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Abstract - A two s tep  procedure f o r  t ransforming c y c l o a i k a n o n e s  v i a  

i n te rmed ia te  exocyc l i c  n i t r o n e s  t o  I -azasp i rocyc les  i s  descr ibed. 

The I - a z a s p i r o c y c l i c  r i n g  system i s  common t o  a  v a r i e t y  o f  n a t u r a l  p r o d u c t s  i n c l u d i n g  t h e  

h i s t r i o n i c o t o x i n  a l k a l o i d s 1 ,  e r y t h r i n a  a l k a l o i d s 2 ,  c e p h a l o t a x u s  a l k a l o i d s 3  a n d  

4 5 s p i r o b e n z y l i s o q u i n o l i n e s  and i s  r e s p o n s i b l e  f o r  i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t y  . 
Consequen t l y ,  c o n s i d e r a b l e  a t t e n t i o n  has been d i r e c t e d  t o w a r d  t h e  d e v e l o p m e n t  o f  new 

methodology f o r  t h e  i n t r o d u c t i o n  o f  t h i s  r i n g  system. Three d i s t i n c t  s t r a t e g i e s  have been 

employed: 1) Beckmann rearrangement o f  a  spiro-1-alkanone t o  a  s p i r o c y c l i c  l ac tam6 ;  2 )  R i n g  

c l o s u r e  of t h e  ca rbocyc l i c  r i n g  o n t o  a  p r e - e x i s t i n g  azacyc le7;  o r  3 )  R i n g  c l o s u r e  of t h e  

8  azacyc l i c  r i n g  onto  a  preformed c a r b o c y c l e  . We now d e s c r i b e  a  new v a r i a n t  of t h e  l a t t e r  

s t r a t e g y  which features r a p i d  cons t ruc t i on  of I -azasp i rocyc les  from cycloalkanones med ia ted  by 

9  n i t r o n e - o l e f i n  c y c l o a d d i t i o n  reac t i ons  . 
The general  approach i s  i l l u s t r a t e d  i n  Scheme I. I t  was hoped t h a t  t h e  e x o c y c l i c  n i t r o n e  1 

would undergo i n te rmo lecu la r  c y c l o a d d i t i o n  r e a c t i o n s  wi th v a r i o u s  f u n c t i o n a l i z e d  o l e f i n s .  I n  

c o n t r a s t  t o  t h e  w e l l  documented c y c l o a d d i t i o n  reac t i ons  of endocyc l ic  o r  a c y c l i c  n i t r o n e s ,  t h e  

s i m i l a r  c y c l i z a t i o n s  employing exocyc l i c  n i t r o n e s  have n o t  been i n v e s t i g a t e d 1 °  d e s p i t e  t h e  

i n i t i a l  p repa ra t i on  o f  exocyc l i c  n i t r o n e s  by E x n e r  over 30 y e a r s  ago.'' If s u c c e s s f u l ,  t h e  

r e s u l t i n g  cycloadducts 3 cou ld  then be e a s i l y  elaborated t o  t h e  1-azasp i rocyc les  4 by N-0 bond 

cleavage and concomitant i n t ramo lecu la r  a c y l a t i o n  o r  a l k y l a t i o n  of t h e  l i b e r a t e d  amine w i t h  t h e  

corresponding f u n c t i o n a l i t y  which o r i g i n a t e d  i n  t h e  d ipo laroph i le .  

+Fellow of t h e  A l f r e d  P. Sloan Foundation, 1985-1987 



SCHEME I 

The var ious  I - azasp i r ocyc l es  t h a t  have been s y n t h e s i z e d  u s i n g  t h i s  m e t h o d o l o g y  a r e  shown i n  

Table I. T y p i c a l l y  t h e  n i t r o n e s  1 were  p r e f o r m e d  f rom t h e  c o r r e s p o n d i n g  c y c l o a l k a n o n e  ( 1  

equ iv )  and N-benzylhydroxylamine ( 1  equ i v )  by r e f l u x i n g  i n  d r y  e thano l  (4h) .  The e t h a n o l  was 

remaved i n  vacua, r ep l aced  w i t h  t o l u e n e ,  and t h e  r e q u i s i t e  d i p o l a r o p h i l e  was added (1-1.5 

equiv) .  The m i x t u r e  was heated f o r  t h e  i n d i c a t e d  t i m e  p e r i o d  (Tab le  I )  and t h e  p r o d u c t s  w e r e  

p u r i f i e d  by f l a s h  chromatography on s i l i c a  g e l  ( e t h y l  a c e t a t e f h e x a n e s  1 : s ) .  R e g i o i s o m e r i c  

4 - subs t i t u t ed  i s o x a z o l i d i n e s  were ob ta i ned  when methy l  a c r y l a t e  was used as t h e  d i p o l a r o p h i l e  

( en t r y  a. 10%; e n t r y  c, 12%). Hydrogeno lys is  was accompl ished u s i n g  20% P ~ ( o H ) ~ ~ ~  (0.2 e q u i v )  

i n  95% EtOH under 1 atmosphere of hydrogen. The y i e l d s  i n d i c a t e d  a re  a f t e r  r e c r y s t a l l i z a t i o n .  
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The 1-azasp i rocyc les  4 possess f u n c t i o n a l i t y  usefu l  for  f u r t h e r  s y n t h e t i c  m a n i p u l a t i o n .  F o r  

example, dehydra t ion  of 4b (1.Ac20, py r i d i ne ;  2. 140'C) gave t h e  unsatura ted lac tam 5 which was 

hydrogenated t o  a f f o r d  t h e  known l a c t a m  6 (mp 117-118' c ) 1 3  w h i c h  s e r v e s  t o  c o n f i r m  t h e  

s t r u c t u r a l  i n t e g r i t y  of these compounds (Scheme 11). 

SCHEME II. 

T h i s  work demons t ra tes  t h a t  e x o c y c l i c  n i t r o n e s  smoothly p a r t i c i p a t e  i n  i n t e r m o l e c u l a r  

c y c l o a d d i t i o n  r e a c t i o n s  and a l s o  s e r v e  as v i a b l e  i n t e r m e d i a t e s  f o r  t h e  p r e p a r a t i o n  o f  

f u n c t i o n a l i z e d  1-azaspirocycles.  The a p p l i c a t i o n  of t h i s  methodology i n  t h e  t o t a l  synthes is  of 

t h e  h i s t r i o n i c o t o x i n  a l k a l o i d s  i s  underway. 

EXPERIMENTAL 

'H nmr spect ra  were recorded on a  V a r i a n  EM-390 (90 MHz), a  V a r i a n  XL-200 (200 MHz), o r  a  

N i c o l e t  1180 WB (360 MHz) spectrometer. Data a re  reported as f o l l o w s :  chemical s h i f t  i n  p a r t s  

per  m i l l i o n  downf ie ld  o f  i n t e r n a l  t e t r a m e t h y l s i l a n e  (Me4Si), o r  r e l a t i v e  t o  c h l o r o f o r m  (7 .26 

ppm), (number o f  p r o t o n s ,  m u l t i p l i c i t y ,  c o u p l i n g  cons tan t [ s ] ) .  The. 13c nmr s p e c t r a  were 

r e c o r d e d  on a  N i c o l e t  1180 WB (90.5 MHz) s p e c t r o m e t e r  o r  a  V a r i a n  XL200 ( 5 0 . 4  MHz) 

s p e c t r o m e t e r .  Chemical  s h i f t s  a r e  r e p o r t e d  i n  p a r t s  p e r  m i l l i o n  d o w n f i e l d  f r o m  M e 4 S i  

re ferenced t o  t h e  c e n t r a l  peak of t h e  d e u t e r o c h l o r o f o r m  t r i p l e t  (77.0 ppm d o w n f i e l d  f rom 

Me4Si). I n f r a r e d  absorp t ion  spect ra  were obtained on a  Perk in-E lmer  Model 283 o r  model 1430 

r a t i o  reco rd ing  spectrometer and a re  referenced t o  polystyrene (1601 cm-l) .  Elemental analyses 

were performed by G a l b r a i t h  Labora tor ies ,  Inc., Knoxv i l le ,  Tennessee. 

General P r o c e d u r e  f o r  C y c l o a d d i t i o n .  To a  d r y  f l a s k  equ ipped  w i t h  a  s t i r r i n g  b a r  and a  

condenser was placed t h e  d e s i r e d  c y c l o a l k a n o n e  and dry  e t h a n o l  was added (-1M s o l u t i o n ) .  

N-Benzylhydroxylamine ( 1  e q u i v a l e n t )  was added and the s o l u t i o n  was r e f l u x e d  f o r  2-4 h  t o  

1 a f f o r d  t h e  corresponding n i t r one .  ( H nmr revea led a  s i n g l e t  a t  approximately 5  ppm i n d i c a t i v e  

o f  t h e  n i t r o n e  b e n z y l  p r o t o n  resonance. )  The e thano l  was e v a p o r a t e d  i n  v a c u o  and  t h e  

app rop r i a te  s o l v e n t  f o r  t h e  subsequent  c y c l o a d d i t i o n  r e a c t i o n  was added ( T a b l e  1) .  A f t e r  

a d d i t i o n  o f  t h e  d i p o l a r o p h i l e  (1-1.5 equ i va len t )  and heat ing t o  t h e  r e q u i r e d  t e m p e r a t u r e  f o r  



t h e  t i m e  i n d i c a t e d ,  t h e  s o l v e n t  was removed i n  v a c u o  a n d  t h e  p r o d u c t  p u r i f i e d  v i a  f l a s h  

chromatography (1:5 e t h y l  a c e t a t e l h e x a n e s ) .  

Cycloadduct  3a: The c y c l o a d d i t i o n  was e f f e c t e d  by f i r s t  c o o l i n g  t h e  f l a s k  c o n t a i n i n g  t h e  n e a t  

n i t r o n e  f o l l o w e d  by a d d i t i o n  of  enough  m e t h y l  a c r y l a t e  t o  make a 0 . 1  m o l a r  s o l u t i o n .  7 7 %  

y ie ld .  I r  ( f i l m )  3030, 2930, 2865, 1735,  1455,  1365,  1 2 0 5 ,  7 8 5 ,  6 9 5  cm- l ;  'H nmr ( 2 0 0  MHz, 

C0Cl3) 6 7.53-7.28 (5H. m), 4.54 ( IH,  dd,  5 4 ,  10 Hz),  3.94 ( IH,  d ,  J = 1 4  Hz), 3.82 (IH,  d,  J=14  

Hz), 3.70 (3H, s ) ,  2.51 ( IH,  dd,  J.10, 1 3  Hz) ,  2.36 ( IH,  dd ,  J = 8 ,  1 3  Hz) ,  1 . 8 2 - 1 . 2 0  (IOH, m) ;  

Mass spec t rum mlz ( r e l a t i v e  i n t e n s i t y )  2 8 9 ( 5 )  [M*], 2 4 6 ( 9 ) ,  23O(6),  l 8 7 ( 7 ) ,  1 1 7  ( I S ) ,  l O 3 ( l l ) ,  

9 8 ( 8 ) ,  9 1 ( 1 0 0 ) ,  7 7 ( 1 3 ) ,  6 9 ( 5 ) ,  6 5 ( 1 1 ) ,  5 5 ( 1 6 ) .  E x a c t  mass c a l c .  f o r  C l 7 H Z 3 N O 3 :  289 .1678 .  

Found: 289.1681. Anal. c a l c .  f o r  Cl7HZ3O3N: C, 70.56; H ,  8 .01.  Found:  C ,  7 0 . 2 9 ;  H ,  8 . 2 0 .  

The r e g i o i s o m e r i c  cyc loadduc t  was a l s o  i s o l a t e d  (10%) .  'H nmr (200 MHz, CDC13) 6 7.5-7.2 (5H, 

m), 4.33 ( lH,  t ,  6 Hz), 4.16 (IH,  t ,  6 Hz), 4.10 (IH,  d ,  5516 Hz), 3.96 ( l H ,  d ,  J = 1 6  H z ) ,  3 . 7 4  

(3H, s ) ,  3.19 ( l H ,  t, 5.6 Hz), 1.9-1.2 (IOH, m). 

Cycloadduct  3b: 55% y i e l d .  I r  ( f i l m )  3025,  2940, 2860, 1740,  1495,  1457,  1449, 1203,  732, 695 

C m - l ;  'H nmr (9OMHZ. COC13) 6 7.60-7.10 (5H, m), 4.47 ( l ~ , ' d d d d ,  J = 1 5 ,  9 ,  6 ,  4  HZ),  3 . 8 3  (ZH, 

S ) ,  3.64 (3H, s ) ,  2.82 ( l H ,  dd,  J.15, 6 Hz),  2.65 (IH,  dd, J = 9  and 6 Hz),  2 .39 ( lH,  d d ,  J = 6 ,  4 

Hz), 1.87 (IH, dd,  J=15 ,  6 Hz), 1.8-1.2 (IOH, m); Mass spec t rum mlz ( r e l a t i v e  i n t e n s i t y )  3 0 3 ( 7 )  

[Mtl, 2 6 0 ( 1 5 ) ,  2 3 0 ( 9 ) ,  1 8 6 ( 6 ) ,  1 0 3 ( 8 ) ,  9 1 ( 1 0 0 ) ,  7 7 ( 1 ) ,  7O(8).  6 5 ( 1 0 ) ,  5 5 ( 8 ) .  Exac t  mass c a l c .  

f o r  c ~ ~ H ~ ~ N o ~ :  303.1834. Found: 303.i825. 

Cycloadduct  3c: 75% y i e l d .  I r  ( f i l m )  3020,  2940, 2860, 1750,  1490,  1450, 1200,  1025,  725, 690 

Cm-'; 'H nmr (ZOOMHz, CDC13) 6 7.50-7.20 (5H, m), 4 . 4 9  ( I H ,  d d ,  J - 8  a n d  8 H z ) ,  3 . 9 7  ( I H ,  d ,  

J=13 Hz), 3.83 ( l H ,  d ,  J = 1 3  Hz),  3.73 (3H, s ) ,  2.51 (ZH, m), 1.95-1.50 (8H;m); Mass s p e c t r u m  

mtz ( r e l a t i v e  i n t e n s i t y )  2 7 5 ( 4 )  [n'], 2 4 6 ( 4 ) ,  216(10) ,  1 7 3 ( 8 ) ,  9 1 ( 1 0 0 ) ,  7 7 ( 6 ) ,  6 5 ( 1 1 ) ,  5 5 ( 1 1 ) .  

Exact mass c a l c .  f o r  C16H21N03: 275.1521. Found: 275.1523. The r e g i o i s o m e r i c  c y c l o a d d u c t  was 

a l s o  i s o l a t e d  (12%). 'H nmr (90  M H ~ ,  C D C I ~ )  6 7.5-7.2 (5H, m), 4.28 ( IH,  t ,  ~ = 7  H Z ) ,  4.19 (IH,  

t ,  J=7 Hz),  3.96 (IH, d,  J=12  Hz), 3.65 ( IH,  d ,  J = 1 2  Hz),  3.70 (3H, s ) ,  3 .40  ( l H ,  t ,  J = 7  H z ) ,  

2.1-1.4 (8H, m). 

Cycloadduct  3d: 54% y i e l d .  I r  ( f i l m )  2930, 2845, 1533,  1435,  1355,  1260, 1200,  1155, 735, 690 

cm-'; 'H nmr (90MHz. C D C I ~ )  6 7.40-7.10 (5H, m), 4.85 ( I H ,  b r  q, 5.7 H Z ) ,  4 . 1 8  ( I H ,  d ,  5 -14  

Hz),  3.80 (IH, d,  J=14 Hz), 3.72 (3H, s ) ,  3.57 (3H. s ) ,  2.85 ( IH,  d ,  J = 8  Hz),  2.77 ( l H ,  d d ,  1 5  

and 6 Hz), 2.45 ( l H ,  d d ,  J.15 a n d  9 H z ) ,  2 .00-1.20 (IOH, m); Mass s p e c t r u m  mlz  ( r e l a t i v e  

i n t e n s i t y )  361(13)  [M+], 3 1 8 ( 9 ) ,  1 7 3 ( 1 0 ) ,  1 6 0 ( 2 4 ) ,  1 4 3 ( 5 9 ) ,  1 3 5 ( 4 1 ) ,  1 3 1 ( 6 0 ) ,  1 2 7 ( 9 3 ) ,  9 1 ( 1 0 0 ) ,  

891691, 7 1 ( 1 0 0 ) ,  5 9 ( 5 6 ) .  43(52) .  Exac t  mass c a l c .  f o r  C2,,HZ7N05: 361.1889. Found: 361.1909. 

General P r o c e d u r e  fo r  H y d r o g e n o l y s i s .  T o  a 0 . 1  m o l a r  s o l u t i o n  o f  t h e  c y c l o a d d u c t  i n  95% 
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e t h a n o l  was added 0.2-0.3 e q u i v a l e n t s  of  20% p a l l a d i u m  h y d r o x i d e  on  c a r b o n  ( P e a r l m a n ' s  

catalyst) ' ' .  The s o l u t i o n  was t hen  sub jec ted  t o  1 atmosphere of hydrogen u n t i l  t h e  c a l c u l a t e d  

volume o f  hydrogen had been consumed. F i l t r a t i o n  f o l l o w e d  by e v a p o r a t i o n  o f  t h e  s o l v e n t  

y i e l d e d  t h e  d e s i r e d  p roduc t  which was r e c r y s t a l l i z e d  from chloroform. 

1 -Azasp i ro lac tam 4a: 82% y i e l d .  mp 208-209'C. I r  (KBr p e l l e t )  3320(br) ,  3200(br ) ,  2930, 2850, 

1680, 1445, 1310, 1280, 1255, 1130, 855, 805, 610 cm-l; 'H nrnr (200 MHz, 5% D20 i n  acetone, d6) 

6 7.36 ( IH ,  b r  s ) ,  4.30 ( l H ,  t, J=8 Hz) ,  3.56 ( l H ,  b r  s ) ,  2.37 ( l H ,  dd, J=8 and 12 Hz ) ,  

1.70-1.20 ( l l H ,  m); Mass spectrum mlz ( r e l a t i v e  i n t e n s i t y )  1 6 9 ( 3 1 )  [ M t ] ,  1 4 0 ( 9 ) ,  126 (100 ) ,  

113(28) ,  98(46),  91(16),  8 1 ( 1 4 ) ,  70 (10 ) ,  67 (24 ) ,  55(15) .  E x a c t  mass c a l c .  f o r  C9H15N02: 

169.1103. Found: 169.1102. Anal .  ca lc .  f o r  C9H15N02: C, 61.91; H, 8.44. Found: C, 62.09; 

H, 8.62. 

I -Azasp i r o l ac tam 4b: 81% y i e l d .  mp 202-204'C. I r  (KBr p e l l e t )  3340, 3170, 3030. 2916,  2852.  

1665, 1450, 1365, 1275, 1055, 855 cm-l; 'H nmr (90  MHz, COLT3) 6 6.25 ( lH ,  b r  s ) ,  4.10 ( l H ,  b r  

s ) ,  2.60-1.00 (15H, m); Mass spectrum mle ( r e l a t i v e  i n t e n s i t y )  1 8 3 ( 1 4 )  [ M I ] ,  1 6 6 ( 3 ) ,  1 5 4 ( 4 ) ,  

140(100), 127(40), 122(29),  112(6),  9 8 ( 8 ) ,  9 4 ( 9 ) ,  8 1 ( 6 ) ,  7 0 ( 4 2 ) ,  6 7 ( 4 ) ,  5 7 ( 8 ) .  E x a c t  mass 

c a l c .  f o r  C10H17N02: 183.1259. Found: 183.1262. 

I -Azasp i r o l ac tam 4c: 56% y i e l d .  mp 182-183'C. Ir (KBr p e l l e t )  3155 ( b r ) ,  2950, 2870, 1670,  

1435, 1305, 1095, 815, 725, 653 cm-l; 'H nmr (200 MHz, 5% D20 i n  a c e t o n e ,  d 6 )  6 4.32 ( l H ,  t, 

J-9 Hz), 2.35 ( lH ,  dd, J=9 and 13 Hz), 1.80 ( lH ,  dd, J=9 and 13 Hz), 1.80-1.40 (IOH, m); Mass 

spectrum mle  ( r e l a t i v e  i n t e n s i t y )  1 5 5 ( 3 8 )  [ M + ] ,  126(100) ,  1 1 3 ( 5 6 ) ,  9 8 ( 4 8 ) ,  9 4 ( 9 ) ,  8 5 ( 1 6 ) ,  

8 3 ( 1 9 ) ,  79 (26 ) ,  7 7 ( 9 ) ,  70 (25 ) ,  67(46) ,  5 7 ( 1 7 ) ,  54124). E x a c t  mass c a l c .  f o r  C8H13N02: 

155.0946. Found: 155.0944. 

1 -Azasp i ro lac tam 4d: 51% y i e l d .  mp 179-181'C. Ir (K8r  p e l l e t )  3 3 0 0 ( b r ) ,  3180,  3020,  2922,  

2858, 1730, 1630, 1455, 1400.~1312, 1212, 1192, 1163, 987, 725 cm-l; 'H nmr (90  MHz, CD30D) 6 

5.20 ( lH ,  b r  s ) ,  4.35 ( IH ,  m), 3.63 (3H, s ) ,  3 .22  ( IH ,  m), 2.60 (ZH, d, J=9  Hz) ,  1.80-1.30 

(11H. m); Mass spectrum mlz ( r e l a t i v e  i n t e n s i t y )  242(22) [ M t l ] ,  241(55) [H+], 198(53),  185(31),  

164(40), 128(100),  96(98) ,  83(11) ,  71(17). Exac t  mass ca lc .  f o r  C12H19N04: 241.1314. Found: 

241.1303. 

Unsatura ted  1-Azasp i ro lac tam 5: Azasp i ro lac tam 4b (0.14 mmol, 25 mg) was d i s s o l v e d  i n  1 m l  o f  

p r i d i n e  f o l l o w e d  by a d d i t i o n  o f  a c a t a l y t i c  amount of N ,N -d ime thy l - 4 -am inopy r i d i ne .  To t h i s  

s o l u t i o n  was added 1 ml o f  f r e s h l y  d i s t i l l e d  a c e t i c  anhydr ide and t h e  r e a c t i o n  was s t i r r e d  a t  

room tempera ture  f o r  6 h. Upon r e a c t i o n  comple t ion ,  the s o l u t i o n  was p o u r e d  o n t o  e t h e r l w a t e r  

and t h e  l a y e r s  were separated.  The e t h e r  e x t r a c t s  were washed t w i c e  more w i t h  water ,  sa tu ra ted  

b icarbonate ,  t h e n  water  aga in  f o l l o w e d  by d r y i n g  ove r  sod ium s u l f a t e .  E v a p o r a t i o n  o f  t h e  



so lven t  i n  vacuo y i e l d e d  23 mg (72%) of p r o d u c t  w h i c h  was t a k e n  on  i m m e d i a t e l y  t o  t h e  n e x t  

step. 

The crude ace ta te  was d i s s o l v e d  i n  xy lenes and a c a t a l y t i c  amount o f  a c e t i c  a c i d  was added. 

Th is  s o l u t i o n  was r e f l u x e d  f o r  8 h a t  which t i m e  t h e  s o l v e n t  was removed. A f t e r  p u r i f i c a t i o n  

by f l ash  chromatography o n  s i l i c a  g e l  ( 1 . 4 : l  e t h y l  a c e t a t e l h e x a n e s ) ,  a c o l o r l e s s  o i l  was 

obtained (10 mg, 60%). 'H nmr (90 CDC13) 6 6.41 ( IH,  d t ,  J=9 and 4 Hz), 6.00 ( IH ,  b r  s ) ,  5.82 

(IH, dd, J=9 and 2 Hz), 2.40-2.20 (2H, m),  1.75-1.10 ( lOH,  m); Mass s p e c t r u m  m l z  ( r e l a t i v e  

i n t e n s i t y )  165(51) [N+], 122(100),  109(80),  94(13) ,  81(16) ,  6 8 ( 1 2 ) ,  5 4 ( 8 ) .  E x a c t  mass c a l c .  

f o r  CIOHl5NO: 165.1154. Found: 165.1147. 

1-Azaspiro lactam 6 :  The unsa tu ra ted  lac tam 5 (0.06 mmol, 10 mg) was d i s s o l v e d  i n  1 mL o f  95% 

ethanol  f o l l owed  b y  a d d i t i o n  o f  a c a t a l y t i c  amount of  p a l l a d i u m  on c a r b o n .  The r e a c t i o n  

m i x tu re  was sub jec ted  t o  1 atmosphere of hydrogen u n t i l  1 e q u i v a l e n t  had been consumed. The 

s o l u t i o n  was then f i l t e r e d  and t h e  so l ven t  removed i n  vacuo t o  y i e l d  t h e  des i r ed  produc t .  T h i s  

ma te r i a l  was f i l t e r e d  th rough a p l u g  of s i l i c a  g e l  ( 1 . 4 : l  e t h y l . a c e t a t e l h e x a n e s )  t o  y i e l d  a 

whiye s o l i d  (10 mg, 100%) whose m e l t i n g  p o i n t  (117-118'C) corresponded t o  t h a t  r e p o r t e d  i n  t h e  

l i t e r a t u r e  ( 1 1 6 . 5 - 1 1 8 . ~ ) . ~ ~  'H nmr ( 9 0  MHz, CDC13) 6 6.75 ( l H ,  b r  s ) ,  2.45-2.20 (2H, m),  

1.90-1.30 (14H. m); Mass spectrum mlz ( r e l a t i v e  i n t e n s i t y )  167 (25 )  [M+ ] ,  1 3 8 ( 4 ) ,  1 2 4 ( 1 0 0 ) .  

111(38), 96(40) ,  82(18),  55(15) .  Exac t  mass ca lc .  f o r  C10H17NO: 167.1310. Found: 167.1304. 
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