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The synthesis of 1,4,5,8-~etramethyl-2,3-dietboxycarbonylporphyrin 
from ~e dL~ydrobromide of 1,3,7,13,17,19-hexamethyl-8,12-di- 
eLhoxyearbonytbiladicne is described. 

The mos t  d i r ec t  route to the synthes i s  of the p o r -  
phyrins  is  the in te rmedia te  p repara t ion  of t e t r a p y r -  
ro le  compounds--bi lenes  and bi ladienes--which a r e  
converted by oxidative cycl iza t ion  into the c o r r e s p o n d -  
ing porphyr ins  11-3]. But, as in the synthes is  of p o r -  
phyrins  by other  methods,  the p repa ra t ion  of the b i -  

lenes and bi ladtenes i s  cons ide rab ly  compl ica ted  when 
e lec t ronegat ive  groups a r e  p resen t  in the in i t i a l  p y r -  
ro les  and d ipyr ry lmethanes .  

The aim of the p resen t  work was to study the in -  
fluence of the ethoxycarbonyl  groups in the d i p y r r y l -  
methanes I and H on the r a t e  of format ion  of the b i -  
l ad iene -a , c  (III) and the oxidative cycl iza t ion  of TIT 

into the copper  complex of the d ie thoxycarbonylpor -  
phyrin IV by means of copper  acetate.  

Condensation to fo rm the bi ladiene was c a r r i e d  out 
by two methods:  a) f rom 3 ,3 ' -d ie thoxycarbonyl -5 ,5  "- 

d i formyl -4 ,4~-d imethyld ipyr ry lmethane  (I) and 2,4- 
d imethy lpyr ro le  (V). and b) f rom 3, 3 ~-diethoxycar-  
bonyl-4 ,4~-dimethyldipyrry lmethane  (H) and 5 - f o r m y l -  
2 ,4 -d imethy lpyr ro le  (VI). 

quently, we conclude that the r eac t iv i ty  of the fo rmyl  
group of a d ipyr ry lmethane  in condensation with a 
p y r r o l e  with a f r ee  ~ posi t ion does not depend on the 
p r e s e n c e  of deact iva t ing/~-subst i tuents .  But the f o r m a -  
tion of bi ladiene by method (b) goes at l e a s t  60-100 
t imes  more  s lowly than by method (a) under  c o m p a r -  
able condit ions.  Here  the deact iva t ing  influence of the 
/3-ethoxycarbonyl group on the r eac t iv i ty  of the ~ p o s i -  
tion of the d ipyr ry lmethane  IT in condensation with the 
p y r r o l e  aldehyde VI i s  e x p r e s s e d  in full  measu re .  In 
additen tn th is ,  the course  of this  reac t ion  i s  compl i -  
ca ted by the capac i ty  of the p y r r o l e  aldehyde VI for  
fo rming  3,3t ,5 ,Sw-tet ramethyldiprrylmethene (VII) in 
the p r e s e n c e  of mine ra l  acids  [4, 5]. Although this 
s ide  r eac t ion  takes  place v e r y  slowly in the cold, 
neve r the le s s  an acce le ra t ion  of the main reac t ion  by 
r a i s i ng  the t empera tu re  of the r eac t ion  mixture  leads 
exc lus ive ly  tn the se l f -condensa t ion  of the py r ro l e  
aldehyde to fo rm d ipyr ry lmethene  and to the complete  
cessa t ion  of the fo rmat ion  of the bi ladiene.  The se l f -  
condensation in an acid  medium of p y r r y l  aldehydes to 
d ipy r ry lme thenes  and of d ipyr ry lmethanes  containing 
an aldehyde group in the 5 o r  5 v pos i t ions  to the c o r -  
responding  bi lenes  o r  porphyr inogens  i s  apparen t ly  a 
genera l  c h a r a c t e r i s t i c  [6-8] .  
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In both cases ,  subs tances  were  obtained with s i m i -  
l a r  chromatographic  p rope r t i e s  and ident ica l  s p e c t r a  
in the vis ib le  and in f r a r ed  regions .  The e l e m e n t a r y  
ana lyses  of the two spec imens  cor responded  to that of 
the d ihydrobromide  HI. 

The chemical  ac t iv i ty  of the in i t ia l  p y r r o l e s  and 
d ipyr ry lmethanes  depends g rea t ly  on the subst i tuenis  
which they may contain. Thus, the syntheses of the b i -  
ladiene IE by method (a) takes  p lace  smoothly  at  0 ~ C 
in two minutes  with almos t  quanti tat ive yield.  Cerise-  

The oxidative cycl iza t ion  of the bi ladiene rff into 
the copper  complex of the pe rphyr in  IV by means  of 
copper  ace ta te  in methanol  o r  in a mix ture  of methanol 
and ace t ic  acid takes place  with a y ie ld  of 5.2-5.5%. 
The reac t ion  product ,  a f t e r  i so la t ion  and pur i f ica t ion  
by means  of t h in - l aye r  chromatography  on a lumina 
(activity V) was comple te ly  ident ical  with a sample  
obtained by us p rev ious ly  [9]. Trea tment  of the copper  
complex with concent ra ted  su l fur ic  acid  gave an 80% 
yie ld  of the f r ee  porphyr in ,  which was ident ica l  with 
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the  1 , 4 , 5 , 8 - t e t r  a m e t h y l - 2 , 3 - d i e t h o x y c a r b o n y l p o r p h y r i n  

t h a t  we  i s o l a t e d  f r o m  a m i x t u r e  of p o r p h y r i n s  [10].  
The  i n i t i a l  p y r r o l e s  a n d d i p y r r y l m e t h a n e s  r e q u i r e d  f o r  

t he  s y n t h e s i s  of the  b i l a d i e n e  w e r e  o b t a i n e d  by  the  
m e t h o d  of F i s c h e r  and  H a l b i g  [11]. 

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

DLhydrobromide of 1,3fl,18,1%19-hexamethy1-8,12-diethoxycar- 
bonylbiladiene (III). a) A suspension of 156 mg of 3,3'-diethoxycar- 
bonyl-5,5'-diformyl-4,4'-dimethyldipyrrylmethane (I) of methanol 

was treated with 92 mg of 2,4-dimethylpyrrole (V) in 0.2 ml of metha- 

nol. The mixture was cooled to 0 ~ C, nitrogen was bubbled through 

the solution and 0.2 ml of hydrohromie acid (d 1.4) was added. The 

solution immediately became orange and the dipyrrylmethane rapidly 

dissolved. After 2 rain, the reaction mixture solidified. The solid 

matter was separated off, washed with 2 ml of isopropanol, and dried. 

This gave 271 mg of substance. After recrystallization from chloro- 

form, 249 mg (85%) of the biladiene was isolated with mp 24? ~ C 

(decomp.) when the sample was rapidly heated from 230 ~ C. On slow 

heating, it did not melt below 300 ~ C and gradually carbonized. 

Spectrum in chloroform Xma x nm (s x 10-4): 445 (%1), 492 (9.1). 

Found, %0: C 50.9?; H 5�9 N ?.?2. Calculated for CsiHs6N404 �9 

�9 2HBr �9 2HzO, %: C 51.22; H 5.82; N %'/1. A sample was dried in 
vacuum at 137 ~ C for 2 hr. Found, %: Br 23.89. Calculated for 
CslHs6N40 4 " 2HBr, %: 23.15. 

b) A mixture of 300 mg of 3,3'-diethoxycarbonyl-4,4'-dimethyl- 
dipyrrylmethane (II) and 270 mg of 5-formyl-2,4-dimethylpyrrole (VI) 
was carefully ground, and then 3 ml of methanol was added. The re- 
suiting suspension was treated with 0.5 ml of hydrobromic acid (d 1.4) 
and was stirred for 2 hr, by which time the initial dipyrrylmethane 
could no longer be detected in a sample. (For this test, part of the 
reaction mixture was diluted with water, neutralized with ammonia, 
and extracted with chloroform, and the chloroform extract was chromato- 
graphed on alumina (activity grade V) in chloroform with reference 
samples of the starting materials.) After the end of the reaction, the 
precipitate that had deposited was filtered off, washed with methanol, 
and recrystallized from chloroform. Yield 315 mg (48.8%), small 
orange prisms�9 The substance did not melt below 300 ~ C on slow 
heating. The substance was chromatographically and speetrally com- 
pletely identical with the biladiene obtained by method (a). 

On brief heating, it was possible to isolate from the mother liquor 
a small amount of 3,3', 5,5'-tetramethyldipyrrylmethene hydrobmmide, 
which in its spectral and chromatographic properties was similar to the 
dipyrrylmethene hydrochloride obtained by other methods�9 

Copper complex of 1,4,5,8-tet~amethyl-2,8-diethoxycaxbonylpor- 
phyrin (IV). A solution of 50 mg of the biladiene III in 20 ml of 
methanol was treated with 100 mg of sodium acetate and 100 mg 
of copper acetate. The solution was boiled for 4 hi with aeration�9 
Then the solvent was distilled off and the residue was dissolved in 
chloroform and a first purification of the copper complex of the por- 
phyrin was carried out on a column of silica. The fraction containing 
the copper complex was evaporated in vacuum and was additionally 
purified by means of thin-layer cbxomatography on alumina (activity 

grade V) in chloroform. The substance was eluted from the alumina 
with hot chloroform; the solution, on evaporation to 5 ml, deposited 
2.2 mg (5.8%) of the copper complex in the form of long needles. 

The speetr~'n in chloroform [Xma x rim: 585, 542 (I > II)] was 

completely identical with that of a sample obtained by another 

method [9]. 
The copper complex of the porphyrin was also obtained with a 

yield of 5.5% by boiling in methanol without aeration for 14 hr. 
I, 4, 8, 8- Tetramethyl-2, 3-diethoxyearbonylporphyrin (IV). The 

copper complex (30 rag) was dissolved in 5 ml of concentrated suE- 

furic acid, and after 5 min the solution was poured into I00 ml of 

water and neutralized with ammonia, and the precipitate of porphyrin 

that had deposited was filtered off and dried. After reerystallization 

from a mixture of chloroform and petroleum ether, 21 mg (80@o) of 

the porphyrin was obtained. The spectrum in chloroform [kma x nm 

(e): 636 (3160); 581 (5260); 544 (6850); 510 (11900) agreed completely 

with that of the material described previously [I0]. 
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