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The r e l a t i v e  bas i c i t i e s  of a s e r i e s  of N-v iny lpy r ro l e s  and some  of the i r  analogs with sa tu -  
r a t ed  subs t i tuents  a t tached to the n i t rogen a tom were  inves t igated (the AvOH shif ts  in the 
IR spec t rum  of phenol  were  measu red ) .  The vOH values  were  m e a s u r e d  in the in te rva l  100- 
150 cm - t .  Alkyl subst i tuents  in the 2 and 3 posi t ions  r a i s e  the bas ic i ty  of the p y r r o l e  r ing,  
while a phenyl  subst i tuent  in the 2 posi t ion lowers  it. N -Viny l -py r ro l e s  a r e  ~25% less  bas ic  
than the i r  l imi t ing  a n a l o g s -  N-e thyl -  and N- (2 ' - a lky l th ioe thy l )pyr ro les .  The inductive effect  
of the subst i tuent  m a k e s  the m a j o r  contr ibut ion to the bas ic i t i e s  of the inves t iga ted  p y r r o l e s .  
The A~OH values  for  N-vinyl- -2 ,3-diphenylpyrrole  a r e  not in conformi ty  with the genera l  
tendencies  and const i tute  evidence fo r  the apprec iab le  contr ibut ion of continuous conjugation 
through the double bond, the p y r r o l e  r ing,  and the benzene r ing in the 3 posi t ion.  

It  is known [1, 2] that p y r r o l e s  a re  weak bases ;  however ,  the ef fec t  of subst i t tmnts on the i r  bas ic i t i e s  
has not been studied. Of p a r t i c u l a r  in te res t  in this r e s p e c t  a r e  p y r r o l e s  with unsa tura ted  subst i tuents  that 
a r e  capable  of enter ing into conjugation with the he t e roa roma t i c  sy s t em.  An analys is  of the changes in the 
bas i c i t i e s  in a s e r i e s  of compounds of this type may  give new informat ion  regard ing  the mechan i sms  of 
t r a n s m i s s i o n  of the effect  through the p y r r o l e  r ing and regard ing  the degree  and c h a r a c t e r  of its a romat ic i ty .  

In o r d e r  to study the effect  of a vinyl group a t tached to the p y r r o l e  r ing through the ni t rogen atom on 
the donor  p r o p e r t i e s  of the s y s t e m ,  we m e a s u r e d  the re la t ive  bas ic i t i e s  of a s e r i e s  of N-v iny lpy r ro l e s  with 
alkyl  and phenyl subst i tuents  in the 2 and 3 posi t ions .  F o r  c o m p a r i s o n  we also invest igated the bas ic i t ies  of 
some  p y r r o l e s  that have sa tu ra t ed  subst i tuents  at tached to the ni t rogen a tom (ethyl and alkylthioethyl).  The 
shif t  of the O--H s t re tching v ibra t ions  in the IR s p e c t r u m  of phenol (AvOH) due to the fo rmat ion  of a hydro-  
gen bond with the p y r r o l e  base  s e rved  as  a m e a s u r e  of the re la t ive  bas ic i ty .  

The r e s u l t  of the m e a s u r e m e n t s  a r e  g iven in Table 1, and typical  contours  of the bands obse rved  a t  
3300-3620 cm -1 a r e  shown in Fig. 1. 

All of the inves t iga ted  p y r r o l e s  fo rm an e x t r e m e l y  weak hydrogen bond with phenol (AvOH = 90--1.50 
cm-1),  inasmuch as  they a r e  even less  basic  than al iphatie  e the r s  [3] and sulf ides [4]. Additional bands of 
an H-bonded hydroxyl  group with AvOH = 55 and ~250 cm -1 {broad shoulder) ,  which a r e  re la ted  to H c o m -  
p lexes  with the benzene r ing and the sul fur  a tom,  a r e  obse rved  in the spec t r a  of s y s t e m s  made  up of 2-  
phenyl -  and 1- (2"a lkyl th ioe thyl ) -subs t i tu ted  p y r r o l e s  and phenol. It follows f r o m  the data in Table 1 that 
the vinyl group apprec iab ly  lowers  the bas i c i t i e s  of p y r r o l e s  as compa red  with the N-a lky l - subs t i tu ted  ana-  
logs -- sa tu ra t ion  of the double bond i n c r e a s e s  AvOH by 30-35 cm -1 (compare  XIV, XXHI, and XXIV; XVII 
and XX; XVIII and XXI). Alkyl subst i tuents  in the p y r r o l e  r ing somewhat  inc rease  its bas ic i ty .  F o r  ex-  
ample ,  r e p l a c e m e n t  of the hydrogen in the 3 posi t ion by an alkyl group leads to an inc rease  of 5-10 cm -1 in 
the A OH value (compare  II and HI; VII and VIII; IX and XII, XVII and XVIII; XX, XXI, and XXII). A methyl  
group in the 2 posi t ion i n c r e a s e s  the bas ic i ty  of p y r r o l e  by 20 em -1 (compare  I and II). However,  a d i rec t  
re la t ionship  between AvOH and the e l ec t ron -donor  s t reng th  of the alkyl  group (on the Taft sca le  is not ob- 
s e r v e d  (for e i t he r  2-  o r  3 -a lky l - subs t i t u t ed  compounds);  this is comple te ly  unders tandable  ff one takes into 
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Fig.  1. Typical  contours of the phenol O - H  bands in 
the p re sence  of substi tuted pyr ro les :  a) 2 -me thy l -N-  
v inylpyrro le  (II); b) N-vinyl-4 ,5 ,6 ,7- tot rahydroindole  
(XIV); c) N-vinyl -2-phenylpyrro le  (XVID; d) N-ethyl-  
2 -phenylpyr ro le  (XX); e) N-(2 ' -e thyl thioethyl)-4 ,5 ,6 ,7-  
tetrat iydroindole (XXIII) (~ 0.4 M p y r ro l e  and 0.02 M 
phenol in CCI~). 

Fig.  2. Probable  or ientat ion of the H bond between 
phenol and N-vinyl-2-phenyl-subst i tu ted  py r ro l e  in 
the gauche conformation.  

account the fac t  that the alkyl substi tuent in this case  may affect  the format ion  of an H bond not only via an in-  
ductive mechanism but also via s t e r i c  and hyperconjugation mechanisms.  

Replacement  of a methyl group in the 2 posi t ion by a phenyl group makes a negative contribution of 10 
cm -1 to the basic i ty  of py r ro l e  (compare II and XVII and HI and XVIII). A fu r the r  compar i son  makes it 
poss ible  to conclude that the c h a r a c t e r  of the empir ica l  effect  of both the N-vinyl and 2-phenyl  group bea r s  
li t t le r esemblance  to conjugation, since the i r  contributions to the basici ty  prac t ica l ly  do not change, despite 
the ve ry  different  geomet r i ca l  conditions fo r  the rea l iza t ion  of coplanari ty  in the investigated se r i e s  [5, 6]. 
Thus, fo r  example,  in N-v iny l -2-phenylpyr ro les  the planar  conformations re la t ive  to the N-vinyl bond are  
s te r ica l ly  hindered, and the same is also valid fo r  2 - t e r t -bu ty l -N-v iny lpy r ro l e  (XI). 

The s t e r i c  in teract ion of the N-vinyl group with the substi tuent  in the 2 posi t ion may be a fac to r  that 
p romotes  a shift  in the equil ibr ium to favor  the gauche conformer .  This assumption is in agreement  with the 
resu l t s  of an analysis  of the IR spec t r a  of N-vinylpyrro les  [6]. Thus the N-vinyl and 2 -pheny lg roups in th i s  
case  act  p r imar i l y  as inductive accep tors  of the e lec t rons  of the py r ro l e  ring. 

Since the upper  f i l led molecu la r  orbi ta l  of p y r ro l e  is a ~r orbi ta l  and its f i r s t  ionization potential  (8.20 
eV) cor responds  to the removal  of a ~r e lec t ron  [7], it may be assumed that the bond with the phenolic hydroxyl 
group is not local ized on the ni trogen atom. This so r t  of d i rec ted  cha rac t e r  of the H bond is even less  likely 
fo r  the gauche conformat ion of N-vinylpyr ro les  because  of the additional s t e r i c  hindrance c rea ted  by the 
vinyl group hanging ove r  the r ing .  Being an analog of e leet rophi l ic  attack and protonation,  the H bond is mos t  
likely local ized in the 2 and 5 posit ions of the p y r ro l e  ring, whereas  in N-vinyl -2-subs t i tu ted  py r ro l e s  it is 
probably local ized in the 5 posi t ion (Fig. 2). 

Instead of the expected dec rease  in the basici ty,  a second phenyl group (in the 3 position) (XIX) c lea r ly  
gives the opposite effect .  Pronounced anomalies  a re  observed  fo r  this compound during a study of the UV [5] 
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TABLE 1. Relat ive Bas ic i t i es  of P y r r o l e s  R2~--~ in Phenol  

~ O H . U n i t s  ~, 

Corn- R' AVOH, cm "1 
pound 

I 
II 

Ill 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

X I I I  
XIV 
XV 

XVI 
XVII 

XVIII 
XIX 
XX 

XXI 
XXII 

XXIII 
XXIV 

CH2=CH 
CH2=CH 
CH2=CH 
CH2=CH 
CH2=CH 
CH2=CH 
CH2=CH 
CH2=CH 
CH2=CH 
CH~=CH 
CH2=CH 
CH2=CH 
CH2=CH 
CH2=CH 
CH2=CH 

R 2 R ~ 

H H 
CH3 H 
CH3 CH3 
CHa C3Hz-tz 
CHa CaH~-i 
CH~ CsHH-n 
C2Hs H 
C2Hs CH3 
C4Hg-n H 
C4H9-i H 
C4Hg-t H 
C4Hg-n C~HT-n 
CsHla-n H 

- - ( C H ~ ) 4 - -  
- - ( C H 2 ) 3 C H ( C H s ) - -  

CH2=CH 
CH2=CH 
CH~=CH 
CH2=CH 
C2Hs 
C2Hs 
C~Hs 
(CH2) 2SC2H5 
(CHD2SC4Hg-n 

CHa CsHs CHeHS CsH5 
C6Hs 
CsHs CH3 
CsHs CsHz-n 

-- (CHD 4 - -  
- -  (CH2) ~-- 

90 
110 
117 
120 
120 
120 
119 
126 
120 
II8 
120 
125 
121 
120 
120 
124 
100 
107 
120 
135 
143 
145 
150 
150 

and IR [6] spec t r a .  All of the avai lable  data indicate the exis tence  in p y r r o l e  XIX of s t rong continuous conju- 
gation encompass ing  the vinyl group, the p y r r o l e  ring, and the phenyl subst i tuents  (evidently p r i m a r i l y  the 
phenyl  group in the 3 position).  Thus the inc reased  basic i ty  of this p y r r o l e  is probably  due to the p a r t i c u l a r  
mobi l i ty  of its 7r sys t em.  Specifically,  this is e x p r e s s e d  in the sharp  d e c r e a s e  in its ionization potential ,  as 
one can conclude f r o m  an ana lys i s  of the UV spec t r a  [5]. In good a g r e e m e n t  with this in te rpre ta t ion  a re  the 
fac t  of the absence  in the s p e c t r u m  of the X I X - p h e n o l  s y s t e m  of reso lved  bands re la ted  to the H bond of phenol 
with the benzene r ings  and the assumpt ion  that the H bond is not f o rmed  with the n i t rogen atom but r a t h e r  with 
the zr s y s t e m  of p y r r o l e  in the region where  the bes t  dis t r ibut ion of the pos i t ive  charge  is ensured,  i .e. ,  in the 
vicini ty of the 2 and 5 posi t ions .  

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

1-Viny lpy r ro l e s  I I -XIX were  obtained f r o m  the appropr ia t e  ke tox imes  and acetylene  in accordance  with 
the method in [8-10], N-e thy lpy r ro l e s  XX-XXII we re  obtained by hydrogenat ion of the N-v iny lpy r ro l e s  under 
the conditions in [11], and 1 - (2 -a lky l th ioe thy l )pyr ro les  XXIII and XXIV w e r e  obtained by homolytic  addition of 
m e r c a p t a n s  to the N-v iny lpy r ro l e s  by the method in [12]. The pur i ty  of the compounds was moni tored  by PMR 
and IR spec t roscopy  and g a s - l i q u i d  ch roma tog raphy  (GLC) (with a K h r o m - 4  ch romatograph  with a c a t h a r o m e -  
t e r  detector ;  the column was 2.5 m long and 3 m m  in d iamete r ,  the solid phase  was Chromaton  N-AW-DMCS, 
the liquid phase  was  15% DS 550 si l icone,  the t h e r m o s t a t  t e m p e r a t u r e  was 100-200 ~ and the c a r r i e r  gas  was 
helium); in m o s t  c a se s  the pur i ty  was no less  than 99%. Th in - l aye r  ch romatography  (TLC) on A1203 [elution 
with h e p t a n e - e t h e r  (1:2)] was  used to ver i fy  the pur i ty  of the high-boil ing N-v iny l -2 ,3 -d iphenylpyr ro le .  The 
s a m p l e s  we re  pur i f ied  pa r t i cu l a r ly  thoroughly to r emove  t r a c e s  of the accompanying N-subst i tu ted  impur i t i es :  
the comple te  absence  of absorp t ion  in the region of N - H  s t re tch ing  v ibra t ions  (3300-3600 cm -1) was achieved 
fo r  0.3-0.4 M solut ions in CC14 at  an a b s o r b i n g - l a y e r  th ickness  of 5 ram. The IR spec t r a  of 0.3-0.4 M p y r r o l e  
and 0.01-0.02 M phenol solut ions in CC14 were  r eco rded  with a UR-20 s p e c t r o m e t e r  a t  l aye r  th icknesses  of 
4.5-5 ram. 
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P O R P H Y R I N S  

YI.* ABSORPTION SPECTRA AND ASSOCIATION OF METAL 

COMPLEXES OF meso-FORMYLETIOPORPHYRIN 

G. V. P o n o m a r e v  a n d  A. N. S i d o r o v  UDC 543.422.4.6 : 547.749 : 541.49 

A magnesium complex of meso-formyletioporphyrin I (FEP} was obtained by reaction of 
FEP  with methylmagnesium iodide. The electronic and IR spectra of FEP and its complexes 
with copper, zinc, nickel, cobalt, and magnesium in solutions and crystall ine films were 
investigated. It is shown that the changes in the electronic spectra as the temperature of 
the solutions is lowered are  due to association of the molecules of the metal complexes 
OVI-FEP) of the me ta l - fo rmy l  type. Association of the molecules in solid films is accom- 
plished through v-~r electron interaction of the porphyrin rings. The Mg--FEP complex, 
the molecules of which associate through a me ta l - fo rmyl  interaction both in solution and 
in films, constitutes an exception to this. 

meso-Formylporphyrins have weaker reactivities with respect  to the carbonyl group than the s ter ical-  
ly unhindered fl-formylporphyrins or  aromatic aldehydes. For  example, the formation of Schiff bases, ox- 
imes, hydrazones, and other carbonyl-group derivatives proceeds only at high temperatures [2-5]. 

During a study of the reaction of meso--formyletioporphyrinI (FEP) with a Grignard reagent in ether 
we observed that the reaction product has an unusual electronic spectrum in which the ~ and/~ bands in the 
visible region of the spectrum that are character is t ic  for  metal complexes were practically absent and an 
intense broad band at 650-670 nm was present.  Treatment of this substance with trffluoroacetic acid gave 
FEP, and this unambiguously indicated retention of the meso-formyl  group in the reaction of porphyrin 
with methylmagnesium iodide and the formation of only M g - F E P  as a result  of the reaction. Attempts to 
obtain M g - F E P  in the crystalline state were unsuccessful, since a polymeric dark-green film, which sub- 

* For communication V, see [1]. 
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