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ORGANIC PFfEPARATIOXS AND P R O C E D U F U S  I N T .  7 (1) , 39-42 (1975) 

A NEW PORPHINOGEN TYPE COMPOUND 

0. Tsuge*, M. Tashiro and Y .  K i r yu  

Research I n s t i t u t e  o f  I n d u s t r i a l  Science, Kyushu Un ive rs i t y ,  

Hakozaki, Higashi-ku, Fukuoka 812, Japan 

I n  porphinogen compounds formed from the  acid-catalyzed condensation 

o f  py r ro le  w i t h  carbonyl compounds such as acetone 1 and cyclohexanone,* a l l  

f ou r  br idge carbons are l i n k e d  t o  the a-pos i t ions  o f  the  p y r r o l e  nuc le i .  

Recently, i t  has been found t h a t  the reac t i on  o f  p y r r o l e  w i t h  1 - (1 -py r ro l i -  

diny1)cyclohexene a f fo rded 2-(1-cyclohexeny1)- ( I )  and 3-(1-cyclohexeny1)- 

py r ro le  (11) together w i t h  o ther  p r o d u c t ~ . ~  New porphinogen type compounds 

were expected t o  be formed i n  the  acid-catalyzed reac t i on  o f  I and 11. The 
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0. TSUGE, M. TASHIRO AND Y. KIRYU 

present paper deals w i t h  the format ion o f  a new porphinogen type compound i n  

which a l l  f ou r  b r idge carbons are a l t e r n a t e l y  l i n k e d  t o  the  a- and 8- 

pos i t ions  o f  the py r ro le  nuc le i .  

When a so lu t i on  o f  I i n  d i e t h y l  e ther  was t rea ted  w i t h  d ry  hydrogen 

ch lo r ide ,  two tetramers, I11 and IV, were obtained i n  21.5 and 5.5% y i e l d s  

respect ively.  

a so le  i so la ted  product. 

those o f  an authent ic sample o f  21,22,23,24-tetrazaquaterene-2,7,12,17- 

tetraspirocyclohexane prepared by the  reported method.2 As no su i tab le  

solvents could be found, the  nmr spectrum o f  IV could n o t  be determined. 

However, the  s t ruc tu re  o f  IV was deduced t o  be a new porphinogen type com- 

pound i n  which a l l  four b r idge carbons are a l t e r n a t e l y  l i n k e d  t o  the a- and 

8-posi t ions of the py r ro le  nuc le i  because IV was formed from both I and 11. 

I n  t h i s  context, we re inves t iga ted  the acid-catalyzed condensation o f  

Under s i m i l a r  condi t ions,  I1 afforded a 63.4% y i e l d  o f  IV as 

The ir and nmr spectra o f  I11 were i d e n t i c a l  w i t h  

py r ro le  w i t h  cyclohexanone. Although the  reac t i on  under the  in f luence o f  

hydrochlor ic ac id  afforded on ly  I11 as reported,* both I11 and IV were 

formed i n  the  p to luenesu l fon i c  acid-catalyzed c o n d e n ~ a t i o n . ~  When a so- 

l u t i o n  of py r ro le  and cyclohexanone i n  benzene was heated t o  r e f l u x  i n  the 

presence of c a t a l y t i c  amounts o f  p t o l u e n e s u l f o n i c  ac id  f o r  30 min, I11 and 

IV were obtained i n  74.0 and 8.2% y i e l d s  respec t ive ly .  However, both I and 

11 were unchanged under s i m i l a r  condi t ions.  
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A NEW YORPHINOGEN T Y P E  COMPOUND 

EXPERIMENTAL 

A l l  t he  mel t ing  po in ts  are uncorrected. The ir spectra were measured 
as KBr  pe l l e t s ,  and the mass spectra were obtained on a H i tach i  RMS-4 mass 
spectrometer w i t h  a d i r e c t  i n l e t  and an i o n i z a t i o n  energy o f  70 eV. 
nmr spectrum was determined a t  60 MHz w i t h  a H i tach i  R-20 nmr spectrometer 
w i t h  TMS as an i n t e r n a l  reference. 

Mater ia ls.  - 2-( 1 -Cyclohexenyl ) -  ( I )  and 3- (1 -cycl  ohexenyl )py r ro le  ( I I )  were 

prepared by the method reported p r e v i ~ u s l y . ~  

p la tes) ,  bp. 142-148'/19 m. 

The Acid-catalyzed Reaction o f  I . -  When d r y  hydrogen ch lo r i de  was s lowly  

introduced i n t o  a so lu t i on  o f  0.4 g. o f  I i n  30 m l  o f  d i e t h y l  e ther  a t  O o ,  

0.24 g. o f  ye l low s o l i d  was deposited. 

methanol and the so lu t i on  was then re f l uxed  f o r  30 min t o  g i ve  0.11 g. of 

inso lub le  c rys ta l s .  The c r y s t a l s  were washed w i th  30 m l  o f  benzene t o  leave 

co lo r less  c r y s t a l s  , which on rec rys ta l  1 i z a t i o n  from n i  trobenzene afforded 

22 mg. (5.5%) o f  the new porphinogen compound I V ,  mp. 302-303' (dec.), as 

co lo r less  needles. 

@. 

The 

I :  mp. 45-46' (co lo r less  

11: bp. 158-161°/17 mn ( co lo r l ess  o i l ) .  

The s o l i d  was dissolved i n  25 m l  of 

Calcd. f o r  CbPH52N4:  C, 81.58; H, 8.90; N, 9.52. 

Found: C, 81.43; H, 8.98; N, 9.49. 

Ir cm-': 3405, 3450, 3480 (NH), 2980, 2860, 1570, 1450, 1425, 1180, 1120, 

1055, 970, 900, 880, 810, 765, 700. Mass:m/e 588 (M'). 

Evaporation o f  the  benzene washings i n  vacuo a f fo rded a residue which 

on r e c r y s t a l l i z a t i o n  from benzene gave 86 mg. (21.5%) o f  porphinogen com- 

pound 111, mp. 270-271' (dec.), lit.2 mp. 272-272.5', as co lo r l ess  needles. 

- Anal. Calcd. f o r  C40H52N4: C, 81.58; H, 8.90; N, 9.52. 

Found: C, 81.45; H, 9.03; N, 9.49. 

Ir cm": 3440 (NH). 

broad, C iz ) ,  5.97 (8H, d, J=2.9 Hz, B-protons o f  py r ro le  r i n g s ) ,  7.10 (4H, 

broad, NH). 

Nmr (CDC13) 6 :  1.48 (24H, broad, CL2), 1.95 (16H, 

The ir and nmr spectra were i d e n t i c a l  w i t h  those of an au- 
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t hen t i c  sample prepared by the  reported method. 

The Acid-catalyzed Reaction o f  11.- I n t o  a so lu t i on  o f  0.3 g. o f  I1 i n  40 m l  

o f  d i e t h y l  e ther  was slowly introduced d r y  hydrogen ch lo r ide ,  g i v ing  0.38 g. 

o f  ye l low so l i d .  The s o l i d  was dissolved i n  10 m l  o f  methanol, and the  

so lu t i on  was then re f l uxed  f o r  10 min t o  g i ve  inso lub le  co lo r less  c rys ta l s .  

Rec rys ta l l i za t i on  from nitrobenzene afforded 0.19 g. (63.4%) o f  co lo r less  

needles, whose ir spectrum was i d e n t i c a l  w i t h  t h a t  o f  I V .  

The p-Toluenesulfonic Acid-catalyzed Condensation o f  Py r ro le  w i t h  Cyclo- 

hexanone.- A so lu t i on  o f  10.0 g. (0.15 mol) o f  py r ro le  and 14.6 g. (0.15 

mol) o f  cyclohexanone i n  50 m l  o f  benzene was re f l uxed  w i t h  0.5 g. o f  E- 
to luenesul fonic ac id  f o r  30 min; dur ing which t ime 1.8 m l  o f  water was 

separated and c rys ta l s  were formed. F i l t r a t i o n  gave co lo r less  c rys ta ls ,  

which were extracted w i t h  ho t  benzene t o  leave 1.8 g. (8.2%) o f  I V .  From 

the benzene e x t r a c t  16.2 g. (74.0%) o f  111 was obtained. 
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