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--The the rma l  r e a c t i o n  o f  2-alkenyl-3-azido-2-cyclohexen- 

l -ones 1  i n  t o l u e n e  gave a z i r i n a I l . 2 - c l i n d o l e  d e r i v a t i v e s  3 a s  

ma jo r  p roduc ts  t o g e t h e r  w i t h  i n d o l e s  2. 

C y c l o a d d i t i o n  r e a c t i o n s  of o r g a n i c  az ides  o r  n i t r e n e s  t o  unsa tu ra ted  double bond have been 

i n v e s t i g a t e d  as a s y n t h e t i c  means o f  n i t r o g e n  h e t e r o c y c ~ e s . ~  I n  p a r t i c u l a r ,  r e c e n t  advancer i n  

az ide-d iene c y c l o a d d i t i o n  o f w - a z i d o d i e n e  p rov ided  an i m p o r t a n t  and v e r s a t ~ l e  methodology f o r  

p y r r o l i r i d i n e  a l k a l o i d  synthesis. '  Some i n v e s t i g a t i o n s  on t h e  r e a c t i o n  pathway revea led  t h a t  

d i p o l a r  c y c l o a d d i t i o n  o f  az ide  t o  o l e f i n  preceded t o  y i e l d  t r i a z a l i n e  d e r i v a t i v e ,  wh ich  l o s t  

n i t r o g e n  w i t h  f o r m a t i o n  of a z i r i d i n e  a n d l o r  i r n i n c 3  However, t h e r e  were f e w  r e p o r t s  on t h e  

s y n t h e t i c  u t i l i t i e s  of v i n y l  a z i d e - o l e f i n  or  - d i m e  c y c l ~ a d d i t i o n s . ~  because t h e  c y c l o a d d i t i o n  

competed w i t h  t h e  convers ion  t o  v i n y l  m t r e n e  accompanied w i t h  a z i r i n e  f o r m a t i o n  o r  Cur t i us - t ype  

r e a r r a n g e m e n t 5  F o r  example, t h e  the rma l  r e a c t i o n  o f  a - a z i d o s t y r e n e  i n  a c r y l o n i t r i l e  gave 

a z i r i n e ,  l - v i n y l a z i r i d i n e ,  a n d l o r  l - p y r r o l i n e  d e n ~ a t i v e s . ~ ~  An i n t r a m o l e c u l a r  v a r i a n t  o f  t h ~ s  

r e a c t i o n  was  a l s o  done: t h e  t h e r m a l  r e a c t i o n  o f  2-allyl-3-arido-2-cyclohexen-l-one ( la )  ~n MeOH 

gave 2-allyl-2-amino-3.3-dimethoxycyclohexanone, stemmed f r o m  a z i r i n e  i n t e r m e d i a t e ,  and 2-methyl- 

4-ono-4.5.6.7- te t rahydro indole ( ~ a ) . ~ ~  

To e l u c i d a t e  t h e  s y n t h e t i c  u t i l i t y  of i n t r a m o l e c u l a r  v i n y l  a z i d e - o l e f i n  c y c l a a d d i t i a n ,  we  

r e i n v e s t i g a t e d  t h e  the rma l  r e a c t i o n  of 2-alkenyl-3-arido-2-cyc1ohexen-l-ones 1  i n  to luene,  and 

found t h a t  t h e  a z i r i d i n e  f o r m a t i o n  was a main pathway and t h e  r e a c t i o n  was s e n s i t i v e  t o  t h e  

s t e r e o - e l e c t r o n i c  f a c t o r  o f  a l k e n y l  m o i e t y  of 1. 

The r e a c t i o n  of l a  i n  t o l u e n e  under r e f l u x  gave Za and la ,2 .3 .4 .5 .6 -hexahydro -3 -0x0- lb i r i no -  

11.2-?]indole (3.3) i n  20 and 21% y i e l d s ,  r e s p e c t i v e l y .  For a b e t t e r  unders tand ing  a f  t h e  

r e a c t i o n  p r o f i l e s ,  s i m i l a r  t h e r r n o l y s i s  o f  2-(=-cinnamy1)- ( l b ) .  2-(=-2-buteny1)- (lc), and 

2-(3-methyl-2-buteny1)-3-azido-2-cyclohexen-l-one ( I d )  was examined. I n  these  cases, IE 



azi r ino[ l .2- ! ] indoles ( 3 b d )  we re  o b t a i n e d  as m a j o r  p r o d u c t s  t o g e t h e r  w i t h  t h e  co r respond ing  

i n d a l e s  (Zb-d), b u t  none of  t h e  p r o d u c t s  f r o m  a z i r i n e  i n t e r m e d i a t e  were isolated (Tab le  1). 

T a b l e  1. Thermo lys i s  of 2-Alkenyl-3-azido-2-cyclohexen-lones 1  i n  Toluene 

Reac t ion  Y i e l d  (%)a)  

RI R? Time (rnin) 2  3  

a H H  15 20 21 

d Me Me 30 9 8 0  

a) I s o l a t e d  yield. b) S i n g l e  isomer. c )  M i x t u r e  o f  c/& (411) isomers. 

The s t r u c t u r a l  e l u c i d a t i o n  o f  t h e  l ~ - a z 1 n n o [ l , 2 - ~ l i n d o l e s  (3) w a s  accompl ished on t h e  basis of 

t h e ~ r  a n a l ~ t ~ c a l  and s p e c t r a l  data, e.g., t h e  nmr spec t rum o f  3a showed S I X  sp3-carbon 

s i g n a l s  excep t  f o r  o l e f ~ n  and c a r b o n y l  carbon s ~ g n a l s .  

The a z i r i n o ~ n d o l e s  (3) were n o t  no s tab le :  on s t a n d i n g  a t  room t e m p e r a t u r e  f o r  a l o n g  p e n o d  or 

h e a t i n g  i n  some s o l v e n t s  gave o n l y  p o l y m e r i c  products .  T h i s  means t h a t  t h e  l n d a l e s  (2) were n o t  

secondary p r o d u c t s  f rom a r i r i n o i n d o l e s  (3). The t h e r m o l y s i s  o f  l b  i n  THF under r e f l u n  f o r  1  day 

gave 2 b  (16%). 3 b  (18%). and t h e  recovered  l b .  b u t  t r i a r a l i n e  d e r i v a t i v e  w a s  n o t  formed. Some 

a t t e m p t s  t o  d e t e c t  t r i a r o l i n e  i n t e r m e d ~ a t e s  i n  'H nmr s p e c t r a  o f  r e a c t i o n  m i x t u r e s  have f a i l e d .  

and o n l y  s t a r t i n g  az ides  and p r o d u c t s  were seen. I n  o r d e r  t o  o b t a i n  any ev idence  f o r  r e a c t i o n  

rnechamsm, t h e  p h o t o l y s i s  o f  l a  was  examined. The i r r a d i a t i o n  ( h i g h  p r e s s u r e  mercury  lamp) 

o f  t h e  s o l u t ~ o n  o f  l a  i n  benzene gave 2a ( t race) ,  3.3 (50 %), and t h e  un reac ted  l a .  

These r e s u l t s  i n d ~ c a t e  t h a t  a n i t r e n e  i n t e r r n e d ~ a t e  m i g h t  be r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  t hese  

 product^.^ A s i m i l a r  r e a c t i o n  pathway had been demonstrated by  Tamura a n d  h i s  

i n  t h e  t h e r m o l y s i s  and p h o t o l y s i s  o f  L - a l k y l -  and 2-allyl-3-azido-2-cyclohexen-l-ones. 

S i m i l a r  t h e r m o l y s i s  o f  3-a~ido-2-(2-cyclohe~enyl)-2~~y~10he~en~l-one (le) gave ca rbazo le  (Ze)  i n  

67% y i e l d .  The i n s p e c t i o n  o f  m o l e c u l a r  model of aririno[2,3,1-filcarbazole ( 4 )  e l u c i d a t e d  t h a t  

t h e  f o r m a t i o n  o f  4  wou ld  be u n f a v o r a b l e  due t o  i t s  r i n g  s t r a i n .  On t h e  o t h e r  hand, 3-arido-2- 

(2-rnethyl -2-propenyl) -2-~~~1ohexen- l -ane ( I f )  was heated under  r e f l u n  i n  t o l u e n e  t o  y l e l d  3- 

methyl-5.6.7.8-tetrahydra-5-oxoquinol ine ( 5 )  i n  38Z y i e l d ,  wh ich  may be fo rmed  a t h e  

n u c l e o p h i l i c  a t t a c k  o f  C-C doub le  bond t o  n i t r e n e  y i e l d i n g  a d i h y d r o p y r i d i n e  r i n g .  
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toluene, A 

H 

The development  o f  t h i s  i n t r a m o l e c u l a r  v i n y l  a r i d e - o l e f i n  c y c l o a d d i t i o n  r e a c t i o n  and f u r t h e r  

I n v e s t i g a t i o n s  on t h e  r e a c t i o n  mechanism are now i n  progress. 

EXPERIMENTAL' 

2-Alkenyl-1.3-cyclahexanediones were p repared  s i m i l a r l y  t o  t h e  method f o r  2 -a l l y l -1 .3 -  

cyc lohexanedione.8 

P r e p a r a t i o n  of  3-arido-2-alkenyl-2-cyclohexen-lones (1). Genera l  Procedure: a s o l u t i o n  o f  

me thanesu l fony l  c h l o r i d e  (4.8 rnmal) i n  d r y  THF (2 m l )  was added t o  t h e  s o l u t i o n  o f  2-al ly1-1.3- 

cyc lohexanedione (4.0 rnmol) and t r i e t h y l a m i n e  (4.8 mmol) i n  d r y  THF (9 m l )  a t  0  'C and t h e  

r e a c t i o n  m i x t u r e  w a s  s t i r r e d  f o r  1 h a t  room temperature.  A f t e r  f i l t e r i n g  o f f  t h e  p r e c i p i t a t e s .  

t h e  THF was evapora ted  t o  dryness. The r e s i d u e  w a s  s u b j e c t e d  t o  a s h o r t  s i l i c a  g e l  column 

chromatography(ch1oroform) t o  g i v e  t h e  s u l f o n e n t e r  i n  a q u a n t i t a t i v e  y i e l d .  2-Al ly l -3-methane-  

sulfonylaxy-2-cyclohexen-l-one: p a l e  y e l l o w  o i l ;  i r ( ~ a ~ l ) c m - l :  1670(CO). 1350, 1180(S02): 'H nmr 

6 : 1.9-2.2(m. ZH, 5-H), 2.50(br t, 2H. 6-H. J= 8 Hz). 2 .92(br  t. 2H. 4-H. J= 8 Hz). 3.12(br d. 

2H. -CH2-. J =  8 Hz). 3.23(s. 3H. -CH3). 4.9-5.2(m. 2H. =CH2). 5.6-6.0(m, 1H. =CH-). Sod ium a r i d e  

(5.2 rnmol) was added p o r t i o n w i s e  t o  t h e  s o l u t i o n  of  2-a l ly l -3-methanesul fanyloxy-2-cyc lohexen- l -  

one (4.0 k m o l )  i n  20% aqueous methanol  (12 m l )  a t  0  'C and t h e  r e a c t i o n  m i x t u r e  was  s t i r r e d  f o r  14 

h a t  room temperature.  The m i x t u r e  was c o n c e n t r a t e d  t o  a h a l f  volume a n d  e x t r a c t e d  w i t h  e t h e r  (5  

x 30 ml). The e t h e r e a l  l a y e r  was washed w i t h  b r i n e  and d r i e d  a v e r  anhydrous magnesium su l fa te .  

The e t h e r  was evapora ted  t o  dryness. The r e s i d u e  w a s  s u b j e c t e d  t o  b a s i c  a lurn ina column 

chromatography ( e t h e r l h e x a n e = l l l )  t o  g i v e  a r i d e  l a  i n  85% y i e l d .  

2-Allyl-3-azido-2-cyclohexen-l-one ( l a ) :  p a l e  y e l l o w  a i l :  i r(NaC1) cm-': 2095(N3), 1645(CO): IH 

n m r  S: 2.0-2.3(m. 2H. 5-H). 2 .44(br  t, ZH. 6-H. J =  9 Hr) .  2 . 7 7 ( b r  t. 2H. 4-H. J =  9 Hz). 3.09(d. 

2H. -CHZ-. J =  9 Hz). 4 .9 -5 .2 (ove r lapp ing .  ZH. =CH2). 5.6-6.1(m. 1H. =CH-); rns m l r :  1 7 7 ( ~ + ) .  



3 - A z i d o - 2 - ( ~ - c i n n a m y l ) - 2 - c y c l o h e x e n - l - o n e  ( l b ) :  y e l l o w  011; y i e l d :  91% based on E(=- 

cinnamy1)-1.3-cyclohexanedione; ir(NaC1) cm-': 2090(N3). 1650(CO); 'H nmr  S :  1.9-2.2(m. 2H. 5-H), 

2.3-2.8(over lapping.  4H. 4- and 6-H). 3.15(br d. 2H. -CH2-. J= 8 Hr). 5 .9-6.5(ouer lapping,  2H. 

-CH=CH-). 7.2(rn, 5H, phenyl);  ms mlz: 253(~+) .  

3 - A z i d o - 2 - ( ~ - 2 - b u t e n y l ) - 2 - c y c l o h e x e n - l - o n e  ( l c ) :  p a l e  y e l l o w  o i l :  y i e l d :  86% based on 2- 

(m-2-bu teny l ) -1 .3 -cyc lohexaned ione :  ir(NaC1) cm-': 2080(N3), 1650(CO): 'H nmr 6 : 1.65(br d. 

3H. -CH3. J= 5 Hz). 1.9-2.3(m. 2H. 5-H). 2.44(t. 2H. 6-H. J =  8 Hr) .  2.68(t. ZH. 4-H. J =  8 Hz). 

3.0(br S. -CH2-). 5.3-5.6(ouerlapping. 2H. -CH=CH-); m r  m l r :  191(~+).  

3-Azido-2-(3-methyl-2-butenyl)-2-cyclohexen-l-one ( Id ) :  y e l l o w  o i l :  y i e l d :  96% based on 2-(3- 

methyl-2-butenyl)-1.3-cyclohexanediane; ir(NaC1) cm-': 2095(N3). 1655(CO): 'H n m r 6  : 1.73(s. 6H. 

CH3). 1.9-2.3(m. 2H. 5-H). 2.4-2.7(over iapping.  4H. 4- and 6-H). 3.98(br d. 2H. C H 2 - .  J =  8 Hz). 

4.9-5.2(m, ?H, =CH-): rns m l r :  2 0 5 ( ~ + ) .  

3-Azido-2-(2-cyclohexenyl)-2-cyclohexen-l-one ( l e ) :  p a l e  y e l l o w  o i l ;  y i e l d :  41% based on 2-(2- 

cyclohexenyl)-1.3-cyclohexanedione; ir(NaC1) cm-': 2090(N3). 1650(CO); 'H n m r 6 :  l - 2 l (  6H. 

-CH2-). 2.1-2.3(m. 2H. 5-H). 2.42(t.  2H. 6-H. J= 8 Hr). 2.70(t. 2H. 4-H. J =  8 Hz). 3.5-3.9(m. 1H. 

-CH). 5.3-5.9(overlapping. 2H, -CH=CH-): rni m l r :  217(~'). 

3-Azido-2-(2-methyl-Z-propenyl)-2-cyclohenen-l-one ( I f ) :  p a l e  y e l l o w  o i l :  y i e l d :  72% based on 2- 

(2-methyl-2-propenyl)-1.3-cyclohexanedione; i r(NaC1) cm-': 2080(N3), 1640(CO): 'H nrnr 6: 1.71(br 

s. 3H. CH3). 1.9-2.2(rn. 2H. 5-H), 2.41(t,  ?H, 6-H. J =  8 Hz). 2.67(t,  2H. 4-H, J =  8 Hz). 2.97(s. 

ZH. -CH2-). 4.52, 4.68(2 b r  S ,  1H each. =CH2): rns mlz :  191(Mt). 

Thermo lys is  o f  2-alkenyl-3-azido-2-cyclohexen-l-ones (1). General Procedure: a s o l u t i o n  of 2- 

allyl-3-arido-2-cyclohexen-l-one ( laX3.4 rnmol) i n  d r y  to luene  (30 m l )  i n  t h e  presence o f  

mo lecu la r  s ieves 4A ( 5  g) was heated under r e f l u x  f o r  15 min. A f t e r  f i l t e r i n g  o f f  t h e  mo lecu la r  

sieves, the  r e a c t i o n  m i x t u r e  was concen t ra ted  t o  dryness. The r e s i d u e  was sub jec ted  t o  s i l i c a  

g e l  column chromatography t o  g i v e  Za (hexane le thy l  a c e t a t e = l / l )  and 3a (hexane le thy l  acetate=1/3). 

2-Methyl-4-oxo-4,5.6.7-tetrahydroindole ( 2 4 :  c a l o r l e s s  prisms: mp 204-205 'C (lit.4a mp 204 'C); 

13c n r n r 6 :  12.8(CH3). 22.8(7-C), 24.0(6-C). 37.8(5-C), 102.7(3-C). 120.7(2-C). 129.0(3a-C). 

143.4(7a-C). 194.6(4-C). 

3-0xo-la.2,3,4.5.6-hexahydro-1~-azirino[l,2-~]indole (3a): c o l o r l e s s  o i l ,  ir(NaC1) cm-': 1650(CO): 

' H  nrnr 6: 1.45(br d. IH .  l-H&, J =  2.5 Hz). 1.9-2.2(m. 2H. 5-H). 2.2-2.4(m. 2H. 4-H). 2.4- 

2.7(overlapping, 3H, l-HE and 6-H). 2.7-3.l(overlapping. 3H, l a -  and 2-H): I 3 c  n m r S  : 23.7, 

26.0. 30.5. 37.0. 39.9. 41.5. 128.0(2a-C), 179.9(6a-C). 197.8(3-C); m s  m l z :  1 4 9 ( ~ + ) .  

2-Benryl-4-axo-4,5.6.7-tetrahydroindole (2b): c a l o r l e s s  pr isms:  mp 265-266 'C; i r (KBr )  cm-': 

3300(NH). 1625(CO): ' H  n m r 6 :  2.1-2.2(m. 2H. 6-H), 2.21(2. 2H. -CH2-). 2.46(t.  2H. 5-H. J =  6.2 

Hz), 2.80(t,  2H, 7-H. J= 6.2 Hz). 7.24(br S. IH. 3-H), 7.4(m. SH, p h e n y l ) .  8.0-8.2(br S. 1H. NH); 
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nmr(COC13+OMSO-~6)6: 11.2(CH2). 22.9(6-C). 23.8(7-C). 39.0(5-C). 116.9(2-C). 118.8(3-C). 

125.5. 125.9. 130.1. 135.2(phenyl).  127.2(3a-C). 143.0(7a-C). 193.0(4-C): m s  m l z :  225(M+). 

Found: C. 79.95: H. 6.77: N. 6.30. Calcd f o r  C15H15NO: C, 79.97: H. 6.71: N. 6.22. 

3-0xo-l-phenyl-la,2,3.4.5.6-hexahydro-1~-azirino[1.2-~]indole (3b): p a l e  y e l l o w  c r y s t a l s :  mp 256- 

1 260 OC(dec); i r ( K 8 r )  cm-': 1650(CO): H n m r 6 :  1.9-2.2(m. 2H. 5-H). 2.3-2.4(m. 2H. 4-H). 2.4- 

2.7(overlappinq. 3H. 1- and 6-H). 2.9-3,2(overlapping. 3H, l a -  and 2-H). 7.2-7.4(m. 5H, phenyl):  

13c  nmr 6: 22.7(1-C). 26.2(la-C). 30.9(5-C). 37.0(2-C). 50.1(6-C). 53.7(4-C). 126.2. 127.7, 128.5. 

137.9(phenyl),  127.8(2a-C). 178.5(6a-C). 197.4(3-C): m s  mlr:  2 2 5 ( ~ + ) .  

l-(~-Methyl)-3-oxa-la.2.3.4,5.6-hexahydro-lfi-aririno[l.2-~]indole (3c-E): c o l o r l e s s  pr isms:  rnp 

77 'C; i r ( K 8 r )  cm-': 1650(CO): 'H n r n r 6 :  1.32(d, 3H, CH3. J= 5.9 Hz). 1.6-1.8(m. lH, l-H), 1.9- 

2.l(m. 2H. 5-H), 2.3-2.4(m. 2H. 4-H). 2.5-2.8(over lappinq.  4H, la - .  2-H, and 6-H). 2.93(dd. 1H. 2- 

H. J= 14.3. 1.8 Hz); 13c n m r  6 :  18.0(CH3). 22.6(1-C). 26.2(la-C). 29.7(5-C). 36.9(2-C). 48.0(6-C). 

49.0(4-C), 128.1(2a-C). 178.9(6a-C). 197.6(3-C): m s  m / z :  163(M+). Found: C. 73.70: H. 8.22: N. 

8.48. C a l c d  f o r  C10H13NO: C. 73.59; H. 8.03: N. 8.58. 

The f o r m a t i o n  of 3 c - m  w a s  conf i rmed by t h e  'H and 13c n m r  spec t ra  of r e a c t i o n  m ix tu re :  'H nmr 

6 : 1.08(d. CH3. J=  6.2 Hr): 13c  n m r  6 : 26.4(CH3). 

2-lsopropyl-4-0x0-4.5.6.7-tetrahydroindale (Zd): ye1 low pr isms:  rnp 173-174 'C: i r ( K 8 r )  cm-': 

32OO(NH). 1600(CO): ' H  n m r  6: 1.20(d. 6H. CH?. J= 8 Hz). 2.1-2.3(m. 2H. 6-H). 2.50(br t. 2H. 5-H. 

J= 7.2 Hr) .  2 .6-2.9(aver lappinq.  3H. -CH and 7-H). 6.25(br  S. 1H. =CH-). 8.9-9.4(br S. 1H. NH); m s  

m / z :  1 7 7 ( ~ + ) .  Found: C. 74.71; H. 8.70: N. 7.92. C a l c d  f o r  CI1Hl5NO: C. 74.54: H. 8.53: N. 

7.90. 

l.l-Oimethyl-3-oxo-la.2.3.4,5.6-hexahydra-1fi-aririno[l.2-~]indole (3d): c o l o r l e s s  a i l :  ir(NaC1) 

cm-': 1650(CO). ' H  nmr 6: 1.09, 1.38(2s. 3H each. CH3). 1.9-2.l(m. ZH. 5-H). 2.1-2.7(over lappinq.  

4H, 4-H and 6-H). 2.7-2.9(over lappinq.  3H, l a -  and 2-H): n m r 6 :  12.4(CH3). 22.4(1-C). 26.9(1a- 

C). 27.4(CH3). 27.5(5-C). 36.9(2-C). 48.8(6-C). 53.4(4-C). 131.3(2a-C). 174.4(6a-C). 196.7(3-C): 

ms mlz:  177(~+) .  

4-0xo-1,2.3.4.5.6.7,8-octahydroca~bazole (2e): c o l o r l e s s  pr isms;  mp 226-227 'C: i r ( K 8 r )  cm-': 

1 3240(NH). 1615(CO): H nmr 6 :  1.7-1.8(over lapping,  4H. 6- and  7-H). 2.0-2.2(m. 2H. 2-H). 2.43(t. 

2H. 3-H. J =  6.5 Hz). 2.52(t. 2H. 5-H, J =  5.8 Hr ) ,  2 .7-2.8(over lappinq.  4H. 1- and 8-H). 9.1- 

9.4(br S,  1H. NH): n m r  6:22.4. 22.6. 22.9, 23.0. 23.2. 24.2(1-. 2-. 5-. 6.. 7-. and  8-C). 

38.5(3-C). 116.0(4b-C). 117.9(8a-C). 127.9(4a-C). 143.1(9a-C). 195.4(4-C); m s  m/z:189(Mt). 

Found: C. 74.71: H, 8.70: N. 7.92. C a l c d  f o r  C11H15NO: C. 74.54: H. 8.53: N. 7.90. 

3-Methyl-5-axo-5,6,7,8-tetrahydroquin~li ( 5 ) :  c o l o r l e s s  pr isms:  rnp 42-43 'C: ir(NaC1) cm-': 

1690(CO): ' H  nmr 6: 2.1-2.2(m. ZH. 7-H). 2.37(5. 3H. CH3). 2.68(t. 2H. 6-H. J =  6.2 Hr). 3.12(t, 

2H. 8-H. J= 6.5 Hz), 8.08(d. 1H. 2-H. J =  2.2 Hz). 8.51(d, lH, 4-H. J =  2.2 Hz): 13c  n m r 6 :  



18.0(CH3). 22.0(8-C), 32.1(7-C). 38.6(6-C). 127.5(4a-C). 131.8(3-C). 135.0(4-C). 154.1(2-C), 

160.8(8a-C). 198.4(5-C): m s  m l r :  1 6 1 ( ~ + ) .  Found: C, 74.35: H, 7.08: N. 8.68. C a l c d  f o r  

CIOHl1NO: C. 74.51: H. 6.88: N. 8.69. 

The p roduc ts  3a, 3b, and 3d d i d  n o t  gave s a t i s f a c t o r y  a n a l y t i c a l  da ta  owing t o  t h e  i n s t a b i l i t y .  

P h o t o l y s i s  of 2-allyl-3azidlr2-cyclohexen-l+ne (la). The deoxygenated benzene s o l u t i o n  (10 m l )  

o f  l a  (1.1 rnrnol) i n  Pyrex sealed tube  was i r r a d i a t e d  b y  h i g h  p ressure  mercury lamp (100 W )  a t  r oom 

tempera tu re  for  48 h. The benzene was evaporated t o  dryness, which was sub jec ted  t o  s i l i c a  g e l  

column chromatography t o  g i v e  2a. 3a, and l a .  

REFERENCES AND NOTES 

1. Far r e c e n t  reviews: C. Wentrup. & Heteracycl .  W. 1981. 28. 231: E. F. Scriven. 'Reac t i ve  

In te rmed ia tes ' .  ed. by R. A. Abramovitch. Plenum, New York. 1982. Vol. 2. pp. 1-54: A. Padwa. 

'1 .3-Dipolar  C y c l o a d d i t i o n  Chemist ry ' ,  ed. by A. Padwa. Wiley. New York. 1984. Vol. 2. Chapter 

12. 

2. T. Hudl icky.  J. 0. F raz ie r ,  and L. D. Kwart. Tetrahedron Le t t . ,  1985. 26. 3523: W. H. Pearson. 

ibid.. 1985. 26. 3527: W. H. Pearson, J. E. Celebuski .  Y. -F. Poon, B. R. Dixon, and 3. H. 

G lans .  c, 1986. 27,  6301: T. H u d l i c k y .  G. Seane. and T. C. Love lace .  J. Org. Chem, 1988, 

53. 2094. 

3. P. Scheiner. J. Am. Chem. Sac., 1968. 90. 988: *. Tetrahedron, 1968. 24, 2757. 

4. a)  Y. Tamura. Y. Yorhimura, T. Nishimura. S. Kato, and Y. K i t a .  Tetrahedron U. 1973. 351: 

b) Y. Nomura. N. Hatanaka. and Y. Takeuchi, Chem. Le t t . .  1976. 901: c )  A. Padwa. A. Ku. H. Ku. 

and A. Mazzu. J. Ovq. Chem.. 1978. 43. 66: d) Y. Naruta. Y. A r i t a .  N. Nagai. H. Uno, and K. 

Maruyarna. Chem. Le t t . .  1982, 1859: Y. Naru ta .  N. Nagai .  Y. A r i t a ,  and K. Maruyama, &l. 
Chem.. 1987. 52. 3956. 

5. a )  G. L 'abbe and A. Hassner.  Angew. Chem., l n t .  Ed. Engl., 1971. 10. 98: G. L 'abbe  and G. 

Mathys .  J. Org. Chem., 1974. 39. 1778: b)  Y. Tamura. Y. Yoshimura.  and Y. K i t a .  Chem. Pharm. 

Bull., 1971, 19, 1068: idem. i b i d . ,  1972. 20. 871: Y. Tamura, S. Kato,  Y. Yoshimura,  T. 

Nishimura. and Y. K i ta ,  U. 1974. 22. 1291. 

6. Probably, t h e  r a t i o  o f  p roduc ts  depended on the  r e a c t i o n  temperature. 

7. A l l  m e l t i n g  p o i n t s  are uncorrected. The i r  spec t ra  were recorded on a JASCO IRA-1 r p e c t r o -  

photometer. The 'H nrnr spec t ra  were measured on a JEOL-MH-100 a n d l o r  GSX-270 spec t ramete rs  

and t h e  I 3 c  nrnr spec t ra  were ob ta ined  by a JEOL GSX-270 spectrometer. The nmr spec t ra  were 

taken i n  CDCI3 w i t h  t e t r a m e t h y l s i l a n e  as an i n t e r n a l  s tandard un less  o t h e r w i s e  noted. The 

mass spec t ra  were taken w i t h  a JEOL JMS-D mass spectrometer  a t  an i o n i z a t i o n  energy o f  75 eV. 

8. K. -W. Rosemund and H. Bach, Chem. Ber.. 1961, 94. 2394. 

Received, 2 4 t h  J u l y ,  1989 


