
10-Hydroxy-3,10-dimethyl-2 .3 ,4 ,10- te t rahydropyrimido[1,2-a] indole  (VIII). A 6.1-g (0.04 mole) sample 
of phosphorus oxychloride was added to a solution of 4.65 g (0.02 mole) of 4 -methy l - l -pheny l -2 - i sobu ty ry lpy-  
razol idine [1] in 50 ml of absolute benzene, af ter  which the mixture  was ref luxed for 60 h. The resul t ing  p rec ip -  
itate was removed by f i l t rat ion and dissolved in water .  The solution was made alkaline to pH ~ 9. and the p rod-  
uct was extracted with e ther .  The prec ip i ta te  that formed f rom the e ther  solution on standing was s e p a r a t e d  
and r ec rys t a l l i zed  f rom benzene-heptane  to give 1.55 g (36~ of VIII with mp 228-230 ~ No melting-point de- 
p ress ion  was observed for  a mixture  of this product  with a genuine sample [1]. and the i r  IR and PMR spec t ra  
were  completely identical.  
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PORPHYRINS 

III.* SYNTHESIS AND PROPERTIES OF PORPHYRINS 

WITH HYDROXYALKYL SUBSTITUENTS 

G. V. P o n o m a r e v ,  G.  V.  K i r i l l o v a ,  
B.  V. R o z y n o v ,  I .  A.  B o g d a n o v a ,  
a n d  T .  A. B a b u s h k i n a  

UDC 547.749 : 542.942.4. 543.51 

The corresponding porphyr in  was synthesized f rom 1-bromo-2,7 .13,17.19-pentamethyl-3 ,8-  
diethyl-12-[2-  (methoxycarbonyl)ethyl]bi la-a,c-diene.  Cyclization of the biladiene in dimethyl 
sulfoxide is accompanied by brominat ion of the ~ posit ion of the porphyr in .  Trea tment  of some 
porphyr ins  containing an e s t e r  grouping with sodium borohydride leads to reduction of the la t te r .  
The reduct ion products  in concentrated sulfuric acid fo rm sulfates that exist  in the stable 
"monocation" form.  

Of the porphyrins  that have appreciable pharmacological  activity most  study has been devoted to hema- 
toporphyrin  IX [2]. which contains two ~-hydroxyethyl  substituents and two ~-carboxyethyl  substituents.  In 
o rde r  to study the biological and physicoehemical  p roper t i e s  of porphyr ins  containing such substituents we 
synthesized a model porphyr in  (I) f rom pyr roporphyr in  methyl e s t e r  {II). Starting II was obtained by cycl iza-  
tion of b i la -a ,c -d iene  V, synthesized f rom dipyrry lmethenes  III and IV, in o-dichlorobenzene or  in dimethyl 
sulfoxide {DMSO)-pyridine by the method in [3. 4]. [See s t ruc tu re  on top of next page.] 

Whereas  the cyclizat ion of biladiene V in o-dichlorobenzene took place in conformity  with the methods 
descr ibed  in [3]. the resu l t  of cyclizat ion in DMSO-pyridine depended to a considerable  degree  on the method 
used to isolate the final product .  Thus maintenance of V at room t empera tu re  for  3-4 days gave porphyr in  II, 
which was isolated f rom the react ion mixture  in 70-75% yield. A new porphyrin,  a charac te r i s t i c  feature  of 
which was the absence of f luorescence  in UV light, was obtained when the cyclizat ion was ca r r i ed  out above 
80~ with access  to a i r  for  severa l  hours  with subsequent vacuum evaporat ion of the react ion mixture .  Analysis 
of the PMR and mass  spec t ra l  data made it possible to unambiguously establ ish that the product  was 

* See [1] for  communication II. 
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B /  N _ _  ( \  N \> . 

Br / 
COOH COOCH3 R' 

Ill IV V I, I|, VI-XIII 

I R=CH(OH)CH3, R'=COOCH3, M=2H; II R=H,  R'=COOCH3, M=2H; VI R=Br,  
R'=COOCH3, M=2H; VII R=H,  R'=COOCH3, M=Cu;  VIII R:COCH3, R'=COOCH3, 
,~=Cu;  IX R=COCH3, R'=COOCH2, M=2H: X R=CH(OH)CH3, W-CH2OH, M=2H; 
XI R=H,  R'=CH2OH, M=2H; XII R=H,  R'=CH2OSQH, M=2H; XIII R=H,  R '=  

CH2OCOCH3, M=2H 

2-bromopyr roporphyr in  (VI). The molecular  ion peaks with m / e  586 and 588 were the most  intense peaks in the 
mass  spectrum, and this result  was in agreement  with the introduction of bromine in the po~ohyrin ring. The 
signal of a fl proton at 6 8.94 ppm was absent in the PMR spectrum of this porphyrin,  whereas signals of meso 
protons were retained, all four meso protons were  nonequivalent. Thus the presence  of bromine leads to r a the r  
pronounced shielding of one of the meso protons (9.54 ppm) as compared with the meso protons of porphyrin II 
[9.85 (1H) and 9.95 ppm (3H)]. 

In order  to ascer ta in  the stage of the cyclization at which the pyr ro le  ring is brominated, we ca r r i ed  out 
a ser ies  of experiments.  It was found that exclusively the nonbrominated product is formed during eyolization 
under argon at t empera tures  up to 130 ~ The bubbling in of even a ve ry  weak s t r eam of air  at t empera tures  
above 80 ~ leads to bromoporphyr in  VI. Compound VI is obtained in quantitative yield when porphyrin II is 
heated under s imi lar  conditions in the p resence  of a tenfold excess of HBr. Consequently, the phenomenon of 
bromination of the s  position of the porphyrin  ring that we observed in this study takes place in 
the step involving the formation of the porphyrin.  It may  be assumed that in the presence  of a ir  at high tem- 
pe ra tu res  DMSO is readily decomposed to dimethyl sulfide and atomic oxygen, which oxidizes the hydrogen 
bromide present  in the reaction mixture to free bromine.  The la t ter  in turn, in the form of an adduet with 
pyridine, is a reagent that select ively brominates  only the B-unsubstituted position of the porphyrin ring, inas- 
much as meso-bromoporphyr ins  were not detected in the react ion mixture.  

It is well known [5] that the mos t  convenient method for the prepara t ion of porphyrins with ~-hydroxyethyl  
substituents is reduction of the corresponding acetylporphyrins  with sodium borohydride.  In order  to subse- 
quently convert  II to I, we therefore  aeetylated the copper complex (VII) of porphyrin H with acetic anhydride in 
the p resence  of stannic chloride in chloroform, after  which we subjected complex VIII to demetallation by t rea t -  
ment with concentrated sulfuric acid. 

In the reduction of acetylporphyrin IX we observe that the direction of the reduction depends to a con- 
s iderable degree on the solvent [6]. Maintenance of IX at room tempera ture  in te t rahydrofuran (THF) in the 
p resence  of excess sodium borohydride for 4 h leads to simultaneous reduction of both the acetyl and es ter  
groups to give porphyrins  I and X in 33.2 and 32.6% yields, respectively- the yield of X was 91q~ after  12 h. 
Starting porphyrin II was also readi ly converted to (T-hydroxyprepyl)porphyrin in high yield. 

Bands of the stretching vibrations of the carbonyl group of es te r  and acetyl groups are  absent in the IR 
spec t ra  of porphyrins X and XI, whereas additional multiplets f rom the middle CH 2 group of the propyl alcohol 
residue appear at s t rong field in the PMR spect ra  (see Table 1). 

In order  to solve the problem of the possibi l i ty of reduction of the es ter  groups of the propionic acid res i -  
dues in other porphyrins,  we t rea ted  deuteroporphyrin IX dimethyl es ter  with sodium borohydride under the 
same conditions. It was found that this reduction gives only a small  yield of product.  A model compound-  ethyl 
hyd roc innama te -  also was not reduced. 

On the basis  of these facts it may be concluded that the reduction of the es ter  groups in porphyrin by so- 
dium borohydride is due, in addition to the activating effect of the porphyrin ring, to the mutual orientation and 
composition of its side substituents. 

The acetyl group in porphyrin  IX is select ively reduced in dimethylformamide (DMF) or pyridine. 

An interest ing pecul iar i ty  of porphyrins X and XI was the unexpected ready formation of sulfates when 
they were dissolved in the cold in concentrated sulfuric acid. These compounds are  prac t ica l ly  insoluble in 
chloroform and other low-polar i ty  solvents. According to the results  of th in- layer  chromatography fPLC), the 
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T A B L E  1. 

CO1TI - 
pounfl / meso-H 

II 9,87 (1) 
9.95 (3) 

I 9,61 
9,83 
9,86 
9,88 

VI 9,54 
9,74 
9,76 
9,88 

IX 9,81 
9,84 
9,87 

10,66 
Xt 10,51 

10.51 
10.62 
11.12 

XUf 10,52 
I0,52 
10,56 
10,70 

PMR S 

CHa 

3,52 
3,54 
3,59 
3,63 
3,32 
3.32 
3.47 
3,55 

3,a3 
3.33 
3,43 
3.47 
3,55 
3.60 
3,60 
3.75 
3.51 

)ectra of Porphyrins* 
C:H~ (1, Hz) 

CH~_ I CH~ 

3,99 1,80 
(8,0) 

3,96 1,75 
(8,0) 

3.92 1,76 
(7,5) 

3.94 t ,79 
7,5 

3,89 1,73 
(7,5) 

3,97 1,77 
(7,5) 

4,01 2,35 

--CH:--CH.~CO-- 
(/.Hz) 

4,33 3,17 
(8,0) 

4,18 3,12 
(8,0) 

4,23 3,08 
(7.5) 

4.30 3,17 
(8,0) 

--CHr--CH2--CH2-- 

OCHa 

3,50 

3.11 

3.55 

3,21 

~-H 

CHa 
I 

--C--H 
I 

COCHa 

CHa 
3.53 

358 
3,58 
3,58 
3.67 

(7.3) 
4,08 2,36 

(7,3) 

4.04 1,61 
(7,5) 

4,18 1,65 
(7,5) 

4,41 

4,10 

(6,0) 

3,43 I 
2,33 --CH 

i 
OH 

3,32 ~-H 
2,17 --OH 

(8,0) 

8,94 

1 s  

5,78 

(6,0) 

3,46 

2,13 

6,47 

8,01 
(6,8) 
9,25 
7,82 

N--It 

-3,94 

-4,48 

* The PMR s p e c t r a  w e r e  ob ta ined  f r o m  CDC13 so lu t i ons :  the  c h e m i -  
ca l  sh i f t s  in p a r t s  p e r  m i l l i o n  a r e  p r e s e n t e d  on the  5 s c a l e .  

The  s p e c t r a  w e r e  r e c o r d e d  f r o m  so lu t i ons  in CDC1 a con ta in ing  1% 
CF~COOH. 

s u l f a t e s  w e r e  s t a b l e  in m e t h a n o l  and p y r i d i n e ,  whi le  t r e a t m e n t  of t h e m  wi th  5% s u l f u r i c  a c i d  in m e t h a n o l  l e a d s  
to  r e g e n e r a t i o n  of  a l c o h o l s  X and XI. 

In an i n v e s t i g a t i o n  of  t he  e l e c t r o n i c  s p e c t r u m  of su l fa te  XII  i t  was  o b s e r v e d  tha t  in c h l o r o f o r m  so lu t ion  in 
the  p r e s e n c e  of s m a l l  amoun t  of m e t h a n o l  th i s  compound  e x i s t s  in the  f o r m  of a s t a b l e  c y c l i c  i n n e r  s a l t  in the  
f o r m  of a "monoca t i on"  due to  p r o t o n a t i o n  of one of ghe p y r r o l e  n i t r o g e n  a t o m s  by  a s u l f u r i c  a c id  r e s i d u e ,  t t  is  
known [7] tha t  in the  p r o t o n a t e d  f o r m  the  p o r p h y r i n  ca t ion  and the  ac id  anion i n t e r a c t  s t r o n g l y  t h rough  a h y d r o -  
gen bond.  Consequent ly ,  i t  m a y  be  a s s u m e d  tha t  one of the  fo l lowing  four  f ixed  s t r u c t u r e s  i s  r e a l i z e d  in the  
c r y s t a l l i n e  s t a t e  when an u n s y m m e t r i c a l l y  s u b s t i t u t e d  p o r p h y r i n  wi th  a s u b s t i t u e n t  wi th  a c e r t a i n  chain  l eng th  
con ta in ing  a su l f a t e  group i s  p r e s e n t :  

N .N  .... h i 

"'.H 
L . j o s o ;  

At the  s a m e  t i m e ,  an i n t e r m e d i a t e  s t r u c t u r e  f o r  which  c h a r g e  d e l o c a l i z a t i o n  b e t w e e n  fou r  n i t r o g e n  a t o m s  
due to  r a p i d  N H - t a u t o m e r i z a t i o n  i s  c h a r a c t e r i s t i c  s e e m s  m o s t  l i k e l y  in so lu t ion .  The  add i t i on  of m e t h a n o l  l e a d s  
to  g r a d u a l  d i s r u p t i o n  of the  i n n e r  s a l t  and to  the  f o r m a t i o n  of p o r p h y r i n  in  the  f r e e  b a s e  f o r m .  

R a t h e r  i n t e n s e  m o l e c u l a r  ion p e a k s  a r e  o b s e r v e d  in the  m a s s  s p e c t r a  of the  i n v e s t i g a t e d  p o r p h y r i n s .  
P o r p h y r i n s  I and X, which  conta in  ~ - h y d r o x y e t h y l  g roups ,  cons t i t u t e  an excep t ion  to  t h i s .  D e s p i t e  t he  fac t  tha t  
the  p r i m a r y  h y d r o x y l  g roup  in p o r p h y r i n s  X and XI i s  s e p a r a t e d  f r o m  the p o r p h y r i n  r i n g  by  a long  a l i p h a t i c  
chain ,  i t s  d e c o m p o s i t i o n  i s  d e t e r m i n e d  to  a c o n s i d e r a b l e  d e g r e e  by the e f f ec t  of p o r p h y r i n .  In th i s  connec t ion ,  
i t  s e e m e d  of i n t e r e s t  to  c o m p a r e  the  p e c u l i a r i t i e s  of the  m a s s  s p e c t r o m e t r i c  b e h a v i o r  of XI and y - p h e n y l p r o p y l  
a l coho l .  

The  fo l lowing i n t e n s e  ion p e a k s  [ m / e  (%)] a r e  o b s e r v e d  in the  m a s s  s p e c t r u m  of  T - p h e n y l p r o p y l  a l c o h o h  
M + 136 (20.9), 118 (76.8), 117 (89.6), 105 (19.2), 103 (12.8), 92 (58.9), and 91 (100). A s  s e e n  f r o m  t h e s e  data ,  
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the t ropy l ium ion, with m / e  91, has the m a x i m u m  intensity.  An intense ( M -  H20) + ion peak with m / e  118 is 
a l so  observed.  The {M- H20) + ion peak is absent  in the m a s s  spec t rum of alcohol XI, in which the phenyl r ing 
is rep laced  by the porphyr in  ring. It should be  noted that the introduction of a porphyr in  r ing in the aliphatic 
alcohol molecule  cons iderab ly  i n c r e a s e s  the s tabi l i ty  of the molecu la r  ion, which in this sy s t em has the maxi -  
mum intensity.  The behav ior  of the cor responding  ace ta te  {XIII) does not differ  f r o m  the behavior  of f r ee  alco- 
hol XL 

The m a s s  spec t rum  of sulfate  XII does not contain a molecu la r  ion peak: the ( M -  H2SO4) + ion peak is  the 
m o s t  intense peak  in the spec t rum.  The format ion  of this ion is p robab ly  assoc ia ted  with t he rma l  split t ing out 
of a molecule  of sulfur ic  acid in the ion sou rce  of the m a s s  s p e c t r o m e t e r  to give the corresponding propenyl  
der iva t ive .  In this case  the s table  porphyr iny lpropylene  ion r eca l l s  the phenylpropylene ion fo rmed  af ter  e l i m -  
ination of a molecule  of w a t e r .  

A low- in tens i ty  mo lecu la r  ion peak is obse rved  in the m a s s  spec t rum of porphyr in  I. The peak of the 
( M -  H20) + ion, which is the v iny l -porphyr in  ion and decomposes  with spli t t ing out of CH 3 or  CH2COOCH 3 groups. 
has the m a x i m u m  intensity.  The ( M -  H 2 0 -  CH3-  CH2COOCH3) + ion is also observed  in the spec t rum.  

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

The e lec t ronic  s pec t r a  were  r eco rded  with a Shimadzu MPS-50L spec t rophotometer .  The IR spec t ra  of 
KBr pe l le t s  of the compounds were  r eco rded  with a UR-10 spec t rome te r .  The m a s s  spec t r a  were  r eco rded  
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  s p e c t r o m e t e r .  
The PMR spec t r a  of the compounds were  r eco rded  with a Varian HA-100D s p e c t r o m e t e r  with hexamethyldi-  
s i loxane as the in ternal  s tandard.  

1- Bromo-  2 .7 ,13,17,19-pentamethyl-3 ,8-die thyl -  12- [2- (methoxycarbonyl)ethyl]bi la-  a ,c -d iene  Dihydrobro-  
mide (V). A 0 .4-ml  sample  of s tannic chloride was added to a mix tu re  of 338 mg  of 3,3'.  5 ' - t r i m e t h y l - 4 - ( 2 -  
ca rboxye thy l )d ipyr ry lmethene  (III) [8] and 480 mg of 5-bromo-- 5 ' - b r o m o m e t h y l -  4, 3 ' -  d imethyl-  4'. 3-diethyldi-  
p y r r y l m e t h e n e  (IV) [9] in 12 ml  of ni t romethane,  a f t e r  which the mix tu re  was allowed to stand for  1 h. The 
solvent  was then vacuum evaporated,  and 10 ml  of methanol  was added to the res idue .  Af ter  the solid ma te r i a l  
had dissolved,  1.5 ml  of 48~ hydrobromic  acid was added. After  2-3 h, the prec ip i ta ted  c rys t a l s  were  removed  
by f i l t ra t ion and washed with a smal l  amount of methanol  and ether  to give 474 nag (64%) of biladiene with nip 
> 200 ~ (dec.). Elect ronic  spec t rum in ch loroform containing 1% HBr, Xlnax, nm (~- 10-3): 456 (34.8) and 530 
(158.4). Found %: N 7.5. C32H39BrN402 �9 2HBr. Calculated ~:  N 7.4. 

1,3, 5, 8- Te t ramethy l -4 ,  6 -d ie thyl -7-  [2- (methoxycarbonyl)ethyl]porphyrin (II). A) A 220-rag sample  of 
bi ladiene V was ref luxed in 250 ml  of o-dichlorobenzene  for  40 rain, a f te r  which the solvent was vacuum evapo-  
ra ted .  The d ry  res idue  was t r ea t ed  with a mix tu re  of 3 Inl of concentra ted sulfuric  acid and 60 ml  of methanol.  
Af ter  12 h. the mix tu re  was diluted with water  and neut ra l ized  to pH 7-8 with ammonium hydroxide.  The p rod -  
uct was ext rac ted  with ch lo ro fo rm and ehromatographed  with a column filled with a luminum oxide to give 88 
mg  (59%) of the porphyr in  with mp 258-260 ~ (ch loroform-methanol )  (mp 248 ~ [10]). Spect rum in chloroform.  
Xmax, nm (e. 10-3): 402 (234), 500 (17.35), 532 (11.22), 567 (7.75), and 619 (5.1). IR spec t rum,  v, cm -1.- 3320 
and 1743. Mass spec t rum,  m / e  {~): M + 508 (100), 493 (9.4), 477 (3.7), 449 (5.4), 435 (21.7), 420 (8.1). Found 
~c: C 75.3: H 7.2: N 11.0. C32H36N402. Calculated ~:  C 75.6: H 7.1: N 11.0. 

B) A mix tu re  of 60 rag of biladiene V, 10 ml  of DMSO, and 0.2 rnl of pyr id ine  was allowed to stand at room 
t e m p e r a t u r e  for  48 h, a f te r  which 50 ml  of water  was added, and the resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra-  
tion. The product  was dissolved in ch lo ro fo rm and chromatographed  with a column filled with a luminum oxide. 
Crys ta l l iza t ion  f r o m  c h l o r o f o r m - m e t h a n o l  gave 30.1 nag (74~) of a porphyr in  with mp 258-260 ~ which was 
identical  to the sample  obtained by method A. 

2- Bromo-  1.3, 5, 8 - t e t r am e t hy l -  4, 6- diethyl-  7- [2- (methoxycarbonyl)ethyl]porphyrin (VI). Air  was bubbled 
for  40 min through a heated (100 ~ solution of 50 mg of V in 8 ml of DMSO and 0.2 ml  of pyridine,  a f te r  which 
the mix tu re  was poured  into 50 ml  of water ,  and the resul t ing prec ip i ta te  was r emoved  by f i l t ra t ion .  The pro~t'  
uct was  ch romatographed  with a column filled with a luminum oxide and eluted with chloroform,  and the eluted 
product  was c rys t a 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 22.1 mg  (57~c) of the porphyr in  with mp > 300 ~ 
Spect rum in chloroform,  kmax, nm (c" 10-3): 504 (15.3), 538 (13.9), 567 (8.6), 620 (2.9). Mass spec t rum,  m / e  
(o~): M + 586. 588 (100), 571, 573 (7.7). 513, 515 (14.1), 498. 500 (5.2). Found ~-. C 65.6: H 6.0: N 9.6. C32H35- 
BrN402. Calculated %.- C 65.4: H 6.0: N 9.5. 

Copper  Complex (VII) of II. This complex,  with mp 252 ~ (from ch lo ro fo rm-methano l ) ,  was obtained in 
quanti tat ive yield f r o m  porphyr in  II by heating in ch lo ro fo rm in the p r e s e n c e  of copper  aceta te .  Spect rum in 
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chloroform. }'max, nm (e. 10-3), 400 (212), 525 (6.98), 562 (11.85). Found %- C 67.1: H 6.2: N 10.1. C32H34- 
CuN402. Calculated %: C 67.4: H 6.0: N 9.8. 

Copper Complex (VIII) of I, 3, 5, 8- Tetramethyl- 4, 6-diethyl- 2- acetyl- 7- [2- (methoxycarbonyl) ethyl]porphyrin. 
A 57-rag sample of complex VII was dissolved in 16 ml of dry chloroform, after which the solution was cooled, 
and 3 ml of acetic anhydride and 0.4 ml of stannie chloride were added. The mixture was allowed to stand for 
5 rain until a green coloration appeared, after which 50 ml of water was added. The chloroform layer was 
washed with ammonium hydroxide and water until it was neutral, after which it was dried with sodium sulfate 
and ehromatographed with a column filled with aluminum oxide to give 59.5 mg (97%) of a complex with rap 228- 
230 ~ (from chloroform-methanol). Spectrum in chloroform. ~max, nm (e. 10-3) �9 411 (237), 539 (9.2), 585 (17.4). 
IR spectrum, y, cm-i: 1740 and 1660. Found %.. C 66.7: H 6.3. N9.0. C341-136CuN403. Calculated ~, C 66.7. 
H 5.9: N 9.1. 

1,3, 5.8- Tetramethyl-4, 6-diethyl-2-acetyl-7- [2- (methoxyearbonyl)ethyl]porphyrin (IX). This compound, 
with mp 243-245 ~ (from chloroform-methanol), was obtained in 91% yield by treatment of complex VIII with 
concentrated sulfuric acid. Spectrum in chloroform, kmax, nm (e" 10-3) . 413 (201), 512 (9.62), 552 (12.53), 
577 (8.24). 635 (1.66). Mass spectrum, m/e (c~): M + 550 (100), 535 (79.5), 477 (85.9), 462 (71.5), 447 (49.8), 
433 (51.5). Found ~: C 74.4: H 7.0: N 10.2. C34H38N403. Calculated ~: C 74.2: H 7.0: N 10.2. 

!, 3.5, 8- Tetramethyl-4, 6- diethyl- 2- ((~-hydroxyethyl)- 7- [2- (methoxycarbonyl)ethyl]porphyrin (1). A 2 5.9- 
mg sample of porphyrin IX was dissolved in 50 ml of pyridine, after which 300 mg of sodium borohydride was 
added, and the mixture was allowed to stand at 50 ~ for 4 h. Water (100 ml) was added to the mixture, and the 
product  was ex t rac ted  with ch loroform.  The ch lo ro fo rm l aye r  was washed repea ted ly  with water ,  a f te r  which 
it was dr ied with magnes ium sulfate, and the solvent was r emoved  in vacuo. The d ry  res idue  was t r ea t ed  with 
a mix tu re  of 1.2 ml  of concentra ted sulfur ic  acid and 25 ml  of methanol .  After  12 h, the react ion  mix tu re  was 
diluted with wa te r  and neut ra l ized  to pH 7-8 with ammonium hydroxide.  The product  was ext rac ted  with chloro-  
f o r m  and chromatographed  with a column filled with aluminum oxide to give 16 rag (62%) of the porphyr in  with 
mp 235-238 ~ (from ch lo ro fo rm-me thano l ) .  Spectrum in ch loroform,  }`max, nm (e. 10-3): 404 (179), 502 (12.62). 
535 (8.75), 570 (6.0). 621 (3.9). IR spec t rum,  ~,, era- l :  3400, 3320, and 1740. Mass  spec t rum,  m / e  (~): M + 552 
(4.8), 534 (100), 519 (7.8). 461 (19.3), 446 (7.8). Found %: C 74.2: H 7.3: N 10.0. C34H40N403. Calculated ~c: 
C 73.9: H 7.3: N 10.1. 

1 ,3 .5 ,8 -Te t ramethy l -4 ,6 -d ie thy l -2 - (~-hydroxye thy l ) -7 - (~ / -hydroxypropy l )porphyr in  (X). A 20.1-mg s a m -  
ple  of porphyr in  IX was dissolved in 30 ml  of THF, a f t e r  which 400 mg of sodium borohydr ide  and 0.1 ml  of 
wa te r  were  added, and the mix tu re  was heated at 50 ~ for  5 rain. It was then allowed to stand at room t e m p e r a -  
tu re  for  12 h, af ter  which it was poured  into 100 ml  of water .  The resul t ing  prec ip i ta te  was r emoved  by f i l t ra -  
tion, dried, and chromatographed  with a column fil led with a luminum oxide to give 17.4 mg (91~ of the porphyr in  
with mp 227-228 ~ (from c h l o r o f o r m - p e t r o l e u m  ether) .  Spect rum in chloroform,  ~ a x ,  nm (e. 10-3). �9 404 (183.8), 
504 (11.48), 536 (8.57), 570 (5.65), 621 (3.46). IR spec t rum,  v, cm- l :  3400 and 3320. Mass spec t rum,  m / e  (%): 
(IV[- H20) + 506 (I00). 491 (9.5), 461 (16.5), 446 (7), 431 (5.9), 417 (4.7). Found %: C 75.3: H 7.7: N 10.9. 
C35H40N402. Calculated %.. C 75.5. H 7.7: N 10.7. 

1,3.5,8-Tetramethyl-4, 6- diethyl- 7- (T-hydroxypropyl)porphyrin (XI). A 12.4-mg sample of II was dis- 
solved in 10 ml of THF, after which 260 mg of sodium borohydride and 0.1 ml of water were added, and the mix- 
ture was heated at 50 ~ for 1 rain. It was then allowed to stand at room temperature for 12 h, after which it was 
diluted with water, and the resulting precipitate was removed by filtration and chromatographed to give 9.6 mg 
(83~) of the porphyrin with mp 248-250 ~ (from chloroform-methanol). Spectrum in chloroform, }`max, nm (e �9 
10-3) �9 401 (196), 500 (12.28), 533 (8.15). 567 (5.48), 619 (3.7). IR spectrum, v. cm -i. 3450 and 3325. Mass 
spectrum, m/e ~).  M + 480 (100), 435 (15). Found %. C 77.5: H 7.6: N 11.9. C31H36N40. Calculated ~: C 77.5: 
H 7.6: N 11.7. 

!.3.5,8-Tetramethyi-4.6-diethyl-7-(~/-acetoxypropyl)porphyrin (XIII). A 24-rag sample of alcohol Xl was 
dissolved in 8 ml of pyridine, after which 3 ml of acetic anhydride was added. After 1 h, the mixture was poured 
into 50 ml of water, and the resulting precipitate was chromatographed with a column filled with aluminum oxide 
to give 20.9 mg (80%) of the porphyrin with rap 213-215 ~ (from chloroform-methanol). Spectrum in chloroform. 
}`max, nm (e. 10-3): 400 (282), 499 (17.47). 532 (10.58), 568 (7.56)~ 619 (4.71). IR spectrum, v- 1740 em -I.  
Mass spectrum, m/e (%): M + 522 (100), 507 (6.4), 479 (2.2), 462 (3.2), 447 (3.2), 435 (14.8), 420 (6.4). Found %- 
C 75.5: H 7.1: N 10.6. C33H38N402 . Calculated %: C 75.8: H 7.3: N 10.7. 

Sulfate (XH) of X I. A 13.8-mg sample of alcohol XI was dissolved in 5 ml of concentrated sulfuric acid, 
and the mix tu re  was allowed to stand for  2 h, a f te r  which it  was poured  ove r  ice.  The aqueous mix tu re  was 
neut ra l ized  to pH 4-5 with ammonia ,  and the resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion and dr ied  to give 
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9.8 mg  (61~) of the porphyr in  with mp > 200 ~ (dec.). Spectrum, Xmax, nm (~. 10-3), in methanol:  398 (140), 498 
{9.2), 530 (6.18), 565 (4.6), 617 (2.76). In ch lo ro fo rm containing 10~ methanol:  415 {162), 531 (5,7), 555 (9.4), 
598 (3.22). In ch lo ro form containing 0.1~c HCh 416 (176). 553 (11.0). 594 (4.6). Mass spec t rum,  m / e  (~): 
(M-H~SO4) + 462 (100), 447 (20). 435 (8), 417 (4.7). 
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S Y N T H E S I S  A N D  T H R E E - D I M E N S I O N A L  S T R U C T U R E  

O F  T H E  B E N Z O A T E S  AND p - N I T R O B E N Z O A T E S  

O F  T H E  G E O M E T R I C A L  I S O M E R S  O F  S U B S T I T U T E D  

4 -  H Y D R O X Y P I P E R I D I N E S  

T .  D.  S o k o l o v a ,  K.  I .  R o m a n o v a ,  
Y u .  F .  M a l i n a ,  a n d  B .  V. U n k o v s k i i  

UDC 547.824.07 : 541.63 : 543.422.25 

The cor responding  s t e r e o i s o m e r i c  p -n i t robenzoa tes  were  obtained by reac t ion  of the geomet r ica l  
i s o m e r s  of 1,3- dimethyl- ,  1 ,2 .5 - t r imethy l - ,  and 1 - t e r t - b u t y l - 3 - m e t h y l -  4-hydroxypiper idines  with 
p -n i t robenzoyl  chloride.  The s t e r e o i s o m e r s  of the corresponding benzoates  were  also synthesized 
f r o m  the geomet r i ca l  i s o m e r s  of 1 ,3-dimethyl-4--hydroxypiper idines .  The p r i m a r y  conformat ions  
of the invest igated compounds in solution were  es tabl ished by means  of the i r  PMR spec t ra .  

In the development  of our r e s e a r c h  on the in ter re la t ionship  between the s t ruc tu re  and the phys ieochemica l  
c h a r a c t e r i s t i c s  of substi tuted p iper id ines  [1, 2] we found it n e c e s s a r y  to a sce r t a in  the p r i m a r y  conformat ions  
of the p -n i t robenzoa tes  of the geome t r i ca l  i s o m e r s  of substi tuted 4-hydroxypiper id ines .  With this end in mind, 
we synthesized the p -n i t robenzoa tes  of 1 -methy l -  {I), 1 - t e r t - b u t y l - 3 - m e t h y l -  gift, T), 1 ,3-dimethyl-  {III~, T). 
and 1,2, 5- t r imethyl -4--hydroxypiper id ines  (IVfi. 7) and es tabl ished the i r  p r i m a r y  conformat ions  in solution. 

We used the p rev ious ly  desc r ibed  geomet r ica l  i s o m e r s  of the corresponding 4-hydroxypiper id ines  [3-6] 
as the s ta r t ing  compounds for  the synthes is  of p -n i t robenzoa tes  I-IV. 

In conformi ty  with the configuration of the geomet r i ca l  i s o m e r s  of the s ta r t ing  4--hydroxypiperidines [4-6], 
I I - IV were  subdivided into two configurat ional  s e r i e s  (the • and ~/ i somer s )  as a function of the mutual  or ienta-  
t ion and spat ia l  or ientat ion of the subst i tuents  attached to C 3 and C4. The acyloxy group attached to C4 in geo- 
m e t r i c a l  i s o m e r s  I IT- IVT is in the cis posi t ion with r e spec t  to the adjacent  methyl  group attached to C 3 in II~/ 
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