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Complexes of vinylene-bridged bis- and tris(octaethylporphyrin)s (bis(OEP)-M and tris(OEP)-M) with d?® transition-
metal ions (M = Ni(Il), Pd(Il), and Pt(I)) were synthesized. Metalation of (E)-bis(OEP)-H> was carried out under the
same conditions as for the corresponding octaethylporphyrin complex (OEP-M)), to afford a mixture of complexes bearing
the vinylene-linkages with (E)- and (Z)-configurations. On the other hand, metalation of tris(OEP)-H; afforded the single
product of which two vinylene-linkages remained holding the same (E, E)-configuration as that in the free-base. 'HNMR
spectra varied more drastically for (Z)-bis(OEP)-M, with respect to those of OEP-M, while electronic absorption spectra
did more drastically for the (E)-isomers. Their electronic properties at the ground state were examined, proving that the
interaction between the constituent OEP rings through the vinylene-linkages is more intensive for tris(OEP)-M than for
bis(OEP)-M and more intensive for the Ni complex than for the Pd and Pt ones.

In recent years, structurally defined porphyrin-based
oligomers bridged with various linkages have been designed
for fundamental and applicative studies on the electronic
structures and kinetic behaviors to develop new functional or-
ganic materials such as opto-electronic devices.' Ponomarev
et al. reported the synthesis of vinylene-bridged bis(octaeth-
ylporphyrin) and its nickel complex (bis(OEP)-M: M = H,
(5) and M = Ni(II) (6)),> which can be regarded as one of the
useful model compounds for the study of “special pair” in
the photo-synthetic reaction center.” Employing the synthetic
methodology for bis(OEP)-M analogously,** we have suc-
cessfully synthesized tris(OEP) and its nickel complex (tris-
(OEP)-M: M = H, (13) and M = Ni(Il) (14)) bridged with
two vinylene-linkages, and reported that an intensive elec-
tronic interaction was observed between three constituent
OEP rings, which induced an enhancement of electron-re-

o

leasing ability and basicity as compared with those of the cor-
responding mononucleic OEP derivatives (OEP-M: M = H,
(1) and M = Ni(Il) (2)).% In continuation of our investigations
on the properties of trisCOEP)-M,° synthesis of the Pd and Pt
complexes of bis- and tris(OEP)-M were studied, since the
electronic structure, i.e., the electronic property of OEP-M is
well known to vary intensively with the incorporated metal
ions M (Chart 1).” Here, we wish to describe the synthesis of
d® transition-metal ion complexes of the title OEP derivatives
starting from (E)-bis(OEP)-H,; (5) and (E, E)-tris(OEP)-H,
(13) and to discuss their electronic properties as compared
with those of the corresponding OEP-M.

Results and Discussion

Synthesis.  Synthesis of each series of pairs of (E)- and
(Z2)-bis(OEP)-M and of (E, E)-tris(OEP)-M was performed

OEP-M (E)-bis(OEP)-M (Z)-bis(OEP)-M tris(OEP)-M
1: M=H, 5: M=H, 9: M=H, 13: M=H,
2: =Ni 6: =Ni 10:  =Ni 14: =Ni
3: =Pd 7: =Pd 11: =Pd 15: =Pd
4: =Pt 8: =Pt 12: =Pt 16: =Pt

Chart 1.
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by metalation of the two free-bases, 5 and 13, with exces-
sive amounts of the corresponding d® transition-metal salts
(M(IDX), according to the slightly modified reaction condi-
tions for preparation of OEP-M, as shown in Scheme 1.

It is well known that 5 undergoes isomerization of the
vinylene-linkage in refluxed acetic acid (AcOH) to afford
an equilibrium mixture of 5 and its (Z)-isomer 9 in a ratio
of 1:2.} Although nickelation of OEP-H, (1) with nickel-
(I) acetate tetrahydrate (Ni(OAc),-4H,0) in AcOH is very
popular for preparation of OEP-Ni (2),” the metalation of
5 to 6 in AcOH was expected to bring complicated results
at first. Therefore, 5 was treated with Ni(OAc),-4H,O in
N,N-dimethylformamide (DMF) at 110 °C, because it was
recently reported that under these conditions the complex 6
was obtained quantitatively from 5 and the (Z)-isomer 10
was also obtained in 60% yield along with its mononickel-
ation product (30%) from 9, respectively.®* The reaction of
5 in our case was slightly different from the reported re-
sult, but was also successful to afford the corresponding (E)-
configurational Ni complex 6 in 88% yield together with its
(Z)-isomer 10 in 7% yield, both of which were fortunately
and easily separated by column chromatography on silica
gel. Since neither of the already dimetalated compounds 6
and 10 exhibited further isomerization substantially under
the same conditions,' the above result indicates that the iso-
merization of (E)-vinylene-linkage to (Z)-vinylene-linkage
in bis(OEP)-H, proceeds much faster than the metalation of
the free-base OEP. Although clarification for the isomeriza-
tion processes of the vinylene-linkage should wait for further
mechanistic studies, it is curious to mention that nickelation
of 5§ with Ni(OAc),-4H,0 in a refluxed mixture of chloro-
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form (CHCl;) and methanol (MeOH), which is also conve-
nient for preparation of 2,” was not accompanied by such

‘an isomerization, while palladation of 5 in the same medium

took place smoothly together with the configurational iso-
merization (vide infra). Furthermore, it is interesting to note
that not only nickelation but also the other metalations of
13 did not exhibit such a configurational isomerization of
the vinylene-linkages at all,® affording the respective single
products with the same configuration as that of 13, but was
accompanied by gradual formation of insoluble materials un-
der the conditions of higher temperatures and longer reaction
times.

As mentioned above, by treating 5 with palladium(1I) ac-
etate (Pd(OAc),) in a gently refluxed mixture of CHCl; and
MeOH a pair of (E)- and (Z)-bis(OEP)—Pd (7 and 11) were ob-
tained in 90% and 5% yields, respectively, under much milder
conditions than those of the well-known preparative condi-
tions for OEP—Pd (3) using palladium(Il) chloride (PdCl,) in
refluxed benzonitrile (PhCN).*® In the case of tris(OEP)-M,
incorporation of the Pd(II) ion into 13 also proceeded more
readily than that of the Ni(Il) ion, being completed within
about one-fourth of the reaction time necessary for nickel-
ation of 13,>¢ to afford tris(OEP)-Pd (15)'' in an almost
quantitative yield.

In the case of platination of 5 and 13, the reactions were
intensively affected by reagent, temperature, and medium.
Treatment of § with platinum(Il) chloride (PtCl,) in refluxed
PhCN, which is well known to be convenient for prepara-
tion of OEP-Pt (4),”® gave many insoluble materials along
with a very little amount of bis(OEP)-Pt. After several tri-
als, combination of acetylacetonatoplatinum(Il) ([Pt(acac),])

(a), (b), (¢)

Y

(a) Ni(OAc), » 4H,0 in AcOH, (b) PdCl, in PhCN, (c) PtCl, in PhCN

e

*

Y
<
+

1
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15

Y

16

Scheme 1.
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with phenol (PhOH) as solvent was found to be quite effec-
tive for platination of 5. Thus, when treated with [Pt(acac);]
in PhOH at 160 °C, a pair of (E)- and (Z)-bis(OEP)-Pt (8
and 12) were obtained in 77% and 11% yields, respectively.
On the other hand, it was extremely difficult to incorporate
the Pt(Il) ion into 13, as can be deduced from the results in
Table 1. In addition to platination with [Pt(acac),] (in PhOH)
or PtCl, (in CHCl3, PhCN, DMEF, or pyridine), treatment of
13 with the easily available platination reagent of cis-diam-
minedichloroplatinum(Il) (c-[PtCl,(NH3),]; Cisplatin)'? (in
dioxane, CHCl;—MeOH, H,0-MeOH, PhOH, or DMSO)
gave no desired products, mostly affording the starting free-
base 13, otherwise affording insoluble materials without re-
covery of 13. This apparently indicates that 13 is thermally
less stable than 5. Then, if one takes into consideration that
both nickelation and palladation of 5 and 13 were readily ac-
complished with the respective reagents of metal(Il) acetate,
called “acetate method”,” platinum(Il) acetate (Pt(OAc),)"
would be a hopeful reagent. Preliminarily, when the reac-
tion was carried out by using PtCl, in a refluxed medium of
CHCl; combined with AcOH, a detectable amount for char-
acterization of tris(OEP)—-Pt (16) was successfully obtained,
together with the partially metalated products predicted on
the basis of mass spectral measurement. These results imply
that Pt(OAc), was efficiently formed in a mixture of CHCl;
and AcOH under the equilibrium conditions and that the
hardness of acetate anion plays a particularly important role
for abstraction of NH protons from each OEP-H, ring of 5
and 13. In this respect, [Pt(acac),] in a refluxed AcOH solu-
tion was also found to be useful for platination of 13. Finally,
optimum conditions for platination of 13 were achieved by
using 100% AcOH combined with a large excessive amount
of PtCl, or [Pt(acac),], affording 16 in acceptable yields
of 15-—30%, though still accompanied by a considerable
amount of insoluble material. Nevertheless, when platina-
tion of 13 was carried out at the temperature of 70 °C even
in a sole solvent of AcOH, which is almost the same as in a
refluxed mixture of CHCl; and AcOH (5 : 2), the yield of 16
was drastically reduced. Although the reason for these re-
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sults is not clear at present, it is obvious that both acetate ion
and reaction temperature exert influences on the platination
of 13.

'HNMR Spectra. 'HNMR spectra of all bis- and
tris(OEP)-M as well as OEP-M were measured at room
temperature, unless otherwise stated. Chemical shifts of
the selected meso and vinylene protons, as named in the
respective structures of the OEP derivatives (Chart 2), are
summarized in Table 2.

(I) Comparison of (F)-Bis(OEP)-M and Tris(OEP)-M
with OEP-M:  The chemical shift of the meso proton Ha
of OEP-M can be regarded as a measure for the magni-
tude of diamagnetic ring current effect induced in a diaza-
[18]annulene ring system.'* As can be seen in a series of
OEP-M (1—4), Ha shifts to the up-field in the order of
M = H; =~ Pd — Pt — Nj, clearly indicating the smallest ring
current for the Ni complex 2. Hb and Hc of bis(OEP)-M
(5—8) varied almost in parallel with Ha of OEP-M and
both protons possessed the similar chemical shifts, though
the latter ones largely exhibited a slightly greater up-field
shift from the corresponding ones. The similar trend of
chemical shift changes with the incorporated metals was
also observed for all the meso protons Hd, He, and Hf of
tris(OEP)-M (13—15), suggesting that each OEP ring of
this type of oligomers connected with the vinylene-linkage
retains and reflects the inherent ring current of OEP-M.

Table 1. Platination of 13 with 20 Molar Amounts of Pt(Il)X under Various Conditions to 16

PHIDX

[reaction media, temperature, and time, results]

PtCl,

[CHCI;, reflux, 10 h, no reaction]

[PhCN, DMEF, or pyridine, reflux, ca. 8 h, none®]
[CHCl3-AcOH (5 : 2), refulx 55 h, 4% and others]
[AcOH, 70 °C, 44 h, 2% and others™]

[AcOH, reflux, 6 h, 20—, 28%]

c-[PtCl,(NH3)]

[1,4-dioxane, CHCls-MeOH, or H,O-MeOH,

refulx, ca. 10 h, no reaction]
[PhOH, DME, or DMSO, reflux, ca. 5 h, none?]

[Pt(acac);]

[PhOH, 180 °C, 3 h, none”]

[AcOH, reflux, 5 h, 15—25%]

a) Insoluble materials without recovery of 13. b) Contains a small amount of mono- and
dimetalated products together with insoluble materials.
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Table 2. Chemical Shifts (/ppm) of meso (Alphabetical) and Vinylene (Numerical) Protons for OEP-M, Bis(OEP)-M, and Tris(OEP)-M

v Ha Hb (4H) He (2H) H1 (2H) Hd (4H) He(2H) Hf(2H) H2(2H) H3(2H)
OEP-M (E)-Bis(OEP)-M (2)-Bis(OEP)-M Tris(OEP)-M

H, 10.10 1013 994 857 803 950 9.69 1007 989 968 8.57 843

Ni 976 948 950 7.67 806 9.05 9.9 9.4 949 930 7.64 7.53

Pd 1012 10.08 10.04 8.18 815 926 955 10.08 1004  9.99 8.16 8.03

Pt 10.02 1002 996 8.17 811 921 942 10.00 997 993 8.18 8.02

To look at the chemical shift changes for meso protons
more cautiously, it is also proved that the extent of reduc-
tion of the ring current effect of OEP-M depends on both
the degree of oligomerization and the kind of incorporated
metals. In the case of series of the free-bases and Ni com-
plexes, meso protons showed the up-field shift in the order of
OEP-M — bis(OEP)-M — tris(OEP)-M, may be ascribed to
the reduction of the respective OEP ring currents in the same
order. Furthermore, Hd and He protons attached to the outer
OEP rings of tris(OEP)-M exhibited only a little up-field
shift from the corresponding meso protons of OEP-M and
bis(OEP)-M, while Hf proton attached to the central OEP
ring appeared at the greater up-field position than Hd and
He. The reason for such an up-field shift of Hf (6 = 9.30)
from Hd and He (8 = 9.44 and 9.49) in tris(OEP)-Ni (14),
for example, can be attributed to the steric hindrance be-
tween the peripheral ethyl groups and two vinylene-linkages
as substituent at 5 and 15 positions of the central OEP ring
rather than to the inductive effect of the vinylene-linkage,"
causing the severe distortion of the central OEP ring plane
and thus resulting in the more reduction of the central OEP
ring current. This is supported by some evidence of the much
broader signals due to Hf protons at around room tempera-
ture, which arises from an atrope isomerism between U,U-
(or D,D-) and U,D-conformers in consequence of distortion
of the central OEP ring in tris(OEP)-M,>*!* affecting not
only the line shape but also the chemical shift (Fig. 1).

The behavior of both Pd and Pt complexes, however,
seems to be different from that of the free-bases and Ni
complexes. For example, tris(OEP)-Pd (15) as well as bis-

U,U-Form

U,D-Form

(OEP)-Pd (7) possessed almost the same chemical shifts for
all meso protons, with the inherent ring current of OEP-Pd
(3) remaining unchanged to a great extent. These facts in-
dicate that connection with the vinylene-linkage does not
perturb the OEP frameworks of the Pd and Pt complexes,
i.e., the respective ring currents of OEP-M in 3 and 4, so
intensively as those in 1 and 2.

Chemical shift changes for vinylene protons with the
incorporated metals were different from those for meso
protons, resulting in up-field shifts in the order of M =
H, — Pd~Pt— Ni in all series. Also, it is worthy of note
that the vinylene protons in tris(OEP)-M possessed almost
the same chemical shifts as those in bis(OEP)-M, as can
be seen in the trend observed for the meso protons, though
H3 near by the central OEP ring appeared at the slightly
higher field than H2. These results indicate that tris(OEP)-M
is a system simply extended from the corresponding bis-
(OEP)-M, with high similarities in the structural properties.

Based on the results observed above, it is supposed that,
in the case of the free-bases and Ni complexes, the vinylene-
linkages in solution are situated within a deshielding region
of diamagnetic ring current effect from the OEP rings and
thus take part in the full m-electronic conjugation system
through the whole molecule to a considerable extent. On
the other hand, in the case of the Pd and Pt complexes, the
vinylene-linkages are outside such a deshielding region and
thus impede the m-electronic conjugation between the OEP
rings through the vinylene-linkage more or less, as illustrated
in Fig. 1. In other words, the activation energies for inter-
conversion between U,U- (or D,D-) and U,D-conformers

above T

Fig. 1. Interconversion between U,U (D,D)-Form and U,D-Form for tris(OEP)-M.
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in tris(OEP)-Pd and —Pt complexes would be much greater
than those in the free-base and Ni complex. Attempts to
determine their coalescence temperatures (7)) by means of
'"HNMR spectroscopy were unsuccessful, since either of the
most soluble Ni complexes of bis- and tris(OEP)-M was de-
posited out of chloroform solution at the lower temperature.®
In relation with this speculative conclusion, it is worthy of
note that (E)-bis(OEP)-Ni (6) was studied by means of X-
ray crystallography by Kitagawa et al. and was proved to
exist in a stairway-like conformational structure around the
vinylene-linkage where two constituent saddle-shaped OEP
rings are situated in an almost parallel orientation.'® Conse-
quently, it is likely that such a stairway structure makes the
Pd and Pt complexes of bis- and tris(OEP)-M retain the in-
herent ring current effects of the Pd and Pt complexes of the
mononucleic OEP-M and thus shift their vinylene protons to
a more up-field position than the free-base and Ni complex.
Even though the vinylene protons of the Ni complexes are
within a deshielding region, the reason why their vinylene
protons resonate at such higher fields should be ascribed to
the smaller ring current of the OEP-Ni complex itself'* (also
see Electronic Spectra).

(II) Comparison of (Z)-Bis(OEP)-M with (E)-Bis-
(OEP)-M: Peripheral ethyl substituents in (Z)-bis(OEP)-M
were intensively affected by configurational change: the
methylene protons appeared at higher fields and over a wider
range, as compared with those in (E)-isomer.® Both meso and
vinylene protons in (Z)-bis(OEP)-M also exhibited distinct
behaviors from the corresponding protons in (E)-isomer. The
signals due to meso protons Hb and He appeared in reverse
between (E)- and (Z)-bis(OEP)-M, both Hb and Hc in (Z)-
bis(OEP)-M exhibited up-field shift from the corresponding
protons in (E)-isomer, and especially chemical shift of Hb
was given at a field higher by 1.7—2.1 ppm than that of Ha in
OEP-M. Table 2 also shows that respective chemical shifts
of Hb in (Z)-isomer did not change in the same direction as
those of Hc as against M; up-field shifts for Hb were in the or-
der of M = Pd — Pt — Ni — H, over arange of 0.12 ppm and
for Hc in the order of M = H, — Pd — Pt — Ni over a range
of 0.45 ppm. In opposition to the behavior of meso protons,
the vinylene proton H1 in (Z)-bis(OEP)-M exhibited down-
field shift from that in (E)-isomer, appearing at the lower field
than meso protons, apart from Hc by 0.2—0.3 ppm and from
Hb by 1.2—1.7 ppm, and curiously changed its chemical
shift in the same direction as the meso proton He according
to M. And yet, the magnitude of up-field shift of Hb from Ha
is much smaller for the Ni complex 10 (Hb-Ha: AS = 1.70)
and the magnitude of down-field shift of H1 from (E)-bis-
(OEP)-M to (Z)-isomer is oppositely much greater for 10
H1 iz~ A = 1.62), as compared with the magnitudes of
the corresponding chemical shift changes for the other com-
plexes 9, 11, and 12 (Hb-a: Ad = 1.93—2.07 and Hl(z—&:
AS =1.12—1.37).

These results indicate that two OEP-M rings in (Z)-bis-
(OEP)-M face to each other with some dihedral angle 6
depending on M, as depicted in Fig. 2. In other words,
through the configurational change from (E)-bis(OEP)-M to
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Fig. 2. Transannular interaction between the face-to-face
stacking OEP-M rings in (Z)-bis(OEP)-M.

(Z)-isomer, Hb and Hec moved into the more shielding region,
while H1 moved into the more deshielding region. Ascan be
deduced from Fig. 2, the larger (smaller) dihedral angle (8)
would make the distance between the face-to-face stacked
meso protons longer (shorter) and oppositely the distance
between the neighboring vinylene protons shorter (longer),
resulting in a decrease (an increase) of anisotropic ring cur-
rent effect to Hb and in an increase (a decrease) of steric
compression to H1. As discussed in Section I, each OEP ring
of this type of oligomer connected with the vinylene-linkage
substantially retains and reflects the inherent ring current of
OEP-M more or less. In this respect, if the dihedral angles
6 are the same for all (2)-bis(OEP)-M, the smaller up-field
shift of Hb for the Ni complex 10, which is more sensitive to
the anisotropic effect in (Z)-bis(OEP)-M than another meso-
proton Hc as aforementioned, could be interpreted simply
by regarding its smallest ring current. However, the greater
down-field shift of H1 for 10 seems hard to be explained only
by the small ring current. These chemical shift changes of
Hb-a and H1(z—g), suggesting a structural difference of the
Ni complex 10 from the other metal complexes, would lead
to a conclusion of the larger @ for 10.

If one takes the conversion of (E)-bis(OEP)-H, to the
sterically more crowded (Z)-isomer at the higher tempera-
tures into consideration,*'® some preference in an attractive
interaction between two OEP-M rings should be supposed
for (Z)-isomer. From 'H NMR studies on (Z)-bis(OEP)-M,
it is also predicted that the nature of incorporated metals in-
fluences the degree of dihedral angle 8 reflecting such an
interaction between two faced OEP-M rings, which is ex-
pected to be less intensive for the Ni complex 10. Although
it is premature to make a conclusive discussion on the nature
of interaction at this stage, these results indicate that such
a transannular interaction plays an important role to give
rise to the peculiar chemical and electronic properties of (Z)-
bis(OEP)-M>*&10 (see Sections IV and VI).

Electronic Absorption Spectra.  Electronic absorption
spectra of bis- and tris(OEP)-M as well as OEP-M were
measured in .CHCl; and absorption spectral data of their
Soret and Q bands are summarized in Table 3.

(Ii) Comparison of (E)-Bis(OEP)-M and Tris-
(OEP)-M with OEP-M: It is well known that d® transition-
metal ion complexes of OEP-M belong to a class of hypso
type, in which both Soret and Q bands of 2—4 shift to the
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Table 3. Absorption Spectral Data (An.x/nm, (log €)) for OEP-M, Bis(OEP)-M, and Tris(OEP)-M in CHCl3

M Soret bands and Q bands
OEP-M (E)-Bis(OEP)-M (Z2)-Bis(OEP)-M Tris(OEP)-M
H, 375 sh 498 380 sh 480 sh 330 sh 474 sh 375 sh 507
(4.96) 4.13) (5.05) 4.55) (4.62) 4.42) (5.06) (4.83)
399 536 421 510 390 528 414 541 sh
(5.25) 3.97) (5.37) 4.52) (5.25) (4.18) (5.43) (4.58)
567 546 594 430 sh 580
(3.37) 4.17) (3.86) (5.32) (4.40)
618 581 651 633
(3.63) (4.18) (3.43) 4.26)
634 VWAB WAB
(3.86)
WAB
Ni 330 516 405 sh 483 392 530 408 491 sh
(4.10) (4.06) (5.19) 4.51) (5.29) 4.32) (5.42) 4.78)
370 sh 552 417 535 564 421 sh 516 sh
(4.44) 4.57) (5.37) 4.29) (4.45) (5.33) 4.73)
393 568 VWAB 564
(5.37) (4.36) (4.64)
WAB WAB
Pd 325 515 400 sh 525 330 sh 534 409 530
(3.95) 4.10) (5.17) (4.32) (4.43) 4.11) (5.44) (4.48)
393 546 417 556 391 567 427 554
(5.38) @.77 (5.35) (4.49) (5.29) (4.20) (5.37) 4.61)
561
(4.58)
Pt 327 505 388 sh 515 380 522 393 519
(3.80) (3.94) (5.22) 4.30) (5.37) 4.32) (5.48) “4.41)
357 sh 538 402 545 405 sh 549 411 544
(4.10) (4.70) (5.38) 4.63) (5.04) (4.50) (5.32) 4.69)
381 549 sh
(5.41) (4.68)
565 sh
(4.25)

WAB: weak absorption bands tailing up to 900—1100 nm. VWAB: very weak absorption bands tailing up to 650—750 nm.

shorter wavelengths from those of OEP-H, (1),” with ab-
sorption bands becoming much sharper and simpler in con-
sequence of the higher electronical symmetry (Dy;) caused
by metalation of the D,;, symmetric free-base 1. With respect
to Q bands, four maxima of 498, 536, 567, and 618 nm for
1 degenerate into two maxima within a region between 500
and 555 nm for 2—4. On the other hand, the Soret bands
of OEP-M exhibit hypsochromic shift in order of M = H,
(1)—Ni (2)~Pd (3) — Pt (4), over a range of ca. 20 nm,
proving quite evident with the Pt complex 4. Almost the
same trend of hypsochromic shift of the Soret bands as for
OEP-M was observed for bis(OEP)—M; M = H, (5) — Ni
(6) = Pd (7) — Pt (8), with their absorption bands appearing
at the longer wavelengths than the corresponding bands for
OEP-M. The same trend of hypsochromic shift of Soret
bands was also observed for tris(OEP)-M, but their main
bands appeared at the wavelengths between those of the cor-
responding OEP-M and bis(OEP)-M.

Apart from such a high similarity in hypsochromic shift
of both Soret and Q bands between these three series of the
OEP-M derivatives, some differences between them were

observed in weak absorption bands (WAB) with long tails,
which are believed to be characteristic of the electronic in-
teractions between the constituent OEP rings in bis- and tris-
(OEP)-M.%>¢ In the case of OEP-M, none of 1—4 exhibitany
absorption bands in the region of wavelengths longer than
620 nm. On the other hand, the Ni complexes of both bis-
and tris(OEP)-M (6 and 14) possessed the distinct absorp-
tions reaching up to 1000 nm similarly to the corresponding
free-bases (5 and 13), indicating the existence of electronic
interaction between the constituent OEP rings through the
vinylene-linkages at the ground state, as shown in Fig. 3(a).
The Pd complexes (7 and 15) as well as the Pt complexes (8
and 16), however, did not show such absorptions in a region
of wavelengths longer than 600 nm at all, affording the very
simple Q bands with two main vibrations and with enhanced
intensities, quite similar to those for the mononucleic OEP—
Pd and —Pt complexes (Fig. 3(b) for 3 and 4).

As discussed in the case of OEP-M, these spectral behav-
iors of bis- and tris(OEP)-M might also reflect the magnitude
of back-bonding interaction between M and OEP. The back-
donation from M to OEP, which is more pronounced with the
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Fig. 3. Electronic absorption spectra of trisC(OEP)-M; (a) for
13 (—) and 14 (---) and (b) for 15 (— —-) and 16 (--+-) in
CHCls.

heavier metals, operates to push LUMO levels of OEP up and
HOMO level down, resulting in the larger HOMO-LUMO
gaps. In the case of the free-bases (5 and 13) and Ni com-
plexes (6 and 14), the constituent OEP rings interact mutually
through the vinylene-linkage to achieve the full s-electronic
conjugation for stabilization, since the back-bonding interac-
tion between Ni and OEP ring does not produce stabilization
energy so sufficiently as the full s-electronic conjugation.
In contradistinction to the stabilization from the n-electronic
conjugation, it is also evident that such m-electronic conju-
gation in the molecule of this type, which forces the whole
molecule to exist in a planar conformational structure more
or less, involves a disadvantage of steric repulsion between
the peripheral ethyl substituents and the vinylene-linkages.
In this respect, the back-bonding interaction in the Pd (7 and
15) and Pt complexes (8 and 16) is sufficient to compensate
such an uncomfortable stabilization from the s-electronic
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conjugation. This results in a strong tendency that the re-
spective OEP ring chromophores in the Pd and Pt complexes
exist independently. In other words, the stronger back-bond-
ing interaction between M and OEP causes deformation from
the full t-electronic conjugation planar conformation around
the vinylene-linkage into a stairway structure to a greater ex-
tent, as is also speculated from 'HNMR spectral behaviors
of bis- and tris(OEP)-M (Fig. 4). Nevertheless, the fact that
both pairs of 7 and 8 and of 15 and 16 exhibited their Soret
bands at the wavelengths longer by over 20 nm than the
mononucleic OEP-M pair of 3 and 4 also suggests the ex-
istence of through-space interaction between the constituent
OEP rings.

(IV) Comparison of (Z)-Bis(OEP)-M with (E)-Bis-
(OEP)-M: As an example of a pair of (E)- and (2)-
bis(OEP)-M, absorption spectra of the Pt complexes 8 and
12 are shown in Fig. 5. The Soret band for (Z)-bis(OEP)-Pt
(12) appeared at the wavelength shorter by ca. 20 nm than
that for the (E)-isomer 8, resulting in giving almost the same
maximum as for OEP-Pt (4). This is nearly the same ten-
dency for the other pairs of bis(OEP)-M complexes. The
way the behavior of hypsochromic shift of the Soret bands
varied with the incorporated metal M in (Z)-bis(OEP)-M
was very similar to that in a series of (E)-isomers, resulting

_ in a quite eminent shift for the Pt complex. As can also be

seen in Fig. 5, both Soret and Q bands for (Z)-isomer are
fairly broad as compared with those for (E)-isomer.

Such behaviors are characteristic of the electronic absorp-
tion spectra for (Z)-bis(OEP)-M. Even the free-base and
Ni complex, whose structural properties are distinct from
those of the Pd and Pt complexes among a series of (E)-
bis(OEP)-M, exhibited similar behavior to the above. Such
a high similarity in spectral behavior of the Soret bands be-
tween (Z)-bis(OEP)-M and the mononucleic OEP-M indi-
cates not only an electronical isolation of the respective OEP
rings in the dinucleic (Z£)-isomer but also a small substituent

More twisted

Heavier metal M
Greater back-bonding effect

More isolated

SERS

Fig. 4. Conformational changes of trisC(OEP)-M from the
si-electronic conjugation plane to the more stairway-like
structure by metalation with the heavier metal M.
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Fig. 5. Electronic absorption spectra of (E)-bis(OEP)-Pt (8:

—) and (Z2)-bis(OEP)-Pt (12: - - -) in CHCl;.

effect of the vinylene-linkage on the electronic property of
OEP-M. On the contrary, such a broadening of the whole
spectra for (Z)-isomer suggests a transannular interaction be-
tween two faced OEP-M rings, as deduced from the structure
illustrated in Fig. 2, though it can not be excluded yet from a
probable reason if the face-to-face stacking structure induces
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Vinylene-Bridged Bis- and Tris(OEP)-M

an elongation of equilibrium nuclear distances at the excited
state in this system. It remains to be proved how such a
transannular interaction, which arises most likely from the
exciton coupling between two faced OEP-M rings, ¢ affects
the back-bonding interaction of the incorporated metals M
with OEP.

Cyclic Voltammetry. Electrochemical properties of
bis- and tris(OEP)-M as well as those of OEP-M were ex-
amined by means of cyclic voltammetry. Voltammograms
for the Ni complexes (2, 6, 10, and 14), for example, are
given in Fig. 6. Initial direction of scanning was anodic
(oxidation) for all compounds and the respective voltammo-
grams at the first scan between 0 and +1.8 V were taken
for discussion, especially because a configurational isomer-
ization of the vinylene-linkage potentially takes place in all
compounds of bis- and tris(OEP)-M."” Their electron-releas-
ing abilities were estimated from the first oxidation potential
E| values (Table 4).

(V) Comparison of (E)-Bis(OEP)-M and Tris(OEP)-M
with OEP-M:  Oxidation of a series of OEP-M includ-
ing the free-base 1 proceeds via two one-electron transfer
processes to afford the corresponding dications. Radical
cations, the products at the first oxidation stage, form at the
respective potentials regularly in accordance with ionization
tendency of M, indicating the highest electron-releasing abil-
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Fig. 6. Voltammograms of (a) OEP-Ni (2), (b) (E)-bis(OEP)-Ni, (6), (c) (Z)-bis(OEP)-Ni (10), and (d) tris(OEP)-Ni (14).
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Table 4. Half-Wave Oxidation Potentials for OEP-M, Bis(OEP)-M, and Tris(OEP)-M

M OEP-M (E)-Bis(OEP)-M (2)-Bis(OEP)-M Tris(OEP)-M

EV*1e)  EY(le) E*(1e) EY*(1e) EY*(2e) E?2e)  Ef*(le)  EY’Ge)
H, 0.94 144 059 072 149 056 067 142 036 0.56 1.19
Ni 0.86 1.32 062 070 123 057 076 126 0.49 1.05 1.25
Pd 1.04 1.78 072 090 141 061 094 147 0.65 1.14 1.48
Pt 1.09 1.81 086 104 152 061 098 147 0.75 1.17 1.56

Oxidation potentials (Eox/V) were measured by cyclic voltammetry in CH,Cl; containing n-BusNC104. GC (working E), Pt (counter

E), and SCE (reference E). Scan rate; 120 mVs—!.

ity of the Ni complex 2."® On the other hand, both bis- and
tris(OEP)-M exhibited three redox waves reversibly. Sim-
ilarly, the final products were tentatively assigned to be the
corresponding bis- and tris(dication)s (vide infra).!” The first
oxidation potential E; values of both bis- and tris(OEP)-M,
however, became higher for the complex with the heavier
metal, resulting in the highest electron-releasing ability for
the free-base in each series, which seemingly correlates with
the behavior of hypsochromic shift of their Soret bands in
the electronic spectra. In other words, the heavier effect,
i.e., the greater back-bonding interaction between OEP and
M makes the respective OEP-M more isolated to lower their
HOMO levels and thus makes the radical-cationic site less
delocalized throughout the whole molecule for stabilization,
decreasing the electron-releasing abilities of tris(OEP)-M
in order of M = H,—Ni—Pd—Pt. Also, it is proved that
oligomerization of OEP-M with the vinylene-linkage lowers

-e ¢f+e

H:C

_eHH

H_c

_2e¢T+2e

its £y value in order of the number of OEP ring, resulting in
the highest electron-releasing ability for tris(OEP)-M in each
series of the complexes with the same metal. Since the sub-
stituent effect of the vinylene-linkage on the electrochemical
property of OEP-M is very small,'™ this result suggests an
existence of through-space interaction between the respec-
tive OEP-M rings to elevate their HOMO levels regularly.
Thus, the change in E; values from M = H; up to M = Pt of
tris(OEP)-M is comparable to that from OEP-Ni (2) up to
tris(OEP)—Ni (14), in spite of the reversed influences. This
is the same case for the Pd complexes.

Although both bis- and tris(OEP)-M exhibited three oxi-
dation waves, the number of electrons participating in each
redox step proved to be different between them by current
ratio analyses; for bis(dication)s via one-, one-, and two-elec-
tron transfer processes and for tris(dication)s via two-, one-,
and three-electron transfer processes. Products at the re-

Hzcm

o

H:C

Scheme 2.
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spective steps were proposed mechanistically based on these
results, as shown in Scheme 2. Particularly in the case of tris-
(OEP)-M, the species of bis(radical cation) formed at the first
stage was tentatively deduced from the fact that the basicity
of the outer OEP-H in 13 is much higher than that of the cen-
tral OEP-H,.” As compared with a small difference between
E, and E; values for bis(OEP)-M, tris(OEP)-M exhibited a
fairly large difference between E; and E, values, indicating
a disadvantage in activation energy for releasing the next
one electron from the bis(radical cation) which newly intro-
duces the radical-cationic site into the central OEP-M ring
sandwiched between two radical-cationic OEP-M ones.

(VI) Comparison of (Z)-Bis(OEP)-M with (E)-Bis-
(OEP)-M: As can be seen in Table 4, the second oxidation
E, values for (Z)-bis(OEP)-M are different between groups
of the free-base and Ni complex (9 and 10) and of the Pd
and Pt complexes (11 and 12) similarly to the corresponding
(E) isomers, while their E; values are almost unchanged as
against M. Table 4 also shows that (Z)-bis(OEP)-M exhibits
lower oxidation potential E; values than the corresponding
(E)-isomers, proving that the electron-releasing abilities of
(Z)-bis(OEP)-M were enhanced more than those of the (E)-
isomers. Moreover, among a series of the Pd complexes (3,
7,11, and 15), 11 exhibited the lowest oxidation potential E;
value, resulting in a greater electron-releasing ability of the
dinucleic complex as compared with the trinucleic one. The
same trend was found to be more pronounced with a series
of the Pt complexes (4, 8, 12, and 16).

These results indicate that the transannular interaction be-
tween two faced OEP rings in the neutral state of (Z)-bis-
(OEP)-M is intensive sufficiently to suppress not only the
back-bonding interaction between the OEP ring and M but
also the through-space interaction between the constituent
OEP rings in (E)-bis- and tris(OEP)-M. Such an inten-
sive transannular interaction is likely to cause the fact that
(E)-bis(OEP)-H,; is converted preferably to the sterically
more crowded (Z)-isomer at the higher temperatures.®'® Es-
pecially, the magnitude of the transannular interaction can be
expected to be outstanding for (Z)-bis(OEP)-Pt (12), leading
to the much smaller dihedral angle 0 (Fig. 2) than that for
the free-base (9) and that for the Ni complex (10), as is con-
sistent with the results from '"HNMR spectra (sec Section
). Furthermore, from the fact that the E, values for (Z)-
bis(OEP)»-M were dependent on M almost in parallel with
those for the (E)-isomers, it is indicated that the back-bond-
ing interaction also plays an important part in stabilizing the
first oxidation products, radical cations, from (Z)-isomers.

Conclusion

Tris(OEP)-M was found to possess a system simply ex-
tended from the corresponding (E)-bis(OEP)-M, with the
high similarities in conformational properties. It is also
proved that metalation of the bis- and tris(OEP) free-bases,
5 and 13, with d® transition-metal ions induces deforma-
tion from the m-electronic conjugation planarity through-
out the whole molecule to the stairway-like conformational
structure, in accordance with the magnitudes of back-bond-

Vinylene-Bridged Bis- and Tris(OEP)-M

ing interaction between OEP and the incorporated metals
M (M = H,—Ni—Pd—Pt), as illustrated in Fig. 4. This
brings on the reduction of the through-bond interaction be-
tween the constituent OEP rings in the same order, resulting
in the largest degree of hypsochromic shift and in the low-
est electron-releasing ability for the Pt complexes, 8 and 16,
in each series. Similarly, the constituent OEP rings in (Z)-
bis(OEP)-M proved to be electronically more isolated as
compared with those in the corresponding (E)-bis(OEP)-M,
but reversely the transannular interaction between the face-
to-face OEP rings in (Z)-bis(OEP)-M was suggested to give
rise to the peculiarities in reactivity, spectral behavior, and
electrochemical property, depending on the kind of the in-
corporated metals. In consequence, oligomerization of OEP
rings with the vinylene-linkage makes their HOMO-LUMO
gaps reduce regularly, while metalation with the heavier d®
transition-metal ions makes their HOMO-LUMO gaps in-
crease more intensively with impeding the s-electronic con-
jugation throughout the whole molecule.

Further studies on the electronic properties of vari-
ous mixed metal complexes, bis(OEP)-(M1-M2) and tris-
(OEP)-(M1-M2-M3),"” as well as on the structural proper-
ties of their oxidation products are now in progress.

Experimental

The melting points were determined on a hot-stage apparatus
and are uncorrected. IR spectra were measured on a JASCO FT/IR
7300 spectrophotometer as KBr disks, unless otherwise stated; only
significant absorptions are reported. Electronic absorption spectra
were measured in CHCl; solution on a Shimadzu UV-2200A spec-
trophotometer (sh = shoulder). 'HNMR spectra were measured in
CDCl; solution on JEOL a-400 (400 MHz) spectrometers and were
recorded in d-values with TMS as an internal standard. FAB mass
spectra were recorded with a JEOL AX-505 spectrometer using m-
nitrobenzyl alcohol (NBA) as a matrix agent. Cyclic voltamme-
try was performed on a BAS CV-27 under the conditions shown
in Table 4. Silica gel (Daiso gel 1001W or Merck 60) was used
for column chromatography. CHCl; was distilled over calcium
hydride and THF was distilled from sodium benzophenone ketyl
under argon before use. The reactions were followed by TLC alu-
minum sheets precoated with Merck silica gel Fysq4 or with Merck
aluminum oxide GF;s4. Organic extracts were dried over anhydrous
sodium sulfate or magnesium sulfate prior to removal of the sol-
vents. The compounds 1—4 and 5 and 9 were prepared according
to the reported procedures, as mentioned in the text.

Dinickel(I) (E)- and (Z)-Complexes of 5,5'-Vinylenebis(2,3,
7,8,12,13,17,18-octaethylporphyrin) (6 and 10): The mixture of
(E)-bis(OEP)-H; 57 (20 mg, 0.018 mmol) and Ni(OAc),-H,0 (89.6
mg, 0.36 mmol) in DMF (30 cm®) was stirred at 110 °C for 5 h.2
After being poured into water, the reaction mixture was extracted
with CHCl3, washed with brine thoroughly, and then dried. The
residue obtained after removal of solvent was chromatographed on
silica gel (3.8 %5 cm) with CHCl; to afford the (E)-isomer 6 (19.4
mg, 88%) as the first fractions. The later fractions afforded the (Z)-
isomer 10 (1.5 mg, 6.8%).

6:>  Black purple microcrystals (hexane~CHCl3); 'HNMR
8 =9.50 (2H, s, meso-H), 9.48 (4H, s, meso-H), 7.66 (2H, s,
-CH=CH-), 3.88 (16H, q,J = 7.5 Hz, -CH,-),3.76 8H,q,/ = 7.5
Hz, -CH,-), 3.40 (8H, br s, -CHz-), 1.85—1.70 (36H, m, CH3),
1.02 (12H, t, J = 7.5 Hz, CH3).
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10:*  Black purple microcrystals (hexane-CHCl3); 'HNMR
6 =9.29 (2H, s, -CH=CH~), 9.05 (2H, s, meso-H), 8.06 (4H, s,
meso-H), 4.02 (4H, dq, J = 7.5 and 15 Hz, -CH,-), 3.86 (4H, dq,
J =75 and 15 Hz, -CH,-), 3.76 (4H, dq, J = 7.5 and 15 Hz,
—CH»-), 3.59 (4H, dq, J = 7.5 and 15 Hz, -CH,-), 3.49 (4H, dq,
J =75 and 15 Hz, -CH,-), 2.89 (4H, dq, J = 7.5 and 15 Hz,
—CHy-), 2.66 (4H, dq, J = 7.5 and 15 Hz, -CH,-), 2.59 (4H, dq,
J =7.5and 15 Hz, -CH,~), 1.81 (12H, t, J = 7.5 Hz, CH3), 1.50
(12H, t, J = 7.5 Hz, CHs), 1.44 (12H, t, J = 7.5 Hz, CH3), 0.69
(12H, t; J = 7.5 Hz, CHa).

Dipalladium(II) (E)- and (Z)-Complexes of 5,5’-Vinylenebis-
(2,3,7,8,12,13,17,18-octaethylporphyrin) (7 and 11):  The mix-
ture of 52 (20 mg, 0.018 mmol) and Pd(OAc), (80.8 mg, 0.36 mmol)
in CHC13—-MeOH (4 : 1 v/v, 30 cm3) was refluxed with stirring gen-
tly for 3 h. After being poured into water, the reaction mixture
was extracted with CHCls, washed with brine, and then dried. The
residue obtained after removal of solvent was chromatographed on
silica gel (3.2x5 cm) with CHCl; to afford the (E)-isomer 7 (21.5
mg, 90%) as the first fractions. The later fractions afforded the (Z)-
isomer 11 (1.2 mg, 5.0%).

7:  Reddish purple microcrystals (hexane—CHCl3); mp > 300
°C; Mass (FAB) m/z 1303 (M*+1); IR (KBr) 2955, 2930, and
2865 cm™' (CH); '"HNMR 6 = 10.10 (4H, s, meso-H), 10.02 (2H,
s, meso-H), 8.15 (2H, s, -CH=CH-), 4.16 (16H, q, J = 7.5 Hz,
—CH»-), 3.72 (8H, q, J = 7.5 Hz, -CH»-), 3.55 (8H, br s, -CH;,-),
2.1—1.8 (12H, m, CH3), 1.3—1.1 (24H, m, CH3), 0.92 (12H, t,
J = 7.5 Hz, CH3). Found: C, 68.01; H, 7.00; N, 8.87%. Calcd for
C4HssNsPd,: C, 68.24; H, 6.81; N, 8.61%.

11: Reddish purple microcrystals (hexane—CHCl3); mp
> 300 °C; Mass (FAB) m/z 1303 (M" +1); IR (KBr) 2960, 2935,
and 2870 cm™! (CH); '"HNMR & = 9.55 (2H, s, ~-CH=CH-), 9.26
(2H, s, meso-H), 8.15 (4H, s, meso-H), 4.42 (4H, dq, J = 7.5 and
15 Hz, ~CH,-), 4.22 (4H, dq, J = 7.5 and 15 Hz, -CH,-), 3.88
(4H, dq, J = 7.5 and 15 Hz, -CHy-), 3.64 (4H, dgq, J = 7.5 and
15 Hz, -CH,-), 3.48 (8H, m, —-CH,-), 3.22 (4H, dq, J = 7.5 and
15 Hz, -CH,-), 3.11 (4H, dq, J = 7.5 and 15 Hz, -CH,-), 1.78
(12H, t, J = 7.5 Hz, CH3), 1.58—1.52 (24H, m, CH3), 1.22 (12H,
t,J = 7.5 Hz, CH3). Found: C, 67.98; H, 6.93; N, 8.55%. Calcd
for C74HgsNsPd,: C, 68.24; H, 6.81; N, 8.61%.

Diplatinum(I) (E)- and (Z)-Complexes of 5,5’ -Vinylenebis(2,
3,7,8,12,13,17,18-octaethylporphyrin) (8 and 12):  The mixture
of 52 (20 mg, 0.018 mmol) and Pt(acac), (141 mg, 0.36 mmol) in
PhOH (30 cm®) was stirred at 155—160 °C for 5 h. After being
poured into water, the reaction mixture was extracted with CHCls,
washed with sat. sodium hydrogencarbonate aq thoroughly, and
with brine, and then dried. The residue obtained after removal
of solvent was chromatographed on silica gel (3.8x6 cm) with
CHCls—ethyl acetate to afford the (E)-isomer 8 (20.9 mg, 77%) as
the first fractions. The later fractions afforded the (Z)-isomer 12
(3.0 mg, 11%).

8: Reddish purple microcrystals (hexane—~CHCls); mp > 300
°C; Mass (FAB) m/z 1480 (M* +1); IR (KBr) 2960, 2930, and
2875 em™' (CH); '"HNMR & = 10.02 (4H, s, meso-H), 9.96 (2H,
s, meso-H), 8.17 (2H, s, -CH=CH-), 4.07 (16H, q, J = 7.5 Hz,
—CH,-), 3.7—3.6 (16H, m, -CH,-), 2.0—1.9 (12H, m, CHs3),
1.3—1.2 (24H, m, CH3), 0.96 (12H, t, J = 7.5 Hz, CH3). Found:
C, 59.85; H, 6.22; N, 7.46%. Calcd for C74HgsNgPty: C, 60.06; H,
5.99; N, 7.57%.

12: Reddish purple microcrystals (hexane-CHCl3); mp > 300
°C; Mass (FAB) m/z 1480 (M* +1); IR (KBr) 2960, 2930, and
2870 cm™' (CH); '"HNMR & = 9.39 (2H, s, -CH=CH-), 9.21 (2H,
s, meso-H), 8.12 (4H, s, meso-H), 4.43 (4H, dq, J = 7.5 and 15
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Hz, -CH,-), 4.20 (4H, dq, J = 7.5 and 15 Hz, -CH,-), 3.90 (4H,
dq, J = 7.5 and 15 Hz, -CH;-), 3.66 (4H, dq, J = 7.5 and 15 Hz,
—CHy-), 3.49 (8H, m, —CH,-), 3.19 (4H, dq, J = 7.5 and 15 Hz,
—CH,-), 3.08 (4H, dq, J = 7.5 and 15 Hz, -CH,-), 1.75 (12H, t,
J =17.5Hz,CH3), 1.6—1.5 (24H, m, CH3), 1.20 (12H, t,J = 7.5 Hz,
CHs;). Found: C, 59.73; H, 6.25; N, 7.33%.Calcd for C74sHgsNsPts:
C, 60.06; H, 5.99; N, 7.57%. :

Trinickel(I) Complex of (E, E)-5,15-Bis[2-(2,3,7,8,12,13,17,
18-octaethyl-5-porphyrinyl)vinyl]-2,3,7,8,12,13,17,18-octaethyl-
porphyrin (14): 14 was prepared from (E, E)-tris(OEP)-H, 13
by way of the previously reported procedure.’ Black microcrystals
(hexane-CHClz); 'HNMR & = 10.08 (4H, br s, meso-H), 10.04
(2H, s, meso-H), 9.99 (2H, s, meso-H,), 8.16 2H, d, J = 15 Hz,
—CH=CH-), 8.03 (2H, brd, J = 15 Hz, -CH=CH-), 4.2—3.2 (48H,
m, CH,), 2.1—1.9 (48H, m, CHs3), 1.3—1.1 (24H, m, CHs).

Tripalladium(II) Complex of (E, E)-5,15-Bis[2-(2,3,7,8,12,13,
17,18-octaethyl-5-porphyrinyl)vinyll-2,3,7,8,12,13,17,18-octa-
ethylporphyrin (15):  The mixture of 13° (20 mg, 0.012 mmol)
and Pd(OAc); (80.8 mg, 0.36 mmol) in a mixture of CHCl;-MeOH
(4:1 v/v, 30 cm®) was refluxed for 1.5 h. After being poured into
water, the reaction mixture was extracted with CHCl3, washed with
brine, and then dried. The residue obtained after removal of solvent
was chromatographed on silica gel (3.4x5 cm) with CHClz—ethyl
acetate to afford 15'' (23 mg, 96%) as the main and sole product.
Sparkling reddish purple microcrystals (hexane-CHCls); mp > 300
°C; Mass (FAB) m/z 1966 (M* +1); IR (KBr) 2960, 2930, and 2860
cm™' (CH); '"HNMR 6§ = 10.08 (4H, br s, meso-H), 10.04 2H, s,
meso-H), 9.99 (2H, s, meso-H), 8.16 (2H, d, J = 15 Hz, -CH=CH-),
8.03 (2H, br d, J = 15 Hz, -CH=CH-), 4.2—3.2 (48H, m, CH,),
2.1—1.9 (48H, m, CH3), 1.3—1.1 (24H, m, CH3). Found: C,
68.72; H, 6.78; N, 8.27%. Calcd for C112H;3:N12Pds: C, 68.42; H,
6.77; N, 8.56%.

Triplatinum(II) Complex of (E,E)-5,15-Bis[2-(2,3,7,8,12,13,17,
18-octaethyl-5-porphyrinyl)vinyl]-2,3,7,8,12,13,17,18-octaethyl-
porphyrin (16):  The mixture of 13° (20.6 mg, 0.0125 mmol)
and PtCl; (60.5 mg, 0.246 mmol) in AcOH (15 cm’) was refluxed
for 6 h. After being poured into water and neutralized with sat.
sodium bicarbonate aq, the reaction mixture was extracted with
CHCIl3, washed with brine, and then dried. The residue obtained
after removal of solvent was chromatographed on silica gel (3.2x 12
cm) with CHCl; to afford 16 (7.9 mg, 28.3%). Sparkling reddish
purple microcrystals (hexane-CHCl3); mp > 300 °C; Mass (FAB)
m/z 2232 (M* +1); IR (KBr) 2960, 2925, and 2850 cm™' (CH);
'HNMR & = 10.01 (4H, br s, meso-H), 9.97 (2H, s, meso-H), 9.93
(2H, s, meso-H), 8.19 (2H, d, J = 15 Hz, -CH=CH-), 8.03 (2H,
br d, J = 15 Hz, -CH=CH-), 4.2—3.3 (48H, m, CH»), 2.1-—0.7
(72H, m, CH3). Found: C, 60.05; H, 6.22; N, 7.30%. Calcd for
C112H132N12Pt32 C, 60.30; H, 5.92; N, 7.54%.
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