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Abst rac t  - 1-A1 ky l [ l ,2 ,4 ] t r iazo lo [ l  .5-alpyr id in ium s a l t s  (2) were 

synthesized by the reac t i on  o f  [I ,2,4 l t r iazo lo [ l  ,5 -a lpyr id ine  

(1) w i t h  a l k y l  ha l ides  i n  d ry  acetone under re f lux .  The 

thermal reac t i on  o f  y l  ides  (3) gave 2-cyanamidopyridines (_4)  

o r  2 -oxazo ly lpyr id ine  ( 5 ) .  The reac t i on  of y l i d e s  ( 3 )  w i t h  

methyl p rop io la te  o r  dimethyl acetylenedicarboxylate r e s u l t e d  i n  

the  formation o f  pyrazo lo [ l ,5 -a lpyr id ine  de r i va t i ves  v i a  a  

double 1,3-dipolar cyc loadd i t i on  react ion .  

I n  the  preceding papers, we repor ted the thermal react ion  o f  [1,2,4]triazolo[l,5-alpyrimidinium 

1 y l i d e s  and the reac t i on  w i t h  methyl p rop io la te  (MP) o r  dimethyl acetylenedicarboxylate (DMAD) 

t o  g i ve  1  :2 adducts by a  double 1,3-dipolar cyc loadd i t ion  reac t i on  which includes "y l ide- induced 

2  y l i d e " .  This paper describes the thermal react ions  and double 1.3-dipolar cyc loadd i t i on  of 

[1,2,4ltriazolo[l,5-alpyridinium y l i d e s .  

Synthesis o f  1-Alkyl[l.2,4]triazolo[l ,5-alpyr id in ium Sal ts  ( ? )  --- A l k y l a t i o n  of [1,2,4]triazolo- 

3  [l ,5-alpyr id ine (1) was c a r r i e d  ou t  w i t h  a l k y l  ha l ides  i n  re f l ux ing  acetone t o  af ford the 

iminium s a l t s  (2) . i n  43-96% y i e l d s  (Scheme 1)  (Table 1 . )  

Scheme 1 



Table 1.  Preparat ion of I-Alkyl[l,2,4ltriazolo[l ,5-alpyr id in ium Sal ts  (2) 

Compound R' X Time eq. of Y ie ld  mp (decomp) 
No. (h) a l k y l  ha l i de  ( % )  ("C) 

2a - COPh Br 9 1.1 96 212-213.5 

2b C02Me Br 22 11 76 165-167.5 

?I CN Br 24 5 43 226-228 

2d CN C1 23 11 1.0 o i l  

There are no repo r t s  on a l k y l a t i o n  o f  1 o r  i t s  d e r i v a t i ~ e s . ~  Considering the f a c t  t h a t  ?-Methyl- 

[1,2,4ltriazolo[l,5-alpyridine i s  protonated a t   position,^ a1 k y l a t i o n  o f  i would occur a t  N1 - 
pos i t ion .  This assumption was confirmed by thermolysis of the y l i d e s  (1) described below. 

Thermal Reaction of [1,2,4lTriazoloC1,5-alpyridinium Yl ides (3) --- The iminium s a l t s  (2) were 

t reated w i t h  t r i e thy lam ine  i n  d ry  a c e t o n i t r i l e  under a n i t rogen atmosphere a t  room temperature 

t o  a f f o r d  a red so lu t i on  o f  the y l i d e s  (3) which were too unstable t o  be iso la ted.  Ref lux ing the 

red s o l u t i o n  o f  y l i d e s  (3) gave 2-cyanamidopyridines (4b,c). The cyanamidopyridines (4%) 

showed an absorpt ion a t  2240cm-' (CN) i n  t h e i r  i r  spectra and m u l t i p l e t  s igna ls  a t  6 6.94-8.34 

1 
a r i s i n g  from the fou r  py r i d i ne  protons i n  t h e i r  H-nmr spectra. The p laus ib le  reac t i on  mechanism 

for the  thermolysis i s  shown i n  Scheme 2. 

On the o ther  hand, thermolysis product o f  benzoyl d e r i v a t i v e  (3) was no t  2-cyanamidopyridine (4a) - 

but 2-(2-imino-5-phenyl-2,3-dihydrooxaml-3-yl)pyridine (5).  The compound 5 exh ib i t ed  absorpt ions 

o f  NH a t  3270cm-' and an imino group a t  1680cm" i n  the  ir spectrum and showed an o l e f i n i c  pro ton 

s igna l  a t  6 7.88 i n  the 'H-nmr spectrum. The oxazol ine r i n g  o f  5 might be der ived from the 

N-cyano-N-phenacylamino moiety of p r i m a r i l y  formed 2-(N-cyano-N-phenacylamino)pyridine (G). 
The ring-opened in termedia te  (s) i s  deprotonated by t r i e thy lam ine  t o  produce an enolate anion, 

which a t tacks  the  carbon atom o f  the  cyano group t o  c y c l i z e  t o  the  oxazol ine (5).  The intermedi-  

a te  (5) was no t  obtained even by the reac t i on  o f  2a w i t h  0.9 eq. of t r ie thy lamine,  wh i l e  - 
2-(N-cyano-N-phenacy1amino)pyrimidine has been obtained from the reac t i on  if [1,2,4]tr iazolo- 

1 [1,5-alpyrimidinium y l i d e s .  The oxazol ine (5) was e a s i l y  hydrolyzed by the  treatment w i t h  

s i l i c a  gel  i n  chloroform t o  g i ve  2-(2-oxo-5-phenyl-2,3-dihydrooxazol-3-yl)pyridine (6 )  i n  56% - 
y i e l d .  The oxazolone (6) showed an absorpt ion of ketone a t  1735cm-' i n  the  i r  spectrum and the - 

1 s igna l  o f  oxazol ine r i n g  pro ton a t  6 8.00 i n  the H-nmr spectrum. 
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Scheme 2 

Reaction o f  Y l ides  (3) w i t h  MP o r  DMAD --- Iminium s a l t s  (1) were t reated w i t h  t r i e thy lam ine  i n  

the presence of MP a t  room temperature i n  dry  a c e t o n i t r i l e  under a n i t r ogen  atmosphere t o  g i v e  

pyrazolo[ l ,5-alpyr id ine der iv 'at ives (9) i n  add i t i on  t o  thermolysis products (4&, 5)  (Scheme 3). 

1 The H-nmr spectra o f  2 showed two doublets a t  6 7.5 and 7.8 (J-1.5 Hz) due t o  2,4-disubst i tuted 

py r ro le  r i n g  and a s i n g l e t  a t  6 8.0 due t o  C2-H o f  pyrazo lo [ l  ,5 -a lpyr id ine  moiety. I n  the  react ion  

w i t h  DMAD, the  mixtures o f  3,3a-dihydropyrazolo[l,5-alpyridines (8d-f) and t h e i r  3,3a-dehydro- 

genated de r i va t i ves  (10) were obtained. Mass spectra o f  the  mixtures showed molecular i o n  peaks - 
1 of 1:2 adduct(8d-f) and 1 j .  Moreover, the H-nmr spectra exh ib i t ed  complicated m u l t i p l e t s  assigned 

t o  diastereomeric C3-H and C3,-H o f  K f  i n  the reg ion o f  6 5-6. 3,3a-Dihydropyrazolopyridines 

( 8 3 f )  were very e a s i l y  dehydrogenated t o  pyrazolopyr id ines (10) dur ing p u r i f i c a t i o n  by prepara- 

t i v e  TLC and we cou ld  n o t  i s o l a t e  Ed-f i n  pure forms. The mix tures  o f  E f  and 1_0 were t reated - 
w i t h  c h l o r a n i l  i n  benzene under r e f l u x  t o  a f f o rd  1_0 (Scheme 3 ) .  The 1 : l  adduct were no t  obtained 

even from the reac t i on  w i t h  1 eq. of MP o r  DMAD. The p laus ib le  mechanism f o r  the format ion of 9 

and 10 invo lves  the double 1 , L d i p o l a r  cyc loadd i t ion  o f  y l i d e  (38). named "yl ide- induced y l i d e " ,  

which i s  one o f  resonance s t ruc tu res  of azomethine y l i d e  (3A). w i t h  2 moles o f  MP. The cyclo- 

adducts (7) - would r e a d i l y  a f f o r d  ring-opened products (8) .  Dihydropyrazolopyridines (5) are 

aromatized w i t h  dehydrogenation t o  g i ve  pyrazolo[ l  ,5-alpyr id ines (9, - 10) (Scheme 3). 
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~n conclusion, 1 - a l k y l [ l  ,2 ,4 ] t r iazo lo [ l  ,5-alpyr id in ium y l i d e s  provided a number o f  p y r i d i n e  

de r i va t i ves  by thermal reac t i on  and pyrazolo[ l  ,5-alpyr id ine de r i va t i ves  by double 1,3-dipolar 

cyc loadd i t ion  react ion  w i t h  a c t i v e  acety len ic  compounds. Fur ther  i nves t i ga t i on  i n  t h i s  area i s  

under way. 

EXPERIMENTAL 

Mel t ing  po in ts  were determined w i t h  a Yanagimoto micro me l t i ng  p o i n t  apparatus and are uncorrect-  

ed. TLC was performed on s i l i c a  ge l  (Kiesel  gel  60 PF254, Merck). Column chromatography was 

performed on s i l i c a  gel  (Fu j i ge l  BW-820MH). Solvent combinations fo r  e l u t i o n  are g iven as v l v .  

The i r  spectra were recorded w i t h  a JASCO A-1 spectrometer and the mass spectra were recorded 

w i t h  a JEOL JMS-0300 spectrometer. ' ~ - n m r  spectra were recorded a t  60 MHz w i t h  a HITACHI R 20-8 

spectrometer. Chemical s h i f t s  are given on the 6 scale and te t ramethy ls i lane was used as an 

i n t e r n a l  standard. 
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I-Alkyl[l,2,4]triazolo[l,5-alpyridinium S a l t s  (Za -d ) ,  General Procedure --- A s o l u t i o n  o f  [I ,2,4]- 

3 t r i a z o l o [ l , 5 - a l p y r i d i n e  (1) and a l k y l a t i n g  agent i n  d r y  acetone was re f luxed under a n i t r o g e n  

atmosphere. The p r e c i p i t a t e d  s o l i d  was c o l l e c t e d ,  washed w i t h  d r y  e ther ,  and r e c r y s t a l l i z e d  

from ethanol  o r  methanol. React ion t ime, eq. o f  a l k y l a t i n g  agent, y i e l d  ( % )  and m e l t i n g  p o i n t  

1 a re  shown i n  Table 1. Mass, i r  and H-nmr spec t ra  a re  sumar i zed  i n  Table 2. Appearance, recrys-  

t a l l i z i n g  so l ven t  and a n a l y t i c a l  da ta  a re  l i s t e d  i n  Table 3. 

Table 2. Spec t ra l  Data o f  1-Alkyl[l,2,4ltriazolo[l,5-alpyridinium S a l t s  (2) 

Compound i r  cm-' ' ~ - n m r  6 
NO. ( KBr) ( D M S O - ~ ~ - C D C ~ ~ )  

2a - 1685 (CO) 6.68 (2H, s, CH2). 7.50-8.88 (8H, m, ArH), 

9.42-9.62 ( IH,  m, ArH), 9.74 ( lH ,  s, C2-H) 

Z_b 1745 (CO) 3.79 (3H, s,  0CH3), 5.76 (2H, s, CH2), 

7.82-8.08 ( IH,  m, ArH), 8.50-8.76 (2H, m, ArH), 

9.49-9.67 ( IH,  m, ArH), 9.85 ( lH,  s, C2-H) 

2c .- a 6.19 (2H, s, CH2), 7.86-8.08 ( lH ,  m, ArH), 

8.33-8.90 (2H, m, ArH), 9.44-9.66 ( lH,  m, ArH), 

9.94 ( lH ,  s, C2-HI 

a )  An abso rp t i on  of the  cyano group was so weak t h a t  i t  was n o t  observed by the  KBr d i s c  method. 

And ir spectrum i n  s o l u t i o n  was n o t  measured because of  low s o l u b i l i t y  i n  chloroform, d i ch l o ro -  

methane and acetone. 

Table 3. A n a l y t i c a l  Data o f  1-Alkyl[l,2,4]triazolo[l,5-alpyridinium Sa l t s  ( 2 )  

Compound Appearance Farmula 
No. (Recrystn.  So lv t . )  

Ana lys is  ( % )  
Calcd (Found) 

I: H N 

2a c o l o r l e s s  prisms C H BrN 0 H 0 50.02 4.20 12.50 - 
(EtOH) l4 (50.05 4.13 12.26) 

3 c o l o r l e s s  prisms C9Hl0BrN3O2 39.73 3.70 15.44 
(MeOH) (39.49 3.74 15.41) 

g p a l e  y e l l o w  prisms C8H7BrN4 40.19 2.95 23.44 
(EtOH) (40.00 3.05 23.39) 

T h e n a l  React ion of 3_b --- Tr ie thy lamine  (0.14 ml, 1 mnol) was added t o  a s o l u t i o n  o f  1-(methoxy- 

carbonyl)methyl[l,2,4ltriazolo[l,5-alpyridinium bromide ( 3 ) ( 2 7 2  mg, 1 m o l )  i n  d r y  a c e t o n i t r i l e  

(10 ml )  under a n i t r ogen  atmosphere and t h e  m i x t u r e  was heated under r e f l u x  f o r  2h. A f t e r  coo l -  

i n g  t o  room temperature, t h e  so l ven t  was evaporated under reduced pressure. The res i due  was ex- 



t r a c t e d  several  t imes w i t h  chloroform, and t h e  e x t r a c t s  were washed w i t h  sa tu ra ted  aqueous NaCl 

s o l u t i o n  and d r i e d  over MgS04. The so lven t  was removed under reduced pressure t o  a f f o r d  2-[N- 

cyano-N-(methoxycarbonyl )amino]pyr id ine (s) ( 1  17 mg, 61%). Recrys ta l  l i z a t i o n  f rom AcOEt-petroleum 

1 e the r  gave co l o r l ess  pr isms, mp 63-65°C; i r  (KBr) cm-I : 1760 (CO), 2240 (CN); H-nmr (CDCI3) 6 : 
3.80 (3H, s, 0CH3), 4.62 (ZH, s, CH2), 6.94-8.36 (4H, m, ArH); ms mlz: 191 (M'). Anal .  Calcd f o r  

CgHgN302: C, 56.54; H, 4.75; N, 21.98. Found: C, 56.39; H, 4.73; N, 21.74. 

Thermal Reaction o f  3c --- 2-[N-Cyano-N-(cyanomethyl)amino]pyridine (s) was obtained i n  quan t i t a -  

t i v e  y i e l d  by the  s i m i l a r  procedure as f o r  cb. R e c r y s t a l l i z a t i o n  from benzene-petroleum e the r  

1 gave p a l e  brown pr isms, mp 7 2 - 7 3 . 5 ~ ;  i r  (KBr) cm-l : 2240 (cN); H-nmr ( c D c ~ ~ )  6 : 4.82 (2H, s, 

CH2), 7.05-8.48 (4H, m, ArH); ms m l r :  158 ( M ~ ) .  Anal. Calcd f o r  C8H6N4: C, 60.75; H, 3.82; N, 

35.42. Found: C, 60.96; H, 3.79; N, 35.22. 

Thermal R e a c t i o n o f  --- 2-(2-lmino-5-phenyl-2,3-dihydrooxazol-3-yl)pyridine ( 5 )  was obtained - 
by t h e  s i m i l a r  mehtod as above and p u r i f i e d  by p repa ra t i ve  TLC (AcOEt:hexane=l:2) as an o i l  

1 ( y i e l d  29%); i r  (KBr) cm-' : I680 (0-C-N), 3270 (NH); H-nmr (CDC13) 6 : 4.88 ( lH ,  b r  s, NH), 7.88 

( lH ,  5, oxazo l ine  H), 6.98-8.64 (9H, m, ArHl; ms m l r :  237 (M+). The produc t  5 was coverted t o  2- 

(2-oxo-5-phenyl-2,3-dihydrooxazol-3-yl)pyridine (5) by s t i r r i n g  w i t h  s i l i c a  ge l  i n  chloroform. 

The compound 5 was p u r i f i e d  by p repa ra t i ve  TLC (AcOEt:hexane=l:Z). R e c r y s t a l l i z a t i o n  from hexane 

1 gave c o l o r l e s s  needles ( y i e l d  56%), mp 119-121.5"C; i r  (KBr) cm-' : 1735 (CO); H-nmr (CDC13) 6 : 

8.00 ( lH ,  s, oxazo l ine  HI ,  7.98-8.58 (9H, m, ArH); ms mlz: 238 ( M ~ ) .  Anal. Calcd f o r  Cl4Hl0NZO2: 

C, 70.58; H, 4.23; N, 11.76. Found: C,  70.72; H, 4.33; N, 11.63. 

React ion of 3a w i t h  MP --- Tr ie thy lamine  (0.14 ml, 1 mnol) was added s l ow l y  t o  a s o l u t i o n  of 

2.3 (477 mg, 1.5 m o l )  and MP (252 mg, 3 mnol) i n  d r y  a c e t o n i t r i l e  (20 m l )  under a n i t r ogen  - 
atmosphere a t  room temperature. A f t e r  t h e  m i x t u r e  was s t i r r e d  f o r  6h a t  room temperature, 

t h e  so l ven t  was evaporated under reduced pressure.  The res i due  was ex t r ac ted  w i t h  ch lo ro fo rm 

and t h e  e x t r a c t s  were d r i e d  over MgS04. The so l ven t  was removed under reduced pressure t o  g i v e  

an o i l y  p roduc t  which was separated by p repa ra t i ve  TLC (AcOEt:hexane=l:3) t o  a f f o r d  7-[2-benzoyl- 

4-(methox~carbonyl)pyrrol-l-yll-3-(methoxycarbonyl)pyrazolo[l,5-alpyridine (2) (137 mg, 23%) i n  

a d d i t i o n  t o  a t r ace  amount o f  5. Compound was r e c r y s t a l l i z e d  f rom benzene-petroleum e the r  t o  

1 g i v e  y e l l o w  prisms, mp 145-147'C; i r  (KBr)  cm-' : 1635, 1710 (CO); H-nmr (CDC13) 6 :3.87, 3.90 

(each 3H, each s, 0CH3X2), 7.55, 7.80 (each lH, each d, J-1.5Hz. p y r r o l e  H), 8.28 ( lH ,  s, C -H), 
2 

7.05-8.41 (8H, m, ArH); ms mlz: 403 ( M ~ ) .  Anal. Calcd f o r  CZ2H1,N305: C. 65.50; H, 4.25; N, 

10.42. Found: C, 65.71; H, 4.23; N, 10.36. 

React ion of 3b w i t h  MP --- The crude products were obtained from (432 mg, 1.58 mnol) ,  

t r i e t h y l a m i n e  (0.55 ml, 3.95 mnol) and MP (332 mg, 3.95 mnol) by t h e  s i m i l a r  r e a c t i o n  as f o r  3a, 
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and separated by p repa ra t i ve  TLC (AcOEt:hexane=l:3) t o  g i v e  7-[2,4-di(methoxycarbonyl)pyrrol-1- 

yll-3-(methoxycarbonyl)pyrazolo[l,5-alpyridine (9b) - (67 mg, 19%) and (174 mg, 58%). 

Compound (9b)  was r e c r y s t a l l i z e d  f rom benzene-petroleum e ther  t o  g i v e  c o l o r l e s s  needles, 

I mp 202.5-203.5'C; i r  (KBr) cm-' : 1730 (CO); H-nmr (CDC13) a : 3.65, 3.87, 3.94 (each 3H, 

each s, 0CH3X3), 7.60, 7.68 (each lH ,  each d, J=l.SHz, p y r r o l e  H), 8.37 ( IH,  s, C2-HI, 7.00- 

8.45 (3H, m, ArH); ms m/z: 357 ( M ~ ) .  Anal. Calcd f o r  C17H15N306: C, 57.14; H, 4.23; N, 11.76. 

Found: C,  57.40; H, 4.20; N, 11.75. 

React ion o f  3c w i t h  MP --- The crude products were ob ta ined f rom (239 mg, 1 mmol), t r i e t h y l -  

amine and MP (168 mg, 2 mnol) by the  s i m i l a r  r eac t i on  as above and separated by p repa ra t i ve  TLC 

(AcOEt:hexane=l:3) t o  g i v e  7-[2-cyano-4-(methoxycarbonyl)pyrrol-l-yl]-3-(methoxycarbonyl)pyrarolo- 

1 [l ,5 -a l py r i d i ne  (9c)  ( 8  mg, 2.5%) and 4c (89 mg, 56%). Compound 9c ( o i l ) :  H-nmr (CDC13) 6 : - - 
3.87, 3.97 (each 3H, each s, 0CH3X2), 7.45, 7.58 (each lH, each d, J=I.SHz, p y r r o l e  H) ,  8.48 ( lH,  

+ 
s, C2-H), 7.15-8.35 (3H, m, ArH); ms m/z: 324 ( M  ) .  

React ion o f  3a w i t h  MAD --- A m ix tu re  o f  2.3 (278 mg, 0.87 mmol), t r i e t h y l a m i n e  and DMAD (247 mg, - 
1.74 mnol) i n  d r y  a c e t o n i t r i l e  (20 m l )  was s t i r r e d  f o r  3.5 h a t  room temperature and t h e  so lven t  

was evaporated. The o i l y  product  was separated by p repa ra t i ve  TLC (ether:hexane=2:1) t o  af ford 

7-[2-benzoyl-3,4-di(methoxycarbonyl)pyrrol-l-yl]-2,3-di(methoxycarbonyl ) py razo lo [ l  ,5 -a lpyr id ine  

(2) (47 mg) and a m i x tu re  o f  86 and & (190 mg). The m ix tu re  was t r e a t e d  w i t h  c h l o r a n i l  

(106 mg, 0.43 mmol) i n  benzene (10 m1) under r e f l u x  f o r  2 h t o  g i ve  @ (164 mg, t o t a l  36%). 

Compound %was r e c r y s t a l l i z e d  f rom benzene-petroleum e the r  t o  g i v e  y e l l o w  pr isms, mp 141.5- 

1 4 3 T :  ir (KBr) cm" : 1640, 1720, 1740 (CO); ' ~ - n m r  (CDC13) G3.29,  3.75, 3.85, 3.86 (each 3H, 

each s, 0CH3X4), 7.71 ( IH,  s, p y r r o l e  H), 7.17-7.94 (7H, m, ArH), 8.24 ( lH ,  dd, 5-9.6, 1.5 Hz, 

t 
C 4  o r  C6-H); ms m/z: 519 (M ) .  Anal. Calcd f o r  CZ6HZ1N3O4: C, 60.12; H, 4.07; N, 8.09. Found. 

C, 59.97; H, 4.10; N, 8.03. 

Reaction of  3b w i t h  M A 0  --- A crude produc t  was ob ta ined from t h e  r e a c t i o n  o f  (761 mg, 2.8 

mnol), DMAD (796 mg, 5.6 mnol) and t r i e t h y l a m i n e  (0.78 m l ,  5.6 mmol) i n  d r y  a c e t o n i t o r i l e  (30 ml )  

a t  room temperature f o r  3.5 h and separated by column chromatography (AcOEt:hexane=l:Z) t o  g ive  

9 (53 mg, 9.9%) and a m i x t u r e  o f  @ and (686 mg). The m i x t u r e  o f  & and E b  was heated 

w i t h  c h l o r a n i l  (426 mg, 1.73 mnol) i n  benzene (30 ml )  under r e f l u x  f o r  2 h .  The so l ven t  was re- 

moved under reduced pressure t o  a f fo rd  2,3-di(methoxycarbonyl)-7-L2,3,4-tri(methoxycarbonyl)pyrrol- 

1-yl]pyrazolo[l,5-alpyrididine (E) (516 mg, 39%), which was p u r i f i e d  by column chromatography 

(AcOEt:hexane=l:Z) and r e c r y s t a l l i z e d  frm AcOEt t o  g i v e  a co l o r l ess  powder, mp 222.5-224°C; ir 

1 (KBr) cm-I : 1720, 1740 (CO); H - m r  (CDCI3) C3.61,  3.84, 3.93, 3.97. 3.99 (each 3H, each s, 

0CH3X5), 7.12 ( lH ,  dd, 5-7.2, 1.5Hz, C4 o r  C6-H), 7.59 ( lH,  dd, J-9.0, 7.2Hz, C5-H), 7.61 ( lH ,  s,  

p y r r o l e  HI ,  8.35 ( IH,  dd, J=9.0, 1.5Hz. C4 o r  C6-H); ms mlz :  473 (M+). Anal .  Calcd f o r  C21HlgN3010: 



C, 53.28; H, 4.05; N, 8.88. Found: C, 53.09; H, 4.02; N, 8.90. 

Reaction of 3c with DMAD --- A crude product was obtained from the reaction of dry triethylamine 
(0.28 ml, 2 mnol),~(195 mg, 0.82 mnol) and DMAD (284 mg, 2 mnol) in dry acetonitrile (10 ml) 

and separated by column chromatography (Ac0Et:hexane-1 :I) to give (18 mg, 14%) and a mixture 

of Kf and E. The mixture of 8f and 1Ac was heated with chloranil (400 mg, 1.6 mnol) in benzene 
(10 ml) under reflux for 12 h and purified by column chromatography (AcOEt:hexane=l:l) to afford 

7-[2-cyano-3,4-di(methoxycarbonyllpyrrol-l-yl]-2,3-di(methoxycarbonyl)pyrazolo[1,5-a]pyridine (E). 
Compound (&) was recrystallized from benzene-petroleum ether to give colorless prisms, mp 

1 185-187~; ir (Karl on-' : 1720, 1740 (co), 2240 (cN); H-mr (CDCI~) a : 3.89, 3.97, 4.00, 4.02 

(each 3H, each s, 0CH3X4), 7.31 (lH, dd, 5-7.2, 1.5Hz, C4 or C6-H), 7.67 (lH, dd, J-9.0, 7.2Hz, 
t C5-H), 7.91 (IH, s, pyrrole H), 8.41 (lH, dd, J=9.0, 1.5Hz. C4 or C6-H); ms m/z:440 ( M  ) .  Anal. 

Calcd for C20H16N408: C, 54.55; H, 3.66; N, 12.72. Found: C, 54.49; H, 3.57; N, 12.64. 
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