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Abstract - Alkylation of 2-oxocyclopentanecarboxylate 
(4) with 1,2-dibromoethane and reaction with benzyl- 

amine gave 2-azaspiro[4.4]nonane-1,6-dione (1). After 

selective reduction of 1 at the lactam function, we 

obtained 2-azaspiro[4.4]nonan-6-one (9)  which was 

treated with TosMICltert-BuOK to yield a mixture of 

diastereomeric nitriles ( and (U). Hydrolysis 
followed by esterification and mplc separation led to 

diastereomerically pure esters (a) and (a) which 
represent novel analogs of GABA with restricted con- 

formational flexibility. 

INTRODUCTION 

4-Aminobutyric acid (GABA) is one of the most important inhibitory neuro- 

transmitters in central nervous system.'f2 Extensive structure-activity 

studies on conformationally restricted analogues of GABA have revealed 

structural requirements, which are significant for agonists and antago- 

nists acting at GABA-A or GABA-B receptors and for inhibitors of GABA 

uptake.3 Whereas steric demands for synthetic ligands of GABA receptor 

sites are rather high, a greater tolerance towards ring annelation of the 

GABA skeleton has been observed for compounds binding to the transport 

carrier of GABA.''~ Thus restricted analogues of GABA, which have been 

created by incorporation of the GABA skeleton into carbocyclic or hetero- 

cyclic rings, are valuable targets for developement of selective inhibi- 

tors of the GABA uptake system. 
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Scheme 1. GABA-analogous amino acids based on spirocyclic ring systems. 

Our programme on developement of selective GABA uptake inhibitors5 is 

concerned about spirocyclic amino acids which have been created by incor- 

poration of the GABA skeleton into both a carbocyclic and a heterocyclic 

ring (Scheme 1). In a recent paper5 we presented syntheses of 2-azaspiro- 

[4.5]decane (la) and 2-azaspiro[5.5]undecane (a) and prepared derivatives 
(B) and (a) by this method5 which turned out to be selective GABA uptake 
inhibitors. The matter of fact that substitution of a pyrrolidine ring 

( B ,  I C ~ ~ = ~ . ~ I  PM) for a piperidine ring ( a ,  IC5,,= 42.21 WM) increased 

the uptake inhibition potency persuaded us to synthesize the more restric- 

ted spirocyclic amino acids (a) and (a). 

RESULTS and DISCUSSION 

We started our synthesis from commercially available 6-keto ester (4) 

which was alkylated by 1,2-dibromoethane (Scheme 2) following the proce- 

dure of T. ~aworski.~ Reaction of resulting bromoalkyl ester (5 )  with 

benzylamine yielded a mixture of pyrrolidone (5) and spirocyclic lactam 

(1) in the ratio of 1:l. Desired spirocyclic lactam (1) was the single 

product, if ethanol, which was eliminated during lactam formation, was 

removed from the reaction mixture by adsorption to molecular sieves. 
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Scheme 2. Preparation of spirocyclic ketone (9)  from D-keto ester (4) .  
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Treatment of D-keto lactam (2) with lithium aluminium hydride resulted in 

reduction of both the lactam and the ketone function to give spirocyclic 

amino alcohol (8) as a single product. Recently ~ u j i i ~  described reduc- 

tion of a spirocyclic O-keto lactam homologous to 1 leading to an alcohol 

equal configurated as 8. 

First we considered diastereomerically pure alcohol (8) to be a valuable 

starting material for the synthesis of desired spirocyclic amino acids (2 

and 3b) via their nitriles (u and m) because both diastereomers should 
be selectively accessible carrying out substitution reaction either with 

retention or with inversion of configuration at C-6. But contrary to our 

expectations attempts failed to substitute a cyano function for the hyd- 

roxy group at C-6 of 8 by standard  method^,^,^ obviously due to neopentyl 
structure of the alcohol (8). Therefore we oxidized 8 by Jones reagent to 

spirocyclic ketone (9) which we intended to convert to nitriles (u and 
m )  via hydrazones (10a or m). A more direct access to ketone (9) was 
achieved from spirolactam (1) by enolization of the ketone function with 

triphenylmethyllithium and by subsequent reduction of the non-enolizable 

lactam group with lithium aluminium hydride. 

Reaction of ketone (9) with p-toluenesulfonylhydrazide (Scheme 3) gave the 

well crystallizing anti-hydrazone (-)I0 as a single product. Treatment 

of hydrazone (m) with KCN in refluxing dichloromethane resulted in a 
complex mixture from which we isolated anti-hydrazone (10a, 18%), isomeric 

syn-hydrazone (m, 19%)'O and desired nitriles (Ila and m ,  19%). 11 

Finally reaction of ketone (9) with tosylmethyl isocyanide (TosMIC)14 

turned out to be the method of choice for preparation of nitriles (u and 
m). Best results were obtained using tert-Bu0K in DMSO for deprotonation 

of TosMIC and carrying out reaction with ketone (9) at 4 5 O ~  for 4 days to 

give a 1:1 mixture of diastereomeric nitriles (U and U) in 86% yield. 

After chromatographic separation we isolated nitriles (u, 39%) and ( m ,  

34%) as pure diastereomers. 

Great shift differences of C-1 and C-4 in 13c nmr spectra of ila and m 
(Table l), which are caused by a typical gamma gauche effect15 of the vi- 

cinal cyano function either to C-1 in u or to c-4 in m ,  allowed struc- 

ture assignment. 
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Scheme 3. Conversion of ketone (9) to amino esters (a) and (a). 
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~ a b i e  1. 13c-shifts ( c D c ~ ~ ,  6 in ppm) of N-Benzyl-2-azaspiro[4.4]nonanes 

I &  - 3b - 7 - 8 - 9 - lob Ila - llb 

Hydrolysis of diastereomerically pure nitrile (m) in concentrated hydro- 
chloric acid followed by acid catalysed esterification gave the methyl 

esters (a) and (&) in a ratio of 90:lO. Attempts to avoid isomerisation 

at C-6 during conversion of ila to 2 using more gently reaction condi- 

tions failed. Thus we started hydrolysis from a mixture of diasteromeric 

nitriles (m) and (U) receiving a mixture of esters (a) and (2) in a 

ratio of 1:1, which was separated by mplc to give esters ( a ,  44%) and 

(&, 34%) in a diastereomeric purity of >98% (hplc). 

Structure assignment of a and & was determinated by comparison of 13c 

nmr data (Table I), which revealed down field shifts of C-1 in a and of 
C-4 in & due to gamma gauche effect15 of vicinal carboxylic function. 

Further analytical data (IH nmr, ir and ms) of and were completely 

in accordance with postulated structures. 

We now want to prepare derivatives of and B bearing a diarylalkyl sub- 
stituent instead of the benzyl group at the nitrogen for pharmacological 

testing of GABA uptake inhibition. 
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EXPERIMENTAL 

All melting points were determined on a KOFLER melting point apparatus and 

are uncorrected. 'H and 13c nmr spectra were recorded on a BRUKER AC 80 or 

a VARIAN unity plus 300 spectrometer, using tetramethylsilane as internal 

standard. Infrared spectra were recorded on a PERKIN ELMER 298 spectro- 

photometer. Mass spectra were detected on a VARIAN MAT-111A spectrograph 

by L. Jirovetz. Mplc was performed with a PHARMACIA pump (P-500), a BUCHI 

column (460x36 mm, Lichroprep Si 60, 15-25 pm), a PHARMACIA single path 

monitor ( - 1  254 nm), and a PHARMACIA fraction collector (FRAC-200). 

The hplc system consisted of a Shimadzu pump (LC-lOAD), a REODYNE injec- 

tion valve (20 pl), a MERCK column (250x4 mm, Lichrospher Si 60, 5 pm), 

a SHIMADZU UV/vis detector (SPD-lOA, 254 nm) and a HEWLETT PACKARD inte- 

grator (HP 3396A). Microanalyses were determined by J. Theiner (Institute 

of Physical Chemistry). 

Conversion of nitriles (-1 and (m) to amino esters (s) and (a): 

A solution of nitriles (1la:llb = 1:1, 1.76 q, 7.32 mmol) in 37% HC1 (60 

ml) was refluxed for 16 h. Then HC1 was distilled off in vacuo, the resi- 

due w a s  dissolved in methanol (60 ml), p-toluenesulfonic acid (20 mg) was 

added and the mixture was refluxed once again for 16 h. After evaporation 

of the solvent, the residue was dissolved in dichloromethane, washed with 

2 M NH40H, dried (Na2SO4) and the solvent was distilled off in vacuo to 

yield a mixture of 3 and 3 ( 1 1 ,  1.86 q). Mplc separation (silica gel, 

211 g; hexane:EtOAc:2PrDH = 850:135:15; flow 500 ml/h; 3 runs) gave 

(875 mq, 448, colOUrl@ss oil) and a (685 mq, 34%, colourless oil). Hplc 
analysis (silica gel, hexane:EtOAc:MeOH = 85:13:2, flow 1 ml/min) of 

(Rt= 14.3 min) and (Rt= 16.2 min) revealed a purity of t98%. For ana- 

lytical purpose 3a and a were treated with HC1 (1 M in ether) and recry- 
stallized from 2-PrOH to give %.a and a,=. 
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(z* ,=*) -Methvl N-benzvl-2-azaswiro14.4 lnonane-6-carboxvlate (2) 
'H Nmr (CDC13): 6 7.38 - 7.18 (m, 5H, aromatic-H), 3.63 (s, 3H, 0CH3), 

3.60 (d, J = 13.3 Hz, lH, benzyl-H), 3.54 (d, J = 13.3 Hz, lH, benzyl-H), 

2.64 - 2.51 (m, 3H, H-3, H-6), 2.56 (d, J = 9.5 Hz, lH, H-1) , 2.28 (d, J = 

9.5 HZ, lH, H-1), 2.00 (ddd, J = 12.7, 8.1 and 6.3 Hz, lH, H-4), 1.95 - 
1.82 (m, 3H), 1.77 (ddd, J = 12.7, 7.8 and 6.1 Hz, lH, H-4), 1.72 - 1.61 
(m, 3H). 13c Nmr (CDC13) : 6 175.20 (COO), 51.19 (OCH3), for further sig- , 

nals see Table 1. MS: m/z 273 (M+), 258 (M+-15), 182 (M+-91), 91 (P~cH~+). 

3a.HC1: (colourless crystals, mp 123'~). Ir (KBr) 1730 cm-' (ester). -- 
Anal. Calcd for C17H23N02.HC1: C, 65.90; H, 7.81; N, 4.52. Found C, 65.82; 

H, 7.78; N, 4.26. 

(=*,=*)-Methyl N-benzvl-2-azas~iro14.4lnonane-6-carboxvlate (2) 
'H Nmr (CDC13): 6 7.34 - 7.18 (m, 5H, aromatic-H), 3.66 (s, 3H, 0CH3), 

3.59 ( s ,  2H, benzyl-H), 2.66 - 2.48 (m, 3H, H-3, H-6), 2.56 (d, J = 9.0 

Hz, lH, H-1), 2.43 (d, J = 9.0 Hz, lH, H-l), 2.01 - 1.50 (m, 8H). 13c Nmr 

(CDC13): 6 175.50 (COO), 51.11 (OCH3), for further signals see Table 1. 

Ms: m/z 273 (M+), 258 (M+-15), 182 (M+-91), 91 (P~cH~+). 3.m: (colour- 
less crystals, mp 1 2 7 ~ ~ ) .  Ir (KBr) 1725 cm-' (ester). Anal. Calcd for 

C17H23N02.HC1: C, 65.90; H, 7.81; N, 4.52. Found C, 65.60; H, 7.58; N, 

4.30. 

Reaction of 5 with benzylamine: 

A solution of s6 (3.39 9, 12.9 mmol) and benzylamine (4.15 g, 38.7 mmol) 
in toluene (50 ml) was refluxed for 16 h. Then 2 M HC1 (30 ml) was added 

and the mixture was stirred at 20'~ for 1 h. The organic layer was separa- 

ted, washed with 2 M Hcl, dried (Na2SO4) and the solvent was evaporated 

to give a 1:l mixture of 6 and 2 (3.3 9). Separation by flash chromato- 

graphy (silica gel, hexane:EtOAc = 1:l) gave 2 (523 mg, 17%, colourless 

oil, Rf= 0.4) and 6 (654 mg, 18%, colourless oil, R f =  0.27). 

Ethvl 4-IN-benzvl-2-oxowvrrolidin-3-vllbutanoate (6)  

'H Nmr ( c D c ~ ~ )  : 6 7.40 - 7.20 (m, 5H, aromatic-H), 4.94 (d, J = 14.7 HZ, 

lH, benzyl-H), 4.35 (d, J = 14.7 Hz, lH, benzyl-H), 4.13 (q, J = 7.5 Hz, 

2H, 0CH2), 3.90 - 3.14 (m, 2H, H-3'), 2.61 (t, J = 5.9 HZ, 2H, H-2), 2.50 
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- 1.55 (in, 7H), 1.26 (t, J = 7.5 HZ, 3H, C H 3 )  13c Nmr (CDC13): 6 175.64 

(C-1'), 174.08 (C-1), 137.24 (C-1"), 128.35 (C-2", C-6"), 128.04 (C-3", 

C-5"), 127.21 (C-4"), 60.34 (OCH2), 47.39 (benzyl-C), 44.47 (C-5'), 41.88 

(C-3'), 33.81 (C-2), 31.16 (C-4'), 29.16 (C-4), 27.22 (C-3), 13.97 (CH3). 

Ms: m/z 289 (M+) , 261 (M+-28). 91 (P~cH~+). Anal. Calcd for C17H23N03: 
C, 70.55; H, 8.07; N, 4.84. Found C, 70.29; H, 8.03; N, 4.86. 

N-Benzvl-2-azas~iror4.4lnonane-1.6-dione (I) 

A solution of 5 (16.4 g, 62.3 mmol) and benzylamine (20.0 g, 187 mmol) in 

toluene (200 ml) was refluxed in a Soxhlet extractor filled with molecular 

sieves (4 A )  for 16 h. Then 2 M HC1 (150 ml) was added and the mixture 
was stirred at 20°c for 1 h. The organic layer was separated, washed with 

2 M HC1, dried (Na2S04) and the solvent was evaporated to give 2 (14.5 

g, 96%, yellow oil). For analytical purpose crude 1 (1.45 g) was purified 

by flash chromatography (silica gel, hexane:EtOAc = 1:l) to yield pure 

(980 mg, 65%, colourless oil). 'H Nmr (cDc~~): 6 7.36 - 7.22 (m, 5H, aro- 
matic-H), 4.51 (d, J = 15.0 Hz, lH, benzyl-H), 4.46 (d, J = 15.0 Hz, lH, 

benzyl-H), 3.44 (dt, J = 9.0 and 7.0 Hz, lH, H-3), 3.17 (dt, J = 4.0 and 

9.0 Hz, lH, H-3), 2.59 (m, lH), 2.47 (m, lH), 2.38 - 2.27 (m, 3H), 1.98 - 
1.87 (m, 2H), 1.83 (ddd, J = 13.0, 9.0 and 7.0 Hz, lH, H-4). 13C Nmr 

(CDC13) : see Table 1. Ir (KBr) 1740 cm-' (ketone), 1685 (lactam). Ms: 

m/z 243 (M+) , 91 (P~CH~'). Anal. Calcd for C15H17N02: C, 74.05; H, 7.04; 

N, 5.76. Found C, 73.75; H, 6.91; N, 6.01. 

(=*,a*) -N-Benzvl-6-hvdroxv-2-aeas~iror4.4 lnonanone (8) 
In an argon atmosphere 1 (6.8 g, 28 mmol) dissolved in THF (80 ml) was 

cooled to OOC and LiA1H4 (84 ml, 1 M in THF, 84 mmol) was added. After the 

reaction mixture was refluxed for 2 h, water (6.5 ml) was added dropwise 

and stirring was continued for 16 h. Then the precipitate was filtered off 

and washed with ethyl acetate. The combined organic layers were dried 

(Na2S04) and the solvent removed in vacuo to give 8 (5.8 g, 89%, colour- 

less oil). 'H Nmr (CDC13) : 6 7.34 - 7.22 (m, 5H, aromatic-H) , 3.80 (t, J = 

7.4 Hz, lH, H-6), 3.65 (d, J = 13.0 Hz, lH, benzyl-H), 3.56 (d, J = 13.0 

Hz, lH, benzyl-H), 3.08 (d, J = 9.3 Hz, lH, H-1), 2.97 (ddd, J = 9.1, 7.2 

and 5.4 Hz, lH, H-3), 2.28 (dt, J = 7.9 and 9.1 Hz, lH, H-3), 2.03 (d, J = 
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9.3 Hz, lH, H-1), 2.03 (m, 1H) , 1.90 - 1.77 (m, 2H), 1.71 - 1.46 (m, 6H). 

1 3 ~  Nmr (cDc~~): see Table I. Ir (KBr) 3420 cm-l (OH). MS: m/z 231 (M+), 

140 (M+-91). 91 (P~cH~+). Anal. Calcd for C15H21NO: C, 77.87; H, 9.17; 

N, 6.05. Found C, 77.62; H, 9.31; N, 5.98. 

N-Benzvl-2-azasvirol4.4lnonane-6-one (2) 

Method A: A solution of 8 (3.7 g, 16 mmol) in acetone (100 ml) was cooled 

to O'C and treated with concentrated H2S04 (1.6 q, 16 mmol). Jones reagent 

which was prepared from concentrated H2S04 (3.7 q, 38 mmol), Cr03 (2.5 g, 

25 mmol) and H20 (7.2 ml) was added dropwise, the reaction mixture was 

allowed to warm up to 20°c and stirring was continued for 4 h. Then 2-PrOH 

(16 ml) was added and acetone was distilled off at reduced pressure. After 

basification (pH = 10) with 6 M NaOH the precipitated slurry was filte- 

red off, washed with ethyl acetate and the aqueous filtrate was extracted 

with ethyl acetate. The combined organic layers were dried (Na2S04) and 

the solvent evaporated to give 9 (2.92 q, so%, yellow oil). 

Method B:.In an argon atmosphere a solution of triphenylmethane (7.48 g, 

30.6 mmol) in THF (100 ml) was reacted with n-BuLi (17.4 ml, 1.6 M in he- 

xane, 27.8 mmol) at OOC and stirring continued for 30 min. Then 1 (4.53 g, 

18.6 mmol) dissolved in THF (50 ml) was added and stirring was continued 

for 30 min at O'C. After addition of LiAlH4 (18.6 ml, 1 M in THF, 18.6 

mmol) at OOC the mixture was refluxed for 2 h. Then H20 (1.34 ml, 74.4 

mmol) was added and the mixture was stirred for 1 h at 20°c. The resulting 

precipitate was filtered off and washed with ethyl acetate. The combined 

organic layers were concentrated in vacuo, dilluted with ether and extrac- 

ted with 0.1 M HC1. Evaporation of the organic layer allowed recycling 

of triphenylmethane (7.41 g, 99%). The aqueous layer was basified with 

2 M NH40H and finally extracted with dichloromethane. The dichloromethane 

extracts were dried (Na2S04) and the solvent removed in vacuo to give 2 

(3.54 q, 83%, yellow oil). For analytical purpose crude 2 (440 mq) was 

purified'by flash chromatography (silica gel, hexane:Et3N = 95:5) to yield 

pure 9 (270 mg, 51%, colourless oil). 'H Nmr (CDC13): 6 7.36 - 7.21 (m, 
5H, aromatic-H), 3.65 (d, J = 12.8 Hz, Hi, benzyl-H), 3.61 (d, J = 12.8 

Hz, lH, benzyl-H), 2.82 (ddd, J = 8.9, 7.4 and 4.4 Hz, lH, H-3), 2.56 (dt, 

J = 8.9 and 7.4 Hz, lH, H-3), 2.55 (d, J = 9.8 Hz, lH, H-l), 2.52 (d, J = 
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9.8 Hz, lH, H-1), 2.32 - 2.10 (m, 2H), 2.26 (dt, J = 19.2 and 7.9 Hz, lH, 

H-7), 2.06 (ddd, J = 12.3, 7.4 and 4.4 Hz, lH, H-4), 1.98 (dt, J = 22.5 

and 6.7 Hz, lH, H-9), 1.92 - 1.76 (m, 2H), 1.66 (dt, J = 12.3 and 7.4 Hz, 

1H. H-4). 13c Nmr (CDC13): see Table 1. Ir (KBr) 1730 cm-' (ketone). Ms: 

m/z 229 (M+), 138 (M+-91), 91 (P~cH~+). Anal. Calcd for C15H19NO: C, 

78.56; H, 8.35; N, 6.11. Found C, 78.33; H, 8.31; N, 5.75. 

(g)-N-Benzvl-2-azaswiror4.41nonan-6-one tosvlhvdrazone (m) 
A solution of 9 (1.147 9, 5 mmol) and p-toluenesulfonylhydrazide (931 mg, 

5 mmol) in THF (50 ml) was refluxed in a Soxhlet extractor filled with 

molecular sieves (4 A )  for 2 h. Then the solvent was evaporated and the 
residue was crystallized from ether/MeOH to give m (1.25 g, 63%, colour- 
less crystals, mp 1 3 4 ~ ~ ) .  'H Nmr ( c D c ~ ~ )  : 6 7.86 (d, J = 7.9 HZ, 2H, 

S02Ar-H), 7.34 - 7.21 (m, 7H, aromatic-H), 3.67 (d, J = 12.8 Hz, lH, 

benzyl-H), 3.58 ( d ,  J = 12.8 Hz, lH, benzyl-H), 2.85 (dt, J = 3.9 and 8.1 

HZ, lH, H-3), 2.59 (d, J = 9.4 Hz, lH, H-1), 2.54 ( q ,  J = 8.1, lH, H-3), 

2.44 (m, lH), 2.43 (S, 3H, CH3), 2.23 - 2.12 (m, ZH), 1.98 (ddd, J = 12.3, 

7.9 and 3.9 Hz, lH, H-4), 1.85 - 1.62 (m, 6H). 13c Nmr (CDC13) : 143.69 
(C-I"), 135.42 (C-4"), 129.27 (C-3", C-5" ) ,  128.04 (C-Z", C-6"), 21.50 

(CH3), for further signals see Table 1. Anal. Calcd for C22H27N302S: 

C, 66.47; H, 6.85; N, 10.57. Found C, 66.24; H, 6.60; N, 10.71. 

Reaction of 10a w i t h  HCN: 

KCN (469 mg, 7.2 mmol) was added to a solution of 10a (954 mg, 2.4 mmol) 

in dichloromethane (20 ml) and the mixture was refluxed for 16 h. The pre- 

cipitated crystals were removed by filtration and the filtrate was washed 

with 2 M NHqOH. The organic layer was dried (Na2S04) and the solvent dis- 

tilled off in vacuo. Separation by flash chromatography (silica gel, hexa- 

ne:EtOAc:Et3N = 7:2:1) gave a mixture of J& and (109 mg, 192, colour- 

less oil, R ~ =  0.46) and (185 mg, 19%, colourless crystals, mp 13a0c, 

Rf= 0.24). Further elution (hexane:EtOAc:EtgN = 5:4:1) yielded 10b (171 

mq, 18%, colourless oil, RE= 0.34). 
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(Z) N-Benzvl-2-azas~irol4.4lnonan-6-one tosvlhvdrazone (m) 
'H Nmr (CDC13) : 6 7.66 (d, J = 8.0 Hz, 2H. S02Ar-H), 7.55 - 7.10 (m, 7H. 
aromatic-H), 3.62 (s, 2H, benzyl-H), 3.20 (m, IH, H-3), 3.01 (d, J = 9.6 

HZ, IH, H-I), 2.35 (s, 3H, C H ~ ) ,  2.50 - 1.2 (m, 11~). 13c Nmr ( c D c ~ ~ )  : 

142.69 (C-1"), 136.75 (C-4"), 129.41 (C-3", C-5"), 127.14 (C-2", C-6"), 

21.38 (CH3), for further signals see Table I. Anal. Calcd for c ~ ~ H ~ ~ N ~ o ~ s :  

C, 66.47; H, 6.85; N, 10.57. Found C, 66.28; H, 6.77; N, 10.67. 

conversion of ketone (2) to nitriles (a) and (Dl: 

In an argon atmosphere a solution of tosylmethyl isocyanide (4.6 g, 23.6 

mmol) in dry DMSO (40 ml) was cooled to O'C, reacted with tert-BuOK (8.3 

g, 74 mmol) and stirred at 20°c for 10 min. Then dry methanol (3 ml) and a 

solution of g (2.29 g, 10 mmol) in dry DMSO (5 ml) were added and the re- 

sulting mixture was heated to 45Oc for 4 d. After addititon of a saturated 

solution of NaHC03 (50 ml) the mixture was extracted with ether. The com- 

bined organic layers were washed with a saturated solution of NaHCO3, 

dried (Na2SO4) and the solvent was removed in vacuo to yield a 1:l mixture 

of ila and lJ& (2.06 g, 86%, yellow oil). For analytical purpose the mix- 

ture of diastereomers (200 mg) was separated by flash chromatography (si- 

lica gel, hexane:Et3N = 95:5) to yield pure L& (90 mg, 392, colourless 

oil, Rf= 0.32) and ila (79 mg, 342, colourless oil, Rf= 0.29) . Reaction of 
ila and ilb with HC1 (1 M in ether) and recrystallization from 2-PrOH gave 

lla.HC1 and llb.HC1. -- 

* (a ,=*) -N-Benzvl-2-azas~irol4.4 lnonane-6-carbonitrile (u) 
'H Nmr ( c D c ~ ~ )  : s 7.37 - 7.20 (m, 5H, aromatic-H), 3.68 (d, J = 12.9 HZ, 

lH, benzyl-H), 3.60 (d, J = 12.9 Hz, lH, benzyl-H), 2.77 (d, J = 9.5 Hz, 

lH, H-1), 2.70 - 2.61 (m, 3H, H-3, H-6), 2.50 (d, J = 9.5 Hz, lH, H-1), 

2.06 (ddd, J = 8.8, 7.8 and 5.1 Hz, lH, H-4), 1.95 - 1.85 (m, 2H), 1.82 - 
1.72 (m, 3H), 1.69 - 1.56 (m, 2H). 13c Nmr (cDc~,) : 6 121.41 (c~N), for 
further signals see Table 1. Anal. Calcd for C16H20N2: C, 79.96; H, 8.39; 

N, 11.66. Found C, 79.81; H, 8.61; N, 11.38. lla.HC1: (colourless cry- 

stals, mp 182'~). Ir (KBr) 2240 cm-' (C-N) . 
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* * (B ,,65 )-N-Benzvl-2-azasviro14.4lnonane-6-carbonitrile (U) 

'H Nmr (CDC13): 6 7.37 - 7.16 (m, 5H, aromatic-H), 3.61 (s, 2H, benzyl-H), 
2.75 (dt, J = 6.2 and 8.8 Hz, lH, H-3), 2.69 (dd, J = 8.1 and 6.6 Hz, lH, 

H-61, 2.65 (dt, J = 5.6 and 8.8 Hz, lH, H-3), 2.46 (d, J = 9.3 Hz, lH, 

H-l), 2.40 (d, J = 9.3 Hz, lH, H-1), 2.15 (ddd, J = 12.7, 8.8 and 5.6 Hz, 

lH, H-4), 2.08 - 1.93 (m, 2H), 1.86 - 1.73 (m, 3H), 1.73 - 1.60 (m, 2H). 
13c Nmr (CDC13): 6 121.65 (C=N), for further signals see Table 1. Anal. 

Calcd for C16H20N2: C, 79.96; H, 8.39; N, 11.66. Found C, 79.66; H, 8.45; 

N, 11.43. llb.HC1: (colourless crystals, mp 186-187~~). Ir (KBr) 2240 cm-' 

(CEN) . 
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