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6-Carbo l ine  and indo lo -6 -ca rbo l ine  de r iva t ives  were  obtained by reac t ion  of the po tass ium sa l t s  
of 3 - a m i n o i n d o l e - 2 - e a r b o x y l i c  acids  with diethyl  ace ty lened ica rboxy la te .  A dif ference in the 
behavior  of 3-aminoindole  de r iva t ives  in the Michael  reac t ion  due to the nature  of the subst i tuent  
in the 5 posi t ion of the indole r ing  was es tab l i shed .  

The reac t ion  of a roma t i c  and he t e roa romat i c  amines  with diethyl  ace ty lened ica rboxy la te  is widely used 
for the cons t ruc t ion  of a -  and 7 -pyr idone  f ragments  in the syn thes i s  of condensed he te rocyc les  [1-3]. The 
reac t ion  of some he t e roa roma t i c  amines  with diethyl  aee ty lened ica rboxy la te  p roceeds  in a more  complex  
manner  and is accompanied by r ing  expansion [4]. In o rde r  to synthes ize  6 -ca rbo l ine  (pyrido[3,2-b]indole) 
de r iva t i ve s ,  we studied the behavior  of 3 - a m i n o i n d o l e - 2 - c a r b o x y l i c  acids  in the Michael  reac t ion .  It was e s t ab -  
l ished that the only product  of the r eac t ion  of 3 - a m i n o - 5 - c h l o r o i n d o l e - 2 - c a r b o x y l i c  acid (Ia) with diethyl  
ace ty lened ica rboxy la t e  is 4 - o x o - l , 4 - d i h y d r o - 6 - c a r b o l i n e  (IVa). However,  when R = H, CH3, two i somer i c  
i ndo lo -6 -ca rbo l ine s  (V, VI) a re  formed as s ide products ,  in addition to 4 - o x o - l , 4 - d i h y d r o - 6 - c a r b o l i n e s  (IVb, c). 
When R = H, we were  unable to s e p a r a t e  i s o m e r i c  indo lo -6 -ca rbo l ine .  
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3-Aminoindole  (II), which is formed from the po tass ium sal t  of the amino acid (Ia-c) by acidif icat ion as a 
r e s u l t  of fac i le  decarboxyla t ion ,  undergoes  Michael  reac t ion  at the amino group to give adduct III. In t r amolecu-  
la r  cye l iza t ion  of the l a t t e r  leads to 4 - o x o - l , 4 - d i h y d r o - 6 - c a r b o l i n e s  (IVa-c). A compet i t ive  p r oc e s s  due to 
protonat ion of the indolenine form of adduct III and subsequent  reac t ion  with a second molecule  of aminoindole 
II, leads to two i s o m e r i c  i ndo lo -6 -ca rbo l ines  (V,VI).  

The p r e s e n c e  of a T-pyr idone f ragment  in IVa-c was conf i rmed by the s i m i l a r i t y  in the mass  s p e c t r a  of 
these  compounds and the mass  s p e c t r a  of T-pyr idones  formed by f ragmenta t ion  of the furan cation [5]. A c h a r a e -  
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te r i s t ic  feature of the fragmentat ion of IVa-e is elimination of ethanol f rom the molecular  ion due to the ortho 
orientation of the carbethoxy group with respec t  to the NH group of the 7-pyridone ring. 

CH3- ~ N 1 +" 

,vo IM*I co.,. ~4_. 
270~, ~ 168 

r +' q+. / 
c.~ o.~c / - c o  c . ~ \ ~  "-~c~ ~ : ' S ' o  I / c.~ 

224 lgti 
169 

The mass spect ra  of i someric  indolo-6-carbol ines  V and VI have molecular  ions with an identical mass  
number (357).* The chief pathway of fragmentat ion of V and VI is stepwise elimination of a carbethoxy group 
to give ions with m/e 329, 311, and 283. A distinctive feature of the fragmentation of VI is elimination of a 
molecule of ethanol, on the basis of which the indolo[3,2-c]-5-carbol ine s t ructure  was assigned to it. 

The assignment of the i someric  indolo-6-carbol ines  to the corresponding s t ruc tures  V and VI was addi- 
tionally made on the basis of the PMR spectra .  

A doubled number of protons corresponds  to each signal in the PMR spectrum of VI; this indicates the 
magnetic equivalence of the two indole r ings.  The imino groups in V are not equivalent because of the c loseness  
of the carbethoxy group to one of them; this is responsible for the difference in the chemical  shifts of the 
protons of the NH groups and the remaining protons of both of the indole r ings.  

The higher melting point of V than that of i somer  VI is evidently due to intramolecular  hydrogen bonding. 

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

The PMR spect ra  of solutions of the compounds in deuterodimethyl sulfoxide-CC14 were recorded with a 
C-60HL (JEOL) spec t rometer  with te t ramethyls i lane as the internal standard. The mass spectra  were recorded 
with an MKh-1303 spec t rometer  with direct  introduction of the samples into the ion source at an ionizing- 
e lectron energy of 30 eV and an ionization chamber  tempera ture  of 125 ~ The IR spect ra  of mineral  oil suspen- 
sions of the compounds were recorded with a UR-10 spec t rometer .  

1H,5H-2-Carbe thoxy-8 -ch lo ro -4 -oxo- l ,4 -d ihydro -5 -ca rbo l ine  (IVa). A 5-ml  sample of 50% potassium 
hydroxide solution was added to a solution of 1.19 g (0.005 mole) of 2-earbe thoxy-3-amino-5-ehloro indole  in 10 
ml of alcohol, and the mixture was refluxed for 20 min, after which it was cooled. The precipitated potassium 
salt of 3 -amino-5-ch loro indole -2-carboxyl ic  acid (Ia) was removed by fil tration and treated with a solution of 
0.7 ml (0.0059 mole) of diethyl acetylenedicarboxylate in 10 ml of glacial acetic acid, after which the mixture 
was refluxed for 20 rain. It was then cooled, and the precipitate was removed by fil tration and washed with 
acetic acid to give 0.6 g (46.4%) of a product with mp 317-318 ~ [from dimethylformamide (DMF)]. Found: C 
58.2; H 3.8; C1 12.4; N 9.7%. Ct4HltC1N203. Calculated: C 57.8; H 3.8; C1 12.2; N 9.6%. IR spect rum:  3420, 
2700, 1715, 1680 cm -1. 

1H,5H-2-Carbe thoxy-4-oxo- l ,4 -d ihydro-6-ca rbo l ine  (IVb). This compound was s imi lar ly  obtained, 
except that the react ion with diethyl acetylenedicarboxylate was car r ied  out at room tempera ture  for 1 h. 
Workup gave the product,  with mp 278-279 ~ (from DMF), in 25.4% yield. Found: C 65.9; H 4.6; N 11.1%. 
C14H12N203. Calculated: C 65.6; N 4.7; N 10.9%. IR spect rum:  3420, 2700, 1700, 1660 cm -1. 

7H,8H-2-Carbethoxy-4,11-dimethyl indolo[3,2-c]-5-carbol ine  (VD. This compound, with mp 257-258 ~ (from 
isopropyl alcohol), was obtained in 24.9% yield by the method used to prepare  IVb. Found: C 73.7; H 5.4; N 
11.7%. C22H19N302. Calculated: C 73.9; H 5.4; N 11.8%. IR spect rum:  3450, 3300, 1695 cm -1. PMR spec-  
t rum,  5, ppm: 1.53 (2-COOCH2CH3, 3H, m); 2.52 (4, 11-CH3, 6H, s); 4.64 (2-COOCH2CH3, q); 7.21 (6,9-CH, 2H, 
d); 7.47 (5,10-CH, 2H, d); 8.05 (3,12-CH, 2H, d); 10.83 (7,8-NH, 2H, s). 

3H,8H-2-Carbethoxy-6,11-dimethyl indolo[2 ,3-c]-5-carbol ine  (V). The fil trate obtained after separat ion of 
VI was allowed to stand overnight, and the resul t ing precipi tate  was removed by fi l tration and washed with 

*Here and subsequently, the m/e values are presented for the mass  spectra .  
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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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