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Summary

New iridium porphyrin complexes (I-V) have been prepared by the reac-~
tions of octaethylporphyrin (OEPHZ) or N-methyloctaethylporphyrin (N-Me-OEP-
H) with p-dichloro-hexacarbonyl-diiridium(I) ([Ir(C0)3Cl]2) or u-dichloro-
bis[ni-cyclooctadiene-(1,5)]-diiridium(T) ([Ir(COD)Cl]z). Hydrido- and
organo-iridium(III)OEP complexes (VI-XII) have been synthesized by various

methods and characterized on the basis of spectroscopic measurements.

Introduction

Recently, new methods have been developed to prepare second- and third-row
transition metal complexes of porphyrins [1,2]. Among the group VIII
metals, ruthenium [3-6], osmium [7-9], rhodium [10-16] and iridium ([10]
porphyrins have been synthesized and the axial coordination and redox chem-
istry of these metalloporphyrins have been shown to be very different from
those of iren and cobalt porphyrins. No report on iridium porphyrins has
been made since Fleischer and Sadasivan obtained iridium(III) porphyrin by
the reaction of meso-porphyrin IX dimethyl ester with Ir(CO)3Cl or Ir-
(cyclooctene)z(CO)Cl [10]. The formation of the porphyrin*Ir(III) has been
assumed to proceed viz the mono-valent iridium complex, [porphyrin-IxCl(CO)],
which has not been isolated as yet. Recently we have isolated new rhodium(T)
porphyrins, u-OEP[Rh(CO)2]2 and N—Me-OEPH[Rh(C0)2C1]2, by treatment of
porphyrins with [Rh(COZCl]2 [15,16]1. Organo-cobalt and -rhodium compoexes
of square planar ligands have been prepared as mimetic compounds of coenzyme
vitamnin B12 [16~22]. However, investigation for iridium analogues has not
been developed due to difficulty in incorporation of the metal and the high
resistance to reduction of the IrIII compoex to the IrI complex [17]. In

_this paper, we report facile synthetic methods to obtain the tri- and

mono-valent iridium porphyrins. The syntheses and spectroscopic proper—



Fig. 1. Organometal(III) octaethylporphyrins

ties:of'organoiridium(III)OEP compoexes will be discussad in comparison with

the corresponding cobalt [20] and rhodium [15] porphyrin complexes.
7Resu1ts and discussion

Hew iridium(I) porphyrin complexes

Iridium potphyrin compoexes (I-V) have been generated through the reac-
tion of OEPH or N-Me.OEPH with [Ir(CO) Cl]2 or [Ir(COD)Cl] as summarized
in Scheme 1. When iridium carbonyl chloride was used as a metal source,
unusual bimetall1c .mononuclear iridium porphyrins, Y-OEP[Ir(CO) ]2 (I) and
N-Me- OEPH[Ir(CO) Cl]2 (1V), were obtained. Unusual metalloporphyrins have
been prepared from metal carbonyls and porphyrins and their structures
have been eliicidated by single crystal X-ray diffraction analyses [24~
261. A cryscallcgraphic study of u-octaethylporphyrinato-bis[dicarbonyl-
rhodium(I)] shows coordination of the porphyrin ligand to two rhodium(I)
atcms above- and below the macrocyclic plane. Each d8 rhodium(I) ior is im
square planar coordination consisting of two adjacent nitrogens of porphyrin
and two carbonyl carbons [24]. In unusual ReI and TcI porphyrin complexes,
porphyrin [M(C0)3]2, two d6 metal ions have been found to be located in a

Fig. 2. Structures of u-TPP[ReI(CO)3]2 [25] (left) and u—OEP[RhI(CO)Z]Z
[24] (righ#) determined by X-ray analyses.

distorted octahedral coordination of three nltrogens of porphyrin and

three carbonyl carbons [25,26] (See Figure 2. ). The ir and visible. spectrum
of (I) are clogely akin to those of u—OEP[Rh (c0),1 (Table 1.). This ’
1nd cates that the complex (I) has a similar molecular structure to that
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of the rhodium complex. There is a slight difference between (I) and
'fhe bimetallic porphyrin complexes hitherto reported. No centrosymmetry
of (I) is evidenced by existence of six carbonyl absorption bands in
the ir spectrum and the splitting of proton signals of peripheral four
meso protons and eight ethyl protons of octaethylporphyrinato ligand in
the pmr spectrum. The coordination of three carbonyl groups to each

iridium ion probably reduces the molecular symmetry.

Table 1. Visible spectra of unusual RhI and IrI porphyrins.a

Amax(logs)
u—OEP[Rh(Co)leb 367 444 516 590
(4.82) (4.59) (4.14) (3.70)

u—OEP[Ir(CO)3}2c 350 388 445 530

(sh) (4.92) (4.55) (4.06)
N—Me-OEPH[Rh(CO)ZCI]Zd 398 430 555 570 . 595 617

(4.56) (4.48) (3.70) (3.78) (3.75) .(3.54)
N—Me‘OEPH[Ir(CO)acl]Zc 399 428 550 567 599 615

(4.71) (4.51) (3.64) (3.79) (3.64) (3.56)

a) measured in CHCl3 in nm unit. b) reference 16. c¢) this work.
d) reference 15.

The formation of the complex (IV) and (V) is much faster than that
of the complex (I). The rate enhancement is probably caused by the distor-
tion of the porphyrin ring due to the N-alkylation of pyrrolic N-H bond
[27-29]. The spectroscopic properties of N—Me-OEPH[Ir(CO)3C1]2 (IV) are
similar to those of N—Me-OEPH[Rh(CO)?_Cl]2 [15]1. The pmr spectrum shows
four separated singlets for the meso protons and eight resolved triplets
for the methyl protons of peripheral ethyl groups. Complex (IV) is comsi-
dered to have a structure analogous to that of the rhodium(I) complex,
where two metal jions of metal carbonyl chloride dimer are bonded to the
two adjacent nitrogens of the porphyrinato core. When [Ir(COD)C1]2 was
used as a metal source, no mono-valent iridium porphyrin was formed. A
new type of complex, N-Me'OE?IrIII—Cl2 (V), was isolated from the reaction -
of N-Me-OEPH instead. In complex (V), a tri—valent iridium ion seems to
be ligated by two chloride ions in the axiai coordination sites because
chloride ion could not be exchanged by the other anion such as’CIOA_.

The monitoring of the reaction of OEPH2 and [Ir(C0)3c1]2 by TLC showed
that the brownish compound (I) generated at an earlier stage was converted
to the reddish compound, OEPIrIII—Cl(CO) (II), as is seen in the case of
u—OEP[Rh(CO)Z]2 [16]. 1Indeed, the complex (I) was obtained as a main
product under milder reactiorn conditions. In contrast to the rhodium
porphyrin complex (II) has a carbonyl group as the sixth ligand. OEPIrIII-

C1{CO0) (II) was afforded in moderate yield when the mixture of OEPH2 and
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OEPH, 225 jomprrrl(coy,l,  +  OEPIXr’ ’-C1(cO)
S - S an
[ir(Cop)cii. R DT
: 2 5 opprrtlcu,. o+ oeerrt-ciccoy
F afl13
(II1) ' (II) =
[Ir(co),Cll, I '
N—MQ'OEPH > N-Me-OEPH[Ir (C0)3Cl]2
(1Iv)
[Ir(cop)Cll. : ~
2 N—Me-OEPIrHI—mZ

W)

Scheme 1. Formation of iridium porphyrins

[Ir(COD)Cl]2 was refluxed in xylene; Although the detailed reaction
pathway is not known, the carbonmyl group is probably derived from the
coordinated cyclooctadiene. It is suggested that low-valent metal complexes
catalyze the oxidation of olefins to aldehydes viag intermediate formation
of dioxetane [30,31], resulted in the liberation of carbonmonoxide from
aldehyde [32,33]. Therefore, a similar scheme may occur in the formation
of (II). No low-valent unusual metalloporphyrin has been detected even
under milder reaction conditions. An organoiridium(III)OEP (III) was
isolated as a minor product. Axial coordination of C8 ring system to the
trivalent iridium was confirmed by the nmr spectrum and microanalysis, but
its precise structure and the mechanism of its axial ligation are still not

clear.

Bydridoiridiun(IIT)OEP and organoiridiwn(III)OEP complexes

Although many mono- and tri-valent organciridium complexes are known,
no alkyliridium complex has been reported hitherto for square planar
macrocyclic systems. Schrauzer reported that treatment of chlorobis-di-
methylglyoximatoiridium,»(DHG)ZIrIII
by the addition of am alkyl halide gave trace amounte of alkyliridoximes
[17]. When the complex (II) was treated with NaBH, in ethamol, hydrido-

-C1-HC1, with a reducing agent, followed

iridiuﬁ(III)OEP (VI) was generated. The formation of a covalent Ir-H-
bond has been confirmed by the absorption at 2330 em Y in the ir and the
signal at 6 -40.27 in the pmr spectrum. The proton signals of transition
metal hydrides usually appear at high field. Invaddition, the hydride is
subjected to fhg strong diamagnetic ring current of the porphyrin macro-
cycle. - If deviatiop of the hydrogen atom from the porphyria plane 1s
about 2 R, the upffield_shift due to the ring current is expected to be
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" more than 10 ppm [16]. Addition of alkyl halides to (VI) in basic alcoholic
solution under argon resulted in the formations of alkyiiridium(III)OEP
complexes in high yield. The reactions with olefins substituted with
electron-withdrawing groups gave R-substituted ethyliridium(III)OEP complexes
(X) and (X1).

Hydridocobaloxime liberates its hydrogen as a proton to form an anignic

complex through the acid-base equilibrium. The reaction of the anionic

(L)nMIII—H _ [(L)nMI]_ + H

species with ethyl acrylate proceeds through a Michael-Type addition to give
the B-substituted ethylcobaloxime, while the hydrido species affords the a-
substituted ethylcobaloxime [17,34]. Treatment of complex (VI) with ethyl

acrylate in benzene did not give any organoiridium complexes. The addition
of methyl iodide to a benzene solution of (VI) did not afford OEPIrIII—CH

but OEPIrIII—I, whereas the hydridocobalt and hydridorhodium complexes

3

have beer reported to give alkylmetal complexes in their reactions with
alkyl halides [34]. These facts suggest that a small amount of an anionic
mono-valent iridium complex, [OEPIrI]_, generated in basic alcoholic medium,
reacts as a nucleophile with alkyl halide. We have found that hydrido-
rhodium(III)0EP suspended in ethanol can be dissolved readily by the addi-

NaBH, /OH CH_T
oerzr 1T _c1(co) b > opprrttm — 3 5 oppr:itT g
ethanol benzene
(IL) (VI) (XII) -
CH3L1/THF
v CH.I RX
OEPIrIII—CH3 < 3 [oepIrl]” — 5 orpreI-r
A ’
(ViI) R= CH. (VIII)
255
NaBH4/methanol CH,=CHR' i o-Cgly 5  (IX)
y
N-Me'OEPIrIII-Clz OEPIrIII—CHZCHZR' R' = CN (X)
w) CO,CH,  (XI)

Scheme 2. The reactions of iridium porphyrin complexes

tion of 1N NaOH solution, and the formation of octaethylporphyrinato-
rhodium(I) anion is confirmed by the visible spectrum change [16,35].
However, complex (VI) showed extremely low solubility in basic alecoholic
solution, probably due to the higher pKa value of'OEPIrIII-H than that

of OEPRR g,



o ﬁhen"/ilJHé'dmizlllwlz W was creaced with NaBH “in ethanol a methyl -
rom nitrogen to. 1r1dium took place to form OEPIrI:I CH (VII).,

;;migration

pAThe reaction seems to: proceed via an intramolecular ox1dative additian

f of: the N—CH3 ‘bond to -the Ir -ion of N—Me OEPI* ».This reaction. seems to-
'be initiated by the reduction of" (v) to the monovalent compiex. Similar
'trends have been found fot the cobalt ‘and rhod fTum complex as have been

.describedrin,our prev1ous reports [15,36].

.Spectrbscbpic properties of organoiridium(IIIJOEP complexes

The chemical shifts in the par spectra of methyl— (VII), ethyl- (VIII),
and B—ethoxycarbonylethyl—lrldium(III)OEP (XI) are compared with those of
the cotresponding cobalt— and rhodium-OEP complexes in Table 2. The protons
of rhe methyl or methylene groups bonded directly to the metals resonate
at lower ﬁagnetic fields asrwith>electronegarivity'of the metal increases.
The positions of the chemical shifts of the aromatic meso protons of the
organoiridium porphyrins are at higher magnetic field by about 0.3 vpm
. than: those of the corresponding cobalt and rhodium porphyrins. This fact
can be interpretad in terms of changes in the m-back donation of electrons
from the central metal ion to the porphyrinrring. Figure 3. demonstrates
the pmr. signais of the exially coordinated ethylene group of the OEPIrIII—
CHZCHZCOZCHB Thais spectrum is analyzed as an AA'BB} pattern. Inrthe
presence of a stoichiometric excess of pyridine, the line shapes and
chemical shifts of these signals changed owing to the coordination of
pyridine as the sixth ligand. The up-field shift of the methylene protons
_ directly bonded to iridium can be ascribed to the trans influence of the
,coordinated pyridine. It is reported that the pattern in the AA'BB’
spectrum becomes simpler, as the difference of the vicinal coupling
Constants, JAB and JA#" is smaller [37,39]. Coordinetion of a pyridine
molecule causes-a larger difference between JAB and JAB" Therefore the
population of the trans conformer (A) is preferable to those of the gauche
conformers (B) and (C). This phenomenon can be interpreted in terms of
the increase.in the steric interaction between the ethoxycarbonyl group
and the porphyrin ligand caused by the shortening of the Ir-C bond on coordi-—
nation of pyridine or the change in tﬁe degree of displacement of iridium
from porphyrin plane accompanied by the structural change from five to six

coordination [40,41].
H . LN

B
'HA/l\ Hpr HA/I\ Har
EtOC)\A

[Irj {Ir]

(B) ' )
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Table 2, Por data of organometal porphyrins, OEPMIII—Ra

r? . ®Rh € co ¢
equatorial ligand
R =CH- _CEZ_ "C_H_-_; =CH- —Cl_i.z_ -CB_3 =CH- —CEZ_ _C§3
—CH3 9.55 3.87 1.83 9.94 4.01 1.90 10.08 4.00 1.88
’Czﬂs‘ 9.64 3.95 1.86 9.97 4.03 1.40 10.00 4.00 1.89

-CH,CH,R'®  9.73 3.8 1.83 0.94 43.99 1.8 10.01 4.00 1.87

axial ligand

£
L 5 &
—CH, -6.97 -6.47 -5.20
—C2E5 -6.13 -5.18 -5.55 -4.95 ~4.08 -5.47
_ ' _ _ _ _ -2.7 v _
CHZCHZR 5.88 4.16 5.52 4.14 6.78 4.22

a) §-value in CDCl3 using TMS as an internal reference. b) this work.
¢) reference 16. d) reference 20. e) R'= COZCZHS for Ir and Co, COZCH3
for Rh. £) Ha(HB) is the proton attached to the carbon of a(B)-position
with respect to the metal. g) very broad absorption.

+ Pyridine
T — - Y
OEP-Ir-CHaCHCO,CHy in  CDCly
DL T T LS
-4 -5 -6 -7
(ppm)
Fig. 3. Pmr spectra of the -CH,CH,~ group of OEPIrIII-CHZCHZCOZCH3

(bottom) and its pyridine adduct (top).
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7”‘£xperimentaiﬁ:

Infrared, proton nmr and visible spectta were recorded on a Hitachi
EPI—GBl grating spectrophotometer, a Varian HA-100 spectrometer ‘and a
. Hitachi EPS-3T recording spectrophotometer respectively. Octaethylporphyrin,
wasbﬁfepered according to the method of Inhoffen, et al [23].
' u—oEP[IrI(co)s]z (1) and oeprr-ci(co) (1)
A mixture of 300 mg (0.482 m mol) of [Ir(CO). Cl]2 and 350 mg (0.653 m
mol) of OEPHZ

After removal of the solvent under reduced pressure, the residue was chro-

was suspended in 700 ml of xylene and refluxed for 15 hr.

matographed on silica gel (Wakogel C-200). The first eluate with benzene
afforded 18 mg of brownish red crystals of u-OEP[IrI(CO)3]2 (I) (3.5 2 yield
based on OEPHZ): ir(KBr) 2110, 2050, 2025, 2020, 1965 and 1935 cm—l v(C=0);
pmr G(CDCl3) 10.44, 10.36, 10.16 and 9.89(s, 4H, =CH-), 4.05(m, 16H, —CH,~
CH3) and 1.90, 1.80, 1.77 and 1.69(t, 24H. -CH,CH,); vis(CHC1;) A__ (loge)
350(4.63), 388(4.92), 445(4.55), 520(4.05) and 548 nm(4.08). Anal. Caled
for C,,H, N,O.Ir,: C, 46.48; H, 4.09; N, 5.16; Cl, 0.00. Found: G, 47.50;
H, 4.39; N, 5.56; C1, 0.00. The second fraction eluted with benzene-acetone
(3 : 1) gave violet crystals. Recrystallization of the crude crystals rrom
CH,CL,~CH,OH gave 132 mg of oerrrItl_c1(co) (II) (35 % yield): ir(KBr)

2050 cm * V(C=0); pur (CDCLy) 10.27(s, 4H, =CH-), 4.14(q, 16H, -CH,CH,)

and 2.00(t, 24H, —CH2C§3); vis(CHCla) Amax(logs) 402(5.23), 516(4.16) and
547 nm{4.52). Anal. Calcd for C37H44N40C11r'(l/2)CH ¢l : C, 54.21; H,
5.34; N, 6.74; ¢1, 8.53. Found: C, 53.90; H, 5.60; N, 6.70; Ci, 8.89.

When 750 mg of [Ir(COD)Cl]2 and 544 mg of OEPH2 were refluxed in xylene
for 12 hr, complex (II) was isolated in 52 Z yield. The organoiridium
complex, OEPIrIII-CaHl3 (I11), also was isolated in 5 % yield as the first
eluate with benzene from the silica gel column chromatography of the reaction
residue: pmr 6(C D6) 9.79(s, 4H, =CH~), 3.88(q, 16H, ‘CEQCH3), 1.86(t,
4H, —CHZCH3) and 0 v -6.5(broad m, 13H, Ir—C8_13), vis(CHCl3) lmax(loge)
383(5.10), 388(5.17), 498(4.10) and 529 nm(4.55). Anal. Caled for

44H57N4Ir. c, 63.35& H, 6.89; N, 6.72. Found: C, 63.55; H, 6.78; N, 6.74.

H-Me- OEPHLIY" (00) €11, (IV) and N-Me-0EPT= T c1, (V)
A new mono~valent iridium complex (IV) was prepared by stirring a benzene

solution of N-M2-0EPH (46 mg) and [Ir(CO)301}2 (70 mg) at 55°C for 5 hr.

The solution was concentrated under reduced pressure. Recrystallization

frem petroleum ether -~ benzene (1 : 2) afforded 46 mg of violet crystals

(IV) (47 %2): 1ir(KBr) 2070, 2040, 1996 and 1960 cm_l v(C=0); pmr 6(CDC1 )
©10.56, 10.46, 10.45 and 10.21(s, 4H, =CH-), 4.4 3.8(m, 16H, -CH,CH ),

1.95, 1.93, 1.87,‘1.83,_1.83, 1.76, 1.74 and 1.73(t, -248, —CHZ _3), —3 23
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(s, 1H, N-B) and -6.00(s, 3H, N—an); vis(CHCl3) Amax(logs) 399(4.71),
428(4.51), 550(3.64), 567(3.79), 599(3.64) and 615 nm(3.56). Anal. Calcd
for c43H48N4060121r2: C, 44.06; H, 4.13; N, 4.77; Ci, 5.95. Found: G,
43.573 H, 4.15; N, 4.78; C1, 6.05.

A monometallic porphyrim (V) was isolated from the reaction of N-Me-
OEPH and [Ir(COD)Cl]2 in CHZC12 at room temperature for 8 hr. The solvent

was removed and the resulting residue was chromatographed on silica gel with
CHC13. The eluate afforded dark crystals of N—He~OEPIrIII—C12 (V) by re-
crystallization from benzene — n-hexane (1 : 3) (24 Z yield): pmr 6(CDCl3)
10.15(s, 2H, =CH-), 10.08(s, 2H, =CH-), 3.96(m, 16H, -C§2CH3), 1.93(t, 124,
—Cﬂzqga), 1.86(t, 6H, —CHZCEG)’ 1.77(t, 6R, —CH2C§3) and ~1.98(s, 3H, N—QEB);
vis(C.H.) Amax(logs) 416(5.20), 514(3.97), 549(3.97) and 585 nm (3.97).
Anal. Calced for C37H47N40121r: C, 54.80; H, 5.84; N, 6.91; C1, 8.74. Found:
C, 54.82; H, 5.91; N, 6.96; Cl, 8.44.
oeprr-ca, (vII)

(A) To 9.5 mg of N—Me‘OEPIrIII—Cl in 15 ml of ethanol was added 6 mg

2
of NaBH, in 1 ml of 0.5N NaOH solution under argon. A red precipitate was

formed zhen the dark brown reaction mixture was stirred for 2 hr at 50°C.
Chloroform was added to the solution. The organic layer was washed with
water, dried over Na2504 and concentrated under reduced pressure. The
resulting residue was chromatographed on silica gel. The first eluate with
benzene afforded 6 mg of OEPIr' ''~CH, (72 %).

(B) Ten times molar amounts of methyllithium in dry THF was added to
a THF solution of OEPIrIII—Cl(CO) (II). The progress of the reaction was
menitored by the thin layer chromatography (Merck Kiesilgel 60 F254). After
it had been refluxed for 5 hr, the reaction mixture was poured into water

and extracted with benzene. OEPIrIII—CH3 (VI1) was obtained in 25 % yield.

ozpre™ I g (vI)

Complex (II) (111 mg), suspended in 45 ml of ethanol, was treated with
40 mg of NaBH, in 2 ml of aqueous 1¥ NaOH solution for 1 hr at 50°C under
argon. An amorphous red precipitate was formed. After adding 30 ml of
0.1¥ HCL, the precipitate was collected by filtration and washed with water
and then with methanol. The hydrido complex, OEPIr ' -H (VI), was dried
over PZO5 under vacuum at 80°C (86 % yield): 1ir(KBxr) 2330 cm_l v(IrH);
pmr 8(CD.) 9.85(s, 4H, =CH-), 3.90(q, 16H, -CH,CH,), 1.86(t, 24H, -CH,CH,)
and -40.27(s, 1H, Ir-H); vis(C6H6) Amax(logs) 393(5.23), 502(4.15) and 531
nm(4.51). Anal. Caled for C,_H,_N,Ir: C, 59.56; H, 6.25; N, 7.72.

36 454
Found: C, 59.85; B, 6.23; N, 7.78.
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7,»0;,?1:? T-R (R 033 (VII), Czﬁs (VIII) ”‘Cbﬂzz (IXJ)

. Te an ethano1 suspension of 37 mg of (I1), NaBH, (7 mg) in ‘1.ml of.
aqueous IN NaOH was added under argon., The reaction. mixture was stirred for
'l,hr gt.SO?C, _Methyl iodide was added to this solutlon,contalning the -
‘hydridoiridium complex (VI). The solution was stirred for 5 hr at ambient
teﬁperéfure., Bénzené Gas added to the reaction mixture. The benzene ex-
tract was washed with water and dried over anhydrous NaZSO4 " Purification
.by‘preparative TLC gave 25_mg of OEPIrIII 3 (VII) in 72 % yield. Complex
(VII) has the following»pfbperties which were coincident with those of the
comﬁlek prepared_through the other two methods as described before: ir(KBr)
1227 ™" deformation of CH,; pmr 6(CDCLy) 9.55(s, 4H, =CH-), 3.87(q, 16H,
—QEQCHB),;}.83(t, 24H, -CHZCEB) and -6.97(s, 3H, Ir—CH ); vis(CHCl3) l -
(logé) 389(5.18), .501(4.10) and 529 nm(4.49). Anal. Calcd for C37H47N4Ir.

C, 60.05; H, 6.40; N, 7.57. Found. C, 59.31; H, 6.40; N, 7.57.

OEPIrIII—C H5 (VIII) and OEPIr I—n—C Hl3 (IX) were prepared by using
ethyl iodide and n-hexyl bromide in yields of 85 % and 67 %, respectively,
using the procedure described above. The pmr spectrum of (VIII) shows (CDC13):
§ 9.64(s, 4H, =CH-), 3.95(q, 16H, 2CH ), 1.86(t, 24H, -CHZQEB),'~5.17
(F, 3H, Ir-Cqugé) and -6.12(q, 2H, It-CHZCH3). Vis(CHCl ) A (logs)
388(5.24), 500(4.24) and 530 om(4.48). Anal. Calcd for C38H49N4Ir. c,

60.52; H, 6.55; N, 7.43. Found: C, 59.95; H, 6.41; N, 6.92. The complex
(IX) shows signals in the pmr at G(C 'N) 9.94(s, 4H, =CH-), 3.97(q, 16H,
-CH CH ) 1.90(t, 24H, —CH ), -0. Ol(m, 5H, Ir- (CH2)402§5), -0.63(m, 2H,
Ir- (CH2)3CH2-), -1.72(m, ZH Ir (CHZ)Z H, -), -4.41(m, 2H, Ir—CHZCEQ-) and
~6.32(m, 2H, Ir-CH. —). Vis(C H6) Am (loge) 391(5.32), 500(4.26) and 530
ma(4.54). Anal. Calcd for ¢, H. N.Ir: C, 62.27; H, 7.09; N, 6.92. Found:

427574
Cc, 61.78; H, 7.33; N, 6.82.

OﬂRIr —CH CHZR (R =CN (X), CO 0935

The complexes (X) and (XI) were obtained from the reaction of acrylo-
nitrile and ethyl acrylate with ifidium porphyrin reduced by NaBH4 in yields
of 53 Z and 83 Z, respectively. The pmr of (X) shows: r(C D N) 19.11(s,
4k, =CH-), 4.06(q, 16H, ~CH, CH3), 1.96(t, 241, —CHZCH3), ~3. 77(m, 2H,
—C§2CN) and —-5.94(m, 2H, Ir-qu—) The C=N stretching vibration appeared
at 2230 cn T in the ir spectrum. Vis(CHCl,) A (loge) 390(5.26), 500(4.12)
and 531 nm(4.50). Anal. Calcd for C39H48N51r: c, 60.12; H, 6.21; N, 8.99.
Found: G, 60.30; H, 6.21; N, 8.87. 1In the pmr of (XI) in CDCl3, the
signals appear at & 9.73(s, 4H, =CH-), 3.96(q, 16H, ~CH, CH3), 2.83(q, 2H,
—)CH CH ), 1.87(t, 24H, -CH2C§3), 0.34(t, 3H, —OCHZCH3), -4.,16(m, 2H, Ir-
CHZEHZ-) and ~5.88(m, 2H, Ir-GH,—). The Iir spectrum shows v(C=0) at 1720
cm T, Vis(C HG) Am (loge) 391(5.26), 500(4.04) and 530 nm(4.49). Anal.
Caled for C, H__N,0.Ir: C, 59.61; H, 6.47; N, 6.78. Found: C, 60.44;

417537472
H, 6.49; N, 6.82.
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To 22 mg cof OEPIrIII—H (VI) in 12 ml of dry benzene under argon was
added methyl iodide (0.2 ml). After it had been stirred for 15 hr at room
temperature, the solution was concentrated and chromatographed on a silica
gel column. The eluate with CHCl3 was evaporated and the residue was
recrystallized to give 16 mg of OEPIrIII—I (XII) in 62 7 yield: pmr &(CDC1l.)
10.21(s, 4H, =CH-), 4.13(q, 16H, —C§2CH3) and 1.%4(t, 24H, _CHZQES); vis >
(CHCl3) Amax(loge) 396(5.22), 512(4.13) and 541 nm(4.39). Anal. Caled for
C36H4 N, IIr: C, 50.76; H, 5.21; N, 6.58; I, 14.90. Found: C, 50.21; H,

&

5.76; N, 6.40; I, 14.56.
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