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w a s  crystallized from acetone t o  6.0 g (46%) of a white solid, mp. 173-174' 

(lit.' 174-176'), identical from IR, NMR and MS comparisons with a sample 

I made by using chloromethyl methyl ether as an alkylating agent. 

2,4-Bis (cyanomethyl)-5-methyl-N-acetylbenzylamine (III), mp. 143-144 , w a s  

obtained in 97% yield from IIa as described for IIb. 
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All reactions should be carried out in a good hood because of the 
potential toxic nature of the alkylating agents and their decomposition 
products. 

The material w a s  identical with an authentic sample made according t o  
reference 1 from IR, N M R  and MS comparisons. Crude IIa could be used 
for t he  above reaction giving somewhat 13wer yields (7585%). 
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The synthesis o f  a novel fluxional compound, bullvalenedione I V  is o f  

interest, since i V  can be directly converted to its semidione which is 

presumed to serve as a potential intermediate for the intriguing rearra- 
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ngement o f  t h e  semidione o f  bicycl0[4.2.2]deca-2,4,7-triene-9,lO-dione t o  

9,10-dihydronaphthalene-l,2-semiquinone. ' 
b i l i t y ,  we c a r r i e d  o u t  t h e  syn thes i s  o f  I V  s t a r t i n g  f rom a-diazoketone I, 

a v e r s a t i l e  p recursor  f o r  va r ious  C H 0 ketones. 

I n  o rde r  t o  t e s t  t h i s  poss i -  

2 

3 
11 10 

I 

@ 
I1 

hv  

I V  

When I prepared from t r i c y c l o [ 5  

photooxyqenated w i t h  s i n g l e t  oxygen 

CH2C12, d i ke tone  I 1  and a c i d  anhydr 

111 1 O H -  

KZ2" 
k H" 

V 

3 .0.02 y10]deca-3,5-dien-9-one ,4 was 

i n  t h e  presence o f  rnethylene b l u e  i n  

de I 1 1  were ob ta ined  i n  31% and 48% 

y i e l d s ,  r e s p e c t i v e l y .  The mechanism f o r  t h e  fo rmat ions  o f  fused homo- 

t r o p i l i d e n e s  I 1  and I 1 1  can be w e l l  r a t i o n a l i z e d  by t h e  mechanism r e p o r t e d  

p r e ~ i o u s l y , ~  where d ioxapy razo l i ne  V I  and carbony lox ide  V I I  se rve  as key 

i n te rmed ia tes .  I r r a d i a t i o n  o f  I 1  w i t h  350 nm l i g h t  i n  CH3CN a f f o r d e d  I V  

VI 

1 - N P  
VI I I v l l l  

I1 I11 
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6 i n  48% y i e l d  a lonq w i t h  bicyclo[3.2.2]nona-3,6,8-trien-2-one (8%) 

m ix tu re  o f  d ihydroindenone and indanone (8%). The photochemical t r a n s -  

fo rma t ion  of  I 1  t o  I V  i s  no tewor thy  s ince  e i t h e r  photochemical  o r  thermal  

t r a n s f o r m a t i o n  o f  a fused homot rop i l idene t o  a b r i dged  homot rop i l i dene  i s  

so f a r  unknown. The s t r u c t u r e  and f l u x i o n a l  p r o p e r t y  o f  I V  were r e a d i l y  

determined by t h e  temperature-dependent H NMR analyses. The a c t i v a t i o n  

energy, Ea = 12.6 ? 2.5 kcal /mol ( l o g  A = 10.8 ? 1 .9 )  ( - l o o  'L 28") was 

ob ta ined f o r  t h e  degenerate Cope rearrangement. 

and a 

1 

Ac id  anhydr ide I 1 1  was a l s o  shown t o  be a use fu l  s y n t h e t i c  p recu rso r  

f o r  t h e  b i s -endo-d i ca rboxy l i c  a c i d  V which cannot be e a s i l y  p repared by 

a usual  method. Thus, m i l d  h y d r o l y s i s  o f  111 w i t h  sodium carbonate gave 

a q u a n t i t a t i v e  y i e l d  o f  V. 

EXPERIMEMTAL SECTION 

1 

Chemical s h i f t  values are  expressed i n  p a r t s  per  m i l l i o n  down f ie ld  f rom 
i n t e r n a l  (CH,)+Si. 
IR-27G and a H i t a c h i  340 spectrometers,  r e s p e c t i v e l y ,  The mass spec t ra  
were measured us ing  a H i t a c h i  M-52 mass spectrometer,  
a re  uncor rec ted  

T r i  c y c l  oC5.3.0.0 ]deca-3,5-diene-8,9-dione (I I )  and 9 - o x a t r i c y c l  o- 

[5,4,0.0 ]dodeca-3,5-diene-8,1O-dione ( I I I ) . -  A s o l u t i o n  o f  2.59 g 

(17.2 mmol) o f  I and 120 mg o f  methylene b l u e  i n  430 m l  o f  CH2C12 was 

i r r a d i a t e d  w i t h  s i x  55W Na lamps under a s t ream o f  oxygen f o r  1.5 h r  a t  

15". Evapora t ion  o f  s o l v e n t  f o l l o w e d  by chromatography on s i l i c a  gel  gave 

on e l u t i o n  w i t h  e t h e r  2.35 g o f  y e l l o w  c r y s t a l s  (mp. 93 % 112") c o n s i s t i n g  

o f  I 1  and 111. 

(1 :1 )  f o l l o w e d  by r e c r y s t a l  i z a t i o n  f rom tetrahydrofuran-n-pentane gave 

948 mg o f  I 1 1  as c o l o r l e s s  needles,  mp. 148 % 150". The pure d i k e t o n e  I 1  

cou ld  n o t  be i s o l a t e d  even by severa l  a d d i t i o n a l  r e c r y s t a l i z a t i o n s  o f  t h e  

remain ing  c r y s t a l i n e  m i x t u r e  o f  I 1  and 111. F lash  chromatography on 

The H NMR spec t ra  were ob ta ined  on  a Var ian  EM-390 90 MHz ins t rumen t ,  

The I R  and UV spec t ra  were measured u s i n g  a Shimadzu 

A l l  m e l t i n g  p o i n t s  

2 , l O  

2,11 

F r a c t i o n a l  r e c r y s t a l i z a t i o n  t w i c e  f rom CH2C12-n-pentane 
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s i l i c a  ge l ,  however, a f f o r d e d  t h e  pure  d i ke tone  111. For ins tance,  f l a s h  

chromatography o f  90 mg o f  t h e  c r y s t a l i n e  m ix tu re  c o n s i s t i n g  o f  80% o f  I 1  

and 20% o f  I11 on s i l i c a  ge l  (Merck K i e s e l g e l ,  50 g, 200 % 400 mesh) gave 

on e l u t i o n  w i t h  ether-n-pentane (6 :5 )  35 mg o f  I 1  as y e l l o w  needles, mp. 

108 21 113" (dec.)  and 20 mg o f  a m i x t u r e  o f  I 1  and 111. The y i e l d s  o f  I 1  

and of I 1 1  were based on ' H  NMR analyses o f  c r y s t a l i n e  m ix tu res  o f  I 1  and 

I 1 1  ob ta ined f rom each f r a c t i o n a l  r e c r y s t a l i z a t i o n .  

11: I R  (KBr):  1756, 1722 cm-'; UV (CH3CN): x~~~~ 460 ( E  41), 316 ( E  405), 

254 ( s h y  E 3250), 235 ( E  3680) nm; m/e ( r e 1  i n t e n s i t y ) :  160 (M', 35%), 
159 (8%) ,  132 (44%), 131 ( l o o % ) ,  104 (44%) ,  103 (42%); 'H NMR (CDC13): 

m y  J2,3 = 3.3, J2,10 = 10.2, J2,7 = 2.4 Hz), 5.81 (C3-H, dd, J3,4 = 10.7),  

C,-H, dd, J6,7 = 9.1 Hz), 3.39 (C7-H, ddd), 2.43 (ClO-H, cid) ppm. 

b 3.08 (Ci-H, ddd, J1,2 = 5.5, J1 ,7  = 5.4, J1,io = 5.1 Hz), 2.52 (C2-H, 

5.67 (Ck-H, dd, J b , 5  = 5.4 Hz), 6.02 (C5-H,  dd, J,,,  = 10.7 Hz), 6.34 ( 

Anal. Calcd f o r  C10H80 : C,  74.99; H, 5.03 Found: C, 74.42; H, 5.19 

111: I R  (KBr):  1785, 1760, 1732 cm-'; UV (CH3CN), x~~~~ 245 (E 3960) nm; 

m/e ( re1  i n t e n s i t y ) :  176 (M', 17%), 148 (17%), 132 (20%), 131 (92%), 104 
( l o o % ) ,  103 (61%); 'H NMR (CDC13): 6 2.26 (Cl-H, ddd, J1,2 = 2.0,  J1,7 = 

8.1, J1,8 = 10.7 Hz), 6.08 (C2-, C3- ,  C4-H, m ) ,  6.44 (C5-H, dd, J h Y 5  = 

5798 = 7.2 Hz), 1.95 (C8-H, dd) ppm. 

Anal. Calcd f o r  C10H803: C, 68.18; H, 4.58 

Bu l l va lened ione  ( I V ) . -  A s o l u t i o n  o f  113 mg (0.17 mmol) o f  I 1  i n  30 m l  o f  

d r y  CH3CN was p laced i n  Pyrex tube and i r r a d i a t e d  w i t h  RUL-3500 A lamps 

us ing  Rayonet Photoreac tor  f o r  3 h r .  

t h i n  l a y e r  chromatography (Merck k i e s e l g e l  RF-254, so l ven t ,  n-hexane- 

e the r ,  1 /3 )  gave 6 mg (8%) o f  bicyclo[3.2.2]nona-3,6,8-trien-2-one (R f  = 

0 .9 ) ,  6 mg (8%) o f  a m i x t u r e  o f  d ihydroindenone and indanone ( R f  = 0.7) 

and 45 mg o f  y e l l o w  c r y s t a l s ,  mp. 100 % 113" ( R f  = 0 .5 )  which was r e c r y -  

10.8, J 5 , 6  = 8.7 HZ), 3.70 (CG-H, dd, J6,7 = 6.5 Hz), 2.49 (C7-HY ddd, 

Found: C, 68.29; H, 4.54 

0 

Evaporat ion o f  s o l v e n t  f o l l o w e d  by  

s t a  

mg Y 

i z e d  f rom n-hexane t o  g i v e  I V  as y e l l o w  p l a t e s ,  mp. 

35%). 25 mg o f  I 1  was recovered f rom t h e  f o r t h  band 

15 'L 117.5" (31 

( R f  = 0 .35) .  
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I R  (KBr ) :  17 
( E  543) nm; m/e 
a t  -54" ) :  6 3.14 
2.43 (C2 (Cg)-H, 

Volume 14, No. 3 (1982) 

7, 1685, 1640 cm-l;  UV (CH3CN): 
re1  i n t e n s i t y ) :  160 (M', 2%),  78 (100%); ' H  NMR (CD2C12, 

m, J2,3 ( 5 8 ~ 7 )  = 8.6 Hz), 6.26 (C3 (C7)-H ddd, J3,4 ( 

404 ( E  60) ,  297 

(Cl-H, dd, J 1 , g  (5152) = 9.5, 5 1 9 2  ( J l , e )  = 8.7 Hz), 

5 7 ~ 6  = 11.0, J3,e (J7,2) = 2.4 Hz),  5.83 (C4 (C6)-H, dd, 54,s (56,s) = 

7 . 7  Hz),  3.64 (C5-H, tt, J 5 , 3  ( J S y 7 )  = 1.0 Hz) ppm. 

- Anal.  Calcd f o r  C10H802: C, 74.99; H, 5.03 

Bicyclo[5.1.0]octa-2,4-diene-6,8-endo-dicarboxylic a c i d  (V)  .- A s o l u t i o n  

o f  511 mg (2.90 mmol) o f  I 1 1  and 100 mg o f  Na2C03 i n  190 m l  o f  water  was 

heated a t  50" f o r  1 hr .  

w i t h  0.5 N h y d r o c h r o l i c  a c i d  and then sub jec ted  t o  cont inuous  e x t r a c t i o n  

w i t h  e t h e r  f o r  7 h r .  Evapora t ion  o f  e t h e r  a f t e r  d r y i n g  ove r  Na2S04 gave 

560 mg o f  c r y s t a l s  which upon r e c r y s t a l i z a t i o n  f rom n-hexane gave 544 mg 

(97%) o f  V as c o l o r l e s s  needles, mp. 155 % 157". 

I R  (KBr):  3600 'L 2300, 1710, 1680 cm-'; UV (CH3CN), x ~ ~ ~ ,  270 ( E  3260); 

m/e ( r e l .  i n t e n s i t y ) ,  194 (M', l l % ) ,  131 (100%); 'H NMR o f  d imethy l  e s t e r  

Found: C, 75.17; H, 5.22 

The r e s u l t i n g  aqueous s o l u t i o n  was a c i d i f i e d  

(CC14), 6 1.82 (Cl-H, 5197 = 9.0, J1,8 = 10.0 Hz), 5.92 (C2, C 3 ,  C 4 - H ,  

m), 6 - 2 8  (C5-H, dd, 5 5 9 4  = 10.5, 5 5 , ~  = 4.8 Hz),  4.18 (C6-H, dd, J6,7 = 

9.5 HZ), 2.11 (C7-H, ddd, J7,8 = 7.8 HZ), 1.47 (Cg-H, dd ) ,  3.66 (C6, C g -  

COOCH,). 

Anal. Calcd f o r  ClOHlOO: C, 61.85; H, 5.19 Found: C, 61 .60; H, 5.24 
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F a c u l t y  of A g r i c u l t u r a l  S c i e n c e s  
S t a t e  U n i v e r s i t y  of Gent 
Coupure 533 ,  B-9000 Gent ,  BELGIUM 

Ketenimines are v a l u a b l e  s u b s t r a t e s  i n  s y n t h e t i c  o r g a n i c  

c h e m i s t r y  a s  t h e y  are a p t  t o  undervo a v a r i e t y  of nhotochemica l  

and thermal  c y c l o a d d i t i o n  r e a c t i o n s .  " Ketenimines are r e a d i l y  

a v a i l a b l e  by s e v e r a l  methods b u t  t h e s e  a re  n o t  a lways  a p p l i c a -  

b l e  t o  t h e  s y n t h e s i s  of t r i a l k y l k e t e n i m i n e s .  A s  a mat te r  of  

f a c t ,  o n l y  a l i m i t e d  number of t r i a l k y l k e t e n i m i n e s  have been 

d e s c r i b e d  i n  t h e  l i t e r a t c r e .  I n  many cases t h e  r a t h e r  v i q o r o u s  

r e a c t i o n  c o n d i t i o n s  have a dramatic i n f l u e n c e  on t h e  y i e l d s  of 

t h e  l a b i l e  k e t e n i m i n e s .  3 

R e c e n t l y  w e  r e p o r t e d  a f a c i l e  s y n t h e s i s  of t r i a l k y l k e t e n -  

imines 3 by r e a c t i o n  of a-cyanoenanines  - 1 w i t h  methylmagnesium 

M e L i .  L i b  

e t h e r  
CN - 

5 
R2 3 0 m i n .  R T  

1 - 
R 2  

i o d i d e  i n  e t h e r . 4  Ketenimines 3 w e r e  i so la ted  i n  27-61  % y i e l d  

b u t  t h e  f o r m a t i o n  o f  s i d e - p r o d u c t s  such  as imidoyl  c y a n i d e s  
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