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Abst rac t  - o-Cinnamyloxybenzylidene(methoxycarbonyl)phenylmethylamines 
undergo an in t ramolecu lar  cyc loadd i t ion  v i a  t h e i r  1.3-dipolar tautomers t o  

the  a lkeny l  group, a f f o rd ing  three stereoisomeric cycloadducts. 

Recently, o-propargyloxybenzylideneamine j. was found t o  undergo a thermal in t ramolecu lar  cycload- 

d i t i o n  v i a  i t s  1,3-dipolar tautomer, azomethine y l i d e  dipole,  t o  the  a lkyny l  amup, and on f u r t h e r  

heat ing  the' i n i t i a l  cycloadduct was converted t o  dehydrogenated compounds w i t h  concurrent m ig ra t i on  
1 2 o f  the  methoxycarbonyl group . A t  the  nea r l y  same time, Grigg e t  a l .  have demonstrated the analo- 

gous in t ramolecu lar  cyc loadd i t ion  o f  imine 2 l ead ing t o  the  formation of two stereoisomeric cyc lo-  

3 adducts (Scheme 1) .  A recent pub l i ca t i on  repo r t i ng  on the sterochemistry o f  in termolecu lar  cyc lo-  

Ph 
CH=N-CH:~ - 
O C v = C P h  

Scheme 1 



addi t ions  o f  imines o f  a-amino ac id  es ters  prompts us t o  repo r t  our f indings concerning i n t r a -  

molecular cyc loadd i t i on  of o-cinnamyloxybenzylidene(methoxycarbony1 )phenylmthylamines 2. 
A so lu t ion  o f  imine ?g o r  3b4 i n  xylene was re f luxed fo r  3 h, and then chromatography (Si02, hexane- 

benzene (2 :3) )  of t h e  react ion  mix ture  afforded a mix ture  of t h ree  stereoisomeric cycloadducts 9, 
5a and @, o r  9, % and &, respec t i ve l y  (Scheme 2). - 

Ph 

Scheme 2 

1 9: color less  prisms; mp 166-167'~; IR (KBr) 3350, 1725 cm- ; NMR (COCI~) 6 2.20 (IH, broad, NL), 

2.90 (lH, dddd, Hb, J-9.5, 7.5, 3.0, 3.0 Hz), 3.30 (3H, s ) ,  3.90, 4.08 (each lH, dd, 5-11.5, 3.0 

Hz), 4.35 ( lH,  d, Hc, J-9.5 Hz), 4.78 ( lH, d, Ha, 5=7.5 Hz), 6.78-7.32 (14H. m); MS mle 385 (Mf). 

5 5a: co lor less  prisms; rnp 8 7 . 5 - 8 9 . ~ ~ ~ ;  IR (KBr) 3380, 3330, 1725, 1708 cm-l; ?IMR (COC13) S 2.16 - 
(lH, broad, NH), 2.94 (lH, dddd, Hb, 5=7.5, 7.5, 6.5, 4.0 Hz), 3.10 (3H. s ) ,  3.63 ( lH, d, Hc, J= 

7.5 Hz), 3.70 ( lH, dd, J-11.0, 6.5 Hz), 4.02 OH, dd, 5-11.0, 4.0 Hz), 4.86 ( lH, d, Ha, J=7.5 Hz), 

6.70-7.57 (14H. m); MS mle 385 (M+). 

1 6a: co lor less  prisms; mp 1 6 0 - 1 6 1 ~ ~ ;  IR (Kar l  3300, 1715 cm- ; NMR (CDC13) 6 2.70 (IH, broad, NH), " 
2.48 (lH, dddd, Hb, 5-12.0, 11.0, 10.0, 4.8 Hz), 3.30 (3H, s ) ,  3.50 OH, d, Hc, J=12.0 Hz), 3.65 

(1H. dB Ha, J-11.0 Hz), 4.02 ( lH, dd, J=10.0, 10.0 Hz), 4.10 ( lH, dd, J-10.0, 4.8 Hz), 6.75-8.0 

(14H, m); MS mle 385 (M+). 

9: co lor less  prisms; mp 193-194'~; IR (KBr) 3370, 1720 cm-'; NMR (CDC13) s 2.80 (IH, dddd, ~ b ,  J= 

9.5, 7.5, 3.0, 3.0 Hz), 3.20 ( lH, broad, NH), 3.34 (3H, s) ,  3.95, 4.06 (each lH, dd, 5.11.5, 3.0 

HZ), 4.34 ( lH,  d, Hc, J-9.5 Hz), 4.72 ( lH, d, Ha, 5.7.5 Hz), 6.68-7.42 (13H. m). 

6 1 5b: co lor less  prisms; mp 1 0 1 - 1 0 2 ~ ~ ;  IR (KBr) 3400, 3340, 1730, 1720 cm- ; NMR (CDC13) S 2.16 ( lH, - 
broad, NH), 2.94 OH, dddd, Hb, J=7.5, 7.5, 6.5, 4.0 Hz), 3.10 (3H, s) ,  3.63 ( lH, d, Hc, 5-7.5 Hz), 

3.70 (lH, dd, 5-11.0, 6.5 Hz), 4.02 ( lH, dd, 5-11 .O, 4.0 Hz), 4.86 ( lH, d, Ha, 5-7.5 Hz), 6.70-7.57 

(13H, m). 

1 @: co lor less  prisms; mp 203-205'~; IR (KBr) 3300, 1725 cm- ; NMR (COC13) s 2.70 (IH, broad, NH), 

2.48(1H,dddd,Hb9 5-12.0, 11.0, 10.0,4.8Hz),3.30 (3H, s ) ,  3 .50(1H,d ,Hc,  J=12.0Hz), 3.65 

(1H, d, Ha, J-11.0 Hz), 4.02 ( lH, dd, J-10.0, 10.0 Hz), 4.10 ( lH,  dd, J=10.0, 4.8 Hz), 6.75-8.0 
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(13H. m). 

It i s  genera l ly  d i f f i c u l t  t o  i n f e r  the stereochemistry between 3- and 4-pos i t ions  o f  p y r r o l i d i n e  

7 
r i ngs  on the bas is  o f  values of coupl ing constants JjS4 . However, i t  i s  reasonable t o  assume t h a t  

the hydrogens Hb and Hc i n  a l l  products are t rans, because i t  i s  known t h a t  in termolecu lar  cyc lo-  

8 add i t i ons  t o  imines o f  a-amino ac id  es ters  proceed v i a  a concerted fashion and are s tereospec i f i c  . 
As shown i n  NMR data, the  coup l ing  constants (each 5 ~ 7 . 5  Hz) of t h e  r i n g  j unc t i on  protons Ha and Hb 

of 2,  s ,  and 2, 2 suggested c i s  fused r i n g  systems, whereas those (both J-11.0 Hz) o f  g and & 
9 ind i ca ted  t rans ones . It i s  thus poss ib le  t o  conclude t h a t  a ,  Lb ,  and La, have t h e  Ha, Hb-cis 

and Hb, Hc-trans conf igurat ions,  and 2 and 3 have the Ha, Hb-trans and Hb, Hc-trans ones. 

Scheme 3 

Conf igurat ions o f  2- and 3-posi t ions i n  p y r r o l i d i n e  moie t ies  i n  a l l  products were assumed on the 

basis o f  NMR data o f  compounds der ived from La, 5q, and 9. It i s  known t h a t  c y c l i c  e thers  such as 

tetrahydropyrans undergo c a t a l y t i c  r i n g  cleavage w i t h  Pd-C a t  h igh  temperature t o  g i ve  the  cor-  

10 responding aldehydes o r  ketones . When a s o l u t i o n  o f  i n  deca l in  was re f luxed w i t h  5% Pd-C, 

2-(o-hydroxyphenyl)-3-methyl-4,5-diphenyl-5-methoxycarbonyl-l-pyrroline~, mp 1 6 9 - 1 7 0 ~ ~ .  was ob- 

ta ined i n  95% y i e l d .  On the o ther  hand, a s i m i l a r  treatment of and 3 afforded the same product 

8, mp 1 8 1 - 1 8 ~ ~ ~ ,  which was a stereoisomer of I ,  i n  53 and 47% y i e l d s  respect ive ly .  On the basis of ,.! 



comparison o f  NMR data, the  stereochemistry of 2 and 8 was assigned. The s igna l s  o f  methyl, 

methoxycarbonyl and 4-methine in; appeared a t  h igher  f i e l d s  than those i n  respect ive ly ,  because 

o f  anisotropy e f f e c t s  of the  4- and 5-phenyl groups. I t  i s  thus concluded t h a t 2  has 3-methyl, 4- 

phenyl-trans and 4-phenyl, 5-phenyl-cis conf igura t ions ,  whereas2 has 3-methyl, 4-phenyl-trans and 

4-phenyl, 5-phenyl-trans ones. The formation o f ?  and 8 can be i n te rp re ted  as a r i s i n g  f r o i n h a n d  

8 respect ive ly  (Scheme 3). - 
1 7: pale greenish ye l low prisms; IR (KBr) 3200-2300, 1730, 1610 cm- ; NMR (CDC13) 6 1.44 (3H. d, .-. 

C k ,  5-7.0 Hz), 3.73 (3H. S,  OCb),  3.79 ( lH,  m, 3 4 ,  4.30 ( lH, d, 4-H, 5-3.0 Hz), 6.70-7.63 (14H, 

m), 14.92 ( lH,  broad, 0x1; MS mle 385 (M+). 

1 8: pale greenish ye l low prisms; IR (KBr) 3600-2400, 1740, 1610 cm- ; NMR (CDC13) 6 1.07 (3H, d, ,- 
C 3 ,  5 ~ 7 . 0  Hz), 3.19 (3H, s, OCH3). 3.75 ( lH, m, 3-!), 3.79 ( lH,  pseudo s, 4 3 ,  6.80-7.90 (14H, 

m), 14.96 OH, broad, OH-); MS mle 385 (M+). 

On the bas is  of above observations, the stereochemistry of i n i t i a l  cycloadducts 3,2 ,  a n d 2  was 

assigned as shown i n  Scheme 3. The suggested s t ruc tures  f o r  s,  2, and & were f i n a l l y  confirmed 

11 by t h e i r  X-ray d i f f r a c t i o n  s tud ies  . 

The formation of 4, 2 a n d 2  f r o m 3  can be i n te rp re ted  as fo l lows (Scheme 4). The in t ramolecu lar  

Scheme 4 

- 1 5 0 6  
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cyc loadd i t i on  proceeds v i a  a 1.3-dipolar cyc loadd i t ion  i nvo l v i ng  a p ro to t rop i c  equ i l i b r i um o f  J 

w i t h  i t s  1,3-dipolar tautomer, azomethine y l i d e .  The formation o f f !  a n d 2  ind ica tes  t h a t  stereo- 

mutat ion ( C = i )  o f  the  1,3-dipole occurs. Such a stereomutation has been a lso  repor ted i n  i n t e r -  

3 molecular cyc loadd i t ions  of analogous imines t o  l ess  reac t i ve  d ipo laroph i les  . However, inspect ion  

of the  Dre id ing models i nd i ca ted  that; i s  more p re fe rab le  t h a n i ,  becauseL  su f fe rs  much h igher  

van der Waals s t r a i n .  

I n  the  t r a n s i t i o n  s t a t e  E l ead ing t o  4, the 1,3-dipole moiety has a preferable geometry bu t  t he re  

i s  a s t e r i c  i n t e r a c t i o n  between two phenyl groups. On t h e  other hand, the  t r a n s i t i o n  s t a t e 1  f o r 5  

has an unfavored geometry i n  the  1.3-dipole moiety. It seems reasonable t o  assume t h a t  and are 

ene rge t i ca l l y  almost equivalent,  because of comparable y i e l d s  o f  4 and 5. The minor p r o d u c t i  

forms v i a  the  t r a n s i t i o n  s t a t e 2  i n  which there  i s  a s i g n i f i c a n t  s t e r i c  i n t e r a c t i o n  between the 

azomethine hydrogen and methylene. It i s  thought t h a t  t h e  fourth cycloadduct v i a  the t r a n s i t i o n  

state: i s  no t  formed because4 has s i g n i f i c a n t  s t e r i c  i n te rac t i ons  as shown i n  Scheme 4. 

The present work was p a r t i a l l y  supported by Grant- in-Aid f o r  S c i e n t i f i c  Research from the M i n i s t r y  

o f  Education (No. 555345). t o  which authors '  thanks are due. 
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