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Abstract- 3-Dlazopyrroles 2a.b were prepared in excellent yields by 

diazotization of the corresponding mines 1a .b .  

Compounds +,b, by acid catalyzed intramolecular counling reaction 

led to the new rinq system pyrrolo b.4-c]?yridazme 3a.b. 

2 
In view of the several biological properties and herbicide activity of cinnollne 

[ ,  - 1  3 
derivatives, we recently synthetized I-substituted pyrrolo 3 2 c clnnallnes , 

whlch demonstrate to inhibite the germination of seeds of Echinochloa crus-qalli. 

In order to search structure-actlvlty relationship, we became interested in the 

synthesis of I-""substituted pyrrolo 3.2 c clnnollne derivatives. [ - I  , 

On the basis of the reaction used by Angelic0 in the synthesis of pqrrolo 3 4 c 

4 
II* -1-  

cinnolines , the diazopyrroles of type 2 appeared to be suitable intermediates 

for the purpose in mind. 

Therefore the diazotization of the amlna derivatives 1a.b afforded the 3-diazo- 

pyrroles 2a.b in good yield (75-80%). These products were ouite stable if shelte- 

red from the linht. 



The structure of diazopyrroles 2 was assigned on the basis of elemental analyses, 

molecular weight, determined by mass spectrometry, as well as ir and nmr data. In 

fact the ir spectra didn't show any absorption in the NH stretching region, but 

exhibited a strong band in the triple bond ranoe at 2130-2120 cm-'attributable to 

diazo group. The nmr spectra only showed signals due to the aromatic and CH3 pro- 

tons. 

4 
According to the Angellco's reaction , the diazopyrrole Za has been refluxed with 

sulphuric acid: 1H-pyrrolo 3.2 c clnnollne couldn't be found, but the main pro- [ -1 
duct isolated (yield 30%) was identlfled as 5-methyl-7-phenyl-l,6-dihydropyrrolo- 

[3,4-c]pyrldazin-4-one 3.3. In fact the ir spectrum showed two broad bands at 3390 

and 3210 ern-'due to the pyridazine and pyrrole NH stretchinas and a broad band at 
1615 cm-'attributable to the C=O stretching. 
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The nmr s p c t r u m  e x h i b i t e d  o n l y  a s i n g l e t  f o r  t h r e e  protons a t  2.676 and, i n  ad- 

d i t i o n  t o  the a romat ic  p ro tons  m u l t i p l e t ,  two exchangeable s l n g l e t s  a t  12.43 and 

12.708.  

Eviden t ly ,  d e s p i t e  t h e  competing coup l ing  r e a c t i o n  wlth t h e  phenyl i n  the  2-po- 

s i t m n ,  t h e  diazonium group, formed i n  s u l p h u r i c  a c l d ,  coup les  p r e f e r e n t i a l l y  

wl th  t h e  e n o l i c  form of t h e  a c e t y l  group, and t h i s  dld  no t  pe rmi t  t h e  format ion 

of  p y r r o l o  3,2-c c i n n o l i n e  d e r i v a t i v e s .  [ I 
A t  t h i s  p o i n t  t h e  path of t h e  r e a c t i o n  was cons ide red  and t h e  hypo thes i s  t h a t  

t h e  p r e l i m i n a r y  format ion of t h e  diazonium group wasn't necessa ry  and t h a t  a 

mesoionic s t r u c t u r e  of  t y p  1 could e q u a l l y  l e a d  t o  the p y r r o l a  [3,4-c] p y r i -  

daz ines  2 was formulated.  

TO v e r i f y  t h i s  s u p p o s i t i o n ,  d i f f e r e n t  exper imenta l  cond i t ions  t h a t  c o u l d n ' t  

permit  the  p r e l i m i n a r y  format ion of  t h e  diazonium s a l t  were chosen. There fore  

the  d i a z o p y r r o l e s  @.b have been r e f l u x e d  i n  pen tano l  or i n  an  a p r o t i c  d i p o l a r  

s o l v e n t  l i k e  N,N-diaethylformamide. I n  t h e s e  cond i t ions  no c y c l i z a t i o n  p roduc t s  

were observed b u t  unreac ted  s t a r t i n g  m a t e r i a l  was i s o l a t e d  when pen tano l  was 

used and t h e  p y r r o l e s  4 a , b  were ob ta ined  when D M F  was the  medium. 

These f i n d i n g s  s u g g e s t  t h a t  a c i d  c a t a l y s i s  seems t o  be necessary f o r  t h e  pyr lda -  

z i n e  r i n g  c l o s u r e  and  c o n s i d e r i n g  t h a t  i n  s u l p h u r i c  acid s e v e r a l  r e s i n o u s  gums 

and u n t r a c t a b l e  s o l i d s  were ob ta ined ,  t h e  r e a c t i o n  was perfomed i n  a d i f f e r e n t  

a c i d  medium. 

There fo re ,  t h e  d i a z o p y r r o l e s  Za,b have been r e f l u x e d  in a c e t i c  a c i d :  the  main 

products  were aga in  t h e  p y r r o l o  1 3 . 4 - c l  p y r i d a z i n e s  Ja,b ( y i e l d  5 0 % ) .  



These experimental data demonstrate that 3-diazopyrroles are unable to couple 

without the preliminary formation of diazonium salts. 

This agrees w ~ t h  the few examples reported in literature on the reactivity of the 

3-diazopyrroles which failed to give coupling reaction when it wasn't possible to 

assume that the diazonium salt was preliminarily The sole example of 

6 
reactivity of the mesoionic form was verified in cycloaddltion reaction . 
EXPERIMENTAL 

all melting pomts were taken on a Buchi-Tottoli capillary meltlng point apparatus 

and are uncorrected; Ir spectra were determined in nujol mull with a Perkin-Elmer 

299 spectrophotometer; uv spectra were recorded in ethanol using a Perkin-Elmer 

Hitachi 200 spectrophotometer; nmr spectra were obtained wlth a Varian FT 80 spec- 

trometer (TMS as internal reference). Mass spectra were run on a JEOL JMS-01 SG-2 

double focusing mass spectrometer operating with an electron beam energy of 75 eV 

and 10 KW accelerating voltage. Exact mass measurement were performed at 20,000 

resolving power and carrled out to an accurancy of + 10 ppm. The chromatography 

was performed on columns of sllica gel deactivated with water (15%). 

Preparation of 2-phenvl-3-amino-4-acetyl-5-methylpyrrole (la). 

7 
  his compound was prepared according to the procedure described . It was recry- 

7 
stallired from ethanol, mp 223-C (lit. mp 218-22O0C1; hydrochloride mp 290-295•‹C 

dec.; nmr (DMSO): 2.33 and 2.50 (6H,2s,CH31, 5.25 (2H.s.exchangeable NH21, 6.95- 

7.65 (5H,m,C6H51, 10.88 (lH,broad,exchangeable NH) 6; ms M+= 214. 

Preparation of 2,5-diphenyl-3-amino-4-a~etylpyrrole Llbl. 

8 
2,5-Uiphenyl-3-acetylpyrrole Ab was nitrated by using nitric acid-acetic anhy- 

dride mixture in nitromethane at -15'~ accordin? to the procedure described 

9 
previously. 2,5-uiphenyl-3-nitro-4-acetylpyrr01e precipitated during the reac- 

tion, was filtered off, washed with nitromethane and recrystallized from etha- 

nol, (yield 88%); mp 208'C; ir: 3200 LNHI 1670 (COI cm-'; m r  (DMSOI: 2.31 

L3H,s,CH3), 7.10-7.60 (lOH,m,C6H51, 12.61 (lH,broad.exchangeable NH) 6 ;  

ms M+= 306.308: Anal.Calcd. for Cl8HI4N2o3: C, 70.58; H, 4.61; N, 9.15; Found: 

C, 70.16; H, 4.46; N, 9.32. 



HtTEROCYCLES, Vol 20, No 2, 1983 

The reduction of the nitro derivative was performed in ethanol in a Parr appara- 

tus at 45 psi at room temperature and 10% palladium on charcoal as catalyst. Af- 

ter 12 hours the catalyst was filtered off and evaporation of the solution gave 

compound ib (yield 73%), mp 203'C; ir: 3440 and 3340 (NH21 3200 (NH) 1615 (COl 

-1 
cm ; nmr (DMSOI: 1.92 13H,s.CH31, 5.36 (ZH,s,exchangeable NH I 6.97-7.87 (?OH, 

2 

m,C H 1 ,  1 1  .33 (1H,broad,exchangeable NHI 6: ms M+= 276.221; Anal.Calcd. for 
6 5 

C H N 0. C, 78.23; H, 5.84; N, 10.14; Found: C, 78.44; H, 5.99; N, 10.32. 
18 16 2 ' 

General method for the preparation of 2-phenvl-3-diazo-4-acetyl-i-R-pyrroles 

rn 
To a solution of amines ?arb, (10 moles1 in the minimum volume of acetone, dilu- 

ted hydrogen chloride (20 males, 0.5 N) was added and then the mixture was coo- 

led at ODC with stirring. An aqueous solutlon of sodiun nitrite (10 mmoles, 18%) 

was added dropwlse and the reactants were allowed to stir at room temperature 

for 3 hours. The mixture was neutralized with aqueous a m o n l a  (2 N). In the case 

of la, the mixture was stlrred overnight and extracted with diethyl ether (3 x 

100 mll. The organlc layer, dried on sodium sulphate, was evaporated under redu- 

ced pressure and purifled by chromatonraphy (eluant llght petroleum (bp 50-70'~): 

ethyl acetate 7~3). In the case of ib, the solid precipitate was filtered off, 

air drled and recrystallized. 

Compound 2a (R=CH 1. This compound was recrystallized from light petroleum (bp 
3-' 

50-70•‹C) (yield 80%), mp 65'C (with decomposition); ir: 2120 (NSN) 1620 (CO) 

uv: 244 (i 120801 nm; nmr lCDC1 1 .  2.49 and 2.62 (6H,2s,CII31, 7.39-7.71 (5H.m. 3 ' 

c H )6; ms M+= 225.212; ~ n a l .  calcd. for C H N 0 .  C, 69.32; H, 4.92; N, 18.66; 
6 5 13 1 1  3 ' 

Found: C, 69.54; H, 5.01; N. 18.79. 

Compound 2b (R=C H ) :  This compound was recrystallized from ethanol (yield 75%). 
6-5- 

- 3 
mp 148'C (with decomposition); l r :  2130 (NzN) 1640 (CO) cm ; uv: 250 (E 150901 

mi nmr (DMSO): 2.10 (3H,s,CN3), 7.47-8.05 (lOH,m,C H ) 6 ;  rns M+= 287.190; Anal. 
6 5 

Calcd. for C H N 0 :  C. 75.24: H, 4.56; N, 14.63; Found: C, 75.43; H, 4.69; 
18 13 3 

N. 14.88. 



Action of sulphurlc acid on the 3-diazopyrrole 22.. 

The 3-diazopyrrole Za (10 moles) has been refluxed for 36 hours in aoueous sul- 

phuric acid (25%). The reactmn mixture was diluted wlth water 1250 ml),, neutra- 

lized with hydrogen sodium carbonate and extracted with diethyl ether (3 x 100 

ml). Evaporation of the organic layer was chromatographed. The first 200 ml of 

eluant, light petroleum (bp 50-70•‹c): ethyl acetate 1:l. gave 2-methyl-3-acetyl- 

5-phenylpyrrole (!a). Further elution (500 ml) with ethyl acetate gave 5-methyl- 

7-phenyl-I ,6-dihydropyrrolo [3,4-clpyridazin-4-one (+I . 
Compound 4a (R=CH ) .  This compound, (yield 58), had mp in agreement with publish- 

3-' 

ed valuelo and was fully characterized by ir and nmr spectroscopy: ir: 3130 (NH) 

1630 (CO) mnV1; nmr IDMSO) : 2.37 and 2.53 (6H,2s,CH3), 7.03 I1Hrd(J=2.5Hz) ,CH,s 

upon exchange with deuterium oxide), 7.23-7.97 15H,m,C6H5), 11.86 (1H.broad.e~- 

changeable NH) 6. 

Compound 3a (R=CH 1 .  Thls compound was recrystallized from ethanol (yield 30%). 
3-' 

mp 315'C (with decomposition); ir: 3390 and 3210 (NH) 1615 ICO) &I; uv: 217 

(i 15970) 222 ( L  14240) 297 I E  19060) nm; nmr IDMSO): 2.67 (3H,s,CH3), 7.19-7.71 

(6H.m.C H and CHI, 12.43 and 12.70 (2H.2 broad,exchangeable NH16; ms M+= 225.181; 
6 5 

Anal. Calcd. for Cl3Hl1N30: C, 69.32; H, 4.92; N, 18.66; Found: C, 69.42; H, 

4.80; N, 18.71. 

Actmn of pentanol on the 3-diazopyrroles 2a.b. 

The 3-dmzopyrroles 2a.b have been refluxed in pentanol for 1 hour. The solvent 

was evaporated under reduced pressure and the resldue was identified as unreacted 

starting compounds Za,b by tlc, mps and ir. 

Action of N,N-dimethylfomamide on the 3-diazopyrroles 2a,b. 

The 3-diazopyrroles 2a.b have been refluxed in N,N-dimethylformamide untll the 

tlc showed no starting materlal I30 minutes). The solution was poured onto crush- 

ed ice and the precipitate was f~ltered off, air dried and recrystallized to give 

the Pyrroles +,b, the authenticity of whlch was established by tlc. mps and ir. 
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Action of acetlc acid on the 3-dlazopyrroles 2a.b. 

The 3-diazopyrroles +,b have been refluxed for 1 hour in acetic acid. The solu- 

tion was ~oured onto crushed ice. The crude products were filtered off, air dri- 

ed and chrornatographed. In the case of 5, the first 200 rnl of eluant, llght pe- 

troleum (bp 50-70•‹C): ethyl acetate 1:l. gave compound :a (yield 5%). Further 

elution 1500 ml) with ethyl acetate gave compound la (yield 50%). In the case of 

2b. the first 200 ml of eluant, light petroleum (bp 50-70•‹C): ethyl acetate 7:3, - 

gave 3-acetyl-2.5-d~phenylpyrrole (4b). Further elution (500 ml) with ethyl ace- 

tate gave 5.7-diphenyl-l , 6-dihydropyrrolo [3,4-c] pyridazin-4-one (Lb) . 

Compound 4b IR=C H 1 .  This compound, (yield 3%). had mp i n  agreement with publi- 
6-5-' 

8 
shed value and was fully characterized by ir and nmr spectroscopy: ir: 3240 (NH) 

1610 ICO) ; n (DMSO) : 2.29 (3H,5,CH3), 7.10 (IH,d IJ=2.5Hz) ,CH,s upon ex- 

change with deuterium oxide),7.14-7.88 110H.m,C6H5), 11.83 (lH,broad,exchangea- 

ble NH)6. 

Compound 3b (R=C H 1 .  Thls compound was recrystallized from ethanol (yield 50%). 
6-5-' 

-1 
mp 290•‹C (with decomposition); ir: 3430 and 3250 (NH) 1590 (broad CO) cm ; uv: 

217 ( C  15980) 228 lc 16420) 295 ( c  19820) nm; nmr (DMSO): 7.40-8.40 (IIH,m,C6H5 

and CHI, 12.83 and 13.00 (2H.2 br~ad~exchangeable NH)6; rns ~+=287.021; Anal. 

Calcd. for C H N 0: C, 75.24; H. 4.56; N, 14.63; Found: C, 75.39: H, 4.70; 
18 13 3 

N, 14.51. 
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