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Abstract- The xanthinium Nl7) -y l ides  reacted w i th  o l e f i n i c  d ipo laroph i les  - 
t o  give tetrahydropyrralo[l,2-flxanthine der ivat ives.  Reaction w i th  dimethyl 

fumarate gave the mixture o f  endo and ex0 adducts. The stereochemistry of 

1 these products was elucidated by H-NMR and X-ray analysis. 

Reaction w i th  other t rans  o l e f i n s  af forded so le l y  endo-syn type add i t ion  

products i n  excel l e n t  y i e l ds .  

Cycloaddi t ion react ions of azomethine y l i d e s  w i th  d ipo laroph i les  have been widely invest iga ted as 

e f f i c i en t  methods t o  construct  he terocyc l ic  molecules. We previously reported t h a t  novel 

xanthinium N-ylides 5 showed high r e a c t i v i t y  w i t h  the  ac t iva ted acetylenic compounds such as d i -  

methyl acetylenedicarboxylate and methyl p rop io la te  t o  g ive  5-pyr ro lourac i ls  and py r ro lo [ l ,Z - f l -  

p ter id ines  through 1,3-dipolar cycloaddi t ion fol lowed by the r i n g  t ransformat ion o f  the  adducts. 
3 

Since the react ions of c y c l i c  azomethine y l i d e s  w i th  o l e f i n s  produce three o r  f ou r  a s y m t r i c  

carbons i n  the  newly constructed r i ngs  a t  a time, i t  i s  very i n te res t i ng  t o  study these react ions.  

1 Stereochemistry o f  newly constructed r i ngs  has been determined mainly based on H-NMR coupling con- 

~ t a n t s . " ~  Determination o f  stereochemistry i s  important i n  the  discussion of s te reose lec t i v i t y  of 

the  cyc loadd i t ion  react ion.  

I n  t h i s  paper, we wish t o  repo r t  the  cyc loadd i t ion  react ions o f  novel xanthinium N(71-ylides w i t h  

o l e f i n i c  d ipo l  arophi les and the stereochemical e luc idat ion  of the adducts, whose s t ruc tu re  was 

h i s h l y  funct ional ized, by 'H-NMR and X-ray crystal lography. 

The xanthinium N-ylides 4 were generated from 7-subst i tuted 1.3.9-trimethylxanthinium p-toluene- 

sulfonates (1-3)  by the  deprotonation w i th  t r ie thy lamine6 i n  dry  a c e t o n i t r i l e  a t  room temperature - - 
under a n i t rogen atmosphere and allowed t o  react  w i t h  d ipo laroph i les  wi thout i s o l a t i o n  o f  y l i d e s  4. - 



I R = C6H5 - 4 8-endo adducts - 
2 R = 4-BrC6H4 - k, 3, 8a. 9a 

COR 

8-exo adducts 

5b 6b 7b -. -' - 
3 R = du ry l  - Scheme I. 

Table. Tetrahydropyrrolo[l,2-f)xanthines. 

IH-NMR ppm (Hz) 

Comp. R X y i e l d ( % )  mp ('C) H-6 (5-6.7) H-7 (5-7,8) H-8 (5-8,8a) H-8a 

5a C6H5 - COOCH3 54.0 136-138 6.13 (7.0) 3.74 (10.8) 4.18 (8.6) 5.13 

5b C6H5 - COOCH3 36.7 191-193* 6.16 (2.4) 3.79 ( 4.61 3.87 (4.61 5.20 

6a 4-8rC6H4 COOCH3 62 - 190-192.5* 6.06 (6.6) ** (10.5) 4.20 (8.4) 5.12 

6b 4-BrC6H4 COOCH3 23 - 174.5-176' 6.09 (2?41 3.79 ( 4 . 6 )  3.85 (4.6) 5.18 

7b dury l  COOCH3 62.4 194.5-197* 5.62 (3.0) 3.71 ( 6.1) 3.77 (5.21 5.22 - 

8a C6H5 - CN quant. 163-1136.5~ 6.26 (6.1) 3.34 (10.8) 4.31 (7.3) 5.17 

9a C6H5 - COC6H5 79.4 168-170 6.45 (7.3) 4.90 (10.0) 5.32 (8.6) 5.54 

* dec. ** Th is  peak could n o t  be assigned w i t h  60 M-Hz1 H-NMR. 

The reac t ions  o f  4 w i t h  d imethyl  fumarate afforded two isomers of 1 : l  adducts (3, 2) i n  t h e  r a t i o  

o f  6:4. These isomers were separated by column chromatography on s i l i c a  gel .  The assignments o f  

NMR spectra were made on t h e  basis o f  t h e  chemical s h i f t s ,  coup l ing  constants and spin-spin 

decoupling (Table) .  

I n  t h e  adduct (2 o r  %I a doublet  a t  about 6 6.1 ppm was assigned t o  be 6-H by t h e  spin-decoupling 

technique (400 MHz); the  6-H was coupled t o  t h e  adjacent 7-H (5-7.0 and 2.4 Hz) and the  coupl ing 

constants between the  7-H and 8-H were 10.8 and 4.6 Hz, respec t ive ly .  L ikewise another doublets a t  

about 6 5.1 ppm assigned t o  be 8a-H and t h e  coup l ing  constants between 8a-H and 8-H were 8.G and 

4.6 Hz f o r  5a and 5b, respec t ive ly .  Considering t h e  repor ted  coup l ing  constants o f  stereoisomers of - - 

p y r r o l i d i n e  d e r i v a t i ~ e s , ~  the  s t r uc tu re  o f  major isomer (a) i s  t e n t a t i v e l y  assigned t o  be t h e  H6, 

H7-cis-H7,H3-trans-H8,H8a-cis con f i gu ra t i on  (8-endo adduct l  and minor isomer (5b) was assigned t o  - 
the a l l  t rans  stereochemistry (8-exo adductl.  But i n t h e  case of 5-7,8 o f  z, u n r e l i a b l e  assignment 

was made because the  value (J= 10.8 Hz) i s  on the  border of c i s  o r  t rans  coup l ing  constants.  

I n  order t o  e luc ida te  t h e  stereochemistry and conformations of p y r r o l i d i n e  nwie ty  ( r i n g  C), X-ray 
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Scheme 2. 

Figure ORTEP Drawing o f  & 

analysis of bromo de r i va t i ve  (@) which corresponds t o  the major isomer 1%) was made. As shown i n  

the ORTEP drawing (Figure) o f  &, the stereochemistry o f  r i n g  C was c is - t rans-c is  (8-endo adductl 

1 and wel l  accorded w i th  t h a t  speculated from the H-EIIIR data. 

These stereochemistry df 2 and revealed t h a t  d ipo laroph i les  reacted on ly  w i th  the  conformer 9 

of the y l i d e  (as shown i n  Scheme 2 )  t o  give endo and ex0 add i t ion  products. The l e s s  hindered 

conformer might predominantly e x i s t  i n  the  t r a n s i t i o n  states because of s t e r i c  and e l e c t r o s t a t i c  

repuls ion between u r a c i l  m i e t y  and benzoyl groups I R I .  Since the isomerizat ion between 3 and 

was not observed under the  react ion  conditions,1° the minor product (s) was obviously der ived 

through l ess  hindered ex0 approach t o  the y l i d e  conformer 9. 
I n te res t i ng l y  other t rans  o l e f i n s  ( t r ans  1,Z-dibenzoylethylene and fumaron i t r i l e l  afforded so le l y  

c is - t rans-c is  isomers (8-endo adducts & and 5) i n  exce l len t  y i e l ds  as shown i n  the Table. 

Very recent ly  Tsuge e t  a l .  reported tha t  3t2 cycloaddi t ion react ions i n  pyr id in ium and th iazo l in ium 

systems proceeded only i n  stereoselective-endo type add i t ion  process.'' They emphasized tha t  

secondary o r b i t a l  i n te rac t i on  favored the endo add i t ion  and s t e r i c  repu ls ion  i n  the  t r a n s i t i o n  s ta te  

might cont ro l  the  y l i d e  conformation. 

On the other hand, Toth e t  a l .  reported an i n te res t i ng  r e s u l t  s i m i l a r  t o  ours t h a t  Z,3-dihydro- 

isoquinol in lum methylide reacted w i th  dimethyl fumarate i n  the  presence o f  py r i d i ne  t o  a f f o rd  endo 

and ex0 isomers. From these resu l t s  the  react ions w i th  dimethyl fumarate was p r a c t i c a l l y  un- 



affected by the secondary o r b i t a l  i n te rac t i on  and diinethyl fumarate might be a susceptive d ipo laro-  

p h i l e  t o  the s t e r i c  hindrance. 

I n  order t o  c l a r i f y  the  e f f i c i ency  of secondary o r b i t a l  i n te rac t i on  and s t e r i c  e f f e c t  i n  the  

xanthinium N(7) -y l ide  system ($1, h i gh l y  s ter ica l ly -h indered y l i d e  (4 R= du ry l )  generated frool 11-7 

duroylmethylxanthine (3) was allowed t o  reac t  w i t h  dimethyl fumarate under the  same condi t ions.  The 

only  one product (7b) was obtained i n  62.4 % y i e l d  and the s tereost ruc ture  of r i n g  C was assigned t o  - 
be trans-trans-trans (8-exo adduct). 

Our r e s u l t s  c l e a r l y  show t h a t  no t  only t h e  secondary o r b i t a l  i n t e r a c t i o n  but also s t e r i c  hindrance 

cont ro ls  the  react ion  modes o f  c y c l i c  azomethine y l i d e s  w i th  olef ins.  
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