
2-(1-Benzyl -2-benzimidazoly lamino)-3-chloro- l ,4-naphthoquinone  (IXb). This compound was obtained in 
40~ yield as violet p r i sms  with mp 174-175 ~ (from o-xylene). IR spectrum: 1670 and 1660 cm -1 (CO). Found: 
C 69.7; H 3.7; C18.6;  N 11.6%. C2aHt6C1N302. Calculated: C 69.7: H 3.9; C18.6; N 11.6~. 

2- (4-Phenyl -2- th iazoly lamino)-3-chloro- l ,4-naphtoquinone  (XI). This compound was obtained in 36% 
yield as violet p r i sms  with mp 217-218 ~ (from o-xylene). Found: C 62.2: H 3.4; C1 9.5; N 7.8; S 8.5%. 
C19HllC1N202S. Calculated: C 62.2; H 3.0; C1 9.7; N 7.6; S 8.7%. 

5-Ethylbenzimidazo[1,2-a]naphtho[2,3-d]imidazole-7,12-dione (X) Hydrochloride.  A solution of 1.3 g 
(3.7 mmole) of IXa in 10 ml of glacial acetic acid was refluxed for 4 h, after which it was cooled, and the r e -  
sulting precipi tate  was removed by filtration and washed with ether  to give 0.7 g (77%) of X. IR spectrum: 
1660 and 1643 cm -t (CO). Found: C 64.8; H 4.4; C1 10.2%. CtgH13N302"HC1. Calculated: C 64.8: H 4.0: 
C1 10.0%. 

Di(2-benzothiazolyl) Disulfide. A 3.34-g (20 mmole) sample of 2-mercaptobenzothiazole  was added to a 
hot solution of 2.14 g (10 mmole) of I In 40 ml of alcohol and 40 ml of dioxane, and the mixture was refluxed for 
1 h. The initially da rk - red  solution became lighter, and color less  needles precipitated.  The solution was 
cooled, and the precipi ta te  was removed by fil tration to give 1.5 g of a product with mp 182-184 ~ (from dioxane 
containing alcohol). The product was insoluble in alkalis but soluble in dilute sulfuric acid. The IR spectrum 
did not contain the absorption bands of functional groups. The melting point was in agreement  with the l i tera-  
ture  value [4], and the resul ts  of e lementary analysis were in agreement  with the values calculated for di(2- 
benzothiazolyl) disulfide. Found: C 51.0; H 2.6; N 8.7%. CI~HsN2S ~. Calculated: C 50.6: H 2.4; N 8.4%. 
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SYNTHESIS AND P R O P E R T I E S  OF C Y A N O P Y R R O L E S  
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A number of cyanopyrroles  were synthesized. The nitri le group was created by t reatment  of 
pyr ro lecarboxyl ic  acids with p-toluenesulfonamide and phosphorus pentachloride.  It was found 
that the pyr ro le  ring is rapidly N-methylated in the presence of diazomethane when it contains 
three e lec t ron-accep tor  substituents. 

One of the most  complex problems that ar ise  in the synthesis of heme a - t h e  prosthet ic  group of cy to-  
chromoxidase - is the introduction of a formyl  group in the 8 position of the macrocycle .  The preparat ion of 
porphyrins with a nitrile group and their  subsequent reduction to formylporphyrins  may serve  as a possible 
approach to the solution of this problem. A recent ly  proposed method [1] makes it possible to select ively reduce 
the nitr i le group in the p resence  of vinyl and keto groups,  and this is par t icular ly  valuable in the synthesis of 

compounds s imi la r  to heme a. 
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In the p r e s e n t  r e s e a r c h  we a c c o m p l i s h e d  the s y n t h e s i s  of a n u m b e r  of c y a n o p y r r o l e s  that  a r e  i n t e r m e d i -  

ares in the p r e p a r a t i o n  of p o r p h y r i n s .  

The s t a r t i n g  2 - m e t h y l - 3 - e a r b o b e n z o x y - 4 - ( ~ - c a r b e t h o x y e t h y l ) - 5 - c a r b e t h o x ~ 3 a y r r o l e  (I) was oxidized to a 
p y r r o l e e a r b o x y l i e  acid (II) by t r e a t m e n t  with s u l f u r y l  ch lo r ide  and b r o m i n e .  

c,~CO2C2H 5 /GOSH I. CH;?N., (CO,CH~ 
C H CH O ~/ / \~.C " 2. H~/Ni P~ / / \ \  

C6HsCH202 SO2Cl"gr"  - ~---7~ 3. TsNH e 

c .~N/~co .~c_~.  ~ .o~cWL.s>~'co~%.~ c.~ooc~-.~W~'-C%Co.~ ~ 
H H H 

t II IV 

/c%., </coocH~ </co,con s ~co2c, 3 
N C \  ~ I, t e NC NC k " C2H O2C X - " 

OH- ,;,~\ 2. CH~N~ 

H H It I 
CH 3 

Vl VII  III u 

Acid II was e s t e r i f i e d  in a lcohol  in the p r e s e n c e  of acid c a t a l y s t s  (HC1, TsOH, and H2SO4), dur ing  which it 
was obse rved  that  the benzy l  e s t e r  unde rgoes  p a r t i a l  t r a n s e s t e r i f i c a t i o n ,  The benzy l  r e s i d u e  is r ep laced  c o m -  
p le t e ly  when acid II is r e f luxed  in e thanol  con ta in ing  HC1 for 3 h. The s t r u c t u r e  of t e t r a e t h y l  e s t e r  III was con-  
f i r m e d  by m a s s  s p e c t r o m e t r i c  data and a lso  by the PI~IIR s p e c t r u m ,  in which four t r i p l e t s  with i n t e n s i t i e s  of 
t h r ee  p ro ton  uni ts  each a re  p r e s e n t  at 1 .17-1.31 ppm, and four qua r t e t s  with i n t e n s i t i e s  of two pro ton  uni ts  each 
a re  p r e s e n t  at 4 .06-4.31 ppm (this is in a g r e e m e n t  with four  ca rbe thoxy  groups) .  

In this  connec t ion ,  the subsequen t  e s t e r i f i c a t i o n  of acid II was c a r r i e d  out by me a ns  of d i azomethane .  The 
r eac t ion  m i x t u r e  was vacuum d i s t i l l ed  and sub jec ted  to hyd rogeno lys i s  over  IRaney n icke l .  The product  was 
t r e a t ed  with p - t o l u e n e s u l f o n a m i d e  ( tosyl  amide) and phosphorus  pe n t a c h t o r i de  and c h r o m a t o g r a p h e d  with a co l -  
umn fi l led with s i l i c a  gel.  The yield of 3 - c y a n o - 4 - ~ - c a r b o m e t h o x y e t h y l ) - 2 - c a r b o m e t h o x y - 5 - c a r b e t h o x y p y r r o l e  
(IX;) was 40% based  on ca rboxy l i c  acid II. 

In addi t ion to the NH abso rp t ion  bands  at 3260 cm -1 and the abso rp t i on  bands of e s t e r  groups  at ~1740  and 
1710 cm -1. the IIR s p e c t r u m  of p y r r o l e  I~ con ta ins  the c h a r a c t e r i s t i c  f r equency  of the n i t r i l e  group at 2250 em - i .  
S ignals  at 2.60 and 3.16 ppm. which c o r r e s p o n d  to the p rop ion ic  acid r e s idue ,  and two s ing le t s  at 3.61 and 3.92 
ppm of two c a r b o m e t h o x y  groups a r e  p r e s e n t  in the PMR s p e c t r u m ;  the t r i p l e t  at 1.33 ppm and the qua r t e t  at 
4.35 ppm with an o v e r a l l  i n t ens i t y  of five p ro tons  uni ts  a re  aff i l ia ted with a ca rbe thoxy  group.  The m a s s  s p e e -  
t r u m  of p y r r o l e  1V con ta ins  a m o l e c u l a r  ion peak at m / e  308. 

C h r o m a t o g r a p h y  of the r e a c t i o n  m i x t u r e  gave,  in addi t ion to the chief  p roduct  IV, a s m a l l  amount  of an 
N - m e t h y l - s u b s t i t u t e d  p y r r o l e  (V). In c o n t r a s t  to m a j o r  p roduc t  IX', the IIR s p e c t r u m  of V does not con ta in  an 
NH abso rp t ion  band at ~ 3300 cm -~. In addi t ion to the s igna l s  that a r e  p r e s e n t  in the PMR s p e c t r u m  of p y r r o l e  
FV, the PMR s p e c t r u m  of V con ta ins  a s ing le t  at 4.17 ppm c o r r e s p o n d i n g  to a methy l  group at tached to the n i t r o -  
gen atom. The m a s s  s p e c t r u m  con ta ins  a m o l e c u l a r  ion peak with m / e  322. 

The n i t rogen  atom is ev ident ly  a lkyla ted in the e s t e r i f i e a t i o n  of acid II with gaseous  d i azome thane ,  as a 
r e s u l t  of which a s m a l l  amount  of the N - m e t h y l  de r i va t i ve ,  which gives N - m e t h y l p y r r o l e  V a f t e r  hydrogena t ion  
and t r e a t m e n t  with tosy l  amide  and phosphorus  pen t ach lo r ide ,  is fo rmed  along with the r e q u i r e d  me thy l  e s t e r .  
In c o n t r a s t  to the ava i l ab le  data [2], N-me thy l a t i on  occur s  even on b r i e f  t r e a t m e n t  of p y r r o l e c a r b o x y l i c  acid II 
with d i azome thane .  

It should be noted that  the method that  we used to in t roduce  a n i t r i l e  group into the p y r r o l e  r i ng  by t r e a t -  
men t  of t h e / 3 - c a r b o x y  group with p - t o l u e n e s u l f o n a m i d e  and phosphorus  pen t ach lo r ide  d i f fe rs  f avo rab ly  f rom 
the known s y n t h e s e s  [3] with r e spec t  to the s m a l l e r  n u m b e r  of s teps  and the h igher  y ie lds .  

Saponi f ica t ion  of p y r r o l e  IV with 2 N a lka l i  g ives  a t r i caboxy l i c  acid (VI), which, as one should have ex-  
peeted,  is an e x t r e m e l y  s tab le  compound and does not undergo  de e a r boxy l a t i on  even when it is heated to 260 ~ 
Iodinat ion of VI a lso  does not lead to r e m o v a l  of the ca rboxy l  group.  An a , a ' - u n s u b s t i t u t e d  p y r r o l e ,  which was 
e s t e r i f i e d  with d i a z o m e t h a n e  to 3 - c y a n o - 4 - ( / 3 - c a r b o m e t h o x y e t h y l ) p y r r o l e  (VII), was obtained only when sod ium 
and p o t a s s i u m  ace ta tes  we re  used.  

The absence  of s u b s t i t u e n t s  in the 2 and 5 pos i t ions  of the p y r r o l e  r ing  follows f r o m  the PMR s p e c t r u m ,  
which con ta ins  s igna l s  at 6.57 and 7.20 ppm,  each with an in t ens i ty  of one p ro ton  unit .  The s t r u c t u r e  of p y r r o l e  
VII was a lso  c o n f i r m e d  by m a s s  s p e c t r o m e t r i c  data.  
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3-Cyano-4-(fl-carbomethoxyethyl)pyrrole VII can be used in the synthesis of porphyrins containing a 
nitrile group in the 8 position. 

E X P E R I M E N T A  L 

The IT spectra of KBr pellets (for crystalline substances) and films (for the liquid compounds) were re- 

corded with a Perkin-Elmer 257 spectrometer. The PMR speetra of deuterochloroform solutions of the com- 
pounds were reeorded with a Tesla BS-487C spectrometer: the chemical shifts (5 in parts per million) are 
presented with respect to hexamethyldisiloxane. The mass speetra were measured with an MKh-1309 spec- 

trometer. �9 Chromatography was carried out with L40/100 ~m silica gel (Czechoslovakian SSIR). 

2-Carbethoxy-3-(~-earboxyethyl)-4-earbobenzoxy-5-earboxypyrrole (If). A solution of 9.6 ml (0.12 mole) 

of sulfuryl chloride and 1.45 ml (0.029 mole) of bromine in 15 ml of glacial acetie acid was added with stirring 
and ice cooling in the course of 30 rain to a suspension of i0 g (0.026 mole) of 2-methyl-3-carbobenzoxy-4-(~- 

carbethoxyethyl)-5-carbethoxypyrrole (I) [4] in 60 ml of glacial aeetic acid and 2 ml of acetic anhydride, after 

which the mixture was stirred at room temperature for 0.5 h and allowed to stand at 5 ~ for 16 h. It was then 

heated to 70 ~ and water was added cautiously at this temperature in the eourse of 40 rain up to a volume of 400 

ml. The mixture was then cooled, and dicarboxylic acid II was removed by filtration, washed with 20 ml of 
50% acetic acid, and vacuum dried to give 7.3 g (73%) of a product with mp 206-207 ~ (from aqueous acetic acid). 

Ii~ spectrum: 3270 (NH), 2620, 1720, and 1625 (COOH) em -I. Found: C 58.3; H 4.8; N 3.7%. CtgHIgNO 8. Cal- 

culated: C 58.6; H 4.9, N 3.6%. 

3-(~-Carbethoxyethyl)-2,4,5-triearbethoxypyrrole (Ill). A solution of 5.5 g (0.014 mole) of pyrrole Ii in 
80 ml of absolute ethanol saturated with dry hydrogen chloride was refluxed for 3 h, after which the solvent was 

vacuum evaporated, and the residue was distilled to give 4.8 g (89%) of pyrrole III was a colorless viscous oil 

with bp 194-196 ~ (0.06 ram). IR speetrum: 3280 (NH) and 1730 (CO2Et) cm -I. PMIR spectrum, 5, ppm: 1.17 

(3H, t, CH~CH2CO2CH2CH3), 1.28, 1.30, 1.31 (9H, 3t, 2,4,5-CO2CH~CH~),2.50 (2H, t, CH~CH~CO2C2H~), 3.13 (2H, t, 
CH2CH2CO2C2Hd), 4.06 (2H, q, CO2CH2CH3), 4.29, 4.31 (6H, 2q, 2,4,5-CO2CH2CH3), 9.86 (IH, s, NH). Mass spec- 

trum, m/e (%): 383 (M+, 9.2), 338 (35), 337 (30), 310 (15), 309 (i00),292 (6), 265 (7), 264 (12), 263 (I0): m*: 

284.3 (338 ~310), 227.3 (309~265). 

3-Cyano-4-(~-carbomethoxyethyl)-2-carbomethoxy-5-carbethoxypyrrole (IV). A suspension of 0.86 g 
(2.2 mmole) of pyrrole II in I0 ml of methanol was saturated with gaseous diazomethane [5], after which it was 
vacuum evaporated, and the residue was distilled and hydrogenated over Raney nickel in 15 ml of methanol 
until hydrogen absorption ceased. The solution was poured into I00 ml of 5% sodium carbonate solution, and 
the catalyst was removed by filtration. The filtrate was acidified to pH 2 with dilute hydrochloric acid solution 
and extracted with four 10-mlportions of chloroform. The combined extracts were vacuum evaporated, the oily 
residue was triturated in 4 ml of petroleum ether-ether (I : i), and the solid material was removed by filtra- 

tion. 

The product was mixed with 0.32 g (1.87 mmole) of p-toluenesulfonamide and 0.8 g (3.84 mmole) of phos-  
phorus pentaehloride,  and the mixture was then heated at 120 ~ until gas evolution ceased. The phosphorus o• 
chloride was removed by vacuum distillation, and the hot residue was cooled, t reated with 10 ml of ether and 
2 ml of pyridine,  and diluted to three t imes its original volume with water.  The aqueous mixture was extracted 
with four 20-mlpor t ions  of chloroform,  and the extracts  were dried and vacuum evaporated. The residue was 
ehromatographed with a column (1.5 • 20 era) filled with si l ica gel with elution by chloroform to give 0.27 g 
(40% based on acid If) of IV with mp 139-140 ~ (from chloroform containing hexane). IR spect rum:  3260 (NH). 
2250 (CN), 1740, 1710 (COOR) cm -i.  Mass spectrum,  m/e  (~): 308 (M+, 29), 278 (25), 250 (40),249 (83), 235 
(15),222 (14), 208 (26), 202 (20), 192 (15), 176 (42), 172 (100). PMR spectrum, 5, ppm: 1.33 (3H, t, CO2CH2CH3) , 
2.60 (2H, t, CH2CH2CO2CH3), 3.16 (2H, t, CH2CH2CO2CH3), 3.61 (3H, s, CH2CH2CO2CI-13), 3.92 (3H, s, CO2CH3), 
4.35 (2H, q, CO2CH2CH3). Found: C 54.2; H 5.1; N 8.8%. Ci~HI6N206. Calculated: C 54.5: H 5.2: N 9.1%. 

In addition to the required pyrrole  IV, a fas t -moving fraction was also eluted from the column. Evapora-  
tiori of this fraction gave 0.09 g (13% based on acid If) of a viscous oii, which was identified as l - m e t h y l - 2 - c a r -  
bomethoxy-3-cyano-4-(]~-carbomethoxyethyl) -5-carbethoxyPyrrole  iV). fIR spect rum:  2245 (CN), 1740, 1700 
(COOR) cm -i .  Mass spectrum, m/e  (%): 322, (M+, 46). PMIR spectrum, 5, ppm: 1.37 (3H, t, CO2-CH2-CH3), 
2.46 (2H, t, CH2CH2CO2CH3), 3.07 (2H, t, CH2CH2CO2CH3), 3.61 (3H, s, CH2CH2CO2CH3), 3.93 (3H, s, CO2CH 3), 

4.17, (3H, s, N-CH3),  4.34 (2H, 5, CO2CH2CH3). 

�9 The authors thank B. V. Rozynov (Institute of Biochemis t ry  Academy of Sciences of the USSR) for reeording 

the mass spectra .  
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3 - C y a n o - 4 - ( / 3 - c a r b o x y e t h y l ) - 2 , 5 - d i c a r b o x y p y r r o l e  (VI). A m i x t u r e  of 0.89 g (2.9 mmole )  of p y r r o l e  IV 
and 12 m l  of 2 N s o d i u m  h y d r o x i d e  so lu t i on  was r e f l u x e d  for  1 h. a f t e r  which  it was coo led  and e ~ r a c t e d  with  
e igh t  3 0 - m l p o r t i o n s  of e t h e r .  The  e x t r a c t s  w e r e  d r i e d ,  the  so lve n t  was r e m o v e d  by vacuum e v a p o r a t i o n ,  and 
the  r e s i d u e  was r e c r y s t a l l i z e d  f r o m  a c e t i c  ac id  con ta in ing  hep tane  to g ive  0.61 g (83%) of a p r o d u c t  with mp 
270 ~ (mp 272-273 ~ [6]). IR s p e c t r u m :  3180 (NH), 2630 (COOH), 2245 (CN), 1730, 1680 (COOH) c m  -1. 

3 - C y a n o - 4 - ( p - c a r b o m e t h o x y e t h y l ) p y r r o l e  (VII). A m i x t u r e  of 100 mg of t r i c a r b o x y l i c  ac id  VI, 2 g of 
s o d i u m  a c e t a t e ,  and 3 g of p o t a s s i u m  a c e t a t e  was hea ted  in a s t r e a m  of n i t r o g e n  at 180-190 ~ fo r  10 rain and 
at  230 ~ for  2 rain.  The  m i x t u r e  was then  coo led  and d i s s o l v e d  in 40 m l  of w a t e r .  The  aqueous  so lu t i on  was 
e ~ r a c t e d  with fou r  1 0 - m l p o r t i o n s  of e t h e r ,  and the  e x t r a c t s  w e r e  d r i e d ,  c o n c e n t r a t e d  in vacuo  to a s m a l l  
vo l ume ,  and t r e a t e d  with e x c e s s  d i a z o m e t h a n e .  The  soR.ent  was e v a p o r a t e d ,  and the  r e s i d u e  was c h r o m a t o -  
g r a p h e d  with a c o l u m n  (1.5 15 cm) f i l l ed  wi th  s i l i c a  ge l  with e lu t ion  by c h l o r o f o r m .  The  s l o w - m o v i n g  f r a c t i o n ,  
which gave  a r o s e  c o l o r a t i o n  with E h r l i c h ' s  r e a g e n t  on Si lufo l  UV-254,  was e v a p o r a t e d  and the  r e s i d u e  was r e -  
c r y s t a l l i z e d  f rom benzene  con ta in ing  hexane  to g ive  4.5 mg  (6.5%) of a p r o d u c t  with mp 81-81.5  ~ IR s p e c t r u m :  
3340 (NH), 2240 (CN). 1725 CO2CH3) cm -1. M a s s  s p e c t r u m ,  m / e  (%): 178 (M+; 30), 147 (9), 119 (35), 118 (100), 
105 (53), 92 (8); m* : 126.4 (178- -150) ,  96.3 (147- -119) ,  71.1 ( 1 1 9 ~ 9 2 ) .  PMR s p e c t r u m ,  6, ppm:  2.63 (2H, t,  
CH2CHeCOeCH3), 2.90 (2H, t,  CH2CH2CO2CH3). 3.61 (3H, s ,  CH2CHeCOOCH3), 6.57 (1H, s,  7.20 (1H, s).  

1. 

2. 
3. 
4. 
5. 
6. 
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NEW S Y N T H E S I S  OF PYRROLES 
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The r e a c t i o n  of a m m o n i a  o r  a p r i m a r y  a m i n e  with a l k y l ( c y c l o a k l y l ,  p h e n y l ) - f l , y - d i h a l o p r o p y l  
ke tones  g ives  2 - .  2 ,4 - ,  and 1 ,2 -  o r  1 . 2 , 4 - s u b s t i t u t e d  p y r r o l e s  in high y i e l d s .  

We have p r e v i o u s l y  shown that  r e a c t i o n  of c a r b o x y l i c  ac id  c h l o r i d e s  with a l l y l  c h l o r i d e  in the  p r e s e n c e  of 
a l u m i n u m  c h l o r i d e  g ives  d i c h l o r o p r o p y l  k e t o n e s ,  which a r e  c o n v e r t e d  to 2 - a l k y l -  o r  2 - c y c l o a l k y l f u r a n s  on v a c -  
uum d i s t i l l a t i o n  [1]. 

In the  p r e s e n t  r e s e a r c h  we have e s t a b l i s h e d  that  p y r r o l e s  a r e  f o r m e d  in the  r e a c t i o n  of the  a b o v e - i n d i c a t e d  
d i c h l o r o  ke tones  with e x c e s s  a m m o n i a  o r  a p r i m a r y  a m i n e  (in w a t e r  o r  in w a t e r - e t h e r ) .  N i t r o g e n - u n s u b s t i t u t e d  
compounds  (in the  c a s e  of the  r e a c t i o n  with ammonia )  w e r e  ob ta ined  in 60-70% y i e l d s ,  the y i e l d s  of 1 - p h e n y l -  
p y r r o l e s  r e a c h e d  75'i~. and p y r r o l e s  with an a lky l ,  a l ly l ,  o r  c y c l o a l k y l  g roup  in the  1 p o s i t i o n  w e r e  ob ta ined  in 
y i e l d s  above  80~.  No s u b s t a n t i a l  d i f f i cu l t y  was o b s e r v e d  in the  s y n t h e s i s  of 1 , 2 - d i a l k y l p y r r o l e s  even in the 
c a s e  of t h o s e  with bulky s u b s t i t u e n t s .  

F o r  the  p r e p a r a t i o n  of 2 .4 -  o r  1,2 A - s u b s t i t u t e d  p y r r o l e s  we used  d i c h l o r o  ke tones  f o r m e d  by r e a c t i o n  of  
the  a p p r o p r i a t e  ac id  c h l o r i d e  with m e t h a l l y l  c h l o r i d e  in the  p r e s e n c e  of a l u m i n u m  c h l o r i d e ,  but we did not 
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