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Abstract - Benzylidene(cyano)benzylamine reacted as an azomethine y l i d e  

w i t h  W and o l e f i n i c  d ipo la roph i les ,  I n  most cases, however, the  products 

der ived  from t h e  i n i t i a l l y  formed [3 + 21 cycloadducts w i t h  the  e l im ina t i on  

of  hydrogen cyanide were obtained.  

Recently, imines of a-amino a c i d  es te r s  have been found t o  undergo 1 ,3 -d ipo la r  c yc l oadd i t i ons  v i a  

t h e i r  1,3-dipolar tautomers, azomethine y l i d e ~ l - ~ .  An imine bear ing  electron-wi thdrawing cyano 

group i n  p lace of  an es te r  group might  be a l s o  expected t o  behave as a 1,3-dipole v i a  tautomerism 

H 

R-/N\cH-x = .<+ 
I 

R' R" R' R" X=ester, CN 

I n  the  present  comnunication we wish t o  r e p o r t  1,3-dipolar  c yc l oadd i t i on  reac t ions  o f  benzylidene- 

(cyano)benzylamine 1. 
8 A s o l u t i o n  of equimolar amounts o f  the  imine 1 and dimethyl  acety lenedicarboxylate (OMAD) i n  t o l u -  

ene was re f luxed f o r  3 h. The reac t i on  mix tu re  was then concentrated i n  vacuo t o  leave a residue,  

which was p u r i f i e d  by chromatography on s i l i c a  ge l  us ing  chloroform as an e l uen t  t o  g ive  a 52% 
1 y i e l d  of the  p y r r o l e  2, mp 131-133O~, as co l o r l ess  prisms: I R  (KBr) 3300, 1720, 1700 cm- ; NllR 

(CDC13) 6 3.75 (6H, s ) ,  7.30-7.65 (10H. m), 8.85 ( lH ,  broad, Ntj); MS mle 305 (M'). 

Scheme 1 

The pathway f o r  the  format ion o f  2 i s  o u t l i n e d  i n  Scheme 1.  I n  a s i m i l a r  manner as imines o f  a- 

amino a c i d  es te rs ,  the  imine 1 undergoes a 1.3-dipolar  c yc l oadd i t i on  r eac t i on  w i t h  OMAO v i a  i t s  



tautorner t o  y i e l d  i n i t i a l  [3 + 21 cycloadduct(s)  A. Subsequent e l im ina t i on  o f  hydrogen cyanide of 

A,  fol lowed by aromat izat ion,  g ives  f i n a l  product  2. - 

Next, the r eac t i on  o f  i w i t h  o l e f i n i c  d i po l a roph i l es  was i nves t i ga ted  under s i m i l a r  cond i t ions .  

The imine 1 reacted w i t h  n-(p-nitropheny1)maleimide i n  r e f l u x i n g  to luene f o r  3 h t o  g ive  a mix tu re  

of four products, 3, 4, 5, and 6, together w i t h  recovery o f  the  maleimide. On the  basis of 

spec t ra l  data, the  major products 3 and 4 were assigned as stereoisomeric 1 -pyr ro l ines  a r i s i n g  from 

i n i t i a l l y  formed 13 + 27 cycloadduct(s)  w i t h  the e l im ina t i on  of hydrogen cyanide. On the  o ther  

hand, the minor products 5 and &were  deduced t o  be an ene-react ion product  and Michael adduct r e -  

A 
5,  5 - unchanged - 

Scheme 2 

spec t ive ly9 ,  which were unchanged even when heated i n  r e f l u x i n g  to luene f o r  a long  t ime (Scheme 2).  

3: mp 2 6 5 - ~ 6 6 ~ ~ ;  co l o r l ess  needles; I R  (KSr) 1720 ern-'; NMR (CDC13) 6 4.20 ( lH,  dd, 5a+, Jz9.0, - 

9.0 Hz), 4.90 ( lH ,  d, 2a-H, J-9.0 Hz), 6.15 ( lH ,  d, 6-H, J=9.0 Hz), 6.90-8.40 (14H, m); MS mle 411 

1 
( M ~ ) .  4: mp 239-241'~; co l o r l ess  prisms; IR (KBr) 1720 cm- ; NMR (CDC13) S 3.85 ( lH ,  dd, 5a-H, 

5-3.0, 9.0 Hz), 4.95 ( lH ,  dd, 2a-H, 5-3.0, 9.0 Hz), 5.90 (lH, dd, 6-y, 5 ~ 3 . 0 ,  3.0 Hz), 7.30-8.45 

(14H, m); MS mle 411 (M+). 

The stereochemistry o f  3 (Pa-H, 5a-H-cis-5a-H, 6-H-trans) and 4 (2a-H, 5a-H, 6-H-all c i s )  was 

deduced on the  b a s i s o f  NMR data; the  long-range coup l ing  between 2a-H and 6-H was observed i n  4, 

bu t  no t  i n  3. 

The imine 1 reacted w i t h  d imethyl  fumarate i n  r e f l u x i n g  benzene t o  g ive a mix tu re  o f  the p y r r o l i -  

d ine  I ,  mp 131-133•‹~, and 1 -py r ro l i ne  8, mp 1 0 6 - 1 0 7 ~ ~ ,  whereas the r eac t i on  o f  1 w i t h  d imethyl  

maleate under s i m i l a r  cond i t ions  a f fo rded 8 as the  so le  product  (Scheme 3).  

7 :  I R  (KBr) 3350, 2230, 1740 cm-l; NMR (CD3CN) 6 3.06, 3.62 (each 3H, s ) ,  3.56 ( lH ,  broad, NH, ex- - 
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, + HY,~.H reflux - E' .E in benzene 0 - 
3 h 33 % 

10 h 72 % 

Scheme 3 

changed w i t h  DZO), 3.80-4.05 (ZH, rn, 3-H, 4 4 3 ,  5.00 (lH, m, 5-H, changed t o  dd (5-6.0, 3.0 Hz) 

when t reated w i t h  020). 7.30-8.10 (10H. m ) ;  MS mle 337 (M+ - HCN). 8: I R  (KBr) 1750 cm-l; NMR 

(CDC13) 8 3.14, 3.70 (each 3H, s ) ,  4.00 (IH, dd, 4-H, J=9.0, 5.0 Hz), 4.92 ( lH, dd, 3-H, J=5.0, 

2.0 Hz), 5.95 ( lH, dd, 5-1, J.9.0, 2.0 Hz), 7.20-8.20 (IOH, m);  MS m/e 337 (Mt). 

The stereochemistry of 1 (2-phenyl, 3-H-trans-3-H, 4-H-trans-4-H, 5-H-trans) and 8 (3-H, 4-H- 

trans-4-H, 5-H-trans) was based on the NMR data. I n  both 7 and 8 the long-range coupl ing between 

3-H and 5-H was observed, i nd i ca t i ng  t h a t  3-H and 5-H are c i s .  An argument f o r  the c i s - re la t i ons  

of 2-, 5-phenyl and 3-methoxycarbonyl i n  1, and o f  5-phenyl and 3-methoxycarbonyl i n  8 are provided 

by the unusual ly low 8-values for  the 3-methoxycarbonyls compared w i th  those a t  the 4-posi t ion,  re-  

spect ive ly .  

The p y r r o l i d i n e  1 was unchanged even on heat ing i n  benzene under r e f l u x  f o r  a long time; t h i s  im- 

p l i e s  t ha t  8 was der ived from the e l im ina t i on  o f  hydrogen cyanide o f  other i n i t i a l  cycloadduct(s) 

than 1. We now wish t o  postu la te  the pathways f o r  the format ion o f  1 and 8 as shown i n  Scheme 4. 

I n  analogy w i th  the cycloaddi t ions o f  imines o f  a-amino ac id  esters,  i t  i s  reasonable t o  assume 

t h a t  the react ion  proceeds v i a  a concerted 1.3-dipolar cyc loadd i t ion  o f  an azomethine y l i d e  B o r  C, 

generated from a pro to t ropy o f  1, t o  the  fumarate o r  maleate.  

Among fou r  t r a n s i t i o n  s ta tes  leading t o  cycloadducts between 1 and the fumarate, 1 or  E has more 

10 pre ferab le  geometry than others . The compound 1 ev iden t l y  forms from O. As mentioned above, 1 

d i d  no t  undergo dehydrocyanation; t h i s  suggests t ha t  i n  p y r r o l i d i n e  der iva t ives  dehydrocyanation 

does not occur between neighboring NH and cyano groups. It can thus be presumed t h a t  6 forms v i a  

an an t i - e l im ina t i on  of hydrogen cyanide from i n i t i a l  cycloadduct r, which der ived through E, t o  

y i e l d  2-pyr ro l ine  G, fol lowed by a hydrogen s h i f t .  On the other hand, X has the most favorable 

11 gemetry  among the t r a n s i t i o n  s ta tes  leading t o  cycloadducts between l a n d  the maleate . A cyclo- 

adduct 1 der ived from undergoes an t i - e l im ina t i on  o f  hydrogen cyanide t o  y i e l d  5, which gives 8. 
Study on in t ramolecu lar  cyc loadd i t ion  react ions o f  benzylidene(cyanao)benzylamines i s  i n  progress. 
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