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The preparation, purification and properties of the Cu(II) , Co(II), Ni(II), Pd(II) and Pt ( I I ) chelates of a,(3,7,5-tetra-
phenylporphine, a,/3,Y,5-tetra-(^-methoxyphenyl)-porphine and a,fl,y,5-tetra-(£-chlorophenyl)-porphine are described. 
Relative strengths of the metal-ligand bonds, deduced on the basis of shifts in the frequencies of absorption bands in the 
infrared spectral region, follow the series P t ( I I ) > Pd(II ) > Ni(II) > Co(II), Cu(II) , and phenyl > ^-chlorophenyl > p-
methoxyphenyl. Assignments of infrared absorption bands to various atomic groupings are made, and the influence of struc­
tural variations on the assigned frequencies are discussed. 

In the course of an investigation of the nature of 
the coordinate linkage in metal porphines, the 
synthesis of tetraphenylporphine and a number of 
its p-substituted derivatives3 and the absorption 
spectra of these compounds4 have been reported. 
In the present work, a series of metals, chosen on 
the basis of their tendencies to form square planar 
complexes, have been chelated with three of these 
ligands, tetraphenylporphine and its p-methoxy 
and £-chloro derivatives, and infrared spectro-
photometric studies of each chelate compound are 
reported. The influence of the ^-phenyl substit-
uents on the electron-donor properties of the 
central nitrogen atoms and on the stabilities of the 
metal-nitrogen bonds is also described. 

The synthesis6 _ 7 ' n and the visible and ultraviolet 
spectra of metal tetraphenylporphines6'8-11 and 
of pyridinated912 tetraphenylporphines have ap­
peared previously, but of the ^-substituted tetra­
phenylporphines only the vanadyl chelates11 of the 
^-methyl, methoxy and chloro derivatives have 
been reported. Neither the synthesis nor the 
spectra of the palladium(II) or platinum(II) 
chelates of any tetraphenylporphines has appeared 
in the literature. The infrared spectra of some 
vanadyl tetraphenylporphines and some of its 
derivatives11 and a discussion of a frequency as­
signment for metal chelates of tetra-(£-chloro-
phenyl)-porphine13 are the only infrared data 
available. The visible absorption curves of all 
the metal porphyrin compounds presented here 
have been reported earlier.14 The ligands and 
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metal chelates employed in the present investi­
gation are indicated by formula I. 

Discussion 
Synthesis.—In the synthesis of the metal che­

lates from the tetraphenylporphines, which con­
tained a small amount of chlorin impurity, one 
would expect products consisting of some of the 
metal chlorin derivative as well as the normal 
tetraphenylporphine chelate. Although such was 
generally the case, it was noted in some of the re­
actions, particularly those of the ^-methoxy deriva­
tives, listed in Table IV, that no metal chlorin 
was produced, even after 5-7 hours of heating. 
Since these reactions were conducted with free 
access of air in glacial acetic acid or in acetic 
acid-dioxane mixtures, it appears that the chlorin 
was probably dehydrogenated to the corresponding 
porphine during the formation of the metal chelate. 

The rather low yields of the cobalt chelates could 
be attributed to oxidation of the cobalt(II) salt 
to the cobalt(III) state, as was apparent from the 
brownish colored reaction mixtures obtained. 
The low (27%) yield of the ^-chlorotetraphenyl-
porphinopalladium(II) chelate may be attributed 
to two factors: the low solubility of the ligand in 
the various reaction solvents used, and the re­
peated chromatographic purifications which were 
necessary. 

All of the platinum(II) compounds were ob­
tained in low yields of 10% or less, the best yield 
being obtained for tetraphenylporphine in a 
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glacial acetic acid-benzene mixture. Benzene was 
found to be useful in increasing the yield by re­
taining the ligand in solution. The main reason 
for the low yields is the reduction of the plat inum 
salt (K2PtCl4) to plat inum metal. The presence 
of catalytically-active plat inum in the reaction 
product made it necessary to avoid the use of 
methanol as a washing solvent, and to avoid 
drying the solid, which would result in spontaneous 
combustion. The same precautions were also 
observed in the preparation of the palladium 
chelates. 

An additional porphyrin chelate was obtained 
from the reaction mixture of tetra- (p-methoxy-
phenyl)-porphinoplat inum(II) . Unlike the other 
plat inum chelates which absorb strongly in ben­
zene near 510 and 405 nui,14 this material had ab­
sorption bands a t 530 and 420 rn.fi. The absorp­
tion curve and the maxima observed strongly re­
semble those of the nickel chelate. The possibility 
tha t this compound might be a dichloroplatinum-
(IV) chloride chelate of the paramethoxytetra-
phenylporphine, or a 5-coordinated chloroplati-
num(II ) porphyrin,15 were investigated, bu t the 
carbon, hydrogen and metal analyses obtained ex­
cluded these compositions. The analyses indi­
cated a non-chlorinated P t ( I I ) compound, bu t the 
data obtained were inconclusive. A similar com­
pound was obtained from a reaction in dioxane 
between tetraphenylporphine, potassium chloro-
platinite and sodium acetate. A minute amount 
of material with absorption maxima a t 528 and 
416 nni in benzene was isolated. The maxima 
and the shape of the curve also resemble those of 
the corresponding nickel chelate. 

The plat inum(II) chelates of all the tetraphenyl-
porphines were characterized by changes in ab­
sorption spectra in chlorinated solvents, and in 
trichloroethylene and chloroform in particular. 
The strong maxima near 510 and 405 m/i were 
gradually replaced with bands near 540 and 422 
niju, and similar shifts of the weaker vibrational 
bands also occurred a t room temperature. The 
change occurring over a period of days was signifi­
cant, and within a month it was found to be prac­
tically complete. Since the plat inum(II) chelates 
were chromatographed in chlorinated solvents, it 
was necessary to check the ratio of the optical 
densities of the peaks near 540 and 510 mn of 
various fractions obtained from the chromato­
graphic process as well as after recrystallization of 
the product. The lowest ratio obtained from each 
plat inum chelate was considered to be indicative 
of its maximum purity. The spectra of tetra-
phenylporphineplat inum(II) appeared to be quite 
sensitive to chlorinated solvents. Consequently, 
final purification steps and crystallization of this 
compound was carried out with benzene. 

This side reaction seems to be entirely dependent 
on the nature of the solvent. A trichloroethylene so­
lution of the by-product was replaced with benzene 
and the benzene solution was boiled for one-half hour. 
However, no apparent change in the absorption 
spectrum was observed. Consequently, if a solva­
tion reaction is involved it appears to be irrevers-

(15) C. M. Harris, R. S. Nyholm and N. S. Stephenson, Mature, 77, 
4520 (1956). 

ible. The quantities obtained were too small for 
direct elementary analysis. 

Infrared Spectra.—The main absorption bands 
of the metal chelates of tetraphenylporphine and 
its ^-methoxy and chloro derivatives, which appear 
near 1600 c m . - 1 and a t lower frequencies, as well as 
the assignments to various modes of vibration, are 
listed in Table I. Examples of the spectra obtained 
for a typical ligand and its metal chelate are given 
in Fig. 1. The weak N - H stretching vibrations 
above 3300 c m . - 1 for all the ligands disappear in 
the chelates, since the acidic hydrogens are re­
placed by the metal ion. Replacement of these 
imino hydrogen atoms results in shifts of many 
absorption bands of the ligand to both higher and 
lower frequencies. The shift to higher frequencies 
is most evident for three sharp absorption bands for 
the tetraphenylporphine ligands near 960, 980 
and 1000 cm. - 1 , which were previously assigned 
to C - H rocking vibrations of the pyrrole ring.4 

In all the chelates these bands are associated with 
the many sharp bands or shoulders near a very 
strong absorption band in the vicinity of 1000 
c m . - 1 . Many of the C - H vibrations are listed 
in Table I. The strong absorption band near 1000 
c m . - 1 appears to be a vibration characteristic of 
all the tetraphenylporphine chelates, the fre­
quency of the band varying with the nature of the 
metal ion. This intense band may be a rocking 
vibration of the porphine ring or the pyrrole units, 
which is sensitive to the na ture of the metal ion 
and which is directly related to the strength of the 
metal-nitrogen bonds in the tetraphenylporphine 
chelates. Similar relationships of rocking vibra­
tions and the strengths of metal-l igand bonds have 
been reported for simpler chelate and complex 
compounds.16 '17 The correlation of this vibration 
near 1000 c m . - 1 with t ha t of the metal ligand bond­
ing is further supported by shifts previously re­
ported14 of the absorption maxima in the visible 
region of the spectra for each metal tetraphenyl­
porphine chelate in a manner which parallels the 
variations of infrared frequencies given in Table I I . 

I t is clear from the above values t ha t the fre­
quencies for all the tetraphenylporphines increase 
in the order Cu( I I ) , Co(I I ) , N i ( I I ) < P d ( I I ) < P t -
(II) . In view of the na ture of the metal ions in­
volved, it is probable t h a t the bond strengths 
increase in the order Cu( I I ) , Co(I I ) , N i ( I I ) < 
Pd( I I ) < P t ( I I ) . Although the copper chelates 
might be expected to have stronger metal-ni t ro­
gen bonds than either the nickel or cobalt chelates, 
according to the usual order of stabilities of metal 
chelates, there are some exceptions. Quagliano 
and co-workers,13 for example, have shown t h a t in 
the salicylaldimine complexes the nitrogen-nickel-
(II) bond is stronger than nitrogen-copper(II) 
bond. A similar conclusion was reached from some 
isotopic exchange experiments with some complexes 
of salicylaldehyde ethylenediamine and acetyl-
acetone ethylenediimine19 and from studies on 

(ll>) J. Fuiita, K1 Nakamoto and M. Kobayashi, THIS JOURNAL, 78, 
3290 (1956). 
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(19) D. C. Atkins. Jr., and C. S. Gardner, ibid., 74, 3529 (1952). 
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Fig. 1.—Absorption spectra of tetra-(£-chlorophenyl)-porphine, , and its P t ( I I ) chelate, 
and 700 c m . - 1 (Kbr pellet technique employed). 

etioporphyrins.20 If one neglects the small mass 
effect for Cu, Ni and Co, the frequency values 
indicate the relative stabilities to be Ni(II)>Co-
(II), Cu(II). 

For any one metal of the above series, with the 
exception of the palladium(II) and platinum(II) 
chelates of the methoxy ligand, the frequencies 
near 1000 cm. - 1 decrease in the order TFP>p-
C1TPP> ^-OCH3TPP. If the absorption band at 
1009 cm. - 1 of the palladium chelate and the less 
intense band at 1010 cm. - 1 for the platinum com­
pound are tabulated for the p-methoxy derivative, 
this same frequency order TPP> £-ClTPP >p-
OCH3TPP, would also be indicated for these metal 
chelates. The decreased frequencies for the p-
substituted chelates may be due in part to the mass 
effect, but it appears that another effect is also in 
operation. I t is seen that these frequencies follow 
the electron-attracting properties of the ^-substi­
tuted groups. Since the phenyl and porphine 
rings are not co-planar, it is reasonable to conclude 
that the interactions of these substituents with the 
metal-ligand bonds is mainly an inductive rather 
than a resonance effect. These frequencies further 
indicate that the ^-methoxy group apparently 
exerts a greater inductive effect than does the p-
chloro substituent. 

No definite assignments could be made for 
metal-ligand vibrations in the KBr region of the 
spectrum. Although weak vibrations, which were 
absent in the ligands, appeared at 444-469 cm. - 1 

(20) W. S. Caughey and A. H. Corwin, T H I S JOURNAL, 77, 1509 
(1955). 

for the tetraphenylporphine chelates and at 437-
469 cm. - 1 for the ^-methoxy derivatives, no similar 
weak vibrations were observed for the tetra-
(£>-chlorophenyl)-porphine chelates. 

Weak but fairly sharp bands at 1556, 1556 and 
1560 cm. - 1 for tetraphenylporphine and its p-
chloro and ^-methoxy derivatives, respectively, 
were observed to shift to lower frequencies upon 
chelation. For the ^-substituted compounds the 
order of magnitude of the shift to lower frequencies 
is Cu(II) > Pd(II) > Pt(II) > Co(II) > Ni(II)1 
but for the tetraphenylporphine chelates the shift 
to lower frequencies was in the order Cu(II) > 
Pd(II) > Co(II) > Pt(II) > Ni(II). This ab­
sorption band is probably the - C = C - stretching 
vibration of pyrrole4 which undergoes a change of 
bond order on chelation. 

Since the porphine and phthalocyanine nuclei 
are somewhat distorted in the ligand2122 but com­
pletely symmetrical in the chelates,23'24 a change in 
the carbon-nitrogen bond order of the central 
atoms might be expected to occur. In the ligands 
more than one carbon-nitrogen vibration might 
be expected as a result of the unsymmetrical nature 
of the porphyrin system, but an increase in sym­
metry of the chelates should result in the disap­
pearance of one of these vibrations. Accordingly, 
in all the tetraphenylporphine ligands absorption 

(21) G. D. Dorough and K. T. Shen, ibid., 72, 3939 (1950). 
(22) J. M. Robertson, J. Chem. Soc, 1195 (1936). 
(23) A. E. Martell and M. Calvin, "Chemistry of the Metal Chelate 

Compounds," Prentice-Hall, Inc., New York, N. Y., 1952, p. 278. 
(24) J. M. Robertson and I. Woodward, J. Chem. Soc, 219 

(1937). 
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Ligand 

1597m" 
1575w 
1556w 
1545wsh 
1492w 
1474m 

1462wsh 
1443m 
1443wsh 
1402w 

1362wsh 
1350m 
1325wsh 
1310wsh 

1286vw 
125Ow 
1222w 
1213w 
1188w 
1177m 
1155w 

1072m 
1052 w 
1030w 
1003m 

980m 
966s 

916vw 
876w 
845w 

825vwsh 
813msh 
799s 
786msh 
757msh 
752msh 
745m 
727s 
723msh 
699s 
656w 
637vw 
617vw 
560vw 
518vw 

1609m 
1575m 
156Ow 
1530wsh 
1510s 
1475msh 

1597m 
1575w 
1537w 
1520 w 
149Ow 

1450wsh 
1443m 
1432wsh 

1375 w 
1346s 

1306w 
1277vw 
124Ow 

1205m 

1177m 
1155 w 

1072m 
1050wsh 

1017msh 
1004s 

996s 
966ws 

916vw 
876vw 
845w 
835w 
825vwsh 

798s 

752s 

726m 
715s 
699s 
66Ow 
65Ow 
618w 
558vw 
524w 
444w 

1608m 
1574m 
1537m 
1530msh 
1504s 

TABLE I 

INFRARED FREQUENCIES AND ASSIGNMENTS 

Ni Co Pd Pt 

Tetraphenylporphine 
1600m 1598m 1598m 1600m 
1576w 1575w 1576w 1576w 
155Ow 1541w 1539w 1544w 
1535w 1522wsh 
1492w 1492w 1492w 1495w 

1464 w 
1456wsh 
1452wsh 
1443m 
1440wsh 

1378wsh 
1365w 
13ols 

1312w 
1277vw 
124Ow 

1207w 

1177m 
1155w 
1077m 
1072m 
105Ow 

1023m 
1007s 

lOOOssh 
964w 
94Ow 
912vw 
876vw 
845wsh 
83 ow 
825vwsh 

794s 

752msh 
743s 

723msh 
709s 
695s 
666w 
652w 
619w 
557vw 
53Ow 
467w 

1608m 
1574m 
155Ow 

1506s 

1465wsh 

1454 wsh 
1443m 
1425wsh 

1373w 
1350s 

1309w 
1277vw 
1235w 

1206m 

1177m 
1155w 

1072m 
1050vw 

1020m 
1005s 

997s 
966wsh 

920vw 

842wsh 
835m 
825vwsh 

796s 

785msh 

751s 

725m 

715s 
699s 
665w 
653w 
619w 
563vw 
528w 
467w 

1452wsh 
1443m 
1427wsh 

137Ow 
1354s 

1311m 
1277Vw 
1245w 

121Ow 

1177m 
1155 w 

1075m 
1050vw 

1018ssh 
1014s 

1005s 
966w 

916vw 

845w 
836w 
825vwsh 

796s 
785wsh 

752s 

725m 
712s 

665w 
653vw 
618vw 
559vw 
528w 
467w 

Tetra-(£-methoxyphenyl)-porphine 

1608m 1608m 
1574m 1575m 
1545w 1538w 

1506s 1505s 

1465wsh 

1455 
1443m 
1427wsh 

1385w 
1375wsh 
1360s 

1316m 
1277vw 
1250w 

1211w 

1177m 
1155w 

1077m 
1050vw 

1030msh -j 
1019s I 

1009msh > 
966w 

916vw 

842wsh 
837w 
825vwsh 

796s 

754s 

725m 
713s 
700s 
666w 
653vw 
617vw 
557vw 
53Ow 
469w 

1608m 
1575m 
1544w 

1506s 

Assignment 

- - C = C - (phenyl) 
Conj, 
( — C = C - (pyrrole) 

- C = C - (phenyl) 
- C = N -

C -H bend (pyrrnle) 

-C—N— stretch 

Monosubst. 

C—H rock (pyrrole) 

Pyrrole ring 

Monosubst. phenyl 

Monosubst. phenyl 

- C = C - ( p h e n y l ) 
Conj. phenyl 
- C = C - (pyrrole) 

-- - C = C - (phenyl) 
- C = N -
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TABLE I {continued) 

Ligand 

1467m 
1457msh 
1442m 
L410w 
1405w 

1350m 

1303msh 
1289m 
1247s 
1225msh 
1214msh 
1175s 
1155m 
1106m 
107Ow 
1034m 
1024msh 
1014msh 

993m 
984m 
967m 

940w 
877w 
842m 
810ssh 
803s 
787msh 
736m 
725msh 
710m 
667vw 

645wsh 
635w 
596m 
558wsh 
535w 

1595w 
1582vwsh 
1565wsh 
1556w 
1548wsh 
1490m 
1473m 
1460wsh 
1443wsh 
1405wsh 
1396m 
1370vw 
1348m 
1338wsh 

1285vw 
1254 w 
1223w 
1213w 
1187w 

Cu 

1464m 
1456msh 
1440m 
141Ow 

1385vw 
1370vw 
1345s 
1311vwsh 
1302m 
1285m 
1247s 
1225msh 
1206m 
1174s 

1105m 
1070m 
1036m 
1022m 

998s 

955vw 

880vw 
847m 
810ssh 
799s 
786m 

723msh 
714m 
665vw 

636w 
603m 
558wsh 
537w 
437w 

1595w 
1582 vw 
1560vw 
1537w 

1487m 

1445w 

1396m 

1344m 
1335wsh 
1305w 

1237w 

1208w 

Ni 

1464m 
1456msh 
1441m 
141Ow 

1374w 
1352s 
1310wsh 
1301m 
1287m 
1247s 
1225msh 
1206w 
1175s 

1105m 
1073m 
1038m 
1026m 

1002s 

955vw 

880vw 
848m 
810ssh 
799s 
786m 

723msh 
712m 
667vw 
665vw 

636w 
606m 
558 wsh 
537w 
445w 

1595w 
1582vw 
1570vw 
1549 w 

1488m 

1465w 

1396m 
1374vw 
1352m 
1340wsh 
1312w 

1242w 

1208w 

Co 

1463m 
1452msh 
1442m 
1410w 

1372vw 
1351s 
1310wsh 
1302m 
1287m 
1247s 
1225msh 
1206w 
1175s 

1105m 
1073m 
1037m 
1025m 

1001s 

950vw 

880vw 
848m 
810ssh 
799s 
786m 

725msh 
710m 
667vw 

636w 
606m 
558wsh 
536w 
443w 

Pd 

1464m 
1455m 
1442m 
1410w 

1370wsh 
1353s 
1310m 
1304m 
1288m 
1247s 
1225msh 
121Ow 
1175s 

1106m 
1075m 
1044m 
1027m 

1016s 

1009s 
960vw 

884w 
850m 
810s 
798s 
794m 

724msh 
713m 
667vw 
665vw 

636w 
607m 
558wsh 
537w 
439w 

Tetra-(£-chlorophenyl)-porphine 

1595w 
1582 vw 
1565vw 
1544 w 

1489m 

1455w 

1396m 
1374vw 
1350m 
1335wsh 
131Ow 

1242w 

1208w 

1595w 
1582vw 
1565vw 
1539w 

1489m 

1447w 

1396m 
1372vw 
1354m 
1340wsh 
1312w 

125Ow 

1212w 

Pt 

1463m 
1455m 
1442m 
141Ow 

1385w 
1372wsh 
1358s 
1315m 
1302m 
1288m 
1246s 
1225msh 
1212w 
1175s 

1106m 
1076m 
1045m 
1030msh 

1020s\ 

1010s," 
960vw 

884w 
850m 
813s 
797s 
794m 

723msh 
713m 
667vw 
665vw 

636w 
610m 
5 58 wsh 
539w 
469w 

1595w 
1582vw 
1570vw 
1542 w 

1489m 

1455w 

1396m 
1374vw 
1359m 
1340wsh 
1316m 

125Ow 

1214w 

Assignment 

- C H s def. 

—C—H bend (pyrrole) 

= C — N stretch 

- - C - - 0 stretch 

- O C H 3 

^-Subst. phenyl 

C—H rock (pyrrole) 

C—H rock (pyrrole) 

£-Subst. phenyl 
Pyrrole ring 

C—O—C(?) 

- C = C - (phenyl) 

Conj. phenyl 
- C = C - (pyrrole) 

- C = C - (phenyl) 
- C = N -

—C—H bend (pyrrole) 

= C — N stretch 
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Ligaud 

1177w 
1153vw 
1104wsh 

1092s 
1075msh 
1018s 

994m 
983m 
967s 

945w 
875w 
852wsh 
842m 
823vw 
807ssh 
800s 
787msh 
732m 
721m 
703m 
665vw 
64Ow 
62ovw 
556vw 
493m 

" strong; m, 

Cu 

1177w 

1103wsh 
111 5vw 
1092s 
1075msh 
1014m 
1000s 

992msh 
965vw 
945vw 
88Ow 
85Ow 
845wsh 
825vw 
805s 
797s 

732w 
718m 
708m 
668vw 

630vw 
562vw 
501m 

medium; w, 

Ki 

1177 w 

1105wsh 
1120vw 
1093s 
1076msh 
1013s 
1004s 

lOOOmsh 
965vw 
945vw 
882w 
85Ow 
845wsh 
825wsh 
807s 
797s 

727w 
715m 
708m 
665vw 

630vw 
556vw 
506m 

weak, vw, very 

Co 

1177 w 

1104wsh 
1116vw 
1092s 
1077msh 
1015s 
1002s 

994msh 
960vw 
945vw 
882w 
85Ow 
845wsh 
825wsh 
805s 
797s 

725msh 
717m 
707m 
668vw 

630vw 
558vw 
506m 

weak; sh, shoulder. 

Pd 

1177w 

llOowsh 
112Ow 
1093s 
1080msh 
1022msh 
1013s 

lOOOmsh 
960vw 
945vw 
884w 
851w 
845wsh 
827wsh 
807s 
796s 

727m 
715m 
707m 
668vw 

630vw 
557vw 
507m 

Pt 

1177w 

1104wsh 
1125w 
1092s 
lOSOmsh 
1021ssh 
1014s \ 

1004msh / 
965vw 
945vw 
884w 
852w 
845wsh 
829wsh 
807s 
795s 

726m 
715m 
707m 
655vw 

630vw 
557vw 
508m 

Assignment 

£-Subst. phenyl 

C—H rock (pyrr 

£-Subst. phenyl 
Pyrrole ring 

C - C l stretch 

TABLB II 

VARIATION OF INFRARED FREQUENCIES WITH M E T A L ION 

Metal TPP J-OCH3TPP J-ClTPP 

Cu(II) 1004 998 1000 
Co(II) 1005 1001 1002 
Ni(II) 1007 1002 1004 
Pd(II ) 1014 1016 1013 
P t ( I I ) 1019 1020 1014 

near 1470 cm. - 1 , previously assigned to a — C = N — 
stretching vibration,11 disappears in the chelates. 
An absorption band, which appears at 1350 c m . - 1 

for all the ligands,4 increases in intensity and is 
shifted to higher frequencies upon chelation, the 
extent of the shift decreasing in the order Cu(I I ) < 
Co(II) < Ni(I I ) < Pd( I I ) < P t ( I I ) . Only the 
copper chelates have somewhat lower frequencies 
than the ligands. This absorption band is associ­
ated with a C — N = vibration and the frequencies 
indicate greater double bond character of this bond 
in the metal chelates. Such behavior would be 
expected if the porphine ring were to become more 
symmetrical. 

Two additional sets of absorption bands appear 
in the tetraphenylporphine ligands bu t disappear 
in the chelates. Weak absorption bands were ob­
served near 1400 c m . - 1 for all the ligands, and a 
doublet appeared at 1250 to 1225 and 1210 to 1190 
c m . - 1 for tetraphenylporphine and its ^-chloro 
derivative. For the methoxy compounds this 
doublet was masked by a strong absorption band 
in the same region. For all the ligands the 1400 
c m . - 1 vibration and the higher frequency band of 
the doublet with the exception of the methoxy 
derivatives disappear when the metal chelate is 

formed. One of these bands may be due to the 
==N—H in-plane bending vibration of the ligands 
although it is difficult to make such an assignment 
with any degree of certainty.26 A weak absorption 
band, which appears for all the chelates a t 1305-
1316 cm. - 1 , but is absent in the ligands, has not 
been assigned. 

An absorption band at 1442 c m . - 1 is assigned to 
the C - H bending vibration of pyrrole for the 
ligand and chelates of tetraphenylporphine and its 
^-methoxy derivative, since its frequency is rela­
tively constant for all these compounds.4 A similar 
vibration was observed for the ^-chloro derivative, 
but upon chelation it is shifted to higher frequencies 
in the order Cu < Pd < Pt, Co < Ni. An ab­
sorption band at 1396 c m . - 1 for all the ^-chloro 
compounds is not shifted on chelate formation, 
and it is therefore assigned to the C - H bending 
vibration. However, it is difficult to understand 
why this mode of vibration is 46 c m . - 1 lower for the 
^-chloro derivatives than for the other ligands and 
chelates. 

Little change was observed in the numerous 
— C = C — stretching vibrations of the phenyl 
rings. The absorption band near 1600 c m . - 1 is 
more intense in the chelates, as was observed pre­
viously,11 bu t the frequencv shift for the series, p-
O C H 3 > T P P > £ - C l , is the" same as for the free 
ligands. The conjugated phenyl ring vibrations 
appear near 1570 c m . - 1 . Another in-plane phenyl 
vibration occurs a t 1500 c m . - 1 . For the substi­
tu ted tetraphenylporphines, chelate formation re­
sults in a shift to slightly lower frequencies (-OCH3 

(25) J. F. FaIk and J. P. Willis, Aust. J. Scient. Research, 4, 589 
(1951). 
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>-Cl) . For the tetraphenylporphine chelates, 
however, the position of this band does not change 
significantly. 

A number of phenyl and p-disubstituted phenyl 
vibrations have been assigned in the 1155 and 1105 
cm. - 1 regions in agreement with the observations 
of Bellamy.26 

Strong absorption bands near 800 cm. - 1 were 
previously assigned to out-of-plane deformations of 
the disubstituted phenyl rings. However, from 
a further examination of the chelates for these 
ligands, it appears that the ̂ -disubstituted phenyl 
vibration is associated with the strong band at 
805-810 cm. -1 . For the ligands of the ^-methoxy 
and ^-chloro derivatives in KBr, this band appears 
as a shoulder on the 800 cm. - 1 band. However, 
it is very distinct for all the ^-disubstituted metal 
chelate compounds, and it is absent in the un-
substituted tetraphenylporphine chelates. 

The two out-of-plane deformations of the mono-
substituted phenyl rings are reassigned to the 
vibrations near 750 and at 699 cm. - 1 for tetra­
phenylporphine and its chelates. The strong ab­
sorption band at 699 cm. - 1 is common to all tetra­
phenylporphine chelates and ligand, but no such 
vibration is evident in the other series of ^-sub­
stituted compounds. 

The strong band common to all ligands and 
chelates near 800 cm. - 1 appears to be a vibration 
of the pyrrole rings. In pyrrole a very strong 
vibration occurs near 730 cm. -1 . Fuson, Fowler 
and Dangl27 have assigned a band in this region in 
pyrrole to a C-H vibration. 

A strong absorption band, associated with the 
C-O stretching vibration of the methoxy group,4'26a 

occurs at 1247 cm. -1 . The strong vibration at 1175 
cm. - 1 has also been assigned to this group. Fur­
ther, a third band of medium intensity at 596-
510 cm. - 1 is attributed to a C-O-C vibration, 
since no similar absorption was found in this region 
for any of the other ligands or chelates. This band 
may be a bending vibration. 

The absorption bands near 1460 cm. - 1 are as­
signed to the C-H bending vibration of the methyl 
groups. 

Recently Goldstein and co-workers13'28 have as­
signed an absorption band in the 500 cm. - 1 region 
of tetra-(£-chlorophenyl)-porphine and some of its 
chelates to the C-Cl stretching vibration, and it 
was observed that the ligand absorption was 
shifted to higher frequencies for all the chelates. 
The same shift is also observed for all the chelates 
reported in this research. The order of frequency, 
ligand < Cu < Co < Ni < Pd < Pt, suggests 
that there is more double bond character in this 
C-Cl bond for the chelates than for the ligand. 

(26) L. J. Bellamy, "The Infrared Spectra of Complex Molecules," 
London, Methuen, John Wiley and Sons, Inc., New York, N. Y., 1952, 
p. 69; (a) pp. 99, 102. 

(27) N. Fuson, R. G. Fowler, H. M. Randall and J. R. Dangl, 
"Infrared Determinations of Organic Structures," D. Van Nostrand 
Co., Inc., New York, N. Y., 1952, p, 61. 

(28) On the basis of the comparisons resulting from the present 
work, the assignment, originally made by Goldstein, et a/.,13 of the 
band near 500 cm. -i to the C-Cl stretching vibration is now accepted 
for these compounds. However, the band near 950 cm. - 1 cannot be 
an overtone of this stretching mode, as they suggested, since its fre­
quency does not vary with the metal ion, whereas there is appreciable 
variation of the 500 cm. - I band as the metal ion is changed. 

This same order was also observed near 600 cm. - 1 

for the vibration of the methoxy group. 
The frequencies for the C-Cl stretching vibra­

tion and for the C-O-C vibration are compared 
in Table III . 

TABLE I I I 

FREQUENCY SHIFTS OF £-SUBSTITUENTS ( C M . - 1 ) 

Ligand 
Cu(II) 
Co(II) 
Ni(II) 
Pd(II) 
Pt(II) 

C-Cl 
493 
501 
506 
506 
507 
508 

A 

8 
13 
13 
14 
15 

C-O-C 
596 
603 
606 
606 
607 
610 

A 

7 
10 
10 
11 
14 

The increased frequencies indicate tha t the metals 
do exert some effect on the bonding to these p-
substituents. However, the frequencies of the 
absorption bands associated with the me ta l -
ligand vibrations suggest t ha t the ^-methoxy and 
^-chloro phenyl rings have an electron withdrawal 
effect, and therefore an inductive influence, upon 
the central coordinate linkages. I t may well be, 
therefore, t ha t the resonance interactions of these 
groups are mainly confined to the phenyl rings 
themselves, since the benzene rings are not co-
planar with the porphine ring.4-6'29 The C-Cl 
and C - O - C frequency changes may be interpreted 
on the basis of resonance interactions of the type 

Cl+ Cl+ Cl+ 

(a) (b) (o) 

I t is possible t ha t the substitution of metals in the 
central porphine ring increases the extent to 
which such interaction can occur. Interactions of 
type (c) may have an appreciable effect on the 
ir-charge of the adjacent carbon atoms of the pyr­
role rings. The associated slight symmetry changes 
in charge and bond type of the porphine ring may 
thus also be sensitive to the size and electronega­
t ivi ty of the central metal ion. The net observed 
effect of the ^-substi tuents, however, appears to 
be one of weak electron withdrawal from the cen­
tral metal ion. 

I t is also interesting to note tha t the C — N = 
stretching vibrations, the C—Cl stretching vi­
brations and the C - O - C bending vibrations are 
also shifted to higher frequencies in the order 
Cu(II) < Co(II) < Ni(II) < Pd(II) < Pt(II). 
The same order was observed for the vibrations 
near 1000 cm. -1 , which seem to be associated with 
the metal-ligand bonds. 

Experimental 
Preparation of Metal Chelates.—All chelates of tetra­

phenylporphine and its ^-methoxy and £-chloro derivatives 
were prepared under reflux in an all-glass apparatus. Each 
of the ligands used in these preparations contained a small 
amount of chlorin (dihydrotetraphenylporphine) by-prod­
uct3 which was not removed until after combination with 
the metal ion. The chlorin ligand was characterized by 
absorption in the 650 m/i region and the various amounts of 

(29) W. D. Kumler, THIS JOURNAL, 64, 2994 (1942). 
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metal chlorins produced in some reactions were determined 
from the characteristic absorption band near 610 mn-30 

Various reaction solvents and reflux periods were em­
ployed, but in all the preparations a 0.400-g. sample of the 
appropriate ligand was used, with the exception of prepara­
tion of the platinum(II) chelate of the £-chloro derivative. 
In this case a 0.200-g. sample of ligand was employed. 
For the preparation of all the copper(II), cobalt(II) and 
nickel(II) chelates a 2:1 excess of the copper(Il) acetate 
monohydrate, nickel(II) acetate tetrahydrate or the cobalt-
(II) acetate tetrahydrate was allowed to react, either in a 
minimum amount of glacial acetic acid in mixed solvent 
systems, as was the case for the Ni(II) and Co(II) tetra-
phenylporphines and the Cu(II) , M ( I I ) and Co(II) chelates 
of the p-chloro derivative, or in the solid form such as was 
the case for the preparation of these three chelates of the p-
methoxy derivative in glacial acetic acid and for preparation 
of the Cu(II) tetraphenylporphine in dioxane. The solid 
reaction product obtained from the dioxane or chloroform-
free reaction solvents or from the acid solutions diluted with 
water was washed with water and methanol prior to chroma­
tographic purifications on talc columns (U.S.P. talc, J . T . 
Baker Co.) as chloroform or trichloroethylene (City Chemi­
cal Co., N.Y.) solutions. On talc all the Cu(II) , Co(II) 
and Ni(II) chelates appeared as orange-red bands which 
were only weakly adsorbed and which were easily eluted with 
additional developing solvent. The ligands adsorbed as a 
green band. Table IV lists the reaction conditions, method 
of purification, presence of by-products, yields, and other 
pertinent information for all the copper(II), nickel(II) and 
cobalt(II) chelates as well as for all the palladium(II) and 
platinum(II) chelates which are also described in more de­
tail below. 

Tetraphenylporphinopalladium(II)(X = H, M = Pd(I I ) ) . 
—The ligand w-as refluxed in glacial acetic acid with 0.3 g. 
of dry palladium(II) chloride (City Chemical Co.) for 10 
minutes, and to the light brown-green solution obtained, 1 
g. of sodium acetate was added. The color rapidly changed 
to maroon-brown and the reaction mixture was refluxed 
for 2 hours with an additional gram of sodium acetate. 
Spectral analysis indicated that the reaction mixture con­
tained some unreacted T P P , some chlorin ligand, as sug­
gested by absorption at 650 m,u,30 and some metal chlorin 
with an absorption maximum near 610 my.. Further re-
fluxing with additional palladium salt did not result in any 
appreciable change. The acid solution was therefore di­
luted with water, filtered and the precipitated residue was 
washed with water, air-dried, dissolved in trichloroethylene, 
and chromatographed on a talc column, the upper region 
of which was filled with talc dried at 115° for 2 hours. 
Talc used in this manner was found to be especially con­
venient for separating metal-ehlorin impurities which ap­
pear as a gray-red band. The unreacted ligand remained 
adsorbed as a green band on the upper section of the talc. 
The orange-red eluate was concentrated and distilled meth­
anol was added. A 0.24-g. yield or 57% of the theoretical 
amount of light red-violet crystals was collected. 

Tetraphenylporphinoplatinum(II) (X = H, M = Pt ( I I ) ) . 
—The tetraphenylporphine sample was dissolved in 75 ml. 
of hot benzene and 175 ml. of hot glacial acetic acid was 
added. To the green-maroon colored solution thus ob­
tained, a 20-ml. water solution of 0.6 g. of potassium chloro-
platinite (City Chemical Co.) and 5 g. of sodium acetate 
was added and the reaction mixture was refluxed at 90-
100° for 20 hours. A green-brown color developed in the 
solution near the beginning of the reaction period. After 
the cooled solution was filtered on a Buehner funnel, the 
solid material obtained was washed with water and was air-
dried. I t was then dissolved in chloroform and was chro­
matographed on a talc column. The initial orange eluate 
contained the purified chelate; additional orange-red frac­
tions contained some ligand impurities. These fractions 
were taken up separately in benzene, were rechromato-
graphed in benzene on talc, and the purity of the resulting 
eluate was examined spectrophotometrically. All the ben­
zene fractions of the same purity were combined. An ad­
ditional fraction of platinum chelate was obtained by ex­
tracting the original benzene-acetic filtrate with benzene in 
water, drying over anhydrous sodium sulfate, and finally 
chromatographing the benzene solution on a talc column. 
Since the purity of the orange eluate was comparable to 

(30) C-. D. D o r o u g h and F . M . H u e n n e k e n s . T H I S JnvRNAi.. 7 1 , 
3974 (1952). 
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those of the other fractions, the solutions were combined 
and were concentrated to 20 ml. The addition of 150 ml. of 
distilled methanol resulted in the immediate crystallization 
of the product. After the mixture had stood overnight, 
the reddish-brown crystals mixed with a waxy-white, low-
melting solid were filtered off. The impurity, which was 
soluble in chloroform, benzene, methanol and water, was 
removed by washing the mixture repeatedly with hot water 
and methanol. The yield of crystalline residue of pure 
platinum(II) tetraphenylporphine was 52 mg. or 10% of the 
theoretical amount. 

Tetra-(£-methoxyphenyl)-porphinopalladium(II) (X = 
OCH3, M = P d ( I I ) ) . - T h i s palladium(II) chelate was 
prepared with the same procedure as the one described 
above for tetraphenylporphinopalladium(II). All the metal 
chlorin, chlorin ligand, unreacted porphine and other im­
purities were removed by chromatographing a chloroform 
solution of this chelate on a talc column. Chloroform was 
also used as the developing solvent. The lustrous light red 
crystals weighed 0.263 g., which represents 58% of the 
theoretical yield. 

Tetra-(£-methoxyphenyl)-porphinoplatinum(II) (X = 
OCH3, M = P t ( I I ) ) . - A solution of the ligand in 200 ml. of 
glacial acetic acid was heated to 100° and 1.45 g. of potas­
sium chloroplatinite dissolved in 4 ml. of water was added. 
A yellow-green color developed and a fine green precipitate 
appeared. Five grams of sodium acetate was then added 
and the reaction mixture was stirred. A slight brown-
green color developed, but after the reaction mixture was 
heated at 100° for 20 hours, the color changed to yellow-
green. The cooled solution was filtered on a Biichner funnel 
and the filtrate was saved. The purple-black solid was 
washed with water, dried at room temperature, dissolved 
in trichloroethylene, and was chromatographed on a talc 
column, the upper section of which contained oven-dried 
talc. A mixture of chloroform and trichloroethylene, and 
finally chloroform alone was used as the developing solvent. 
The first 500 ml. of eluate contained pure platinum chelate 
with absorption maxima at 540, 513, 475 and 407 m« in 
benzene. Succeeding fractions, however, contained im­
purities with increased absorption at 540 m/i. Adsorbed 
in ascending order of the column were a section of gray-
brown material, some unreacted ligand, and some brown-
black deposits of platinum. The impure chloroform frac­
tions were rechromatographed on talc. All the orange-
colored solutions obtained were combined, concentrated and 
crystallized by dilution with distilled methanol. Only 31 
mg. or 6% of the theoretical yield of pure orange-red crystals 
was obtained. Anal. Calcd. for C48H36O4N4Pt: C, 62.12; 
H, 3.88; Pt , 21.05. Found: C, 62.10; H, 3.90; Pt , 
20.60. 

Concentration of the acetic acid filtrate from this main 
reaction with 0.1 g. of additional potassium chloroplatinite 
at 10-20 mm. pressure and 53° yielded an amorphous green 
material which solidified from this solution as it was concen­
trated. The blue-black solid which formed when this 

Introduction 
The stability of protein complexes reflects 

largely the character of the macromolecule and 
(1) Predoctoral Fellow of the National Institutes of Health, United 

States Public Health Service, 1954-1956, 

material was dissolved in hot water was purified in a chloro­
form solution on a talc column. A 54-mg. sample of silvery-
red-violet crystals was obtained after crystallization of the 
concentrated eluate with methanol. 

Tetra-(£-chlorophenyl)-porphmopalladium(II)) (X = Cl, 
M = Pd(II)) .—A chloroform solution of the ligand and a 
mixture of 0.25 g. of palladium(II) chloride in 75 ml. of hot 
methanol and 3 g. of sodium acetate was refluxed for 2 hours. 
Further refluxing in this solvent media resulted in the forma­
tion of more metal chlorin, but did not appreciably improve 
the yield of palladium porphyrin. After isolation of the 
solid in the usual manner, it was again heated for 2 hours 
with 250 ml. of glacial acetic acid, additional palladium 
chloride, and sodium acetate. The color change from 
green to red-brown in this acid medium indicated that addi­
tional chelate had formed. Three chromatograms in tri­
chloroethylene were necessary in order to obtain the palla­
dium porphyrin eluate in a pure form. The yield of lus­
trous, pink-orange crystals weighing 0.125 g. which repre­
sents 2 8 % of the theoretical amount. 

Tetra-(^-chlorophenyl)-porphinoplatinum(II) (X = Cl, 
M = P t ( I I ) ) . - T o 0.200 g. of tetra-(£-chlorophenyl)-por-
phine in 250 ml. of hot glacial acetic was added 0.3 g. of 
potassium chloroplatinite and 5 g. of sodium acetate in 10 
ml. of water. The resulting green-brown mixture was re-
fluxed for 24 hours. The solution was then concentrated 
to 100 ml., the solid was filtered off, and the filtrate was 
saved. The residue was washed with water and air-dried. 
The green filtrate was further treated at 100° with excess 
platinum chloroplatinite and sodium acetate for 15 hours. 
This brown-green solution was concentrated, diluted with 
water and the product was filtered off. The solid material 
was dissolved in trichloroethylene together with the solid 
in the first step, and this filtered solution was chromato­
graphed on a talc column, the upper section of which was 
oven-dried. The orange eluate was free from any unre­
acted ligand, metal chlorin or other impurity. The eluate 
was concentrated and was diluted to six times its volume 
with methanol. The lustrous, orange-brown crystals ob­
tained weighed 10 mg., which represents 4 % of the theo­
retical value. 

The absorption spectra were employed to characterize the 
tetra-(£-chlorophenyl)-porphine platinum(II) chelate. The 
characterization and purity of all other chelates were deter­
mined from elemental analysis, and the quality of the visible 
and ultraviolet absorption spectra14; extinction coefficients 
listed in Table IV are given as criteria of purity. 

Infrared Spectra.—Infrared absorption measurements 
were carried out with a Per kin-Elmer model 21 double beam 
spectrophotometer. Sodium chloride optics were used in 
the region from 4000 to 650 cm. - 1 , and an interchangeable 
potassium bromide prism assembly was substituted in order 
to make measurements in the 650 to 400 c m . - 1 region. 
All spectra were determined on the solid form with potas­
sium bromide as a diluent. 
WORCESTER, MASS. 

small ligand, but it is also affected by the nature 
of the environment. The energetics of binding, 
however, are not generally explicitly expressed in 
terms of these factors. Rather the free energy of 
binding is usually apportioned between two terms, 
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The binding of dyes by serum albumin has been found to increase in solutions to which glycine or /3-alanine has been added. 
However, this effect is not due simply to the substantial increase in dielectric constant but reflects some specific interaction 
of the added amino acid. These observations, as well as many other aspects of the formation of protein complexes, can be 
interpreted in terms of a model which largely attributes the stability of such complexes to the cooperative formation of an 
ice-like hydration lattice between the complexing species. 


