phenyl group) : four doublets and 

four doublets of doublets (Figure 2). For the product (2a) (Scheme I), an analytical HPLC confirms the 

formation of four compounds. We have demonstrated the formation of the 6,7-endo and 6,7-exo isomers 

by IH and l 3 ~  NMR spectral data. 

Figure 2 

For all compounds (Scheme I), the different stereoisomers are separated by chromatography on a silica gel 

column : the eluent is a mixture of ethyl acetate and hexanes. The proportion of each isomer is based on the 
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integral's intensity of the ethylenic protons. Results are summarized in Table 1. In a general way, H-5 is a 

doublet (I,, = 5 Hz) for the 6-exo structure. For the 7-exo compound, H-1 appears as a singlet. For both 

6,7-endo isomers, the respective protons 7,6,, are doublet of doublet of doublet. Still the coupling constant 

between H-l and H-7, is 8 Hz, while it is 6 Hz between H-5 and H-6,,,. 

Eluent (vh) 
AcOC,H JC,H, 

4 1 713 

Table 1. ' ABO = azabicyclooctene. The compounds (2b) were not separated 

compounds were not isolated. 

Underlined 

So, treatment of the cycloadduct (2f) (7-exo) with bromine in methylene chloride13 gives the 3-bromo 

derivative (2g) (Scheme 2) as crystallized product. 

F H 3  

CH302 

Br 
2f (7-exo) 

Scheme 2 

The racemic structure (Figure 3) of stereoisomer (2g) was established by X-Ray crystallography and 

confirmed that the ester group attached at C-7 is in exo configuration. 

Figure 3. ORTEP diagram of compound (2g) 

The compound (3a) (6-endo) is a tricyclic product in which the hydroxy group has added to the 

a$-unsaturated carbonyl f u n c t i ~ n . ~ ~ . ~ ~  The same reactivity is observed with 3-butenol for the 6-endo 
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isomer. The 7-endo bicyclic compound (3b) was isolated, then the sterically conceivable cyclisation from 7 

to 4 position did not occur. We took the reactivity of the hydroxy group into account, and we initially 

investigated the possibility of generating in situ an hemiacetal intermediate which can spontaneously cyclise. 

So, we developed a novel stereoselective method of protecting the double bond of the azabicyclocctene. 

With acrolein and an alcohol, in the presence of triethylamine, the addition of pyridinium betaines 

(generated in situ from their salt) gives an hemiacetal intermediate which is spontaneously cyclised to the 

corresponding 9-exo tricyclic compound (Scheme 3). The formation of the 9-endo isomer is not observed : 

it is disadvantageous from the steric standpoint. The exo configuration of the C-9 substituent is confirmed 

by the multiplicity of the H-9 proton signal. It appears as a singlet because it doesn't couple with H-6 : the 

dihedral angle H6-C6-C9-H9 is about 90'. With an alcohol functionalized by an halogeno or an ester group, 

acrolein reacts to produce the corresponding tricyclic cycloadduct as well. 

la-c 
a : R1 = CH2-C6H5 
b : R1 = CH3 
c : R1 = Ckk-C6H4F 

Scheme 3 

When the compound (4a) is reduced by sodium borohydride (Scheme 4), the 2-endo alcohol (Sa) is 

obtained in 52% yield. The corresponding 2-exo alcohol is not formed, but the product (Sb) with the 

cleaved ether functional group is isolated (yield : 5 %). 

Hz-C~HS ,CHzGH5 fHzC6H5 

NaBH4 H 

dry C2H50H + 

C2H5 C2H5 9 

5a 
Scheme 4 

The formation of four isomers, and more particularly the 7-endolexo isomers by 1.3-dipolar cycloaddition 

of pyridinium betaines was demonstrated. The k x o  compound which has never been decribed was 

isolated, and its structure was confirmed by X-Ray crystallography. Moreover, a novel stereoselective 

synthesis of oxazatricyclic compounds was developed on the basis of hydroxy group's reactivity : 1,3- 
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dipolar cycloaddition of acrolein, in the presence of alcohol, gives a 6-alkyloxy-5-oxa-9- 

azatricyclo[5.2. 1.04.8]decan-2-one compound. 
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EXPERIMENTAL 

General. TLC was canied out on A1,0, (Neutral alumina 60 F,,,, Merck, type E) or SiO, (Kieselgel 60 

F,,,), and the spots were located with UV light. Column chromatography was carried out on A1,0, (Merck 

aluminium oxyde 90) andlor SiO, (Chromagel 60 ACC). Melting points were determined on a Kofler 

hot-plate melting point apparatus and are not corrected. IR spectra were obtained on a Beckman AccuLab 2 

spectrometer. Absorption bands are expressed in cm? and only noteworthy absorptions are listed. 'H and 

IT-NMR spectra were recorded on a Briiker AC-400 spectrometer working at 400 MHz 

('H-NMR) and 100 MHz (I3C-NMR). Chemical shifts are reported in ppm downfield 6 from TMS. 

Coupling constants, J, are given in Hz. MS spectrometry was done on HEWLEm PACKARD 5985B - 

5989A instruments. Elemental analyses were performed by Microanalytical Center, ENSCM, Montpellier 

(France). 1-Benzyl-3-hydroxypyridinium chloride (la15 and I-methyl-3-hydroxypyridinium iodide 

(lb)16 are known compounds. 

1-e-Fluorobenzyl-3-hydroxypyridinium chloride ( lc)  : 3-Hydroxypyridine (2 g, 21 mmol) was 
added to 4-fluorobenzyl chloride (15 mL, 125 mmol). The mixture was heated to 150 "C for 30 min. On 

cooling a precipitate was obtained. It was then filtered and washed with acetone (Yield : 70%) : mp 148- 

150°C (recrystallization solvent : acetonitrile); IH-NMR (400 MHz, DMSO-d,) 6 5.87 (s, 2H, CH,), 7.28 

- (t, 2H2 J,,,,,,,,, - J,,,,,,,= 8.5 Hz, 2 x H,,,,), 7.71 (dd, 2H, J ,,,,,,,, = 8.5 Hz, J,,,, = 5.5 Hz, 2 x 
H ,,,, ,I, 7.98 (dd, lH, I,,, = 8.5 Hz, J5,6= 6 HZ, H-5). 8.17 (d, lH, J4,5 = 8.5 HZ, H-4), 8.83 (d, lH,  is,, 

= 6 Hz, H-61, 8.93 (s, lH, H-2) ; '3C-NMR (100 MHz, DMSO-4) 6 62.08 (CH,), 116.00 (d, 'I,, = 22 

Hz, 2 x C,,,,,,), 128.74 (CH), 130.68 (C,,,), 131.38 (d, 'I,, = 8 Hz, 2 x C,,,), 132.03 (CH), 13 1.73 

(CHI, 132.52 (CH), 157.51 (C-3), 162.49 (d, 'J,, = 246.5 Hz, C-F) ;Anal. Calcd for C,,H,,NOFCl : C,  

60.13 ;H,4 .59  ; N ,  5.85.Found: C,60.01 ;H,4.57 ; N ,  5.84. 

Tv~ical ~rocedure (A) for svnthesis of 8-azabicvclol3.2.lloct-3-ene (6.7-endo. 6.7-exo) com~ounds 

(2a-f) 3-Hydroxypyridinium salt (50 mmol), uiethylamine (10 g, 0.1 mol) and a small amount of 

hydroquinone in dipolarophile (0.5 mol) were heated under reflux. After cooling, the solvent was 

evaporated under reduced pressure. The mixture was diluted in water and extracted with CH,CI,. The 

organic layer was separated and dried (Na,SO,). The solvent was evaporated under reduced pressure and 

the residual oil was chromatographed (silica gel, ethyl acetate I hexanes). 
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Compounds (2a) : These compounds are obtained from the typical procedure A with N-benzyl-3- 

hydroxypyridinium chloride and acrylonitrile (time reaction : 16 h ; Yield : 70%). The ratio of ethyl 

acetate I hexanes for the chromatography is 713 vlv. 

8-Benzyl-2-oxo-8-azabicyclo[3.2.lloct-3-ene-6-endo-carbonitrile (2a) : oil ; Rf 0.83 

(SiO, 1 ethyl acetatelhexanes, 713, vlv) ; IR (CCI,) v,, 2250, 1695 ; IH-NMR (400 MHz, CDCI,) 6 1.95 

(dd, 1H. J~,,~,,,,,, = 14 HZ, J,,,,,, = 6 HZ, H-7,,,,), 2.86 (ddd, lH, J, ,,,, , ,,,, = 14 Hz, J7cro,6 = 10.5 HZ, 
J ,,,,, = 8Hz, H-7,,,), 3.38 (ddd, IH, J,,,,,, =10.5 Hz, J , ,  ,,,, = 6 Hz, I,,, = 6 Hz, H-6), 3.65 (dd, lH,  

J1,,,,=8Hz, I , , ,= 1.5 Hz, H-l), 3.71 (ABpattem,2H,J= 13Hz, CH2),3.97 (dd, IH, I,,,= 6 Hz, 

5 Hz, H-51, 6.32 (dd, lH, I,,= 10 Hz, J , ,  = 1.5 Hz, H-3), 7.07 (dd, IH, I,,,= 10 Hz, J4,, = 5 Hz, 

H-41, 7.20 (m, 2H, Ph), 7.32 (m, 3H, Ph) ; '3C-NMR (100 MHz, CDCI,) 6 29.82 (C-7), 30.49 (C-6), 

52.99 (CH,-Ph), 58.81 (C-5), 68.09 (C-1), 119.44 (CN), 127.64 (CH-Ph), 128.41 (2 x CH-Ph), 128.50 

(2 x CH-Ph), 129.63 (C-3), 136.71 (C-Ph), 146.01 (C-4), 197.08 (C=O); MS d z  (relative intensity) 238 

(M+: 2.71, 209 (2.21, 147 (40.2), 91 (100) ;Anal. Calcd for C,,H,,N,O : C, 75.63 ; H, 5.88 ; N, 11.76. 

Found: C,75 .93;H,5 .86;N,  11.81. 

8-Benzyl-2-oxo-8-azabicyclo[3.2.lloct-3-ene-6-exo-carbonitrile (2a) : mp 92-94°C 

(recrystallization solvent : ethyl acetatehexme, 713) ; Rf 0.72 (SiO, I ethyl acetatehexanes, 713, vlv) ; IR 

(KBr) v,, 2250, 1695; IH-NMR (400 MHz, CDCI,) 6 2.10 (dd, IH, J ,,,,,, = 14 Hz, 

J,,,dO,,= 9.5 Hz, H-7,,d,), 2.71 (ddd, IH, J, ,,,,,, ,, = 14 Hz, J, ,,,, = 8 Hz, J, ,,,, , = 3.5 Hz, H-7,,,), 2.97 
(dd, lH, J,,,,,,= 9.5 Hz, J,,,,,, = 3.5 Hz, H-6), 3.71 (dd, IH, J,,,,, = 8 Hz, I,,, = 1.5 Hz, H-I), 3.83 

(AB pattern, 2H, J = 13 Hz, CH,), 4.02 (d, lH, = 5 Hz, H-5), 6.12 (dd, lH, J , ,  = 10 Hz, 

J,,, = 1.5 Hz, H-31, 6.88 (dd, IH, J,, = 10 Hz, J , ,  = 5 Hz, H-4), 7.32 (m, 5H, Ph) ; '3C-NMR (100 

MHz, CDCI,) 6 30.28 (C-7), 31.24 (C-6), 52.04 (CH,-Ph), 60.84 (C-5), 67.77 (C-I), 121.12 (CN), 

127.52 (CH-Ph), 128.21 (2 x CH-Ph), 128.43 (2 x CH-Ph), 128.51 (C-3), 136.96 (C-Ph), 145.47 (C-4), 

197.20 (C=O) ; MS d z  (relative intensity) 238 (M", 4. l), 209 (2.4), 147 (35.4). 91 (100) ; Anal. Calcd 

for C,,H,,N,O : C, 75.63 ; H, 5.88 ; N, 11.76. Found : C, 75.48 ; H, 5.87 ; N, 11.78. 

8-Benzyl-2-oxo-8-azabicyclo[3.2.lloct-3-ene-7-endo-carbonitrile (2a) : oil isolated as a pure 
product from a mixture of 2a (6-exo and 7-endo) by chromatography (AI,O, I CH,CI,) ; Rf 0.64 

(SiO, / ethyl acetatehexanes, 713, vlv), 0.55 (AI,O, I CH,CI,) ; IR (CCI,) v,, 2250, 1695 ; IH-NMR 

(400 MHz, CDCI,) 6 2.12 (dd, IH, J ,,,,,, ,,,, = 12.5 Hz, J,,,,,,, = 4 Hz, H-6,,,,), 2.67 (ddd, IH, 

J, ,,,,,,,, = 12.5 Hz, J,,,, = 1 l Hz, J ,,,, = 6 Hz, H-6,,,), 3.54 (ddd, IH, 1, ,,,, = l l Hz, I,,, = 7.5 Hz, 

J ,,,,,, = 4 Hz, H-71, 3.69 (AB pattern, 2H, J = 13 Hz, CH,), 3.78 (dd, IH, J ,,,,, = 6 Hz, J,, = 5.5 Hz, 

H-51, 3.85 (dd, IH, I,,,= 7.5 Hz, I,,, = 1.5 Hz, H-1). 6.21 (dd, lH, J , ,  = 10 Hz, I,,, = 1.5 Hz, H-3), 

7.14 (dd, IH, I,,,= 10 Hz, I , ,= 5.5 Hz, H-4), 7.30 (m, 5H, Ph) ; I3C-NMR (100 MHz, CDCI,) 6 28.05 

(C-7), 34.64 (C-6), 53.71 (CH2-Ph), 57.60 (C-5), 73.27 (C-I), 119.10 (CN), 127.19 (C-3), 127.86 

(CH-Ph), 128.40 (2 x CH-Ph), 128.65 (2 x CH-Ph), 136.96 (C-Ph), 150.15 (C-4), 194.31 (C=O) ; MS 
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d z  (relative intensity) 238 (M': 4.9), 209 (1.2), 147 (25.91, 91 (100) ; Anal. Calcd for C,,H,,N,O : 

C, 75.63;H75.88;N, 11.76. Found: C,75.78;H,5.90;N, 11.74. 

8-Benzyl-2-oxo-8-azahicyclo[3.2.l]oct-3-ene-7-exo-carhonitri1e (2a) : oil ; Rf 0.62 (SiO, I 

ethyl acetatethexanes, 713, vlv) ; IR (CCI,) v,, 2250, 1695 ; 'H-NMR (400 MHz, CDCI,) 6 2.30 (dd, lH,  

~,ndo,,xo= 12.5 Hz, Jknd,,,= 9.5 HZ, H-6,,,,), 2.55 (ddd, lH, J &,,,,, = 12.5 Hz, J ,,,,, , = 6 Hz, J ,,,,,, = 

6 Hz, 6 2.86 (dd, IH, J, ,,,,, = 9.5 Hz, J, ,,,, = 6 Hz, H-7). 3.81 (AB pattern, 2H, 

J = 13 Hz, CH,), 3.88 (dd, lH, J ,,,,, = 6 Hz, J,,, = 5.5 Hz, H-5), 3.92 (d, IH, J,,, = 1.5 Hz, H-I), 

6.05 (dd, lH, J,,, = 10 Hz, J,,, = 1.5 Hz, H-3), 7.08 (dd, lH, J*, = 10 Hz, 

J , , =  5.5 Hz, H-4), 7.30 (m, SH, Ph) ; 13C-NMR (100 MHz, CDCI,) 6 28.04 (C-7), 34.64 (C-6), 53.70 

(CH2-Ph), 58.11 (C-5), 73.24 (C-I), 121.01 (CN), 127.15 (C-3), 127.82 (CH-Ph), 128.64 (2 x CH-Ph), 

128.74 (2 x CH-Ph), 136.95 (C-Ph), 150.92 (C-4), 194.49 ( G O )  ; MS d z  (relative intensity) 238 

(Mi', 4.91, 209 (1.3, 147 (27.8), 91 (100) ;And. Calcd forC,,H,,N,O : C, 75.63 ; H, 5.88 ; N, 11.76. 

Found : C, 75.33 ; H, 5.90; N, 11.71. 

Methyl 8-Benzyl-2-oxo-8-azahicyclo[3.2.1]oct-3-ene-6,7-endo- and -6,7-exo-carhoxylate 

(2h) : These compounds are obtained from the typical procedure A with N-benzyl-3-hydroxypyridinium 

chloride and methyl acrylate (reaction time: 5 hours ; Yield : 78%). The different isomers were not separated 

; Rf 0.80 (CH,Cl, I Al,O,) ; IR (CHCI,) v,, 1730 (hr) ; MS d z  (relative intensity) 271 (M", 12.91, 242 

(15.1). 180 (loo), 91 (100). 

Compounds (3a)  : These compounds are obtained from the typical procedure A with N-benzyl-3- 

hydroxypyridiniurn chloride and ally1 alcohol (reaction time: 95 hours ; Yield : 70%). The ratio of ethyl 

acetate I hexanes for the chromatography is 713, vlv. A mixture of 6,7-exo compounds was obtained : they 

were separated by second chromatography (AI,O, I CH,CI,). 

9-Benzyl-5-oxa-9-azatricyclo[5.2.1.0'.8]decan-2-one (3a) : oil ; Rf 0.70 (SiO, I ethyl acetatel 

hexanes, 713, vlv) ; IR (CCI,) v,, 1730 ; IH-NMR (400 MHz, CDCI,) 6 1.42 (dd, IH, J7 = 14 Hz, 

J7,,d0,,= 3 Hz, H-7,,,,), 2.28 (dd, IH, J, ,,,, ,,,,= 16 Hz, J,,,,,, = 1 Hz, H-3,,,,), 2.55 (ddd, IH, 3, ,,,, ,,,,, 
= 14 Hz, J, ,,,,, = 10.5 Hz, J, ,,,, = 8.5 Hz, H-7,,,), 2.79 (dd, IH, J ,,,,,,,, ,, = 16 Hz, J ,,,,,, = 5 Hz, H- 

3,,,), 2.89-2.94 (m, lH, H-61, 3.50 (d, lH, J,,,,,, = 8.5 Hz, H-I), 3.58 (AB pattern, 2H, J = 13 Hz, 

CH2-Ph), 3.72-3.80 (m, 2H, 2 x H-9). 3.96 (m, IH, H-5), 4.44 (ddd, IH, J , ,  = 6 Hz, J ,,,,,, = 5 Hz, 

J ,,,, ,,= 1 Hz, H-41, 7.27-7.36 (m, 5H, Ph) ; 13C-NMR (100 MHz, CDC1,) 6 32.98 (C-7), 39.17 (C-6), 

41.70 (C-31, 56.97 (CH2-Ph), 68.85 (C-5), 70.80 (C-1 or C-4), 71.45 (C-9), 72.11 (C-l or C-4). 127.31 

(CH-Ph), 128.36 (2 x CH-Ph), 128.43 (2 x CH-Ph), 138.08 (C-Ph), 211.40 (C=O) ; htS d z  (relative 

intensity) 243 (MY I), 215 (31.6), 152 (7.81, 91 (100) ;Anal. Calcd for C,,H,,NO, : C, 74.07 ; H, 7.00 ; 

N, 5.76. Found : C, 73.92 ; H, 6.99 ; N, 5.77. 
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8-Benzyl-6-exo-(hydroxymethyl)-8-azabicyclo[3.2.1]oct-3-en-2-one (2e) : : oil ; Rf 0.56 

(SiO, I ethyl acetatehexanes, 713, vlv), 0.53 (A1,0, I CH,CI,); IR (CCI,) v,, 3620, 1690 ; IH-NMR (400 

MHz. CDC13) 8 1.83 (dd, IH, J,,,,,,,,,, = 14 Hz, J,,,,,,, = 9 Hz, H-7,,,,), 2.24 (ddd, IH, J ,,,,, , = 14 

Hz, J, ,,,,, = 11 Hz. J ,,,,,, = 8 Hz, H-7,,,), 2.34 (m, lH, H-6), 3.59 (dd, IH, J,,,,,, = 8 Hz, I,,, = 1.5 Hz, 

H-I), 3.65-3.70 (m, 2H, CH,OH), 3.78-3.86 (m, 3H, CH,Ph, H-5), 6.13 (dd, IH, J , ,  = 10 Hz, 

I,,, = 1.5 Hz, H-3), 6.94 (dd, IH, I , , =  10 Hz, I+,= 5 Hz, H-4). 7.23-7.36 (m, 5H, Ph); 13C-NMR (100 

MHz, CDCI,) 8 27.83 (C-7), 43.30 (C-6), 51.43 (CH2-Ph), 60.43 (C-5), 65.86 (CH,OH), 67.82 (C-I), 

127.42 (C-3 or CH-Ph), 128.49 (C-3 or CH-Ph), 128.57 (4 x CH-Ph), 138.57 (C-Ph), 147.16 (C-4), 

199.68 (C=O) ; MS m/z (relative intensity) 244 (M"+l, 5.8), 215 (27.7), 152 (54.3), 91 (100) ; Anal. 

Calcd for C,,H,,NO, : C, 74.07 ; H, 7.00 ; N, 5.76. Found : C, 73.78 ; H, 7.02 ; N, 5.74. 

8-Benzyl-7-exo-(hydroxymethyl)-8-azabicyclo[3.2.l]oct-3-en-2-one (2c) : oil ; Rf 0.55 

(SiO, I ethyl acetatehexanes, 713, vlv), 0.29 (A1,0, I CH,CI,); IR (CCI,) v,, 3630, 1685 ; 1H-NMR (400 

MHz, CDCI,) 8 1.99 (dd, IH, J ,,,,,,, = 12 Hz. J ,,,, ,= 9 Hz, H-6,,,,), 2.09 (m, IH, H-6,,,), 2.23 (d, 

IH, J ,,,, ,,= 9 Hz, H-7), 3.02 (m, IH, OH), 3.73-3.78 (m, 2H), 3.82-3.90 (m, 3H), 6.16 (dd, IH, I,, = 

10 Hz, J,,, = 1.5 Hz, H-3). 7.06 (dd, lH, I,,, = 10 Hz, J,, = 5 Hz, H-4), 7.26-7.38 (m, 5H, Ph); I3C- 

NMR (100 MHz, CDCI,) 8 32.88 (C-6), 40.29 (C-7). 51.87 (CH2-Ph), 56.92 (C-5), 65.88 (C-9). 72.03 

(C-I), 127.26 (C-3 or CH-Ph), 127.50 (C-3 or CH-Ph), 128.57 (2 x CH-Ph), 128.61 (2 x CH-Ph), 

137.91 (C-Ph), 150.44 (C-4), 197.17 (C=O) ; MS d z  (relative intensity) 244 (M*+1, 6.9), 215 (18.6), 

152 (39.21, 91 (100) ; Anal. Calcd for C,,H,,NO, : C, 74.07 ; H, 7.00 ; N, 5.76. Found : C, 74.37 ; 

H, 7.02 ; N, 5.74. 

8-Benzyl-7-endo-(hydroxymethyl)-8-azabicyclo[3.2.l]oct-3-en-2-one (2c) : oil ; Rf 0.19 

(SiO, I ethyl acetatelhexanes, 713, vlv) ; IR (CCI,) v,, 3600, 1680 ; IH-NMR (400 MHz, CDC1,) 8 1.36 

(dd, 1H9 J,,,,,,,,,= 12.5 HZ, J,,,,, = 5 Hz, H-6,,,,), 2.43 (ddd, lH, J, ,,,,,,, ,, = 12.5 Hz, J ,,,, , = 10.5 
Hz, J ,,,, = 6.5 Hz, H-6,,,), 2.59 (m, lH, OH), 3.02 (m, lH, H-7), 3.33 (m, IH, CH,OH), 3.54 (m, 

IH, CH,OH), 3.73-3.81 (m, 4H, CH,Ph, H-1, H-51, 6.20 (dd, lH, I,,,= 10 Hz, I,,, = 1 Hz, H-3), 7.15 

(dd, IH, J , ,  = 10 Hz, J*, = 5 Hz, H-4), 7.28-7.36 (m, 5H, Ph) ; 13C-NMR (100 MHz, CDCI,) 8 31.03 

(C-6). 40.04 (C-7), 53.04 (CH2-Ph), 57.32 (C-5), 63.42 (CH,OH), 71.63 (C-I), 127.29 (C-3), 128.11 

(CH-Ph), 128.39 (2 x CH-Ph), 128.59 (2 x CH-Ph), 137.74 (C-Ph), 152.48 (C-4), 199.1 1 (C=O) ; MS 

d z  (relative intensity) 244 (M"+1, 6.4), 215 (16.41, 152 (39.8), 91 (100) ; Anal. Calcd for C,,H,,NO, : 

C, 74.07 : H, 7.00 ; N, 5.76. Found : C, 74.37 ; H, 6.97 ; N, 5.78. 

Com~ounds (3b) : These compounds are obtained from the typical procedure A with N-henzyl-3- 

hydroxypyridinium chloride and 3-buten-1-01 (reaction time: 77 hours ; Yield : 62%). The ratio of ethyl 

acetate 1 hexanes for the chromatography is 713 ( vlv). 
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10-Benzyl-5-oxa-l0-azatricyc10[6.2.1.0~~~lundecan-2-one (3b) : oil ; Rf 0.72 (SiO, 1 ethyl 

acetatehexanes, 713, vlv) ; IR (CCI,) v, 1725 ; IH-NMR (400 MHz, CDCI,) 6 1.43 (dd, IH, 

- 
J,,nd,.,,x, - 14 Hz. J, ,,,,, = 6 Hz, H-7 ,,,, 1, 1.64 (m, IH, H-9 ,,,, ), 1.96 (m, IH, H-Ye,,), 2.40 (dd, IH, 

J,,,~,,,,,. = 19 Hz, J,,,,,,, = 2.5 Hz, H-3,,,,). 2.57 (ddd, IH, J, ,,,,,,,,, = 14 Hz. J, ,,,, = 11 Hz, 

1, ,,,, = 8.5 Hz, H-7,,J 2.74 (m, IH, H-6). 2.97 (dd, J, ,,,,,c~,o = 19 Hz, J ,,,,,, = 10.5 Hz, H-3,,,), 
3.33-3.57 (m, 4H, H-5, H-1, 2 x H-lo), 3.73 (s, 2H, CH,-Ph), 4.51 (ddd, lH, I,,,,, = 10.5 Hz, 

I , , =  8 Hz, J,,3,ndo= 2.5 Hz, H-41, 7.24-7.35 (m, 5H, Ph) ; 13C-NMR (I00 MHz, CDC1,) 6 25.91 (C-Y), 

30.12 (C-61, 39.94 (C-7), 54.77 (CH,OH), 54.87 (CH,Ph), 57.80 (C-5), 67.85 (C-4), 69.45 (C-I), 
127.28 (CH-Ph), 128.32 (2 x CH-Ph), 128.36 (2 x CH-Ph), 138.27 (C-Ph), 210.95 ( G O )  ; MS d z  

(relative intensity) 257 (M': 1.2). 229 (27), 166 (5.4), 91 (100) ; 4.d. Calcd for C,,H,,NO, : C, 74.71 ; 

H, 7.39 ; N, 5.45. Found: C, 75.01 ; H, 7.41 ; N, 5.43. 

8-Benzyl-6-exo-(2-hydroxyethyl)-8-azabicyclo[3.2.loct-3-en-2-one (2d) : oil ; Rf 0.34 

(SiO, I ethyl acetatehexanes, 713, vlv) ; IR (CCI,) v, 3630, 1680 ; 1H-NMR (400 MHz, CDCI,) 6 1.78- 

1.89 (m, 3H, H-7,,,,, 2 x H-9). 2.16 (ddd, IH, J ,,,, , ,",, = 14 Hz, 1 ,,,,,, = 8 Hz, J, ,,,, = 3.5 Hz, 

H-7,,,), 2.35-2.41 (m, IH, H-6), 3.49 (d, IH, J,,,= 5 Hz, H-5), 3.57 (dd, IH, J,,,,,, = 8 Hz, 
I,,, = 1.5 Hz, H-I), 3.60-3.76 (m, 2H, CH,OH), 3.76-3.85 (AB pattern, 2H, J = 13 Hz, CH,-Ph), 6.11 

(dd, IH, J,,,= 10 Hz, J,,, = 1.5 Hz, H-31, 6.97 (dd, IH, I,, = 10 Hz, J , ,  = 5 Hz, H-4). 7.24-7.35 (m, 

5H. Ph) : I 3 C - ~ M R  (100 MHz, CDCI,) 8 29.82 (C-7). 37.21 (C-Y), 39.57 (C-6), 51.86 (CH,-Ph), 60.05 

(CH?OH), 61.73 (C-5). 68.41 - 1 )  126.99 (C-3 or CH-Ph), 127.48 (C-3 or CH-Ph), 128.56 

(2 x CH-Ph), 128.71 (2 x CH-Ph), 137.76 (C-Ph), 148.58 (C-4), 198.56 (C=O) ; MS mh (relative 

intensity) 258 (Mi'+l, 3.21, 229 (7.8). 166 (28.5). 91 (100) ; Anal. Calcd for C,,H,,NO, : C, 74.71 ; H, 

7.39 ; N,  5.45. Found : C, 75.01 ; H, 7.36 ; N, 5.47. 

8-Benzyl-7-exo-(2-hydroxyethyl)-8-azabicyclo[3.2.lloct-3-en-2-one (2d) : oil ; Rf 0.19 

(SiO, 1 ethyl acetatehexanes, 713, vlv) ; IR (CCI,) v, 3635, 1685 ; IH-NMR (400 MHz, CDCI,) 6 

1.18-2.04 (m, 4H, H-6 H-6 ,,,, 2 x H-Y), 2.23 (m, lH, H-7), 3.37 (s, lH, H-1), 3.49-3.84 (m, 5H. 
H-5, CH,Ph, CH,OH), 6.10 (dd, lH, I,,,= 10 Hz, J, ,= I Hz, H-3), 7.10 (dd, IH, I,,,= 10 Hz, J,,= 5 

Hz, H-4). 7.25-7.36 (m, 5H. Ph) ; 13C-NMR (100 MHz, CDCI,) 6 34.78 (C-6 or C-Y), 35.53 (C-7), 

36.80 (C-6 or C-91, 52.07 (CH,-Ph), 57.36 (C-51, 60.53 (CHIOH), 73.53 (C-I), 127.06 (C-3 or 

CH-Ph), 127.51 (C-3 or CH-Ph), 128.60 (2 x CH-Ph), 128.68 (2 x CH-Ph), 137.92 (C-Ph), 149.24 

(C-41, 198.56 (C=O) ; MS m/r (relative intensity) 258 (Mt'+I, 3.8), 229 (5.1), 166 (24.2). 91 (100) ; 

Anal. Calcd for C,,H,,NO, : C, 74.71 ; H, 7.39 ; N, 5.45. Found : C, 75.01 ; H, 7.36 ; N, 5.47. - 
8-Benzyl-7-endo-(2-hydroxyethyl)-8-azabicyclo[3.2.1oct-3-en-2-one (2d) : oil ; Rf 0.07 

(SiO, I ethyl acetatehexanes. 713, vlv) ; IR (CCI,) v,, 3640. 1675 ; IH-NMR (400 MHz, CDC1,) 6 1.39 

(dd, IH, J,nda.6xo= 12.5 Hz, Jkodo,,= 4.5 HZ, H-6 ,,,, ), 1.44-1.56 (rn, 2H, 2 x H-9). 2.11 (m, 1H, OH), 

2.51 (ddd, 1H,J ,,,,, ,,= 12.5Hz,J ,,, ,= 10Hz,J  ,,,, = 7 H z ,  H-6,,,),2.80(m, lH, H-7), 3.55-3.71 
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(m, 4H, H-1, H-5, CH,OH), 3.70-3.79 (AB pattern, 2H, J = 13 Hz, CH2-Ph), 6.10 (dd, lH, J,, = 10 

Hz, J,,, = 1 Hz, H-31, 7.10 (dd, IH, J,,,= 10 Hz, I,,,= 5.5 Hz, H-4), 7.25-7.36 (m, 5H, Ph) ; I3C-NMR 

(100 MHz, CDCI,) 8 34.42 (C-7), 34.54 (C-6 or C-Y), 35.30 (C-6 or C-9), 53.25 (CH,-Ph), 57.33 (C-5). 

61.85 (CH,OH), 73.10 ('2-1). 127.34 (C-3 or CH-Ph), 128.08 (C-3 orCH-Ph), 128.47 (2 x CH-Ph), 

128.69 (2 x CH-Ph), 138.18 (C-Ph), 152.56 (C-4), 199.31 (C=O) ; MS mlz (relative intensity) 258 

(M"+l, 4.1), 229 (4.9), 166 (22.11, 91 (100) ;Anal. Calcd for C,,H,,NO, : C, 74.71 ; H, 7.39 ; N, 5.45. 

Found : C, 75.41 ; H, 7.42 ; N, 5.43. 

Com~ounds (2e)  : These compounds are obtained from the typical procedure A with N-methyl-3- 

hydroxypyridinium iodide and acrylonitrile (reaction time: 20 hours ; Yield : 73%). The ratio of ethyl acetate 

I hexanes for the chromatography is 713 (vlv). 

8-Methyl-2-oxo-8-azabicyclo[3.2.l]oct-3-ene-6-exo-carbonitrile (2e) : mp 95-97°C 

(recrystallization solvent : CH,CI,) ; Rf 0.50 (SiO, 1 ethyl acetatelhexanes, 713, vlv) ; IR (KBr) v,, 2240, 

1680: 'H-NMR (400 MHz, CDCI,) G 2.09 (dd, IH, J7 =,,,, ,,,, = 14 Hz, J = 9.5 Hz, H-7,,,), 2.52 (s, 

3H. NCH,), 2.70 (ddd, IH, J ,,,,, , ,,,, = 14 Hz, J, ,,,,, = 8 Hz, J ,,,,, = 3.5 Hz, H-7,,,), 2.98 (dd, lH,  

J,,,,,,= 9.5 Hz, J ,,,,, = 3.5 Hz, H-6). 3.65 (d, lH, J,,,,, = 8 Hz, H-1), 4.01 (d, IH, 

J,,, = 5 Hz, H-51, 6.06 (d, lH, J,+ = 10 Hz, H-3), 6.93 (dd, lH, J4,, = 10 Hz, J,,, = 5 Hz, H-4); '3C- 

NMR (100 MHz, CDCI,) 8 30.53 (C-7), 31.65 (C-6), 35.73 (NCH,), 63.81 (C-5), 69.79 (C-1), 121.34 

(CN), 128.42 (C-3), 145.41 (C-4), 197.40 (C=O) ; MS mlz (relative intensity) 162 (M", 24.8), 133 

(25.9), 81 (100) ;Anal. Calcd for C,H,,N20 : C, 66.67 ; H, 6.17 ; N, 17.28. Found : C, 66.53 ; H, 6.18 ; 

N, 17.31. 

8-Methyl-2-oxo-8-azabicyclo[3.2.l]oct-3-ene-7-exo-carbonitrile (2e) : oil ; Rf 0.42 (SiO, I 

ethyl acetatelhexanes, 713, vlv) ; IR (CHC1,) v,, 2260, 1690 ; 1H-NMR (400 MHz, CDCI,) G 2.29 (dd, 

1H9 J,,,d,,,,= 12.5 Hz, J,,,,, = 9.5 Hz, H-6,,,,), 2.51 (s, 3H, NCH,), 2.57 (ddd, lH, J ,,,,,,,, = 12.5 
Hz, J ,,,,,, = 6 Hz, J ,,,, = 5.5 Hz, H-6,,,), 2.83 (dd, IH, J,,,,,,= 9.5 Hz, J, ,,,, = 5.5 Hz, H-7). 3.85 (s, 

IH, H-l), 3.88 (dd, IH, J , ,  = 6 Hz, J,,,= 5.5 Hz, H-5), 6.00 (dd, lH, J,,, = 10 Hz, J,,, = 1 Hz, H-3), 

7.09 (dd, IH, J,,,= 10 Hz, J,,,= 5.5 Hz, H-4); I3C-NMR (100 MHz, CDCI,) G 27.92 (C-7), 34.38 (C-6), 

37.17 (NCH,), 60.58 (C-5), 75.17 (C-I), 121.09 (CN), 126.57 (C-3), 150.96 (C-4), 194.80 (C=O) ; MS 

m/z (relative intensity) 162 (W', 26.2), 133 (17.3), 81 (100) ; Anal. Calcd for C,H,,N,O : C, 66.67 ; H,  

6.17 ; N, 17.28. Found : C, 66.94 ; H, 6.19 ; N, 17.21. 

8-Methyl-2-oxo-8-azabicyclo[3.2.l]oct-3-ene-6-endo-carbonitrile (2e) : oil ; Rf 0.27 (SO, I 

ethyl acetatehexanes, 713, vlv) ; 'H-NMR (400 MHz, CDCI,) G 1.89 (dd, IH, J, ,,,,, ,,,, = 14 Hz, J,,,,,, = 

6 Hz, H-7,,,,), 2.38 (s ,  3H, NCH,), 2.82 (ddd, lH, J ,ex,,,, ,,= 14 Hz, J = 10.5 Hz, J ,,,,,, = 7.5 Hz, 

H-7,J 3.39 (td, lH, J,,,,,, = 10.5 Hz, J6,5 = J6,1cndo = 6 HZ, H-6), 3.55 (dd, IH, 

J,,,,,, = 7.5 Hz, J,,, = 1.5 Hz, H-I), 3.98 (dd, lH, J,,, = 6 Hz, J,, = 5 Hz, H-5), 6.22 (dd, IH, 
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I,,, = 10 Hz, I,,, = 1.5 Hz, H-3), 7.08 (dd, IN, I,,, = 10 Hz, = 5 HZ, H-4); 13C-NMR (100 MHz, 

CDCI,) 6 29.96 (C-7). 30.59 (C-6), 36.42 (NCHJ, 61.52 (C-5). 70.11 (C-I), 119.54 (CN), 129.27 

(C-31, 146.07 (C-4), 197.15 (C=O) ; MS m/z (relative intensity) 162 (Mi: 24.6). 133 (25.3). 81 (100) ; 

Anal .CalcdforC,H, ,N20:C,66.67;H,6.17;N,  17.28.Found:C,66.82;H,6.16;N,17.24. - 

Compounds (2f) : These compounds are obtained from the typical procedure A with N-methyl-3- 

hydroxypyridinium iodide and methyl aclylate (reaction time: 24 hours ; Yield : 87%). The ratio of erhyl 

acetate I hexanes for the chromatography is 911 (vlv). 

Methyl 8-Methyl-2-oxo-8-azabicyclo[3.2.lloct-3-ene-6-exo-carboxylate (20  : oil ; Rf 0.54 

(SiO, 1 ethyl asetatehexanes, 911, vlv) ; IR (CCW v,, 1735, 1690 ; IH-NMR (400 MHz, CDC1,) 6 1.88 

(dd, IH, J,,,d,,7,,, = 14 Hz, J7 ,,,,, = 9.5 Hz, H-7,,,,), 2.42 (s, 3H, NCH,), 2.83 (ddd, IH, J, ,,,,,,,,, = 14 

Hz, J, ,,,, , = 8 Hz, J, ,,,, , = 3.5 Hz, H-7,,,), 2.93 (dd, IH, J ,,,,,,, = 9.5 Hz, J,,,, = 3.5 Hz, H-6), 3.53 
(dd, 1H,J ,,,,,, = 8 H z , J , , , =  1.5Hz,H-l),3.74(~,3H,OCH,),4.07(d, IH, J,,,=5Hz,H-5),6.02(dd, 

lH, J,,,= 10 Hz, I , ,  = 1.5 HZ, H-3). 6.99 (dd, IH, J,,,= 10 Hz, J+,= 5 Hz, H-4); I3C-NMR (100 MHz, 

CDCl,) 6 27.90 (C-7). 35.33 (C-6), 47.23 (NCH,), 52.43 (OCH,), 62.55 (C-5), 70.17 (C-I), 127.43 

(C-3), 147.27 (C-4). 183.14 (C=O,,,,), 198.91 (C=O,,onc) ; MS m/z (relative intensity) 195 (M': 28.2), 

167 (7.51, 82 (100) ; Am!. Calcd for C,,H,,NO, : C, 61.54 ; H, 6.67 ; N, 7.18. Found : C, 61.79 : H. 

6.70 ; N, 7.15. 

Methyl 8-Methyl-2-oxo-8-azabicyclo[3.2.l)oct-3-ene-7-exo-carboyate (20  : oil ; Rf 

0.41(Si02 I ethyl acetatelhexanes, 911, vlv) ; IR (CCI,) v,, 1740, 1690 ; 1H-NMR (400 MHz, CDCI,) 6 

2.10 (dd, IH, J,,do,6,,x, = 12.5 Hz, Jkndo,, = 9.5 Hz, H-6,,d,), 2.42 (s, 3H, NCH,), 2.53 (ddd, 1H, 

J,,,,,,,,= 12.5 Hz, J = 6.5 HZ, J, ,,, = 6 Hz, H-6cx,), 2.79 (dd, IH, J = 9.5 Hz, J ,,,,, = 6 Hz, H- 
71, 3.72 (s, 3H, OCH,), 3.78 (m, 2H, H-I, H-51, 5.95 (dd, IH, J?,, = 10 Hz, J,,, = 1.5 Hz, H-3), 7.03 

(dd, IH, I,,,= 10 Hz, J,,>= 5 Hz, H-4) ; '3C-NMR (100 MHz, CDCI,) 6 32.42 (C-6), 36.43 (C-7). 43.21 

(NCH,), 52.40 (OCH,), 60.53 (C-5), 73.67 (C-I), 126.14 (C-3), 150.39 (C-4), 173.14 (C=O ,,,,, ), 197.12 

(C=O,,,,,) ; MS m/z (relative intensity) 195 (M", 34.3), 167 (5.4). 82 (100) ; a. Calcd for C,,H,,NO, : 

C, 61.54 ; H, 6.67 ; N, 7.18. Found : C, 61.78 ; H, 6.64 ; N, 7.21. 

Methyl 8-Methyl-2-oxo-8-azabicyclo[3.2.lloct-3-ene-6-endo-carboxylate ( 2 0  : oil ; Rf 

0.24 (SO2 ethyl acetatehexanes, 911, vlv) ; 1R (CCI,) v,, 1740, 1690 ; IH-NMR (400 MHz, CDCI,) 

- 1.98 (dd, 1H. J, ,,,, ,,,,= 14 Hz, J, ,,,, = 6 Hz. H-7,,,), 2.38 (s, 3H, NCH,), 2.60 (ddd. IH, J ,,,,,,,,,, - 
14 Hz, J ,,,,, = 10 Hz, J ,,,,,, = 7 Hz, H-7,J. 3.49 (dd, lH, J ,,,,,a = 10 Hz, J,,, = 1.5 Hz, H-I), 3.55 

(ddd, IH, J, ,,,,, = 10 Hz, J,,, ,,,, = 6 Hz, J , ,= 5.5 Hz), 3.66 (s, 3H, OCH,), 3.96 (dd, IH, J , ,  = 5.5 Hz, 

JSc= 5 Hz, H-5), 6.04 (dd, IH, J,,,= 10 Hz, J,,, = 1.5 Hz, H-3). 6.92 (dd, IH, I*, = 10 Hz, J,,, = 5 Hz,  

H-4) ; "C-NMR (100 MHz, CDCI,) 6 26.90 (C-7), 36.52 (C-6), 46.96 (NCH,), 52.02 (OCH,). 61.69 

(C-5), 70.75 (C-I), 128.27 ('2-31, 147.29 (C-4), 171 S 6  (C=O ,,,,, ), 198.06 ( G O  ,,,,,) ; MS mlz (relative 
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intensity) 195 (Mf *, 29.11, 167 (7.1), 82 (100) ; Ad. Calcd for Cl,Hl,NO, : C, 61.54 ; H, 6.67 ; 

N, 7.18. Found : C, 61.42 ; H, 6.66 ; N, 7.19. 

Methyl 3-Bromo-8-methyl-2-oxo-8-azabicyclo[3.2.l]oct-3-ene-7-exo-carboxylate (2g) : 

Bromine (1.13 g, 5.79 mmol) in CH2C12 (10 mL) was added dropwise to the adduct (Zf) (7-exo) (930 mg, 

5.81 mmol) in CH2CI2 (100 mL). The solution was stirred at rt for 17 h. The solution was then filtered, and 

the precipitate was dissolved in water. The solution was basified (Na,CO,), extracted with CH2C12 and the 

extract was dried (Na$O,). The solvent was evaporated under reduced pressure, and the residual product 

was chromatographed (alumina, CH,Cl,). This product was crystallized in methylene chloride (460 mg, 

29 %) ; mp 104-106 O C ;  Rf 0.51 (AI20, 1 CH,Cl,) ; IR (KBr) v,, 1740, 1690 ; IH-NMR (400 MHz, 

CDCI,) 2.18 (dd, IH, J,,, ,,,,, = 13 Hz, I,,,,, = 9.5 Hz, H-6 ,,,, ), 2.45 (s, 3H, NCH3), 2.51 (ddd, IH, 

J ,,,,,6,,,, = 13Hz, J ,,,,, =6.5Hz,  J ,,,,, =6Hz,H-6,,,),2.81 (dd, IH, 9.5 HZ, J7,6ero=6.5 Hz, 
H-71, 3.73 (s, 3H, OCH,), 3.83 (dd, lH, J ,,,,, = 6 Hz, J,,, = 5 Hz, H-5), 4.06 (s, IH, H-I), 7.41 (d, 

IH, J , ,=  5 Hz, H-4) ; ' ~ - N M R  (100 MHz, CDCI,) 8 32.65 (C-6). 36.21 (C-7), 43.04 (NCH,), 52.66 

(OCH,), 62.69 (C-5), 73.31 (C-I), 120.45 (C-3). 150.67 (C-4), 172.26 (C=O ,,,,, ), 190.15 ( G O  ,,,,,,) ; 

Anal. Calcd for C,,H,,NO,Br : C, 43.80 ; H, 4.38 ; N, 5.11. Found : C, 43.71 ; H, 4.36 ; 

N, 5.09 ; Single crystal X-Ray structure analyses (crystallyzed from CH2C1,). Empirical formula : 

C,,H,,NO,Br, molecular mass : 274.12 g.mol-', crystal size : 0.07 x 0.31 x 0.42 mm, monoclinic, P2,Ic 

(no 141, a= 10.084(1) A, b= 8.623(4) A, c= 12.945(2) A, P= 107.46 V= 1073.8(5) A3, T= 293 K, 

d,,,,,= 1.696 g.cm-), K= 3.78 mm-I, F(000)= 552 e, Z= 4, h= 0.71073 A, 4707 measured reflections 

[+I-h, +h, +I], [sin Blh]max= 0.807 A-', Empirical absorption correction via yr scans, 2069 observed 

reflections [I>20(1)1, 185 refined parameters, H atomswere refined in the final refinement by least squares, 

R= 0.045, R,= 0.047, maximal residual electron density 0.576 e.A-' (near Br 31) ; Leg. dessin : ORTEP 

drawing of C,,H,,BrNO, showing 50 % probability displacement ellipsoids ; Ref. dessin : M.N. Bumett 

and C.K. Johnson, ORTEP 111, report ORNL-6895, Oak Ridge National laboratory, Tennesee, USA, 

1996. 

T v ~ i c d  procedure (Bl for svnthesis of oxazatricvclic compounds (4a-hl  : 3-Hydroxypyridinium salt (10 

mmol), alcohol (170 mmol) and acrolein (170 mmol) were heated under reflux. Triethylamine (10 g, 0.1 

mol) was added and the mixture was refluxing for 1.5 h. After cooling, the solvent was evaporated under 

reduced pressure. The mixture was diluted in water and extracted with CH,CI,. The organic layer was 

separated, dried (Na2S0,) and evaporated under reduced pressure. The residual oil was chromatographed 

(alumina, CH2C12) to give the corresponding tricyclic compound as colorless oil. 
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9-Benzyl-6-exo-ethoxy-5-oxa-9-azatricycl0[5.2.1.0~~']decan-2-one (4a) : This compound is 

obtained from the typical procedure B with I-benzyl-3-hydroxypyridinium chloride and ethanol 

(Yield : 35%) ; Rf 0.76 (A1,0, I CH,Cl,) ; IR (CCI,) v,, 1730 ; 1H-NMR (400 MHz, CDCI,) 6 1.19 (t, 

3H, J = 7 Hz, CH,), 1.40 (dd, IH, J,,,,,,,,,, = 14 Hz, J, ,",, , = 3 Hz, H-7,,,,), 2.29 (dd, IH, 

J~,ndo,3,xo = 15.5 Hz. J,,,,,, = 1.5 Hz, H-3,,d,), 2.47 (ddd, IH, J, ,,,, ,,,,, = 14 Hz, J, ,,,, , = 11 Hz, 

J, ,,,, , = 8.5 Hz, H-7,,,), 2.82 (dd, 1H, J ,,,,,,, ,, = 15.5 Hz, J ,,xo, , = 4 Hz, H-3,,,), 2.80-2.86 (m, lH, 
H-61, 3.43-3.75 (m, 5H, OCH,, CH,Ph, H-I), 4.23 (ddd, IH, J,,, = 8.5 Hz, I,,, = 6 Hz, J,,, = 1.5 Hz, 

H-51, 4.60 (ddd, IH, J , ,=  8.5 Hz, J qkxo = 4 Hz, J ,,,,, , = 1.5 Hz, H-41, 4.93 (s ,  IH, H-9), 7.28-7.39 

(m, 5H, Ph) ; 1 3 C - N ~ ~  (100 MHz, CDCI,) 6 15.12 (CH,), 29.88 (C-7), 41.02 (C-3), 44.95 (C-6), 

57.11 (CH2-Ph), 62.47 (OCH,), 67.35 (C-5), 70.32 (C-I), 71.97 (C-4), 105.30 (C-9), 127.34 (CH-Ph), 

128.39 (2 x CH-Ph), 128.46 (2 x CH-Ph), 138.10 (C-Ph), 210.77 ( G O )  ; HRMS calcd for C,,H,,NO, 

(MH') : 288.16006. Found : 288.15982 ;Anal. Calcd for C,,H2,N0, : C, 71.08 ; H, 7.32 ; N, 4.88. 

Found: C 7 0 . 9 4 ;  H.7.31 ;N,4.89. 

9-Benzyl-6-exo-l-methylethoxy-5-oxa-9-azat1icyclo[5.2.l.O~']decan-2-one (4b) : This 

compound is obtained from the typical procedure B with I-benzyl-3-hydroxypyridinium chloride and 

isopropanol (Yield : 30%) ; Rf 0.68 (AI,O, I CH,Cl,) ; IR (CCI,) v,, 1730 ; 'H-NMR (400 MHz, CDCI,) 

6 1.15 (m, 6H, 2 x CH,), 1.40 (dd, IH, J,,,,,,,,,, = 14 Hz, JlCnd,,, = 3.5 Hz, H-7,,,,), 2.28 (dd, IH, 

J3endo.3,,, = 15.5 Hz, J,,,d,, = 1.5 Hz, H-3,,,,), 2.45 (ddd, IH, J, ,,, , ,,,, = 14 Hz, JlCx,, = 10.5 Hz, 

J,,,,,, = 8.5 Hz, H-7,,,), 2.82 (dd, lH, J ,,,,,,,,,, = 15.5 Hz, J ,,xo,, = 4 Hz, H-3,,,), 2.79-2.85 (m, IH, 
H-61, 3.46-3.60 (m, 3H, CH,Ph, H-I), 3.87 (m, lH, CH(CH,),), 4.21 (ddd, IH, J , ,  = 8 Hz, 

J,., = 6 Hz, J,,, = 1.5 Hz, H-5). 4.56 (ddd, IH, J , ,=  8 Hz, J ,,,,, = 4 Hz, J ,,,,, ,,= 1.5 Hz, H-4), 5.00 (s, 

1H. H-9). 7.27-7.35 (m, 5H, Ph) ; 1 3 ~ - ~ ~ ~  (100 MHz, CDCI,) 6 21.61 (CH,), 23.50 (CH,), 29.87 

138.13 (C-Ph), 210.72 (C=Oj ; MS m/z (relative intensity) 302 (M+'+I, 2.9). 273 (17.8), 242 (4.6), 

210 (4.41, 91 (100) ;Anal. Calcd for C,,H,,NO, : C, 71.76 ; H, 7.64 ; N, 4.65. Found : C, 71.90 ; 

H, 7.67 ; N, 4.64. 

9-Benzyl-6-exo-3-chloropropoxy-5-oxa-9-azatricyclo[5.2.l.O4']decan-2-one (4c) : This 

compound is obtained from the typical procedure B with I-benzyl-3-hydroxypyridinium chloride and 

3-chloro-1-propanol (Yield : 28%). For the compound (4c), a second chromatography is required 

(SO, I ethyl acetatehexanes, 218, vlv) ; Rf 0.45 (SiO, I ethyl acetatehexanes, 218, vlv) ; IR (CCI,) v,, 

1730 ; 'H-NMR (400 MHz, CDCI,) 6 1.40 (dd, IH, J ,,,,, ,,,,= 14 Hz, J,,,,,,= 3.5 Hz, H-7,,,,), 2.01 (q, 

2H, J = 6 Hz, OCH,CH,CH,CI), 2.30 (dd, IH, J,,,, ,,,,,, = 16 Hz, J3e,do,4 = 1.5 Hz, H-3end,), 2.47 (ddd, 

IH, J, ,,, ,,,,, = 14 Hz, J ,,,,, , = 11 Hz, J ,,,,,, = 8.5 Hz, H-7J, 2.82 (dd, lH, J ,,,,,,,,, = 16 Hz, 
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J ,,,,, = 4 Hz, H-3,,,), 2.83-2.88 (m, IH, H-6). 3.48-3.70 (m, 6H), 3.76-3.82 (m, IH), 4. I8 (ddd, IH, 

I,,, = 8.5 Hz, J,,, = 6 H z ,  J,,, = 1.5 Hz, H-5), 4.58 (ddd, IH, J , ,  = 8.5 Hz, J ,,,,,, = 4 Hz, 

J,,,,,,= 1.5 Hz, H-4), 4.90 (s, IH, H-9), 7.28-7.37 (m, 5H, Ph) ; 13C-NMR (100 MHz, CDCI,) 6 29.74 

(OCH,CH,CH,CI), 32.35 (C-7), 40.92 (C-3 or CH,CI), 41.71 (C-3 or CH,CI), 44.83 (C-6), 57.04 

(CH2Ph), 63.23 (OCH,), 67.26 (C-5), 70.22 (C-1). 72.06 (C-4), 105.45 (C-9), 127.32 (CH-Ph), 128.36 

(2 x CH-Ph), 128.41 (2 x CH-Ph), 138.02 (C-Ph), 210.62 (C=O) ; m. Calcd for Cl,H,,NO,C1 : 

C, 64.38 ; H, 6.56 ; N, 4.17. Found : C, 64.25 ; H, 6.58 ; N, 4.16. 

9-Benzyl-6-exo-(methoxycarbonyl-2-methylpropoxy)-5-oxa-9-azatricyclo[5.2.1.0'~8]- 

decan-2-one (4d) : This compound is obtained from the typical procedure B with l-benzyl-3- 

hydroxypyridinium chloride and methyl 2,2-dimethyl-3-hydroxypropionate (Yield : 26%) ; Rf 0.78 (A1,0, / 

CH,CI,) ; 1R (CCI,) v,, 1730 (br) ; IH-NMR (400 MHz, CDCI,) 6 1.18-1.24 (m, 6H, C(CH,),), 1.37 

(dd, 1H, J,,,d,l,x,= 14 Hz, J7endo.6= 3 HZ, H-7,,,,), 2.27 (dd, lH, J,,, ,,,,,, = 16 Hz, J,,,,,, = 1.5 Hz, H- 

3,,,,). 2.43 (ddd, 1H, I, ,,,, ,,,,, = 14 Hz, J, ,,,, , = 11 Hz, J ,,,,,, = 8.5 Hz, H-7,,,), 2.81 (dd, IH, 
J, ,,,, ,,,,, = 16 Hz, J ,,,,, = 4 Hz, H-3,,,), 2.78-2.87 (m, IH, H-6), 3.36-3.48 (m, 3H), 3.59-3.72 (m, 

5H), 4.13 (ddd, 1H, J,,, = 8 Hz, J,,, = 6 Hz, I,,, = 1.5 Hz, H-5), 4.54 (ddd, IH, J,,, = 8 Hz, 

J ,,,,, = 4 Hz, J,,,,,,,= 1.5 Hz, H-4), 4.86 (s, IH, H-9), 7.27-7.41 (m, 5H, Ph); I3C-NMR (100 MHz, 

CDCI,) 6 22.26 (CH,), 22.41 (CH,), 29.58 (C-7), 40.92 (C-3). 44.87 (C-6), 51.72 (OCH,), 57.08 

(CH2Ph), 67.52 (C-5). 72.07 (C-1), 73.05 (C-4). 73.39 (C(CH,)), 105.46 (C-9), 127.34 (CH-Ph), 

128.17 (2 x CH-Ph), 128.41 (2 x CH-Ph), 138.09 (C-Ph), 176.44 (C=O ,,,, ), 210.70 (C=O ,,,,,) ; MS mfz 

(relative intensity) 374 (Mi'+l, 1.2), 345 (14.11, 282 (10.7), 242 (8.3), 91 (100) ; Anal. Calcd for 

C,,H,,NO, : C, 67.56 ; H, 7.24 ; N, 3.75. Found : C, 67.83 ; H, 7.26 ; N, 3.73. 

6-exo-Ethoxy-9-methyI-5-oxa-9-azatricycl0[5.2.l.O~~]decan-2-one (4e) : This compound is 
obtained from the typical procedure B with I-methyl-3-hydroxypyridinium iodide and ethanol 

(Yield : 21.5%) ; Rf 0.63 (A1,0, I CH,C1,) ; IR (CCI,) v,, 1740 ; IH-NMR (400 MHz, CDCI,) 6 1.14 (t, 

3H. J = 7 Hz, CH,), 1.28 (dd, 1H. J,,,, ,,,,,, = 14 Hz, J,,,,,, = 3.5 Hz, H-7,,,,), 2.20 (dd, lH, 
- 

J3,,d,,3,,, - 16 Hz, J3,,,,,, = 1.5 Hz, H-3,,,,), 2.25 (s, 3H, NCH,), 2.38 (ddd, IH, J ,,,,,,,, ,, = 14 Hz, 

J,,,,, 6 = 11 Hz, J, ,,,, , = 8.5 HZ, H-7,,,), 2.63 (dd, IH, J ,,,,,3,,,, = 16 Hz, J ,,,,, = 4 Hz, H-3,,,), 

2.67-2.74 (m, 1H, HW, 3.34 (d, IH, J,,,,,, = 8 Hz, H-I), 3.37 (m, IH, OCH,), 3.65 (m, IH, OCH,), 
4.07 (ddd, lH, I,,, = 8.5 Hz, I,,, = 6 Hz, I,,, = 1.5 Hz, H-5). 4.51 (ddd, IH, J , ,=  8.5 Hz, J,,,,,o= 4 Hz, 

J ,,,,, ,, = 1.5 Hz, H-4), 4.83 (s, IH, H-9) ; "C-NMR (100 MHz, CDCI,) 6 15.1 1 (CH,), 29.22 (C-7), 

40.67 (C-3), 40.70 (NCH,), 44.53 (C-6), 62.45 (OCN,), 69.52 (C-5). 71.88 (C-I), 72.42 (C-4), 105.22 

(C-9), 210.55 (C=O) : MS mfz (relative intensity) 211 (M+: OS), 183 (7.8), 166 (3.2), 82 (100) ; Anal. 

CalcdforCl,H,,NO,:C,62.56;H,8.06;N,6.64.Found:C,62.31 ;H,8.09;N,6.61.  
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6-exo-(l-Methylethoxy)-9-methyl-5-oxa-9-azatricyclo[5.2.l.O48]decan-2-one (40  : This 

compound is obtained from the typical procedure B with 1-methyl-3-hydroxypyridinium iodide and 

isopropanol (Yield : 18%) ; Rf 0.55 (A1,0, / CH2C12) ; IR (CCI,) v,, 1730 ; 1H-NMR (400 MHz, CDCI,) 

6 1.10-1.16 (m, 6H, 2 x CH,), 1.31 (dd, lH, J, ,,,,, ,,,, = 14.5 Hz, J, ,,,, , = 3.5 Hz, H-7,,,,), 2.23 (dd, 

lH, J ,,n,,,,,, = 16 Hz, J,,,,,,, = 1.5 Hz, H-3 ,,,, ), 2.27 (s, 3H, NCH,), 2.41 (ddd, lH, J, ,,,,,,,,, = 14.5 

Hz, J7 ,xo,, = 11 Hz, J, cxo,, = 8.5 Hz, H-7,,,), 2.66 (dd, lH, J ,,,,,,, ,, = 16 Hz, J ,,,, , = 4.5 Hz, H-3,,,), 
2.73-2.78 (m, lH, H-6), 3.36 (d, lH, J,,,,,, = 8.5 Hz, H-I), 3.84 (m, lH, CH(CH,),), 4.11 (ddd, IH, 

J , , ,= 8.5 Hz, J , , , =  6 H z ,  J,,, = 1.5 Hz, H-51, 4.54 (ddd, IH, J , , =  8.5 Hz, J ,,,,, = 4 . 5  Hz, 

J ,,,,,, = 1.5 Hz, H-4), 4.96 (s, IH, H-9) ; '3C-NMR (100 MHz, CDC1,) 6 21.74 (CH,), 23.65 (CH,), 

29.38 (C-7), 40.76 (C-3), 40.93 (NCH,), 44.89 (C-6), 68.58 (CH(CH,),), 69.77 (C-5), 71.77 (C-I), 

72.58 (C-41, 103.57 (C-91, 210.71 (C=O) ; MS m/z (relative intensity) 225 (M", 0.7), 197 (9.2), 138 

(18.7),82(100);~.CalcdforC,,H,,NO3:C,64.00;H,8.44;N,6.22.Found : C,64.25; H, 8.41 ; 

N, 6.25. 

6-exo-Ethoxy-9-(4-fluorobenzyl)-5-oxa-9-azaticyclo[5.2.l.~48]decan-2-one (4g) : This 

compound is obtained from the typical procedure B with 1-p-fluorobenzyl-3-hydroxypyridinium chloride 

and ethanol (Yield : 33%) ; Rf 0.80 (A1,0, / CH,C12) ; IR (CCI,) v,, 1730 ; 'H-NMR (400 MHz, CDCI,) 6 

1.17 (t, 3H. J = 7 Hz, CH,), 1.38 (dd, lH, J,,,,,,,,, = 14 Hz, J, ,,,,, , = 3.5 Hz, H-7 ,,,, ), 2.26 (dd, lH, 

J3,,,,3,,, = 16 Hz, J,,,,,, = 1.5 HZ, H-3,,,,), 2.43 (ddd, IH, J, ,,,, , ,,,, = 14 Hz, J ,,,,, , = 11 Hz, 
J, ,,, I = 8.5 Hz, H-7,x,), 2.77 (dd, lH, J ,,,, ,,,,, = 16 Hz, J ,,,,,, = 4 Hz, H-3,,,), 2.80 (ddd, 1H, 

J,,,,,, = 11 Hz, J,,, = 6 Hz, J,,,,,,, = 3.5 Hz, H-61, 3.39-3.53 (m, 4H, H-1, CH,-pFC,H,, OCH,), 3.68 

(m, lH, OCH,),4.15 (dd, lH, J,,, = 8.5 Hz, J,,, = 6 H z ,  H-5). 4.55 (ddd, IH, J , , =  8.5 Hz, 

J,,,,, = 4 Hz, J ,,,,,, = 1.5 Hz, H-41, 4.88 (s, lH, H-9), 7.01 (t, 2H, J = 8.5 Hz, 2xH ,,,,,, ), 7.29 (dd, 2H, 

J= 8.5 Hz, J= 5.5 Hz, 2xH& ; 13C-~MR (100 MHz, CDCI,) 6 15.16 (CH,), 29.89 (C-7), 41.02 (C-3), 

44.99 (C-61, 56.43 (CH,-pFC,H,), 62.58 (OCH,), 67.33 (C-51, 70.29 (C-1), 71.98 (C-4), 105.32 

(C-9), 115.27 (d, 'JC,= 21 HZ, 2 x ConhoF), 130.03 (d, 'Jo= 8 Hz, 2 x C,,,), 133.85 (C ,,,, ), 163.36 (d, 

245 Hz, C-F), 210.70 (C=O) ; MS mlz (relative intensity) 306 (Mi'+l, 3.2), 277 (20.2), 260 (3.9), 

196 (9). 109 (100) ; &EL. Calcd for C,,H,,NO,F : C, 66.89 ; H, 6.56 ; N, 4.59. Found : C, 66.75 ; 

H, 6.57 ; N, 4.60. 

6-exo-(l-Methylethoxy)-9-(4-fluorobenzyl)-5-oxa-9-azatricyclo[5.2.1.O4~8]decan-2-one 

(4h) : This compound is obtained from the typical procedure B with l-p-fluorobenzyl-3- 

hydroxypyridinium chloride and isopropanol (Yield : 27%). The compound (4g) was also detected (in a 

ratio of 1 to 4). It was probably due to the presence of ethanol as stabilizing agent : Rf 0.84 (AI,O, I 

CH2C12) ; IR (CCI,) v,, 1730 ; 'H-NMR (400 MHz, CDCI,) 6 1.12 (d, 3H, J = 6 Hz, CH,), 1.15 (d, 3H, 

J = 6 Hz, CH,), 1.38 (dd, lH, J7,,d,,7,x, = 14 Hz, J,,,,,,,= 3 Hz, H-7,,,,), 2.27 (dd, IH, J ,,,,,,,,,, = 15.5 
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Hz. J1en,0,4 = 1.5 Hz. H-3,,d. 2.42 (ddd, 1s. Ji.,,,,,do = 14 HZ. Jl ,,,, , = l 1 HZ, J ,,,,, , = 8.5 Hz. H-7,,,), 
2.77 (dd, 1H3 J, ,,,, I,,,, = 15.5 Hz, J 3,,o,, = 4 Hz, H-3,,,), 2.80 (m, IH, H-6), 3.39-3.56 (m. 3H, H-1, 
CH2-Q-FC6H,), 3.85 (m, IH, CH(CH,),), 4.16 (ddd, lH, I,,, = 8.5 Hz, J , ,  = 6 Hz, I,,, = 1.5 Hz, H-5), 

4.54 (ddd, IH, I , ,= 8.5 Hz, J ,,,,,, = 4 Hz, J,,,,,,, = 1.5 Hz, H-41, 4.99 (S, IH, H-9), 7.02 (I, 2H, J = 

8.5 Hz, 2 x H ,,,, ,), 7.29 (dd, 2H, J = 8.5 Hz, J = 5.5 Hz, 2 x H,,,) ; 13C-NMR (100 MHz, CDCI,) 6 

21.75 (CH,), 23.64 (CH,), 30.00 (C-7), 41.08 (C-3), 45.06 (C-6), 56.51 (CHTp-FC,H,), 67.40 ((2-5). 

68.67 (CH(CH,),), 70.37 (C-I), 72.05 (C-4). 105.39 (C-91, 115.35 (d, 'I,,= 21.5 Hz, 2 x C ,,,,, ), 
130.08 (d, vJ,,= 7.5 Hz, 2 x C ,.,, J, 133.60 (Cp,,), 162.19 (d, 'J,,= 246 Hz, C-F), 210.81 ( G O )  ; MS 

mlz (relative intensity) 320 (Mt'+l, 1.2), 291 (13.91, 260 (3.6), 210 (3.6). 109 (100) ; m. Cdcd for 

C,,H,,NO,F : C, 67.71 ; H, 6.90 ; N, 4.39. Found : C, 67.98 ; H, 6.92 ; N, 4.37. 

Com~ounds (5a)  and (5b)  : Sodium horohydride (174 mg, 4.60 mmol) was added dropwise to a solution 

of compound (4a) (660 mg, 2.30 mmol) in CH,C1, (15 mL). The suspension was stirred at n for 1 h. The 

solvent was evaporated under reduced pressure. The residual product was dissolved in water, extracted 

with CH,CI, and the extract was dried (Na,SO,). The solvent was evaporated under reduced pressure, and 

the residual oil was chromatographed (A1?0, / CH,CI,). 

9-Benzyl-6-exo-ethoxy-5-oxa-9-azatricyclo[5.2.l.0'~']decan-2-endo-ol (5a) : oil ; Rf 0.58 

(Al,O,I CH,CI,) ; IR (CC1,) vmar 3590 ; IH-NMR (400 MHz, CDCI,) 6 1.20 (t, 3H, J = 7 Hz, CH,), 1.61 

(dd, 1H- JI,,,,,~,,, = 15 HZ, J,,,d,,,, = 2 Hz, H-3,,,,), 1.84 (dd, IH, J7end,7,,, = 14.5 HZ, 
J ,,,,,,, = 3.5 Hz, H-7 ,,,, ). 2.04 (m, 2H, H-3 ,,,, H-7,,,), 2.43 (m, IH, OH), 2.80 (ddd, IH, I,,,,,, = l l  

Hz, J6,,= 6 Hz, J,,,e,o = 3.5 Hz, H-6), 3.39-3.55 (m, 4H, H-I, CH,Ph, OCH,), 3.70 (m, lH, OCH,), 
3.90 (ddd, IH, I , ,= 8 Hz, J,,,= 6 Hz, J,,,=1.5 Hz, H-5), 4.27 (I, IH, 1, ,,,,, = J,,,= 7.5 Hz, H-2), 4.45 

(m, IH, H-4). 5.00 (s, 1H. H-9), 7.27-7.37 (m, 5H, Ph) ; I3C-NMR (100 MHz, CDCIJ 6 15.04 (CH,), 

23.59 (C-7). 32.39 (C-3), 45.11 (C-6), 58.16 (CH,-Ph), 62.19 (OCH,), 63.39 (C-I), 66.55 (C-5). 68.33 

(C-21, 76.97 (C-4), 106.03 (C-9). 126.82 (CH-Ph), 128.09 (2 x CH-Ph), 128.15 (2 x CH-Ph), 139.12 

(C-Ph): MS mk (relalive intensity) 289 ( M ,  1.9), 244 (15.6). 198 (40.9), 91 (LOO) ; && Calcd for 

C,,H,,NO, : C. 70.59 ; H, 7.96 ; N, 4.84. Found : C, 70.44 ; H, 7.93 ; N, 4.82. 

9-BenzyI-5-oxa-9-azatricyclo[5.2.1.04~8ldecan-2-endo-ol (5b) : Rf 0.39 (CH,Cl, / Al,0,) ; IR 

(CCI,) V,,, 3580 cm-l : 'H-NMR (400 MHz. CDCI,) 6 1.61 (dd, IH, J3 %,,,,,, = 15 Hz, I,,,,,, = 2 Hz, 

H-3,,,,). 1.83 (dd, IH, J7 ~,,,o,,exo = 14 Hz, J ,,,,, , = 3 Hz, H-7 ,,,, 1, 2.06 (ddd, IH, I ,,,,,,..,, = 15 Hz, 

J:.,exo= 7.5 Hz, 13  ,,0, ,= 4 Hz. H-3,,,), 2.15 (ddd, lH, J, ,,,,,,, = 14 Hz, J, ,,, , = 11 Hz, J, ,,,,, = 7.5 Hz, 
H-7,,,), 2.67 (m, IH, OH), 2.85 (m, IH, H-61, 3.40 (1, IH, J,,,,,, = J,,, = 7.5 Hz, H-I), 3.52 (s, 2H, 

CH,Ph), 3.64 (dd, IH, I,,,= 7.5 Hz, I , ,=  6.5 Hz, H-5), 3.69 (dd, IH, J ,,,,, ,, = 9 Hz, J ,",, , = 4 Hz, 

H-9,,,), 3.92 (d, IH, J,,,,,, 9,x, = 9 Hz, H-9 ,,,, ), 4.24 (t, IH, J2,3exo= I,,,= 7.5 Hz, H-2), 4.30 (m, IH, H- 

4). 7.26-7.38 (m, 5H, Ph) ; 13C-NMR (1OO MHz, CDCI,) 6 26.64 (C-7), 32.59 (C-3), 39.72 (C-6), 

58.31 (CH2-Ph), 64.23 (C-I), 68.24 ('2-5). 68.70 (C-2), 72.25 (C-9). 77.23 (C-4), 127.09 (CH-Ph), 
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128.29 (2 x CH-Ph), 128.41 (2 x CH-Ph), 139.15 (C-Ph) ; MS mlz (relative intensity) 245 (W', 2.2). 154 

(76.21, 91 (100) ;Anal. Calcd for C,,H,,NO, : C, 73.47 ; H, 7.76 ; N, 5.71. Found : C, 73.62 ; H, 7.75 ; 

N, 5.75. 
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