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The reaction of  Pb(OAc) 2 with meso-tetraphenylporphin in boiling pyridine o r  N,N- 
dimethylformamide gave complexes of Pb 1I with te t raphenylchlor in or Pb TM with 
tetraphenylporphin. The scheme of redox reactions occurring during the complex formation 
involving Pb 2. as the reducing agent was suggested. 
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The  reac t ion  o f  t e t r a p h e n y l p o r p h y r i n  ( H 2T PP)  wi th  
Pb(OAc)2 in boi l ing  pyr id ine  has  been  descr ibed  previ-  
ously. 1 A crysta l l ine  d a r k - b l u e - g r e e n  subs tance ,  to which  
the  P b T P P "  Py s t ruc tu re  has been  ascr ibed,  was the  
reac t ion  p roduc t  isola ted first f rom the  r eac t ion  mix ture  
and  t hen  from a so lu t ion  in benzene .  However ,  its 
e l ec t ron ic  abso rp t ion  spec t rum (EAS)  cons is t ing  o f  six 
bands  wi th  d i f ferent  in tens i t ies  ind ica tes  tha t  this  solid 
con t a in s  a co lo red  admix tu re ,  whose  com pos i t i on  and  
p rocedure  for r emova l  were  not  s tudied.  

In th is  work,  we p resen t  the  results  o f  s tudies  o f  the  
na tu re  o f  processes  t h a t  occu r  in the  r eac t ion  o f  H2TPP  
wi th  Pb(OAc)2 and  the  c o m p o s i t i o n  o f  the  f inal  p rod-  
ucts  a imed  at ob t a in ing  t he  indiv idual  me ta l l opo rphyr in .  

Experimental 

Pb(OAc)2 (analytical grade) and H2TPP (available from 
the Armenian Division of the Institute of Chemical Reagents 
and Special-Purity Substances) purified by a standard proce- 
dure using column chromatography were taken in a certain 

J 

variable ratio (Table 1) and added to anhydrous pyridine 
(10 mL, the content of water was not greater than 0.03%, 
reagent grade). The homogeneous solution was boiled under 
reflux until EAS of the reaction mixture no longer changed 

Table 1. Yield of products of the reaction of Pb(OAc) 2 with 
HzTPP 

Solvent Pb(OAc)2: Yield (9'0) 

H2TPP PbTPC (AcO)2PbTPP" Py H2TPP 
/tool mol -I 

Pyridine 2 : I 97.5 2.5 --  
Pyridine 5 : 1 97.0 3.0 --  
Pyridine 20 : 1 95.4 4.6 -- 
Pyridine 30 : 1 96.0 4.0 --  
AcOH 20 : l -- 0 I00 
DMF l l : I 92.2 2.8 a 5 
Pyridine 20 : I b 92.9 b 7.1 b --  
Pyridine 20 : I c I00 c 0 c --  

a Yield of (AcO)2PbTPP �9 DMF. b Under dark conditions. 
c In an N 2 atmosphere. 

Translated from lzvestiya Akademii Nauk. Seriya Khimicheskaya. No. 10, pp. 2052--2055, October, 1990. 
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Fig. I. Electronic absorption spectra of the H2TPP-- 
Pb(OAc)2--AcOH reaction mixture in chloroform (1--3) and 
H2TPP in 100% AcOH (4). ~/s = 900 (/), 1800 (2), and 
5400 (3). 

(- I h). Pyridine was removed /n vacuo, and the solid residue 
was dissolved in chloroform and washed many times with 
water to remove the excess of Pb(OAc) 2. The solution was 
placed on a column with A1203 L 40/250 (neutral, Chemapol, 
Czech Republic) and chromatographed with a I : 1 chloro- 
form-benzene mixture to elute a bright-green zone. The 
second pink zone, which remained strongly absorbed at the top 
of the column, was eluted with N,N-dimethylformamide. 

The reactions of Pb(OAc) 2 with H2TPP under dark and 
anaerobic conditions using DMF and AcOH as the solvents 
were carried out with different molar ratios of the reagents 
(see Table l). The reaction products were isolated according 
to the procedure described above. The reaction of Pb(OAc)2 
with 7,8-dihydrotetraphenylporphin (meso-tetraphenylchlorin) 
(H2TPC) in a 20 : I molar ratio was carried out in Py. 
H2TPC was synthesized by the method described previously, z 
The course of the reaction in AcOH was monitored by follow- 
ing the bands of protonated H2TPC at 435 and 655 nm 
(Fig. 1). 

Thin layer chromatography (TLC) of compounds isolated 
from the green (compound 1) and pink (compound Z) zones 
was performed on Silufol plates in a chloroform--benzene 
(1 : I)system. 

Electronic absorption spectra were recorded on Specord M 
400 and SF-26 spectrophotometers; IR spectra were obtained 
on a Spectral 75 IR instrument; and JH NMR spectra were 
recorded on Tesla BS-497 (HMDS as the internal standard, 
working frequency 100 MHz) and Braker WM-360 (TMS as 
the internal standard, working frequency 360 MHz) instru- 
ments. Lead was quantitated by atomic-adsorption spectros- 
copy on an AASIN spectrometer. Bands in the IR spectra of 
the complexes were analytically assigned on the basis of our 
own and published data (see Ref. 3). 

Compound 1. Electronic absorption spectrum (CHCI3) , 
Lmax/nm (logs): 652 (3.37), 609 (3.52), 551 (3.25), 516 (3.4), 
466 (4.33), 419 (4.5), 355 (3.76). IR (KBr), v/cm-t: vibrations 
of pyrrole rings, 796 (3,(C--H)), I000 (v(C--C), ~(C--H), 
v(C--N)), 1440 (v(C=N)), 1525 (in-the-plane vibrations of 
pyrrole rings); vibrations of benzene rings, 704 and 752 
(y(C--H)). 1072 and 1176 (8(C--H)); 1470, 1576, and 1592 
(v(C=C)), 2860, 2920, and 3080 (v(C--H); vibrations of the 

Pb--Nmrphyrin bonds, 416. IH NMR (CDCI3), 8:7.73 (m, 
12 H, m-, p-C6Hs); 8.16 (m, 8 H, o-C6H5); 8.77 (d, 4 H, 
C4H4N); 8.89 (t, 6 H, C4H2N). Found (%): Pb, 24.74. 
C44H30N4Pb. Calculated (%): Pb, 25.20. 

Ceml~tmd 2. Electronic absorption spectrum (CHCI3), 
X~ud'nm: 584, 444, 345 sh, and 310 nm with a decrease in the 
absorption intensity in the series IV > Ill > II > I. IR (KBr), 
v/cm-J: vibrations of pyrrole tings, 798 0,(C--H)), 976 
(v(C--C), 8(C--H), v(C--N)),  1340 (v(C--N)),  1440 
(v(C=N)), 1523 (vibrations of pyrrole rings in the plane); 
vibration of benzene rings, 704 and 778 ('r(C--H)); 1072, 1159 
(8(C--H)); 2860, 2920 (v(C--H)); vibrations of the pyridine 
bonds 700, 1460, 1560; vibrations of the bonds Pb--Nvrriaine , 
405; Pb--Nporphyrin, 450; O:=C==O , [655 and 1734. Found 
(%): Pb, 20.15. C48Hs4N404Pb �9 Py. Calculated (%): Pb, 20.37. 

Results and Discussion 

The individual character of  compounds 1 and 2 was 
confirmed by TLC. The electronic absorption spectrum 
of compound 1 in chloroform differs sharply from those 
of porphyrin complexes with M 2+ (see Ref. 3). Ac- 
cording to the number o f  bands and ratio of  their 
intensities, the spectrum of the compound under study 
is closest to the spectrum of  TPC. 4 However, it con- 
tains an additional band at 466 rim, and the intensity 
of the long-wave band at 652 nm is lower by approxi- 
mately an order of  magnitude. As is known, 3,s the 
Soret band in the o-complexes of  chlorins (with Zn 
and In) undergoes a bathochromic shift, and the inten- 
sity of the band I increases as compared to those of the 
corresponding porphyrins. The EAS of compound I 
differs also from the spectra of  chlorin complexes of 
M 2+, which is probably related to the specific nature of 
Pb 2+. According to the published data, 6 Pb u complexes 
undergo charge-transfer transitions at(pz ) -+ es*(rc) 
from the pz-orbital of the metal, which acts as the 
higher occupied orbital. In addition, it is assumed 7 that 
in PbOEP (OEP is the octaethylporphin dianion) the 
Pb atom goes out of the (N4) plane. The IR spectrum 
of compound l contains no bands of stretching vibra- 
tions of C=O,  Pb--O, and Pb--Np.vridine, which indi- 
cates the absence of exoligands in this compound.  The 
~H NMR spectrum of compound 1 (Table 2) is similar 
to those of  d iamagnet ic  meta l loporphyr ins  3 and 
metallochlorins: two signals corresponding to the reso- 
nance of m- and p-protons of phenyl tings appear in 
the same region as in the spectra of the (CI)InTPP, 
(AcO)GaTPP, and (CI)2GeTPP complexes studied pre- 
viously, s,9 However, o-protons of  the phenyl groups 
located at different sides with respect to the macrocycle 
plane are spectrally identical, whereas due to the pres- 
ence of the exoligand in (CI)InTPP, two signals at ~i 
8.12 and 8.38 correspond to them. The signals for the 
protons of  the pyrrole rings (Ha) at ~ 8.77 and 8.89 in 
the spectrum of compound I instead of that at (5 9.07 
for (CI)InTPP indicate the appearance of  two types of 
spectrally discernible [3-protons. The ratio of  the areas 
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Table 2. Chemical shifts (8) in IH NMR spectra (CDCI 3, 
298 K) of (CI)InTPP, (CI)InTPC, and PbTPC complexes 

Compound H!~ Ho H,. H v 

(CI)InTPP 9.07 8.12 7.70 7.70 
8.38 

(CI)InTPC 8.43 7.96 7.70 7.70 
8.45 8.19 

PbTPC 8.77 8.16 7.73 7.73 
8.89 

of the signals considered, which was determined from 
their integral intensity, is 1.4. The spectrum of 
(chloro)indium(tlt)tetraphenylchlorin (CI)InTPC ob- 
tained for comparison was found to be similar (see 
Table 2). $ 

The complex identical with compound 1 in absorp- 
tion spectra, solubility, and stability in solutions was 
obtained as the single product by complex formation of 
Pb(OAc)2 with TPC. Both compounds are soluble and 
stable in ethanol, chloroform, and DMF and dissociate 
in an ethanol--I mMAcOH mixture. 

The EAS of compound 2 is classified as the spectrum 
of "normal type" for metallotetraphenylporphins, l~ for 
example, TPP complexes with Zn 2+, Mg 2§ and Cd  2+ 
(see Ref. 11) as well as with lanthanides(m), titanyl, 
and vanadyl) The presence of frequencies correspond- 
ing to vibrations of the Pb--Np#dine, Pb--Nporphyrin, 
and O=C=-O bonds in the IR spectrum indicates that 
compound 2 contains AcO and Py exoligands. 

It follows from the data considered that compound 1 
is a complex of H2TPC with Pb n, and compound 2 is a 
complex of H2TPP with Pb TM. Thus, of all expected 
complexes (PbTPP, (OAc)2PbTPP, PbTPC, and 
(AcO)2PbTPC) (with account of redox potentials of the 
pb4"/Pb 2+ (+1.8 V lz), PbTPP/PbTpp2- (-1.52 V 13), 
and H2TPP/H2TPP 2- (-1.45 V 14) pairs), it is PbTPC 
(compound 1) and (AcO)xPbTPP (compound 2) com- 
plexes in which both ions (metal cation and porphyrin 
dianion) exist in either reduced or oxidized state that are 
formed in the reaction of H2TPP with Pb(OAc) 2. 

These results agree well with the published data. For 
example, [PbOEPI 2§ containing Pb 4+ weakly bound to 
the porphyr in dianion 7 is the product of two electro- 
chemically reversible one-electron reactions of oxida- 
tion of PbOEP, and it is similar to compound 2 in 
lability and EAS. On the other hand, the one-electron 
photoreduction of water-soluble platinum(t0 and 
palladium(H) porphyrins in aerated solutions gives only 
metallo(t0chlorin, ls whose absorption spectrum is close 
to that of compound 1. 

The data considered suggest that a mixture of two 
compounds, PbTPC and (AcO)2PbTPP" Py, is the reac- 
tion product. 

Taking into account the ~mture of the products of the 
reaction of H2TPP with Pb(OAc) 2 carried out under 

| 

X2 L 

2 

X =AcO, L = Py 

different conditions, we can suggest the following mecha- 
nism of this reaction: 

Pb 2+ + H2TPP -+ PbTPP + 2 H +, (l) 

2 PbTPP + Pb 2+ --w 2 PbTPP- + Pb 4+, (2) 

PbTPP- + PbTPP- ~ PbTPP + PbTPP 2-, (3) 

PbTPP 2- + H + -* PbTPP-, (4) 

PbTPP 2- + 2 H + -r PbTPC (1), (5) 

In the presence of oxygen: 

PbTPP- -~ [PbTPP] 2+, (6) 

[PbTPP] 2+ + 2 AcO- + Py ,, (AcO)2PbTPP- Py (2). (7) 

PbTPP formed due to the complex formation (Eq. ( I ) )  
is reduced to the x-radical anion PbTPP- (Eq. (2)) with 
an excess of Pb 2+ in the basic medium (Py). Due to the 
disproprotionation o f  PbTPP- (Eq. (3)) followed by the 
protonation of the dianion (Eqs. (4) and (5)) by the acid 
released in reaction ( l ) ,  both f inal products, viz., the Pb II 
complex (reaction (5), compound 1) and Pb Iv complex 
(reactions (6) and (7). compound 2), are formed in the 
presence of  O 2. The complex formation under anaerobic 
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conditions (see Table 1) results in the single product, viz., 
l e ad (H) t e t r apheny lch lo r in .  The unstable  anion of  
metallophlorin formed initially by Eq. (4) is likely isomer- 
ized under these conditions to metallochiorin after proto- 
nation to porphodimethene, as occurs when ZnTPP, 
H2P , and ZnEP are chemically reduced (EP is etiopor- 
phyrin), s The effect of  photons on the complex formation 
(see Table 1), vi~, an increase in the relative yield of 
PbTPP, also confirms the mechanism presented above: 
the phlorin anion is deprotonated under the action of  light 
and temperature, 5 i.e., it is stabilized in respect of both its 
transformation into porphodimethene and then to chlorin 
and of  its further oxidation to [PbTPP] 2+. This stabiliza- 
tion results in a more efficient transformation of the 
PbTPP 2- dianion directly into PbTPC (Eq. (5)). The 
reaction of  Pb(OAc) 2 with H2TPP in acidic rather than in 
basic medium makes trausformation (5) predominant: one 
complex compound PbTPC is formed (see Fig. 1, curve 
2), which then dissociates to HaTPP 2+ because of its 
lability (see Fig. 1, curves 3 and 4). 

Two complex  compounds ,  viz., PbTPC and 
(OAc)2PbTPP- D M F ,  are formed when the synthesis is 
performed in DMF,  i.e., the replacement of  one aprotic 
solvent by another  (Py by DMF) does not change the 
result (see Table 1). 

Thus, the data considered agree well with the mecha- 
nism of  chemical ,  photochemical ,  or mixed reduction of 
porphyrins and metalloporphyrins described in the lit- 
erature,  z.s,ls No format ion of  bacter iochlor in  and 
isobacteriochlorin, such as that occurring in the reduc- 
tion of  H2TPP and SnlVOEP, z was observed in the 
complex formation of  H2TPP with Pb 2+. The direct 
complex formation of  H2TPP with Pb 4+ that is gener- 
ated due to reaction (2) also does not occur, because it 
requires much more drastic conditions 3 than those for 
the complex formation with Pb 2§ 
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