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By the condensation of ~-halogenomethyl derivatives of pyrroles with a-unsubstituted pyrroles 
the synthesis of the following unsymmetrical  dipyrrolylmethanes has been effected: 5-benzyl- 
oxycarb•ny•-5'-eth•xycarb•ny•-3•3'-di(•-meth•xycarb•ny•ethy•)-4,4'-dimethy••2,2'-dipyr- 
rolylmethane (IIIa), 5-benzyloxycarbonyl-5'-ethoxycarbonyl-3-(fi-methoxycarbonylethyl)- 
4,4'-dimethyl- 3'-n-propyl-2,2 '- dipyr rolylmethane (IIIb), 3-acetyl-5-benzyloxycarbonyl-4 '-  
ethyl-5'-methoxycarbonyl-3' ,4-dimethyl-2,2 '-dipyr rolylmethane (IIIc), and 3 -bromo-5-  
benzyloxycarbonyl-4'-ethyl-5 '-methoxycarbonyl-3 ' ,4-dimethyl-2,2 '-dipyrrolylmethane (IIId). 
Hydrogenation of the unsymmetrical dipyrrolylmethanes IIIa, b, c, and d has given the cor-  
responding monocarboxylic acids IVa, b, c, and d. The formylation of the dipyrrolylmeth- 
anemonocarboxylic acid IVa has given 5 ' -ethoxycarbonyl-5-formyl-3,3 ' -di(f l-methoxycar-  
bonylethyl)-4,4'-dimethyl-2,2'-dipyrrolylmethane (V). 

The present paper is a conti~nuation of reports  on the preparation of unsymmetrical  dipyrrolylme- 
thanes that are  intermediate in the synthesis of the pigment of photosynthesizing bacteria - chlorobium 
chlorophyll [ 1 ]. In performing the directed stepwise synthesis of porphyrins, the condensation of dipyr- 
rolylmethane-~-monocarboxylic acidsand a-monoformyl-substi tuted dipyrrolylmethanes is used. 

To obtain dipyrrolylmethanemonocarboxylic acids we have effected the synthesis of a number of un- 
symmetrical  ~-alkoxycarbonyl-~'-benzyloxycarbonyldipyrrolylmethanes (IIIa, b, c, d), which were con- 
verted quantitatively by hydrogenation in the presence of palladium into the dipyrrolylmethane-a-mono-  
carboxylic acids IVa, b, c, d. The unsymmetrical  dipyrrolylmethanes were synthesized by condensing the 
a-halogenomethylpyrroles Ia, b, c with the ~-unsubstituted pyrroles  IIa, b, c, in chloroform, benzene and 
dimethylformamide. 

The initial halogen-substituted pyrroles  were obtained either by chlorination with sulfuryl chloride in 
acetic acid (Ib) or by bromination in ether (Ia) or in carbon tetrachloride (Ic). The c~-unsubstituted pyrroles 
IIa, b, c were obtained by the decarboxylation of the corresponding carboxylic acids. 
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*For communication II, see [1]. 
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The u n s y m m e t r i c a l  na ture  of the s t r u c t u r e  of the d ipyr ro ly lme thanes  Ilia, b, c, d was conf i rmed  by 
compar ing  the i r  phys icochemica l  constants  with those  of the cor responding  s y m m e t r i c a l  d ipy r ro ly lme th -  
anes:  IIIa,  b with 5 ,5 ' -d ibenzy loxyea rbony l -3 ,3 ' -d i  ( f l -methoxycarbonylethyl)-4,  4 ' -d ime thy l -2 ,  2 ' - d i p y r r o l y l -  
methane,  IIIc with 5 ,5 ' -d ibenzy loxyca rbony l -  4, 4 ' -d ie thy l -4 ,  4 ' - d i m e t h y l -  2 ,2 ' -d ipyr ro ly lmethane ,  and Hid with 
3,3 ' - d i a c e t y l - 5 , 5 ' - d i b e n z y l o x y c a r b o n y l - 3 , 3 ' - d i b r o m o - 2 , s  

5- Ethoxycarbonyl -  5 ' - f o r m y l -  3, 3 ' -d i  (#-methoxycarbonyle thyl ) -  4, 4W-dimethyl - 2, 2 ' - d i p y r r o l y l m e t h a n e  
(V) was synthes ized  by the fo rmyla t ion  of the monocarboxyl ic  acid IVa with phosphorus oxychlor ide  and di-  
me thy l fo rmamide .  

The individuality of the compounds obtained was conf i rmed  by th in - l aye r  ch romatography  on s i l ica  in 
the pe t ro l eum e t h e r - d i e t h y l  e ther  s y s t e m  (for Ilia and IVa-d) and on a lumina of act iv i ty  g rade  2-5 in the 
p e t r o l e u m  e t h e r - d i e t h y l  e ther  s y s t e m  (for Ib, IIIc,  d). 

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

2 - E t h o x y c a r b o n y l - 3 - m e t h y l - 4 - n - p r o p y l p y r r o l e  (IIb). 2 - C a r b o x y - 5 - e t h o x y c a r b o n y l - 4 - m e t h y l - 3 - n -  
p r o p y l p y r r o l e  (1.3 g; 4.0 m m ol e s )  was heated at  215-220~ in a cu r r en t  of n i t rogen until the evolution of 
carbon dioxide ceased .  The r e s idue  was dis t i l led;  bp 90-92~ (0.3 mm).  Color less  liquid c rys ta l l i z ing  
on standing. Yield 0.60 g (56%), mp 43-44~ Found, %: C 67.6; H 8.6; N 7.1. Calculated for  CilH17NO2, 
%: C67 .7 ;  H 8.8; N7 .2 .  

5- Benzyloxyc arbonyl-5  ' - e ~aoxycarbonyl-  3, 3 ' -d i  (fi- methoxycarbonyle thyl ) -  4, 4 ' -  d imethyl -  2, 2 , -d ipy r -  
ro ly lme thane  (Ilia). A solut ionof0.72 g(2.0 mmoles)  of 2 -benzy loxyca rbony l -5 -b romomethy l -4 - ( f i -me th o x y -  
c a r b o n y l e t h y l ) - 3 - m e t h y l p y r r o l e  (Ia) in 30 ml  of ch lo ro fo rm was added to a solution of 0.5 g (2.1 mmoles )  
of 2 -e thoxyca rbony l -4 - ( f l -me thoxyca rbony le thy l ) -3 -me thy lpy r ro l e  (Ha) in 10 m_l of ch loroform.  The r e a c -  
tion mix tu re  was heated for  30 min and then the solvent  was dis t i l led off in vacuum and the res idua l  oil was 
s epa ra t ed  in a column of a lumina of act ivi ty  g rade  5. Elution was p e r f o r m e d  with e ther .  The solvent  was 
dr iven  off, and the r e s idue  was d isso lved  in 5 ml of methanol  and prec ip i ta ted  with water .  This was f i l -  
t e red  off and c rys t a l l i zed  f r o m  10 ml of isopropanol .  Yield 0.85 g (79%), mp 87-88~ Found, %: C 65.2; 
H 6.8; N 5.3. Calculated for  C30Ha6N208, %: C 65.2; H 6.6; N 5.1. 

5- Carb~xy-5~-e th~xyca rb~ny1-3 ,3 ' -d i (~ -meth~xycarb~nyIe thy l ) -4 ,4 ' -d ime thy~-2 ,2 ' -d ipyr r~y1methane  
(IVa). A solution of 0.3 g (0.54 mmoles )  of IIIa in 25 ml  of absolute  methanol  was t r ea t ed  with pal ladium 
on ac t iva ted  ca rbon  and hydrogenat ion was c a r r i e d  out until the absorpt ion  of hydrogen ceased .  The ca t a -  
lys t  was s epa ra t ed  off and washed wtih methanol .  The solvent  was dr iven off in a c u r r e n t  of ni t rogen,  and 
the r e s idue  was c rys t a l l i zed  f r o m  10 ml  of methanol .  Yield 0.23 g (92~),  mp 174-175~ Found, %: 
C 59.9; H 6.9; N 6.4. Calculated for  C23H30N2Os, %: C 59.7; H 6.5; N 6.0. 

5- E thoxyca rbony l -5 ' - fo rmyl -3 ,3 ' -d i ( ;9 -me thoxyca rbony le thy l ) -4 ,4~-d ime thy1-2 ,2 ' -d ipy r ro ly lme thane  
(V). A suspens ion  of 0.25 g (0.54 mmole )  of IVa in 5 ml  of dichloroethane was t r ea t ed  with 0.094 g (1.3 
mmole)  of d i m e t h y l f o r m a m i d e  and 0,202 g (0.81 mmole )  of phosphorus oxychlor ide,  and the mix tu re  was 
heated  to 80~ and lef t  for  10 hr .  The solvent  was dr iven off and the r e s idue  was t r i t u ra t ed  with water .  
The aqueous solution was neut ra l ized  with 50~  sodium ace ta te  solution and brought  to pH 9 with 20% sodi -  
um b ica rbona te  solution. The p rec ip i t a t e  that  deposi ted was sepa ra ted  off and c rys t a l l i zed  f r o m  2 ml of 
ethanol.  Yie ld0 .063g(25%) ,mpl15-115 .5~  Found,%: C 6 1 . 6 ; H 6 . 8 ; N 6 . 3 .  Calculated for  C23H30N2OT, 
%: C 61.9; H 6.8; N6 .3 .  

*As in Russ ian  or iginal  - Publ i sher .  
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5- Benzyloxyc arbonyl -  5 ' -  ethoxy c a rbonyl -  3 - (fl- ethoxy carbonyl  ethyl )- 4, 4 ' -  d imethyl -  3 ' -  n-  p ropy l -  2, 2 ' -  
d ipyr ro ly lmethane  (IIIb). At 60-65~ 1.22 g (3.1 mmoles )  o f l a  was added in smal l  port ions to a solution 
of 0.6 g (3.1 mmoles )  of IIb in 6 ml of benzene,  and the mix tu re  was heated at 60-65~ for  1 hr .  The so l -  
vent was dr iven off in vacuum and the res idue  w a s  t r i tu ra ted  with a sma l l  amount  of pe t ro leum ether  and 
c rys ta l l i zed  f r o m  n-octane .  Yield 0.43 g (27%), mp 82-84~ Found, %: C 68.2; H 7.1; N 5.0. Calcula-  

ted for  C29H361~20 6, ~: C 68.5; H 7.1; N 5.5. 

5- Carboxy-  5 ' e thoxycarbonyl -  3- ( f l -methoxycarbonylethyl)-  4, 4 ' - d ime thy l -  3 ' - n - p r o p y l -  2 , 2 ' - d i p y r r o l y l - .  . , . . . , 
methane (IV b). A n i c k e l - o n - c h r o m i u m - o x i d e  ca ta lys t  was added to  a solution of 0.4 g (0.78 mmole)  of 
IIIb in 15 ml  of ethyl ace ta te ,  and the mix tu re  was s t i r r e d  for  40 min.  Then the ca ta lys t  was sepa ra t ed  off, 
a pa l l ad ium-on-ac t i va t ed -ca rbon  ca ta lys t  was added to the solution, and hydrogenat ion was c a r r i e d  out un-  
til the absorpt ion  of hydrogen ceased.  The second ca t a lys t  was sepa ra t ed  off and washed with ethyl ace ta te ,  
and the solvent  was evapora ted  in vacuum. The res idue  was c rys t a l l i zed  f r o m  methanol .  Yield 0.24 g 
(73%), mp 166-168~ (decomp.).  Found, %: C 63.5; H 7.1; N 6.8. Calculated for  C22H30N20 6, ~: C 63.1; 
H 7.2; N 6.7. 

3-Ac e ty l -5 -benzy loxyca rbony l -  4 ' -  e thyl-  5 ' -  methoxycarbonyl -  3 ' , 4 -d ime thy l -  2, 2 ' - d i p y r r o l y l m e t h a n e  
(IIIc). Over  45 min,  0.68 g (2.1 mmoles )  of 4 - a c e t y l - 2 - b e n z y l o x y c a r b o n y l - 5 - c h l o r o m e t h y l - 3 - m e t h y l p y r -  
ro le  (Ib) was added to a solution of 0.37 g (2.2 mmoles )  of 3 - e t h y l - 2 - m e t h o x y c a r b o n y l - 4 - m e t h y l p y r r o l e  
(IIIc) in 5 ml of d ime thy l fo rmamide  at  110-115~ and the mix tu re  was heated for  2 h r  at  the s a m e  t e m p e r -  
a ture .  Then it  was poured into 20 ml of water  and ex t rac ted  with 50 ml  of e ther .  The solvent  was dr iven 
off and the res idue  was t r i tu ra ted  with 50 ml of pe t ro leum ether .  The prec ip i ta te  that deposi ted was sepa -  
ra ted  off and c rys ta l l i zed  f r o m  n-octane .  Yield 0.25 g (26%), mp  142-143~ Found, %: C 68.8; H 6.6; 
N 6.4. Calculated for  C25H28N20 5, %: C 68.7; H 6.5; N 6.3. 

3 -Ace ty~-5-carb~xy-4 ' -e thy~-5 ' -meth~xycarb~ny~-3~4 ' -d imethy~-2~2 ' -d ipyr r~y~methane  (IVc). P a l -  
ladium on act ivated carbon was added to a solution of 0.45 g (1.02 mmole )  of IIIc in 40 ml of ethyl ace ta te  
and hydrogenat ion was c a r r i e d  out until the absorpt ion of hydrogen ceased .  The ca ta lys t  was sepa ra ted  off 
and washed with ethyl aceta te .  The solvent  was dr iven off, and the res idue  was c rys t a l l i zed  f r o m  methanol .  
Yield 0.24 g (67%), mp 201-202~ (decomp.).  Found, %:C 62.4; H 6.8; N 8.1. Calculated for  C18H2zN205, 
~:  C 62.4; H 6 . 4 ; N 8 . 1 .  

5 -Benzyloxycarbonyl -  3 - b r o m o - 4 ' - e t h y l -  5 ' -me thoxyca rbony l -  3' ,  4 -d imethy l -  2, 2 ' - d ipy r ro ly lme th an e  
(IIId). Over 3 hr  30 rain 2.22 g (5.7 mmoles )  of 2 - b e n z y l o x y c a r b o n y l - 4 - b r o m o - 5 - b r o m o m e t h y l - 3 - m e t h y l -  
py r ro l e  (Ic) was added to a solution of 0.96 g (5~7 mmoles )  of IIc in 25 ml  of dry  benzene at  60-65~ and 
the mix tu re  was then left  at 0~ for  12 hr .  The c r y s t a l s  that  had deposi ted were  s epa ra t ed  off, washed with 
30 ml of pe t ro leum ether  and 20 ml of methanol ,  and c rys t a l l i zed  f r o m  methanol .  Yield 0.74 g (27%), mp 
177-178~ Found, %: C 58.4; H 5.3; Br 16.8; N 5.7. Calculated for  C23H25BrN204, %: C 58.3; H 5.3; 
Br 16.9; N 5.9. 

3 -Br~m~-5-ca rb~xy-4 f -e thy~-5 ' -me th~xyca rbony1-3 '~4 -d ime thy~-2~2 ' -d ipy r r~y lme thane  (IVd) was 
obtained s imi l a r ly  to IVb by the hydrogenat ion of 0.5 g (1.1 mmole)  of IIId in 60 ml  of ethyl ace ta te .  Yield 
0.39 g (95%), mp 250-252~ (decomp). Found, %: Br 20.6; N 7.5. Calculated for  C16HlsBrN204, %: 
Br 20.8; N 7.3. 

lo 
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