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The synthes is  of the copper  complex  of meso -eyanoe t iopo rphyr in  I has  been ef fec ted  f rom 
the co r respond ing  m e s o - f o r m y l  der iva t ive  and m e s o - f o r m y l e t i o h e m i n .  An in te rmedia te  
compound of the copper  complex  of e t ioporphyrIn  I with the V i l s m e i e r  complex (DMFA-  
POC13) has  been isolated,  and it  has  been reduced to the copper  complex  of d ime thy lamino-  
methy le t ioporphyr in  I.  

One of the p romis ing  methods of modifying s imple  oc t a -a lky l - subs t i t u t ed  porphyr ins  is based  on the 
init ial  introduction of a fo rmyl  group by the V i l s m e i e r  reac t ion  [1-5]. The yield of fo rmylpo rphyr in  de -  
pends on which me ta l  complex is used  for  fo rmyla t ion .  Fo r  example ,  in a b r i e f  communicat ion  [5] it was  
r epo r t ed  that  in the fo rmyla t ion  of the Cu H and Ni II complexes  of e t ioporphyr in  I in dichloroethane the 
yields were  74% and 57~c, r e spec t ive ly ,  and et iohemin does not take p a r t  in the V i l s m e i e r  r eac t ion .  Con-  
s iderab le  diff icult ies a r i s e  in the demetal la t ion of the copper  complexes  of m e s o - f o r m y l p o r p h y r i n s  [4], and 
in some  c a s e s  it  is quite imposs ib le  to obtain the f r ee  porphyr in  [6]. Consequent ly ,  the a im  of the p r e sen t  
work  was to invest igate  the poss ib i l i ty  of modifying the fo rmy l  group without the prev ious  demetal la t ion of 
the m e s o - f o r m y l p o r p h y r i n  complexes .  

The copper  complex  of e t ioporphyr in  I was t r ea t ed  with a mix tu re  of DMFA and POC13 in ch lo ro fo rm 
with heat ing.  The reac t ion  was moni to red  by  TLC on a lumina until the init ial  complex had d i sappea red  
f r o m  the reac t ion  mix ture  and the b rown-g reen  spot  of the in te rmedia te  complex fo rmed  at the s ta r t ing  
line had i nc rea sed  in s i ze .  Af te r  the t r e a t m e n t  of the reac t ion  mix tu re  with aqueous alkal i ,  the copper  c o m -  
plex of m e s o - f o r m y l e t i o p o r p h y r i n  I (I) was obtained with a yield of 94%, and i ts  reduction with NaBH 4 in 
THF took place r ead i ly  to the cor responding  meso -hyd roxyme thy l  der iva t ive  (II). 

The p repa ra t ion  of the copper  complex of meso -cyanoe t i opo rphy r in  I (III) is of spec ia l  in te res t ,  since 
it is known [3] that  f ree  meso -cyanoe t iopo rphyr in  does not fo rm me ta l  complexes .  We succeeded  in con-  
ver t ing  the copper  complex (IV) of the oxime (I), obtained f rom (I) with a yield of 99.5%,by heating it with 
acet ic  anhydride at 130-140~ with v igorous  s t i r r ing  for  3-4 h, into (Ill) with a yield of 66%. 

I -X 
+ 

1, tx, x t~=CHO; II R=CH2OH; III R=CN; IV R=CH=NOH; V R=CH=NMe2CI-; 
+ III  

VI R=CH=NMe~(OPOCle)-; VIII t~=CH2NMe2; I--VI. VIII M=Cu; IX M=Fe--OH; 
]II 

X M = [ : c - - C l  

The next  stage was an invest igat ion of the poss ib i l i ty  of isolat ing and es tab l i sh ing  the s t ruc tu re  of the 
in te rmedia te  phosphorus  compound obtained as a r e su l t  of the reac t ion  of the V i l s m e i e r  complex  with the 
metaUoporphyr in .  
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It was found that in the formylat ion of the copper  complex of e t ioporphyrin ,  af ter  the end of the r e a c -  
tion (chromatographic tes t ) ,e l iminat ion of the solvent  led to the crys ta l l iza t ion  of an in termedia te  compound. 
When the oily res idue was carefu l ly  poured into water ,  this in termedia te  compound was not hydrolyzed  to 
the immonium sal t  (V). The substance was stable in the air ,  c rys ta l l i zed  well  f rom c h l o r o f o r m - p e t r o l e u m  
e ther ,  and was comple te ly  insoluble in cold water .  The IR spec t rum of this compound c l ea r ly  showed bands 
at 525 cm -I (VP_C1), 1300 cm "1 (Vp=O) , and 1670 cm -i (vC=N) , which should be cha rac t e r i s t i c  for  the 
s t ruc ture  of the immonium sal t  (VI}. However,  the lack of solubility in water ,  the p resence  of marked  
splitting of the Sore t  band, and the diffuse fo rm of the ~ band in the e lec t ron ic  spec t rum of this compound 
pe rmi t  the assumption that this complex probably exis ts  in a t rans i t ional  form for  which the ionic and co -  
valent  fo rms  are  l imiting s ta tes .  In this case ,  the s t ruc ture  of the compound under considerat ion can be 
ex p r e s se d  by formula  (VII), in which the C - N  bond is "essent ia l ly"  double and the C - O  bond "essent ia l ly"  
ionic.  

~ . ~ N  (Cir,,),) 

VI| 

CI.I/~N ( C tl3)2 Cu-- e'd.o 

4- Ic.- e~o -C.=N(C.s)~] (opoa~)- 
I§ 

JCu-- (~'t'io i=s 

This hypothesis  is also conf i rmed by the fact  that on being heated in water  the in termedia te  complex 
(VII) gradual ly  dissolves  and is conver ted  into the true immonium sal t  (V). 

The reduction of the complex (VII) ~vith NaBH 4 in ch lo roform takes place except ional ly  readi ly  to the 
cor responding  copper  complex of d imethylaminomethyle t ioporphyr in  I (VIII). At the same t ime,  a smal l  
amount of another  meta l  complex of unknown s t ruc tu re  is obtained in the IR spec t rum of which a s e r i e s  of 
bands is observed  in the 2300-2400 cm -I region that are  cha rac te r i s t i c  for the s t re tching vibrat ions of 
P - H  bonds.  The reduct ion of (VII) in ethanol leads to par t ia l  demetal lat ion and the splitting out of the m e s o  
subst i tuent .  

F r o m  the e lec t ron ic  spec t r a  of the copper  complexes  of the compounds obtained it can be seen that 
(HI) and (VIII) have the g r e a t e s t  ba thochromic  shif ts .  This effect  can be explained by the high degree  of 
conjugation of the ni t r i le  group with the porphyr in  ring in (III) and by the pronounced bending of the po r -  
phyrin ring as a r e su l t  of the considerable  s t e r i c  effect  of the meso-d imethylaminomethyl  group in (VIII). 

In the mass  spec t rum of (III), the main peak is the peak of the molecu la r  ion M +. Decomposit ion of 
the molecu la r  ion takes place by the success ive  el imination of methyl r ad ica l s .  The splitt ing out of the CN 
group f rom the molecular  ion and f rom the in termediate  demethylated f ragments  is not observed  at all, 
which also indicates a high degree  of conjugation of the ni t r i le  group with the ~ sys tem of the porphyrin  
ring,  in con t ras t  to the a ry l  cyanides,  for  which the format ion of the (M-HCN) + ion is cha rac te r i s t i c  [7]. 

The use of the chromatographic  method of monitoring the course  of the react ion enabled us to p e r -  
fo rm the formylat ion of the iron complex of e t ioporphyr in  (etiohemin), also,  with high yield. General ly,  
'during the formyla t ion  reac t ion  a sharp change in the color  of the solution f rom red  to g reen  takes place, 
which is one of the c r i t e r i a  for  the complet ion of the reac t ion .  However,  in the formylat ion of the hemins 
no appreciable change in the color  of the solution is observed .  By means  of TLC on alumina, we have found 
that p rac t ica l ly  none of the initial heroin remains  in the reac t ion  mixture  a f te r  it has been heated for 6 h. 
After  t r ea tmen t  with alkali, an in termedia te  meso- fo rmyle t iohemat in  (IX) was isolated, and this was then 
conver ted  into the cor responding  heroin (X) with a yield of about 85~. The low yield in the formylat ion of 
the dimethyl  e the r  of meso-hemin  (IX) obtained by Nichol [4] and the absence of the formylat ion of et iohemin 
repor ted  by Grigg and Sweeney [5] can be explained by an insufficient  t ime of heating of the hemins with the 
Vi l sme ie r  complex in formyla t ion .  

In the mass  spec t rum of the heroin (X) the main peak is that of the molecular  ion M + , the decompos i -  
tion of which leads to the ion (M-CO) + with a peak of approximately  the same intensi ty.  Fragmenta t ion  of 
a s imi l a r  type has been observed  in the mass  spec t rum of the dimethyl e ther  of ~ - fo rmylmesoporphyr in  IX 
[41. 
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In the m a s s  s p e c t r u m  of the hemat in  (IX) with the s ame  type of f ragmenta t ion  the intensi ty  of the 
peak  of the mo lecu l a r  ion M + is app rox ima te ly  half  the in tensi ty  of the peak  of the ion (M-CO)  + , which is 
p robably  due to the in te rac t ion  of the fo rmyl  and hydroxy groups  in the molecule  concerned .  It is poss ib le  
that  the additional band at 1665 c m  -1 p r e s e n t  in the ]R s p e c t r u m  of this compound is due to the format ion  
of a hydrogen bond between the aldehyde and hydroxy g roups .  

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

The e lec t ron ic  s p e c t r a  in ch lo ro fo rm were  obtained on a Shimadzu MPS-50L ins t rument .  The IR 
s p e c t r a  were  taken on a UR-10 i n s t rumen t  in table ts  with KBr .  The m a s s  s p e c t r a  were  obtained on an 
LKB-900 ins t rumen t  at a t e m p e r a t u r e  of the ionization c h a m b e r  of 270-290~ and an ene rgy  of the ionizing 
e l ec t rons  of 70 eV. The T I C  f igures  a r e  given for a lumina of ac t iv i ty  g rade  2.5 in ch lo ro fo rm.  

V i l s m e i e r  Salt  with the Copper  Complex  of E t ioporphyr in  I (VII). At 0~ 6 ml  of phosphorus  oxy-  
chloride was added to 5 ml of d ime thy l fo rmamide .  After  15 ~nin, the c rys ta l l ine  V i l s m e i e r  complex  was 
d isso lved  in 60 ml of dry  ch lo ro fo rm,  200 mg of the copper  complex  of e t ioporphyr in  I was added, and the 
mix tu re  was heated at the boil for  15 min .  Then the ch lo ro fo rm was dr iven off in vacuum and the res idua l  
off with the porphyr in  complex that  had c rys t a l l i zed  out in it  was  added dropwise  with s t i r r i ng  to 150 ml  
of cold wa t e r .  The resu l t ing  p rec ip i t a te  was f i l te red  off, washed with cold wa te r ,  dr ied  in the a i r ,  and r e -  
c rys t a l l i zed  f r o m  c h l o r o f o r m - p e t r o l e u m  e ther  to give 120 mg (44.5%) of the V i l s m e i e r  sa l t  with mp > 250~ 
R f  0. )~max, nm (E �9 10-3); 401 (139); 440 (75); 535 (7.5); 575 (10.9). Found, %: C 57.7; H 5.5; C1 9.5; N 
9.6. C35H42C12CuN5PO 2. Calculated,  %: C 57.6; H 5.8; C1 9.7; N 9.6. 

Copper  Complex  of Meso-d imethy laminomethy le t ioporphyr in  I (VIII). A solution of 60 mg of the 
V i l s m e i e r  sa l t  (VII) in 10 ml  of ch lo ro fo rm was t r ea t ed  with 200 mg of NaBH 4 and the mixture  was s t i r r e d  
for  5 min .  The color  of the solution rap id ly  changed f r o m  g reen  to red .  The resu l t ing  solution was ch ro -  
matographed  on a column of s i l ica .  Ch lo ro fo rm eluted a sma l l  amount of a me ta l  complex  of unknown s t r u c -  
t u re .  The f rac t ion  containing the main substance  was eluted with ch lo ro fo rm containing 1% of methanol ,  
the eluate was evapo ra t ed  and the res idue was r e c r y s t a l l i z e d  f rom c h l o r o f o r m - m e t h a n o l  to give 39 mg 
(79%) of the copper  complex  of meso -d ime thy laminomethy le t i opo rphyr in  I (VIII) in the f o r m  of long p r i s -  
mat ic  c r y s t a l s  with mp 332-333~ R f  0.7. ~ m a x ,  nm (E �9 10-3): 408 (130), 542 (10.0), 585 (12.6). 
Found, %: C 70.3; H 7.6; N 11.9. C35H43NsCu. Calculated,  %: C 70.4; H 7.3; N 11.7. 

Copper  Complex  of Meso - fo rmyle t iopo rphyr in  I (I). A mix ture  of 200 mg of the copper  complex of 
e t ioporphyr in  I and the complex  obtained f r o m  2 ml  of POC13 and 3 ml  of d ime thy l fo rmamide  was heated at 
the boil in ch lo ro fo rm until the init ial  copper  complex was absent  f rom a sample  (1 h 30 min) .  Then the 
reac t ion  mix ture  was poured into 200 ml  of wa te r ,  the aqueous l aye r  was brought  to pH 9-10 with alkali ,  
the mixture  was s t i r r e d  for  4 h, and then the organic l ayer  was s epa ra t ed  off, dr ied  with magnes ium su l -  
fa te ,  and evapora t ed .  The res idue  was r e c r y s t a l l i z e d  f r o m  d i ch lo roe thane -e thano l  to give 198 mg (94%) 
of the copper  complex  of m e s o - f o r m y l e t i o p o r p h y r i n  I with decomp,  p. above 300~ R f  0.5. Vma x 1700 
c m  -1 (C = O ) ,  A max,  nm (E . 10-3): 406 (192), 530 (8.8), 566 (13.2), 640 (4.0). Found, %: C 69.4; H 6.4. 
C33H36CuN40. Calcula ted,  %: C 69.6; H 6.4. 

The Copper  Complex of Meso-hydroxymethy le t ioporphyr in  I (II). A few drops  of wa te r  and 300 mg 
of NaBH 4 were  added to a solution of 150 mg of the copper  complex of m e s o - f o r m y l e t i o p o r p h y r i n  I in 50 m l  
of THF.  The solution was s t i r r e d  at  45~ for  15 rain and was poured into 100 ml  of wate r ,  the substance 
was ex t r ac t ed  with ch lo ro fo rm,  the e x t r a c t  was dr ied with magnes ium sulfate and evapora ted  to 10 ml,  30 
ml  of dichloroethane was added, the mix ture  was heated until the solid m a t t e r  had d isso lved  comple te ly ,  
and the solution was then allowed to cool s lowly.  The prec ip i ta te  that  deposi ted  was f i l te red  off to give 
130 mg (86%) of the copper  complex of meso -hydroxymethy le t i opo rphyr in  I in the f o r m  of long ,very  thin 
b r igh t - r ed  c r y s t a l s  with mp 275-278~ (decomp.) .  Rf  0.25. Amax,  nm (E �9 10-3): 405 (132), 533 (11.0), 
570 (15.8). Found, %: C 69.7; H 7.0; N 9.6. C33H38CuN40. Calculated,  %: C 69.5; II 6.7; N 9.8. 

Copper  Complex  of the Oxime of Meso- fo rmyle t ioporphyr in  I (IV). A mix ture  of 150 mg of the copper  
complex of m e s o - f o r m y l e t i o p o r p h y r i n  I and 550 mg of hydroxylamine hydrochlor ide  in 25 ml  of pyridine 
was heated  at  120~ for  20 rain. Then the solution was cooled to 100~ and 10 ml  of wa te r  was added slowly 
in d rops .  The br ight  red  mic roc rys t a l l i ne  p rec ip i ta te  that deposited was f i l te red  off and washed  with water ,  
methanol ,  and e the r  to give 153 mg (99%) of the copper  complex of the oxime of m e s o - f o r m y l e t i o p o r p h y r i n  
I.  After  c rys ta l l i za t ion  f rom dichloroethane it fo rmed  threadl ike  c r y s t a l s  with decomp,  p. above 3000C. 
R f  0.26. A max,  nm (E �9 10-3): 405 (294), 530 (11.8), 566 (18.6). Found, %: C 67.7; H 6.6; N 11.9. 
C33H37CuN50. Calcula ted,  %: C 68.0; H 6.4; N 12.0. 
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Copper Complex of Meso-cyanoettoporphyrtn I (III). A suspension of 100 mg of the copper complex 
of the oxime of meso-formyletloporphyrin I in 100 ml of acetic anhydride was s t i r red at 130-140~ until 
the initial complex had dissolved completely (3-4 h). After cooling, the dark-red precipitate that deposited 
was filtered off, washed with water and methanol, and dried to give 64 mE (66%) of the copper complex of 
meso-cyanoetioporphyrin I with mp greater  than 300~ R/ 0.7. ~C ----- N 2208 (cm'l): Amax, nm (E �9 10-3): 
409 (152), 547 (4.5), 588 (12.1). Mass spectrum, m / e  (%). 566 (62), 564 (!00), 551 (14), 549 (2.8), 534 (11), 
519 (10), 504 (5.5). Found, %: N 12.7. CssHssCuN ~. Calculated, %: N 12,4. 

Meso-formyletiohemin I (X). A mixture of 250 mg of etiohemin and the complex obtained from 5 ml 
of dimethyiformamide and 5 ml of phosphorus oxyuhloride was heated in 50 ml of dry chloroform for 6 h. 
Then the reaction mixture was poured into 200 ml of water,  alkali was added to pit 9-10, and the mixture 
was s t i r red at 60~ until a sample contained no immonium salt (TLC) (1 h). The green chloroform layer 
was separated off, dried with sodium sulfate, and evaporated to dryness.  The residue, which consisted of 
meso-formylhemattn (IX) was dissolved in 10 ml of glacial acetic acid, and 0.5 ml of concentrated hydro- 
chloric acid was added. The mtcrocrystall ine precipitate that deposited was filtered off, washed with water , 
and dried to give 210 mE (60~c) of meso-formyletiohemin I. It did not melt below 300oC. R f  0. ~max 
1702 cm "l (C -----O). Mass spectrum, m / e  (%): 561 (40), 560 (100), 546 (7), 545 (8), 533 (35), 532 (95), 517 
(17), 502 (13), 487 (9), 472 (6.5), 457 (3.5). Found, ~:  C 66.7~ H 6.2~ N 9.6. C3sHssC1FeN40. Calculated,Z: 
C 66.5~ H 6.11 N 9.4. 

The meso-formyletiohematin I (IX) prepared in a similar manner to that described above from 
[67Fe]etiohemin had R/  0.4 and the mass spectrum, m / e  (~): 561 (50), 546 (5), 518 (20), 533 (100), 503 (15), 
488 (10), 473 (5). 
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