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Trea tment  of porphyrins  or their  copper complexes containing meso-dimethylaminomefhyl  
or meso-d imethyl formald imino  groups with lithium borohydride or  diborane leads to the 
corresponding aminoborane derivat ives .  The react ion of the aminoboranes with t r i f luoro-  
acet ic  acid was investigated, and t r i f luoroacetoxyborane complexes were isolated. 

In a previous communication [1] we descr ibed the synthesis  of a copper complex (D of meso-d imethyl -  
aminomethy l - l -e t ioporphyr in ,  which consisted in the reduction of II by means of sodium borohydride.  In 
this case we detected small  amounts of a complex of unknown s t ruc ture  (X), the IR spec t rum of which con- 
rains a number  of bands at 2400 cm -t. The aim of the present  r e s e a r c h  was to establish the s t ructure  of 
this compound. 

Demetallat ion of complex X by means of concentrated sulfuric acid gave a porphyrin,  which, with 
respec t  to all of its physicochemical  charac te r i s t i cs ,  was identical to meso-d imethylaminomethyl -1-  
etiop:Jrphyrin (IID obtained f rom its copper complex (I). Consequently, complex X contained a m e s o - d i -  
methylaminomethyl  group. 

At the same time, the charac te r i s t i c  (for I and III) absorption bands at 2760 and 2810 cm -1, which 
are  due to s t re tching vibrat ions of the methyl groups in the N(CH3) 2 group [2], were absent  in the IR spec-  
t ra  of X. One might therefore  have assumed that chemical bonding of the dimethylaminomethyl  group oc- 
curs in complex X. The high mobility of this compound as compared with I during chromatography on 
si l ica gel indicated a considerable decrease  in the basicity of the nitrogen atom in the dimethylamino- 
methyl  group. 

Intense bands at 2268, 2312, and 2363 cm -1, which a re  charac te r i s t ic  for the s t re tching vibrations 
of B - H  bonds in t r ia lkylaminoboranes ,  and an intense band at 1160 cm -t ,  which is re la ted to the deforma-  
tion vibrations of the BH 3 group [3], a re  observed in the IR spec t rum of complex X in CC14 solution. 

All of these data constitute evidence that complex X has an aminoborane s t ruc ture  (IV). The mass  
spectra l  data confirm this conclusion. The molecular  ion peak with m / e  610 cor responds  to the addition 
of one molecule of borane to complex I. 

The formation of small  amounts of aminoborane IV in the reduction of complex II with sodium boro-  
hydride can be explained by the presence  in it of a react ive acidic PO2CI 2 grouping, the react ion of which 
with sodium borohydride in chloroform or te t rahydrofuran (THF) solution leads to the formation of di-  
borane. The la t ter  should reac t  readily with complex I obtained as a resul t  of the reduction. It might 
have been assumed  that the formation of aminoborane IV should not occur  during the reduct ion of II with 
sodium borohydride in aqueous alcohol, inasmuch as the solution is slowly neutralized under these con- 
ditions, and diborane is not formed. In order  to confirm this assumption we car r ied  out the reduction of 

* See [1] for communication I. 

Institute of Biophysics,  Minis t ry of Public Health of the USSR, Moscow. Transla ted  f rom Khimiya 
Geterotsikl icheskikh Soedinenii, No. 11, pp. 1518-1524, November,  1975. Original ar t ic le  submitted Jan -  
uary  21, 1975. 

l �9 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part of this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1293 



complex II in alcohol.  In fact,  in this case  we isola ted  complex I in p rac t i ca l ly  quanti tat ive yield based on 
the s t a r t ing  copper  complex (V) of e t ioporphyrin .  The yield of aminoborane  IV in the reac t ion  of diborane 
with I a f t e r  chromatographic  pur i f ica t ion and crys ta l l iza t ion  r eaches  89%. 

| - IX 

1 1~ =('tt~N(CH~)2 (A), .~t=Cu: II R=CH--N(CH3)2,  M = C u :  III I (=A.  :\~,-2t-1: IV IS= 
I 

opocl,., 
=A.BIi:3, M=Cu: V R=ti, M=Cu: VI R=A.BH3, M=2H; VII R=A.BH:~, :\l=Zn: 

VIII R=A.BH:OCOCF.~. M~Cu; IX R=A.BH2OCOCF~. M=2H 

Lithium borohydride,  the reduct ive capaci ty  of which l ies  between that  of diborane and sodium boro-  
hydride,  a l so  r eac t s  read i ly  with I and IT. Thus t r e a t m e n t  of complexes  I and H with l i thium borohydride 
in TI tF leads  to aminoborane  IV in 88 and 66% yields ,  respec t ive ly .  

F r e e  porphyr in  I, obtained f rom complex I by allowing the la t te r  to stand in concent ra ted  sulfur ic  
acid  for  1.5 h, a lso fo rms  aminoborane  complex VI on t r e a t m e n t  with l i thium borohydr ide  or on react ion  
with diborane.  This compound had a higher  Rf  value than the s t a r t ing  porphyrin.  Bands cha rac t e r i s t i c  
for  v ibra t ions  of the BH s group in aminoboranes  were  observed  in i ts  IR spec t rum.  

A dist inct ive fea ture  of the aminoborane  complexes  (IV and VD obtained in this study is  thei r  high 
s tabi l i ty  in acidic media:  for  example ,  ref luxing aminoborane  IV in acet ic  acid for  10-15 rain does not 
lead to any apprec iab le  spli t t ing out of BH 3. 

The fo rmat ion  of a complex with borane s tabi l izes  the meso  subst i tuent  cons iderably  in the case  of 
both f ree  porphyr in  VI and i ts  copper  complex (IV). F o r  example ,  the zinc complex of porphyr in  III can- 
not be obtained by the usual  heating of the porphyr in  in ch loroform solution in the p r e sence  of zinc aceta te  
because of rapid split t ing out of the meso-d ime thy laminomethy l  group and format ion  of the zinc complex 
of e t ioporphyrin .  Zinc complex VII  was obtained in 59~ yield f rom aminoborane  VI under  the same  con- 
ditions. 

The reac t ion  of the aminoboranes  with t r i f luoroace t ic  acid (TFA) is surpr i s ing .  Thus, while t r e a t -  
ment  of complex I with TFA in ch loroform leads to rapid  spli t t ing out of the m e s o  subst i tuent  and f o r m a -  
tion of V, its addition to a solution of complex IV in ch lo ro form leads to a gradual  d i sappearance  of the 
porphyr in  s t ruc tu re .  The solution becomes light yellow, the Cope band and the bands in the vis ible  port ion 
of the spec t rum d isappear ,  and bands appear  a t  378 and 458 nm. When the solution has a cce s s  to a i r ,  it 
again turns  red a f t e r  a cer ta in  length of t ime.  The copper  complex of a new porphyrin ,  which has lower 
mobil i ty  on s i l ica  gel than the s ta r t ing  complex,  is fo rmed  a f t e r  evapora t ion  of the solution to d ryness  and 
red isso lv ing  of the res idue in chloroform.  The e lec t ronic  spec t r a  of the newly developed complex and IV 
a re  p rac t i ca l ly  identical ,  and this indicates retent ion of the same  porphyr in  s t ruc tu re .  Intense bands a t  
1760 and 1150 cm -1, which a r e  unambiguously in te rp re ted  as C = O and C - O  s t re tching v ibra t ions  of the 
t r i f luoroace ta te ,  a r e  obse rved  in the IR s pec t rum of this compound. There  is a broad band of medium in- 
tens i ty  a t  2430 cm -1 in the region of B - H  absorpt ion.  All of these  data make it poss ib le  to a s sume  that 
the new complex is a t r i f luoroace toxyborane  der iva t ive  (VIII) of IV. The number  of t r i f luoroace toxy groups 
was de te rmined  by means  of m a s s - s p e c t r a l  data. The molecu la r  ion peak at  m / e  722 cor responds  to r e -  
p lacement  of the hydrogen a tom by one t r i f luoroace ta te  res idue .  

The addition of smal l  amounts  of TFA to aminoborane  VI does not br ing about disrupt ion of the amino-  
borane complex,  and the corresponding blue dication is s table  for  s eve ra l  hours.  The fu r the r  addition of 
TFA leads to a gradual  change in the color  of the solution to greenish-ye l low,  which is  then conver ted to 
red-brown.  The addition of TFA to VI, as in the case  of complex IV, probably  leads to disruption of the 
a roma t i c  c h a r a c t e r  of the porphyr in  ring; this is mani fes ted  in the pronounced complicat ion of the PMR 
spec t rum.  The corresponding t r i f luoroace toxy  der iva t ive  (IX), which has  an e lec t ron ic  spec t rum identical  
to that of aminoborane  VI, was isolated a f t e r  neutra l izat ion of the solution and chromatographic  pur i f i ca -  
tion. The copper  complex obtained f rom porphyr in  IX was s im i l a r  to complex V I ~  with r e s p e c t  to i ts  IR, 
UV, and m a s s  spec t r a  and chromatographic  mobil i ty.  
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T A B L E  1. P h y s i c o c h e m i c a l  P r o p e r t i e s  of the  P o r p h y r i n s  

C o m  - 
pound 

I~: 

1115 

III, 
Dication 

IV 

VI 

VI, 
Dication 

VII 

VIII 

IX 

IX, 
Dication 

Electronic spectra, )'max, nm (e �9 lO-S) 

Cope 

4O8 
(130) 
408 

(188) 
421 

(226) 
412 

(354) 
41t 

(1~) 
426 

(197) 
418 
(223) 
412 
(365) 
412 

(170) 
425 

(18o) 

1v (~) 

542 
(1o) 
508 

(10,6) 
563 

(11,7) 
548 
(9,2) 
512 

(10,4) 
567 

(1o,7) 
554 

(1o,8) 
549 

(9,75) 
512 

(10,6) 
566 

(10,8) 

III (~) 

585 
(12,6) 
543 

(7,45) 
610 
(8,4) 
592 

(15,3) 
550 
(9,4) 
618 

t 11.3) 
597 

(12,5) 
592 Z,o) 
(9,5) 
619 

(11,4) 

II 

579 
(5,6) 

583 
(5,95) 

582 
(6,1) 

638 
(4,8) 

IR spectra, 
y, cm -1 

2760, 2810 

2760, 2820 

2268, 2312 
2363 
3280, 2265, 
2312, 2370 

2265, 2310 
2365 
2420 
1765, 1140 
3300, 2420 
1765, 1140 

TLC 

a* b'}" 

0,05 0,40 

0,43 

0,84 --  

0,05 0,46 

0,40 

0,52 

0.01 0,23 

* The l e t t e r  "a"  i n d i c a t e s  c h l o r o f o r m - C C l  4 (1 : 1) on Si lufol .  
$ The l e t t e r  "b"  i n d i c a t e s  m e t h a n o l - e t h e r - c h l o r o f o r m  ( 1 : 2 :  14) on 
a l o o s e  l a y e r  of s i l i c a  ge l .  
$ T h e s e  a r e  the IR s p e c t r a  of K B r  p e l l e t s  of  the  compounds .  

On the b a s i s  of the  e x p e r i m e n t a l  da ta ,  we noted  that  the i n t r o d u c t i o n  of  a d i m e t h y l a m i n o m e t h y l  g roup  
and,  e s p e c i a l l y ,  the  f o r m a t i o n  of an a m i n o b o r a n e  c o m p l e x  l e a d  to  an a p p r e c i a b l e  i n c r e a s e  in the  s o l u b i l i t y  
of the p r o p h y r i n  in o r g a n i c  s o l v e n t s .  F o r  the i n v e s t i g a t i o n  of  the  P M R  s p e c t r a  of  the  a m i n o b o r a n e s  we 
t h e r e f o r e  a l s o  ob t a ined  m e s o - d i m e t h y l a m i n o m e t h y l b o r a n o o c t a m e t h y l p o r p h y r i n  (X) v i a  the  s c h e m e  d e s c r i b e d  
above  f r o m  the c o p p e r  c o m p l e x  (XI) of o c t a m e t h y l p o r p h y r i n .  We ob ta ined  the l a t t e r  c omp le x  by hea t ing  
o c t a m e t h y l p o r p h y r i n o g e n  [5] in c h l o r o f o r m  so lu t i on  in the  p r e s e n c e  of c o p p e r  a c e t a t e .  I n a s m u c h  a s  c o m -  
p lex  XI  i s  on ly  v e r y  s l i g h t l y  s o l u b l e  in d i c h l o r o e t h a n e  and c h l o r o f o r m ,  i t  was  n e c e s s a r y  to c o n s i d e r a b l y  
i n c r e a s e  the t i m e  r e q u i r e d  fo r  the  V i l s m e i e r  r e a c t i o n .  The  r e d u c t i o n  of  the  i n t e r m e d i a t e  phospho rus  c o m -  
p l ex  p r o c e e d s  r e a d i l y ,  but  a f t e r  d e m e t a l l a t i o n  of the  c o p p e r  c o m p l e x  of d i m e t h y l a m i n o m e t h y l o c t a m e t h y l -  
p o r p h y r i n ,  the c o r r e s p o n d i n g  p o r p h y r i n  has  low s o l u b i l i t y  in c h l o r o f o r m ,  and  th i s  h i n d e r s  c h r o m a t o g r a p h i c  
p u r i f i c a t i o n .  The  a m i n o b o r a n e  (X) f o r m e d  a f t e r  t r e a t m e n t  of th is  p o r p h y r i n  wi th  l i t h i u m  b o r o h y d r i d e  had  
su f f i c i en t  s o l u b i l i t y  and was  i s o l a t e d  in c h r o m a t o g r a p h i c a l l y  p u r e  f o r m .  

Chromatographic Properties 

As seen from Table i, all of the synthesized compounds are satisfactorily separated by means of 
thin-layer chromatography (TLC) on silica gel. However, it must be noted that these compounds, partic- 
ularly zinc complex VII, decompose rapidly to the corresponding meso-unsubstituted product when the 
chromatographic plates are dried to remove the solvent." 

The behavior of aminoboranes VI, IX, and X during chromatography on silica gel (Silufol) is anom- 
alous. On these supports, the porphyrins each had two spots, one of which (the more mobile spot) corre- 
sponded to the free base, the other of which corresponded to the protonated form. The relative ratio of 
these two forms changed continuously as the chromatogram developed. Only one spot was observed on 
aluminum oxide or on inactive silicic acid when low-polarity solvents were used. 

E l e c t r o n i c  S p e c t r a  

The  f o r m a t i o n  of an a m i n o b o r a n e  o r  t r i f l u o r o a c e t o x y b o r a n e  c o m p l e x  l e a d s  to a s m a l l  b a t h o c h r o m i c  
sh i f t  (~ 4 -6  nm) f o r  a l l  o f  the  bands  in the  v i s i b l e  r e g i o n  of  the s p e c t r u m  both fo r  p o r p h y r i n s  and  t h e i r  
m e t a l  c o m p l e x e s .  H o w e v e r ,  the  c o n s i d e r a b l e  i n c r e a s e  in the  r a t i o  of  the  i n t e n s i t i e s  of the  bands  (oz/fl) f o r  
c o m p l e x e s  IV and VI I I  and  d i c a t i o n s  VI and  IX a s  c o m p a r e d  with  c o m p l e x  I and  d i c a t i o n  I l l  ( s ee  Tab le  1) 
m a k e s  i t  p o s s i b l e  t o  a s s u m e  a p p r e c i a b l e  r e d i s t r i b u t i o n  of the  e l e c t r o n  d e n s i t y  on each  of the  fou r  p y r r o l e  
r i n g s  of the  p o r p h y r i n  r i n g  u n d e r  the  in f luence  of the  bulky  d i m e t h y l a m i n o m e t h y l b o r a n e  g roup .  We have  
p r e v i o u s l y  o b s e r v e d  [6] a s i m i l a r  i n c r e a s e  in the  i n t e n s i t y  r a t i o  (~/fl) of the  bands  a s s o c i a t e d  with  r e -  
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TABLE 2. PMR Spect ra  of the Porphyr ins*  

Com- 
pound 

1II 

VI 

, V I I  

IX 

X 

meso-H 

9,94 (2H) 
9,76 (IH) 

9,88 (2H) 
9,76 (IH) 

9,72 (IH) 
9,68 (IH) 
9,50 (1H) 

9,93 (2H) 
9,83 (IH) 

9,93 (2H) 
9,90 (IH) 

-CH2-N( 

5,76 (2H) 

6,46 (1H) 
6,60 (1H) 
1=15 Hz 

6,39 (IH) 
6,61 (!H) 
I= 14,5 Hz 

6,42 (IH) 
6,66 (IH) 
I=16 Hz 
6,55 (2H) 

CH~ 

3,45 13H) 
3,49 [6H) 
3,59 (3H) 
3,65 [3H) 
3,66 16H) 
3,73 r~3H) 

3,26 ',3H) 
3,29 ',3H) 
3,65 13H) 
3,72 'fill) 
3,46 [6H) 
3,48 [3H) 
3,55 '~3H) 
3,46 II8H 
3,58 'fill) 

--CH~-- 

3,94 (4H 
3,91 (4H: 

3,86 (2H 
3,88 (2H 
3,94 (2H: 
4,01 (2H~ 
3,8--4,1 

(8H) 

3,8--4,0~ 
(8H) 

C2Hs 

CH~ I~ Z (CHa)2N-- " 

I 

1,77 (6H)[7,7 1,83 (6HI 
1,75 (6H)] 7,7 

1,63 (3H)[7,( 1,22 (3H', 
1,70 (3H)] 7,( 12,5 (3H: 
1,74 (3H)] 7,( 
1,77 (3H)[ 7,( 
1,5--1,8 ] ] 0,99 (6H' 
(12H) ] ] 

1,29 (6H) 

N--H 

- 1,82 ( 2 H )  

-2,89 (2H) 

-2,5o (2H) 

* The PMR spec t r a  of CDCI3 solutions of the compounds were  r e -  
corded; the chemical  shifts  in p a r t s  p e r  mil l ion a r e  p resen ted  on 
the 6 sca le .  

distr ibution of the e lec t ron  densi ty in the porphyr in  r ing when f l -e lec t ronegat ive  subst i tuents  a re  in t ro -  
duced during an invest igat ion of me ta l  complexes  of porphyr ins  with e thoxycarbonyl  subst i tuents .  

P M R  S p e c t r a  

The PMR spec t r a  p resen ted  in Table  2 conf i rm the conclusion of the apprec iab le  in terac t ion  of the 
sy s t em of the porphyr in  r ing with the m e s o  subst i tuent  that was or iginal ly  drawn on the basis  of a study of 
the e lec t ron ic  s p e c t r a  of the synthes ized  compounds.  

The introduction of an aminoborane  group leads to an inc rease  in the mult ipl ic i ty  of the s ignals  of 
the ~-e thyl  subst i tuents .  This  coupling appea r s  m o s t  dis t inct ly in the PMR spec t rum of the zinc complex 
f rom the p re sence  of th ree  different  s ignals  f rom the m e s o  protons .  

It  m u s t  be noted that  while a broad singlet  is observed  in the spec t rum of porphyr in  III  for  protons  
of the - C H 2 - N  < group, an AB quar te t  co r responds  to it in the spec t r a  of VI, VII, and IX. Unfortunately,  
the solubil i ty of aminoborane  X p roved  to be insufficient for  the record ing  of a high-quali ty PMR spec t rum,  
but the protons of the - C H 2 - N  < group evidently give a broad singlet.  

It  follows f rom an examinat ion of Eugon s t ruc tu ra l  models  that  the magnet ic  nonequivalence of the 
protons  of the CH2-N < group in the case  of the aminoboranes  gives r i s e  to the pecu l ia r i t i es  of the t h r ee -  
dimensional  or ientat ion of the subst i tuent  in the m e s o  posi t ion re la t ive  to the plane of the porphyr in  ring. 
F r o m  the point of view of s t e r i c  in teract ions ,  the appearance  of broad s inglets  in the spec t r a  of HI and X 
instead of dist inct ly e x p r e s s e d  quar te ts  s e e m s  s t r anger .  This  fact  can be explained by the effect  of the 
disrupt ion of the planar  s t ruc tu re  of the porphyr in  ring. 

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

The e lec t ron ic  spec t r a  were  r e c o r d e d  with a Shimadzu MPS-50L spec t rophotomete r .  The IR spec -  
t r a  of KBr  pe l le t s  of the compounds were  r eco rded  with a UR-10 spec t rome te r ;  the spec t r a  of CC14 solu-  
tions were  r eco rded  with a P e r k i n - E l m e r  model  325 s p e c t r o m e t e r .  The m a s s  spec t r a  were  obtained with 
an LKB-9000 s p e c t r o m e t e r  with introduction of the samples  into the ion source  of the m a s s  spec t rome te r .  
The PMR spec t r a  were  r eco rded  with an HA-100D s p e c t r o m e t e r  with hexamethyldis i loxane as  the internal  
s tandard.  Th in - l ayer  chromatography  was ca r r i ed  out on a loose l aye r  of 50/100 l s i l i ca  gel. 

Copper  Complex (D of m es o -Di m e t hy l aminome thy l - l - e t i opo rphy r in .  A 310-g sample  of complex V 
and a mix tu re  p r e p a r e d  f rom 3 ml  Of d imethy l fo rmamide  (DMF) and 3.4 r~l of phosphorus  oxychloride was 
heated in 100 ml  of dichloreethane a t  60 ~ for  20 min,  a f t e r  which the solvent  was r emoved  in vacuo, and 
the oily res idue  was poured into 200 ml  of cold water .  The resul t ing  prec ip i ta te  was r emoved  by f i l t ra t ion 
and suspended in 50 ml  of alcohol.  Sodium borohydride (150 rag) was added to the suspension,  and 10 ml  
of wa te r  was added dropwise gradual ly  a f te r  10 min.  Af te r  1 h, the resul t ing  red  c rys ta l l ine  prec ip i ta te  
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was r emoved  by f i l t ra t ion and washed succes s ive ly  with hot wa te r  and cold methanol  to give 345 mg  (97%) 
of complex I, which was identical  to the complex obtained by the method in [1]. 

m e s o - D i m e t h y l a m i n o m e t h y l - l - e t i o p o r p h y r i n  (HI). A 1.46-g sample  of complex I was dissolved in 20 
ml  of concentra ted  sul fur ic  acid,  and the mix tu re  was al lowed to s tand with s t i r r i ng  for  1.5 h. It was poured 
into 1 l i te r  of cold water ,  and the aqueous mix tu re  was neut ra l ized  to pH 5-6 with ammon ium hydroxide.  
The porphyr in  was ex t rac ted  with ch lo ro fo rm and subjected to chromatographic  pur i f icat ion with a column 
filled with act ivi ty  II a luminum oxide (elution with chloroform) and c rys ta l l i za t ion  f rom c h l o r o f o r m - m e t h -  
anol to give 1.07 g (82%) of porphyr in  III  with mp  >300 ~ Found: C 78.6; H 8.5; N 12.6%. C35H45N 5. Ca l -  
culated: C 78.5; H 8.5; N 13.0%. 

Copper  Complex (IV) of m e s o - D i m e t h y l a m i n o m e t h y l b o r a n o - l - e t i o p o r p h y r i n .  A) A 200-mg sample  
of complex II  was d isso lved  in 30 ml  of dry  THF, and 100 m g  of l i thium borohydride was added immediately .  
Af ter  1 h, the solvent  was vacuum evapora ted ,  and the res idue  was chromatographed  on a thin layer  of 
s i l ica  gel with c h l o r o f o r m - c a r b o n  t e t rach lo r ide  (1 : 1). The da rk -v io l e t  m a j o r  product  was ex t rac ted  with 
ch lo ro form and c rys ta l l i zed  f r o m  c h l o r o f o r m - m e t h a n o l  to give 110 rag (66%) of long p r i s m s  of complex IV 
with m p >  300 ~ (dec.). Found: C 68.5; H 7.6; N 11.1%. C35H46BCuNso Calculated:  C 68.8; H 7.6; N 1L4%. 

B) A 100-rag sample  of complex I was d isso lved  in 15 ml  of THF, and 100 mg  of l i thium borohydride 
was added in por t ions .  Af ter  15 rain, the solvent was r emoved  in vacuo, and 90 mg  (88%) of a complex that, 
accord ing  to its IR and UV s pec t r a  and chromatograph ic  p rope r t i e s ,  was identical  to the sample  obtained 
by method A was isola ted chromatographica l ly .  

C) A 1 -ml  sample  of a sa tu ra ted  solution of diborane in d ry  THF was added to a solution of 80 mg of 
complex I in 10 m l  of methylene chloride.  Af ter  5 rain, the solution was evapora ted ,  and 73 mg  (89%) of 
complex IV, identical  to the complex obtained by methods  A and B, was isolated chromatographica l ly .  

m e s o - D i m e t h y l a m i n o m e t h y l b o r a n o - l - e t i o p o r p h y r i n  (VI). A) Lithium borohydride (25 mg) was added 
to 50 m g  of porphyr in  III in 5 m l  of THF. Af te r  1 h, the solvent  was r emoved  in vacuo,  and the res idue  
was ch romatographed  in a thin l aye r  of s i l ica  gel [ c h l o r o f o r m - m e t h a n o l  (95 : 5)]. The m a j o r  product  was 
ex t rac ted  with c h l o r o f o r m - m e t h a n o l  (10 : 1) and c rys ta l l i zed  f rom c h l o r o f o r m - m e t h a n o l  to give 38 mg 
(71.5%) of porphyr in  V I w i t h m p  >300 ~ Found: C 76.3; H 8.8; B 2.4; N 13.1%. C35H48BNs. Calculated: 
C 76.5; H 8.8; B 2.0; N 12.7%. 

B) The yield of aminoborane  VI was 82% when diborane was bubbled into a solution of HI in chloro-  
form.  

Zinc Complex (VII) of m e s o - D i m e t h y l a m i n o m e t h y l b o r a n o - l - e t i o p o r p h y r i n .  A 200-rag sample  of zinc 
ace ta te  was ref luxed for  10 rain in 20 ml  of ch loroform,  a f t e r  which a solution of 100 m g  of aminoborane  
VI in 10 ml  of ch lo ro fo rm was added to the hot solution. After  20 rain, the solvent  was vacuum evapora ted  
to a smal l  volume,  and the res idua l  solution was chromatographed  rapidly  with ch loroform on a thin l ayer  
of s i l ica  gel. The product  was ex t rac ted  f r o m  each plate  with ch loroform.  Crys ta l l iza t ion  f rom chloro-  
f o r m - p e n t a n e  gave 72 m g  (59%) of c o m p l e x V I I  with mp >300 ~ Found: N 11.6%. C35H46BNsZn. Calcu-  
lated: N 11.4%. 

Copper Complex (VIII) of meso-Dimethylaminomethyltrifluoroacetoxyborano-2-etioporphyrin. Three 
drops of TFA were added to a solution of 18 mg of complex IV in 5 ml of chloroform. After 2 rain, the so- 
lution was vacuum evaporated to dryness, and the residue was dissolved in chloroform and chromatographed 
on silica gel (TLC). The product was crystallized from chloroform-methanol to give 8.5 g of long prisms 
of complex VIII with mp >300 ~ Found: N 9.7%. CsyH45BCu_~3NsO 2. Calculated: N 9.7%. 

meso-Dimethylaminomethyltrifluoroacetoxyborano-l-etioporphyrin (IX). A 2-ml sample of TFA was 
added dropwise in the course of 2 rain to a solution of 100 mg of aminoborane VI in 10 ml of chloroform. 
After 30 rain, 20 ml of water was added, and the aqueous mixture was neutralized with ammonia. The 
chloroform layer was washed with water, dried with sodium sulfate, and chromatographed with a column 
filled with silicic acid (elution with chloroform). The major fraction was separated and evaporated to give 
86 mg (71.5%) of the porphyrin, which was readily soluble in chloroform, methanol, and ether and partially 
soluble in petroletun ether. We were unable to obtain IX in crystalline form, and it was therefore analyzed 
in the form of its copper complex. 

meso-Dimethylaminomethylboranoocmmethylporphyrin (X). A 100-rag sample of octamethylporphyrin 
was dissolved in 10 ml of TFA, after which the solution was vacuum evaporated, and the residue was dis- 
solved in 50 ml of chloroform. Acetic acid (10 ml) containing 200 mg of copper acetate was then added to 
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the ch loroform solution, and the resul t ing  prec ip i ta te  (100 rag) of b r i gh t - r ed  complex XI was suspended in 
50 ml  of dichloroethane.  The suspension was added to the complex obtained f rom 1.6 ml  of DMF and 2 ml  
of phosphorus  oxychloride.  The reac t ion  mix tu re  was ref luxed for  3 h until s ta r t ing  complex XI was no 
longer  p r e sen t  in a t e s t  sample ,  a f te r  which the solvent  was vacuum evapora ted ,  and the res idue  was poured 
into 100 ml  of cold water .  The resu l t ing  prec ip i ta ted  red crys ta l l ine  phosphorus complex was suspended 
in 30 ml  of ethanol,  a f t e r  which 0.3 g of sodium borohydride  was added, and the mix tu re  was allowed to 
stand at  40 ~ for  30 rain. The resu l t ing  red -b rown crys ta l l ine  p rec ip i t a te  (104 rag) of the copper  complex 
of meso-d imethy laminomethy loc tamethy lporphyr in  was r emoved  by fi l tration. A 100-rag sample  of the 
complex was dissolved in 20 ml  of concentra ted sulfur ic  acid,  and the solution was s t i r r ed  at 40 ~ for 1 h. 
It was then poured  into 0.5 l i te r  of cold water ,  and the aqueous mix tu re  was neut ra l ized  with ammonia .  
The p rec ip i t a ted  porphyr in  was ex t rac ted  with ch loroform,  the ch loroform was evapora ted ,  the res idue  
was suspended in dry  THF (20 ml),  and 100 rag of l i thium borohydride was added. Af te r  1 h, the solvent 
was evapora ted ,  and the res idue  was chromatographed  on s i l ica  gel (TLC) with ch loroform to give 45 mg  
of porphyr in  X, the e lec t ron ic  and IR s pec t r a  of which were  comple te ly  identical  to the spec t r a  of amino-  
borane VI. 
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3, 
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