
alcohol-hexane (2 : 8) to give a product  with mp 318-319 ~ (from acetone) in 1.4% yield. Found: C 74.0; H 5.3; 
N12.2%. C22HlSN302. Calculated:  C 73:9; H 5.4; N 11.8%. IR spec t rum:  3420, 3140, 1690 cm -1. PMR spec -  
t rum,  6, ppm: 1.49 (2-COOCH2CH3, m); 2.51 (11-CH3, s); 2.55 (6-CH3, s); 4.51 (2-COOCH2CH3, q); 7.12-7.72 
(aromat ic  protons ,  4-H,  5-H, 9-H, 10-H, m); 8.07 (12-CH, s); 8.44 (7-CH, s); 11.6 (8-NH, s); 12.12 (3-NH, s). 

1 H , 5 H - 2 - C a r b e t h o x y - 4 - o x o - 8 - m e t h y l - l , 4 - d i h y d r o - 6 - c a r b o l i n e  (IVc). The f i l t ra te  obtained af ter  s e p a r a -  
tion of VI was vacuum evapora ted ,  and the res idue  was suspended in acetone.  The resul t ing  c rys t a l s  were  
r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  f rom 125 ml of acetone to give a product  with mp 289-290 ~ (from 
acetone) in 26.8% yield. Found: C 66.6; H 5.2; N 10.2%. C15H14N203. Calculated:  C 66.6; H 5.2; N 10.4%. 
IR spec t rum:  3480, 2700, 1710, 1680 cm -1. PMR spec t rum,  6, ppm: 1.36 (2-COOCH2CH3, m); 2.39 (8-CH3, 
s); 4.42 (2-COOCH2CH3, q); 6.33 (3-CH, s); 7.11 and 7.20 (6-CH, d); 7.43 and 7.52 (7-CH, d); 7.76 (9-CH, s); 
10.92 (5-NH, s); 11.75 (1-NH, s). 
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PORPHYRINS 

IV.* SYNTHESIS AND PROPERTIES OF SCHIFF BASES 

OF meso-FORMYLETIOPORPHYRIN I 

G.  V. P o n o m a r e v  a n d  G .  B .  M a r a v i n  UDC 547.749.07:541.49 

The reac t ion  of sa l ts  of meso-d ime thy l fo rma ld iminoe t ioporphyr in  I and its copper  complex with 
ammonia ,  hydrazine,  aliphatic and al icyclic  amines ,  and amino acids was investigated,  and the 
cor responding  azomethine der iva t ives  were  obtained. 

It has recent ly  been demons t ra ted  [2] that meso-d imethy laminomethy le t ioporphyr in  I, obtained f rom the 
phosphorus complex (I), faci l i ta tes  the pos t radia t ion  revivi f ica t ion of a cul ture  of hear t  ce l l s  f r o m t h e  ape, cyn-  
omolgus .  A number  of compounds containing, in the meso  posit ion of the porphyr in  ring, an effective,  within a 
radiobiological  f r amework ,  aminomethyl  group with d iverse  subst i tuents  attached to the ni trogen atom, s eem 
of in te res t  for the study of the effect  of porphyr ins  on the organs  and t i s sues  in the case  of radiat ion s ickness .  
Compounds of this type might have been synthesized by reduction of the cor responding  Schiff bases .  

Severa l  examples  of the p repa ra t ion  of Schiff bases  of m e s o - f o r m y l p o r p h y r i n s  with a romat ic  amines  [3], 
as well as a single communicat ion  rega rd ing  the synthesis  of a Schiff base  of meso - fo rmyloc tae thy lpo rphyr in  
with/~-alanine [4], a re  p resen t ly  known. All of these  reac t ions  proceed  at high t e m p e r a t u r e s  because  of the low 
reac t iv i ty  of the m e s o - f o r m y l  group. This is probably v~hy our a t tempts  to obtain Schiff bases  by the c l a s s i ca l  
method [s ta r t ing  f rom 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 I )wi th  lower aliphatic amines] were  unsuccessful .  

* Fo r  Communicat ion III,  see [1]. 
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We have noted that  I has i nc reased  act iv i ty  in nueleophil ic  subs t i tu t ion  r e a c t i ons .  However,  p r i o r  deme t -  
a l la t ion of complex  I was n e c e s s a r y  for the syn thes i s  of the Schiff bases  of f ree  porphyr ins .  The demeta l l a t ion  
of complex  I by the usual  method - by t r e a t m e n t  with concent ra ted  sul fur ic  acid - p roceeds  very  slowly because  
of i ts low solubi l i ty .  We the r e fo re  used a method that cons i s ted  in t r e a t m e n t  of the meta l  complex with phos -  
phorus oxychlor ide  in the p r e s e n c e  of a s m a l l  amount of water ,  in which both the s t a r t ing  m a t e r i a l  and the 
po rphyr in  dicat ion (III), which was r ap id ly  hydrolyzed by aqueous a lka l i  under mild condit ions to f o r m y l p o r -  
phyrin II, were  quite soluble .  

A new porphyr in ,  ha the IR s p e c t r u m  of which we observed  an intense band at 1625 cm -1 co r re spond ing  to 
v ib ra t ions  of the C = N group and bands at 3290 and 3230 cm -1 c h a r a c t e r i s t i c  for the N - H  v ibra t ions  of p y r r o l e  
r ings  in porphyr in  and N - H  v ib ra t ions  in imines ,  r e s p e c t i v e l y ,  was obtained when ammonium hydroxide was 
used to neu t ra l i ze  the solut ion of po rphyr in  III. A s ignal  f rom the proton of a CH group in the meso pos i t ion  and 
c lose  to the s ignal  of the methyl idyne proton in the spec t rum of the oxime of po rphyr in  II [4] was obse rved  in the 
PMR spec t rum of this  porphyr in .  These  data unambiguously indicate that  the i so la ted  compound is m e s o - a l d i -  
minoe t ioporphyr in  I (IVa) [5]. It was subsequent ly  es tab l i shed  that complex  I is conver ted  to the copper  complex 
of the a ld imine  (Va) in 89% yie ld  when a ch lo ro fo rm solution of it is s to red  for 3-4 h. However,  if complex  I is 
f i r s t  t r ea t ed  with any p ro t i c  acid (for example ,  ace t ic ,  t r i f l uo roace t i c ,  or hydrochlor ic ) ,  the subsequent  r e a c -  
t ion with ammonium hydroxide p roceeds  r ap id ly  in the cold,  and the r eac t ion  to form complex  Va is comple te  
a f te r  a few seconds .  

The cons ide r ab l e  i n c r e a s e  in the r a t e  of r eac t ion  of I with ammonia  af ter  p r i o r  t r e a t m e n t  with acid con-  
s t i tu tes  evidence that  complex  VI, with a m e s o - i m m o n i u m  group capable  of conjugation and resonance  with the 
porphyr in  r ing,  is formed in this  case~ 

A c h a r a c t e r i s t i c  fea ture  of a ld imine  IVa is its except ional ly  high lab i l i ty  in acidic  media .  Even a weak 
acid such as s i l i c i c  acid ca ta lyzed  the convers ion  of IVa to a fo rmylporphyr in .  Po rphyr in  II was obtained in 
quant i ta t ive  yie ld  when a solut ion of IVa in ch lo ro fo rm was pa s sed  slowly through a column f i l led with s i l i c a  
gel.  At the s ame  t ime ,  copper  complex  Va was found to be r e s i s t a n t  to the action of both organic  acids  and 
a lkal i .  

As expected ,  we were  unable to syn thes ize  a ld imines  IVa and Va by condensat ion of fo rmylpo rphyr in  II or  
i ts copper  complex  with ammonia .  

The p r e p a r a t i o n  of a ld imines  IV and V exc lus ive ly  f rom the immonium sa l t s  can be r e p r e s e n t e d  by the 
genera l  scheme 

/ N ( c ; % ) .  
R--CH~N."CH~)o + N H ~ R '  ~ R - - C H  ~ R--CH~N--I~' + I'iN(CH~) 2 

CI- \NHR'  

where  R is a po rphyr in  r e s idue  o r  a r e s idue  of its meta l  complex ,  and R ' = H ,  OH, NH 2, a lkyl ,  a ry l ,  etc.  

P roeeed ing  f rom this r e p r e s e n t a t i o n  of the r eac t ion  mechan i sm,  we extended it for  the synthes i s  not only 
of Sehiff bases  with a l iphat ic ,  a l i cyc t ie ,  and a roma t i c  amines  but also of Schiff ba ses  with hydroxylamine,  
hydraz ines ,  t h i o s e m i c a r b a z i d e ,  and amino ac ids .  

In al l  c a s e s  we were  able to obtain the co r r e spond ing  azomethines  by s imple  t r e a t m e n t  of solut ions of III 
and VI with exces s  reagen t .  Ch loroform was used as the solvent ,  s ince the y ie lds  of f inal  products  were  lower 
in o ther  so lvents .  In the ease  of the fo rmat ion  of a ld imtnes  IVa and Va and N-me thy la ld imines  IVb 
and Vb, the use of ammonium hydroxide and aqueous methylamine  solut ions p r a c t i c a l l y  does not lead to the 
hydro lys i s  of III and VI to f o rmy lpo rphy r in  II and its copper  complex.  

Since the r e a c t i v i t i e s  of amino acids  a re  cons ide rab ly  lower than the ac t iv i t i es  of a l iphat ic  amines ,  a 
twofold to threefo ld  excess  of the hydroehlor ide  of the e s t e r  of the co r re spond ing  amino acid,  absolute  so lvents ,  
and prolonged ref luxing of the r eac t ion  mix ture  must  be used for  the p r epa ra t i on  of the Schiff bases .  Because  
of the low so lub i l i t i e s  of the hydroch lor ides  of the amino acids in ch lo roform,  they were  f i r s t  d issolved in a 
sma l l  amount of methanol  containing excess  t r i e thy lamine .  This  method was used to obtain Sehiff bases  with 
the ethyl  e s t e r s  of p -aminomethy lbenzo ic  acid,  glycine,  and E-aminocapro ic  acid.  Ethyl e - a m t n o c a p r o a t e  u n d e r  
went saponif ica t ion during the reac t ion .  The reac t ion  products  were  t h e r e f o r e  e s t e r i f i e d  with 5% sul fur ic  acid 
in methanol  at room t e m p e r a t u r e  for 12 h. In this  case  hydro lys i s  of the Schiff bases  and demeta l la t ion  of the 
copper  complex  were  not obse rved ,  and the co r r e s pond i ng  methyl  e s t e r s  IVg and Vg were  i so la ted  in high y ie lds .  
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HCI ~ HCI/Cfl30H ~ 

% . . . . .  / / - c . ~ . ~ . ~  %_...~%jp-~ t\ ..-% .~-~.=.cc,,,~, 

. . , , ~  . ..j ~ . ) 
III ~4:11 I ~ 4"L. Vi 

. iv a-g v a - :  

V a R=H; b ~=CH3; C R= Pr; d R = i=Pr; E: g~=CH2CH2OIt; f R=--CH~--~/�9 COOC2Hs; IV, 
g R=(CH2)sCOOCHa; v h R = - / H ~ ;  i R=CH2COOC2H ~ 

The formation of oximes IV and V, anilide V, and a hydrazone takes place in the cold, and the products 
were obtained in quantitative yields. Their  s t ruc tures  were proved by compar ison with samples obtained from 
porphyrin III by known methods [3, 6]. 

A slight bathochromic shift (4-5 nm) of all of the bands as compared with the unsubstituted et ioporphyrin 
and its copper complex is charac te r i s t i c  for the electronic spec t ra  (Table 1) of the Schiff bases of both the free 
porphyrins and their  copper complexes ; this indicates the pract ical ly  complete absence of conjugation of the 
azomethine group with the porphyrin macrocycle .  Substituents attached to the nitrogen atom also have little 
effect on the shape and form of the bands in the electronic spectra .  At the same time, protonation of the azo-  
methine group, which occurs  exceptionally easi ly for most of the compounds in the ser ies  of Schiff bases ob- 
tained, leads to significant changes in the electronic spectra~ This is particularly true of the spectra of the 
copper complexes, in which the two bands in the visible portion of the spectrum vanish, and an intense broad 
band appears at 720 nm. Only one compound - the copper complex of the Schiff base with glycine ethyl ester 
(Vi) - was protonated with difficulty; this is probably associated with the effect of the adjacent ester group. As 

seen from the data presented in Table i, bands of the protonated and unprotonated forms are observed in the 

electronic spectrum even in the presence of a considerable amount of trifluoroacetic acid. 

An intense band of stretching vibrations of a C = N group appears distinctly at 1620-1660 cm -i in the IR 

spectra of all of the azomethines; this band is easily interpreted and can serve for the identification of Schiff 

bases of the porphyrin series. 

The synthesis of a large number of azomethines (Table 2) makes it possible to conclude that their prep- 

aration from meso-formylporphyrins by utilization of immonium salts of the Ill and VItypes is extremely prom- 

]sing and in many cases is an as yet unique method. 

EXPERIMENTAL 

The electronic spectra of solutions of the compounds in chloroform were recorded with Hitachi EPS-3T 
and Shimadzu MPS-5OL spectrophotometers; the electronic spectra of chloroform solutions of the cations of the 

copper complexes of the porphyrins containing 1% trifluoroacetic acid were also recorded. The fIR spectra of 

KBr pellets of the compounds were recorded with a UR-10 spectrometer. Chromatographic purification of the 

compounds was accomplished with columns filled with silica gel; thin-layer chromatography (TLC) data are 

presented for Silufol in chloroform (A) and chloroform + I~0 diethylamine (B) systems~ 

meso-N-Methylformaldiminoetioporphyrin I (IVb). A 200-mg (2.75 mmole) sample of complex I was dis- 

solved by stirring in i0 ml of phosphorus oxychloride, to which 0.5 ml of water had been added. After 1.5 h, 

the solution was carefully poured into 100 ml of cold water. After complete decomposition of the phosphorus 

oxychloride, the solution was neutralized with a saturated sodium acetate solution to PH 5-6. The resulting 

precipitate was removed by filtration and dissolved in 50 ml of chloroform. The solution was treated with 5 m] 

of a 25% aqueous solution of methylamine, and, 1-2 rain after complete disappearance of the starting material 
in the solution [determined by chromatographic monitoring on Silufol in a chloroform-triethylamine system 
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T A B L E  1. E l e c t r o n i c  S p e c t r a  of the  Schi f f  B a s e s  

Com- 
pound z,,~=~,nm {8.10 a) 

IVa 
Va 
Va* 

IVb 
Vb 

IVc 
Ve 
Vc * 

I V~ 
Vd 

IVe 
V e 
IVf 
Vf 

Vi 
Vi* 

408 (80,5); 508 (13,I); 540 (7,75); 577 (6,I2); 629 (3,68) 
407 (3t3); 534 (11,4); 572 (16,1) 
405 (61) sh, 448 (142); 608 (5,34); 650 (7,10)sh, 7t0 (II,7) 
403 (78,1); 505 (13,1); 538 (8,1); 572 (6,90); 625 (3,26) 
405 (286); 533 (123); 57I (17,4) 
404 (170,5); 505 (14,9); 538 (827); 572 (723); 625 (4,16) 
404 (330); 533 (13,2); 571 (19,0) 
450 (140); 728 (i2,1) 
405 (198); 506 (13,96); 539 (8,1); 573 (6,52); 626,5 (3,65) 
404 (402); 543 (17,4); 571 (24.3) 
404 (190,4); 505 (14,71); 539 (9.24); 572 (7,54); 625 (3,96) 
404 (288); 533 (1O,0); 571 (14.0) 
405 (t83); 506 (13,29); 539 (7,75); 573 (6,28); 626,5 (3,56) 
404 (383); 533 (14,4); 57t (20,5) 
404 (172); 505 (14,3); 538 (8,61); 572 (6,84); 625 (3,75) 
404 (327); 533 (13,1); 571 (18,9) 
450 (137); 718 (11,6) 
404,5 (370); 535 (14,t); 573 (17,4) 
450 (162); 718 (9,4) 
404 (462); 533 (17,6); 571 (23,2) 
405 (t62); 450 (242); 736 (13.6) 

* T h e s e  s p e c t r a  w e r e  r e c o r d e d  f r o m  s o l u t i o n s  in c h l o r o f o r m  c o n -  
t a i n i n g  1% CFaCOOH,  

T A B L E  2. C h a r a c t e r i s t i c s  of the  C o m p o u n d s  O b t a i n e d  

Com- 
pound 

IVa 
Va 

IVb 
Vb 

IVc 
Vc 
IVd 
V d  

tV, e 
Ve 
IVf 
Vf 

IVg 
Vg 
Vh 
Vi 

Empirical 
formula 

CaaHasNs 
Ca3HaTCuNs 
Ca4H4xN5 
Ca4HasCuNs 
C~H4sN~ 
Ca6H~sCuNs 
CaH45N5 
Ca~H4aCuN5 
CasH4aNsO 

Found,% 

C H 

78,4 7,65 
69,9 6,6 
78,8 7,8 
7'0,3 6,8 
78,8 8,t 
71,1 I 7,0 
78,8 ] 8,1 
70,7 I 7,2 
76,6 I 7,7 
68,5 t 6,7 
77,3 I 7,3 
70,5 ] 6,6 
75,8 8,0 
69,0 7,0 

13,8 
12,9 
13,4 
11,8 
12,8 
11,5 
12,8 
11,5 
12,5 
11,t I 
10,5 1 

17: f 
~o,o I 
10,7 / 
10,6 I 

Calc., % 

c H 

78,4 7,8 
69,9 6,6 
78,9 7,6 
70,3 6,8 
78,9 8,4 
70,9 7,t 
78,9 8,4 
70,9 7, t 
76,8 7,6 
68,7 
77,3 
70,8 
75,8 

Rf 
(system)* 

! 
13,8 I 0,53 (B) 
12,9 [ 0,38 (A) 
13,5 ] 0,52{BA) 
12,0 [ 0,58 
12,8 0,73 
11,5 0,67 (A) 
12,8 0,67 (B) 

12,8 0,06 
I I,,5 0,05 
t0,5 0,75 (B) 
9,6 0,63 (A) 

CasH41CuN50 
C4aH49NsO2 
C4aH47CuNsO2 
C4oHsINsO2 
C4oH49CuN50~ 
CasH47CuN5 
Ca,H4aCuNsO= 

72,1 7,5 
67,7 6,6 

69,1 1 
72,1 [ 
68,0 I 

6,8 
7,4 
6,5 
8,1 11,1 0,62 (B) 
7,1 10d 0,44 (A) 
7,3 I0,8 0,71 tA1 
6,6 10,7 0,49 

Yield, 

72,3 
77,5 
63,5 
79,0 
74,6 
87,0 
73,5 
82,0 
62,0 
89,5 
37,0 
77,0 
48,0 
40,0 
80,0 
80,0 

* C h r o m a t o g r a p h i c  s y s t e m s  A and B a r e  p r e s e n t e d  in  t he  e x p e r i -  
m e n t a l  s e c t i o n .  

t C o m p o u n d s  I V a - g  and Vi  w e r e  r e c r y s t a l l i z e d  f r o m  c h l o r o f o r m -  
m e t h a n o l ,  and  Vc ,  d ,  g, h w e r e  r e c r y s t a l l i z e d  f r o m  c h l o r o f o r m -  
e t h e r - m e t h a n o l .  T h e  r e m a i n i n g  c o m p o u n d s  w e r e  r e c r y s t a l l i z e d  
f r o m  c h l o r b f o r m - e t h e r .  

(99 : 1)], the  o r g a n i c  l a y e r  was  s e p a r a t e d ,  w a s h e d  wi th  w a t e r ,  and d r i e d  wi th  s o d i u m  s u l f a t e .  The  s o l v e n t  was  
r e m o v e d  in  v a c u o ,  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  wi th  a c o l u m n  f i l l e d  wi th  4 0 / 1 0 0  L s i l i c a  ge l  in  a 

c h l o r o f o r m - e t h e r  s y s t e m  (95 : 5). Th e  m a i n  f r a c t i o n  was  c o n c e n t r a t e d ,  and  the  s u b s t a n c e  was  c r y s t a l l i z e d  by 
t he  a d d i t i o n  of m e t h a n o l  to g ive  90 m g  of  l a r g e  p r i s m a t i c  n e e d l e s  of p o r p h y r i n  IVb wi th  mp  > 300 ~ 

T h e  Schi f f  b a s e s  w i th  p r o p y l a m i n e ,  i s o p r o p y l a m i n e ,  e t h a n o l a m i n e ,  and c y c l o h e x y l a m i n e  w e r e  s i m i l a r l y  
o b t a i n e d  by  a d d i n g  0 . 5 - 1  m l  of the  a m i n e ,  and  the  Schi f f  b a s e  w i th  a m m o n i a  was  o b t a i n e d  by  add ing  10 m l  of 
c o n c e n t r a t e d  a m m o n i u m  h y d r o x i d e .  

m e s o - N - P r o p y l f o r m a l d i m i n o e t i o p o r p h y r i n  I C o p p e r  C o m p l e x  (Vc). A 7 3 - m g  (0.1 m m o l e )  s a m p l e  of  c o m -  
p l e x  I was  d i s s o l v e d  in  5 m l  of m e t h a n o l  s a t u r a t e d  wi th  h y d r o g e n  c h l o r i d e ,  a f t e r  wh ich  the  s o l u t i o n  was  v a c u u m  
e v a p o r a t e d  to d r y n e s s ,  and  the  r e s i d u e  was  d i s s o l v e d  in  10 m l  of c h l o r o f o r m .  E x c e s s  (0.5 ml)  p r o p y l a m i n e  was  
added ,  and  t he  m i x t u r e  was  s t i r r e d  fo r  2 - 3  m i n  u n t i l  t h e  r e a c t i o n  was  c o m p l e t e .  T h e  m i x t u r e  was  t h e n  v a c u u m  
e v a p o r a t e d  to d r y n e s s ,  and  the  r e s i d u e  w a s  d i s s o l v e d  in  a s m a l l  a m o u n t  of c h l o r o f o r m .  T h e  c h l o r o f o r m  s o l u t i o n  
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was chromatographed with a column filled with 100/250 L si l ica gel with elution by chloroform.  The main 
fraction was evaporated,  and the residue was crys ta l l ized from c h l o r o f o r m - e t h e r - m e t h a n o l  to give 53 mg of 
br ight - red  pr ismat ic  needles of complex Vc with mp > 300 ~ 

The copper  complexes of the Schiff bases with other amines and ammonia were s imi lar ly  obtained. 

meso-N-(p-Ethoxycarbonylbenzyl) formaldiminoet ioporphyr in  I (IVf). A 146-mg (0.2 mmole) sample of 
complex I was dissolved in 10 ml of phosphorus oxychloride treated with 0.5 ml of water.  After 2.5 h, the solu-  
tion was poured careful ly into 250 ml of cold water,  and the mixture was neutralized with sodium acetate.  The 
resul t ing flocculent precipi ta te  was removed by fil tration and dissolved in 100 ml of chloroform.  The chloro-  
form solution was added to a solution of 107 mg (0.5 mmole) of the hydrochloride of ethyl p-aminomethylbenzoate 
[7] in a mixture of 1 ml of methanol, 5 ml of chloroform,  and 0.1 ml of tr iethylamine.  The react ion mixture was 
refluxed for 1 h until the s tar t ing porphyrin was absent in a sample,  after which the solvent was vacuum evapo- 
rated,  and the dry res idue was washed with methanol and chromatographed with a column filled with 100/250 L 
si l ica gel in a c h l o r o f o r m - e t h e r  sys tem (95 : 5). The main fraction was crysta l l ized from c h l o r o f o r m - m e t h a -  
nol to give 50 mg of porphyrin IVf with mp >300 ~ 

The Schiff base with glyeine ethyl es te r  was s imi lar ly  obtained. In the case of condensation with ethyl 
a -aminocaproa te ,  the dry residue was esterif ied for 12 h in 20 ml of a 5% solution of sulfuric acid in methanol 
pr ior  to chromatographic  purification. The synthesis of the copper complexes of the Schiff bases with amino 
acids was ca r r i ed  out s imi lar ly  using the product of t rea tment  of I with hydrogen chloride in methanol. 
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