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Thermal and photochemical reactions of nitroaquacobalt(lll) tetraphenylporphyrin, (NO,)(H,0)Co"'TPP, have been
investigated in toluene solutions containing triphenylphosphine, P¢s. It is found that P¢s thermally abstracts an
oxygen atom from the NO, moiety of (NO,)(H,O)Co""TPP with a rate constant 0.52 M~ s~%, resulting in the formation
of nitrosylcobalt porphyrin, (NO)CoTPP. The 355-nm laser photolysis of (NO,)(H,O)Co"TPP at low concentrations
of Pg3 (<1.0 x 10~* M) gives Co"TPP and NO, as intermediates. The recombination reaction of Co'"TPP and NO,
initially forms the coordinately unsaturated nitritocobalt(Ill) tetraphenylporphyrin, (ON—0)Co"'TPP, which reacts with
P to yield nitro(triphenylphosphine)cobalt(lll) tetraphenylporphyrin, (NO,)(P¢s)Co"TPP. Subsequently, the substitution
reaction of the axial P¢3 with H,O leads to the regeneration of (NO,)(H,O)Co"TPP. From the kinetic studies, the
substitution reaction is concluded to occur via a coordinately unsaturated nitrocobalt(lll) porphyrin, (NO2)Co"'TPP.
At higher concentrations of P¢s (>4 x 1073 M), (NO2)(H.0)Co"'TPP reacts with P¢; to form (NO,)(P¢3)Co"TPP:
the equilibrium constant is obtained as K = 4.3. The X-ray structure analysis of (NO,)(P¢3)Co""TPP reveals that
the P—-Co—-NO, bond angle is 175.0(2)° and the bond length Co—NO, is 2.000(7) A. In toluene solutions of
(NO,)(H20)Co""TPP containing P¢s (>4 x 1073 M), the major light-absorbing species is (NO,)(P¢s)Co"TPP, which
yields (NO)CoTPP by continuous photolysis. The laser photolysis of (NO,)(P¢#3)Co"TPP gives Co'"TPP, NO,, and
P¢s as initial products. The NO, molecule is suggested to be reduced by P¢; to yield NO, and the reaction
between NO and Co'"TPP gives (NO)CoTPP. The quantum yield for the photodecomposition of (NO,)(P¢s)Co"TPP
is determined as 0.56.

Introduction as one of the factors which regulate the reactivity of the nitro

Cobalt(Ill) nitro complexes have been extensively studied 9r0uP toward oxidation of organic lrlnolechéQ’.hus, the
as reagents for thermal dioxygen activation and oxygen atomeffects of the axial ligand of (N9Co"P on oxygen atom
transfer reaction’.” For nitrocobalt(ll) porphyrins, (N@- transfer have been examined by the X-ray structure analysis,

CJ"P, the nature of the sixth axial ligands has been known €Yclic voltammetry, and the analysis of the oxidation
products from alkenés.
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Nitrocobalt(l1l) Tetraphenylporphyrin

Table 1. Crystallographic Data for (Ng(P¢3)Cd" TPPCHCls

formula CoCPO:N5Cs3Haa Z=4

cryst color, habit: dark violet, plate fee 1099.34
a=24.641(3) A A =154178A
b=9.6405(5) A u(Cu Ko) = 47.42 et
c=21.724(1) A T=24.5°C

cryst systent:orthorhombic Pcalcd= 1.415 g cn®
space groufPca2; (No. 29) Rb = 0.050

V =5160.6(7) B Rs¢ = 0.063

ag ==y =90 R=3||Fo| — |Fl/E|Fo| = 0.046.c Ry = { SW(|Fo|
— |Fe)2EWF2 12 = 0.056.

recombine to give nitritocobalt(lll) tetraphenylporphyrin,
(O=NO)Cd"TPP, as an intermediate, which eventually
returns to (NQ)(H,O)Cd"TPP?

In this paper, we describe (1) thermal and photochemical
reactions of (N@Q)(H,O)Cd"TPP in the presence of tri-
phenylphosphine (@), (2) the structure of nitro(triphenyl-  Figyre 1. Molecular structure of (N@)(Pgs)Co' TPRCHC,. Hydrogen
phosphine)cobalt(lll) tetraphenylporphyrin, (NP¢3)- atoms and a solvent molecule, CHCire omitted for clarity.
COo"TPP, studied by X-ray crystallography, and (3) photo-
dissociation of N@ from (NO,)(Pg3)Co" TPP.

Table 2. Selected Bond Lengths (A) and Angles (deg)

atoms dist atoms angle

Experimental Section Co—N1 1.949(6) NtCo—P1 87.0(2)
Reagent grade chloroform, toluene, benzene, and triphenylphos- ggimg iggggg; Hig&_l@i ggz%
phine were used without further purification. Nitric oxide gas Co—N4 1.918(6) N4-Co—P1 88.3(2)
(99.99%) was supplied from Takachiho Chem. Ind. Ltd. Co—N5 2.000(7) N5-Co—P1 175.0(2)
; ) i Co—P1 2.424(2) CeN5—01 118.9(5)
Nltroaquac_obalt(lll) tetrgphenylporphyrln, (NJ)H,O)Cd"' TPP, _ N5—O1 1212(8) CoNo—O2 117.2(6)
was synthesized and purified according to the method described = 55 1.210(9) NLCo—N5 89.5(3)
previously? Nitro(triphenylphosphine)cobalt(lll) tetraphenyl- C5-C21 1.51(1) N2Co—N5 87.8(3)
porphyrin, (NQ)(P¢3)Co"TPP, was synthesized by the reaction C10-C27 1.498(10) N3Co—N5 90.1(3)
of 147 mg of (NQ)(H.0)Cd"TPP and 320 mg of ¢ in 100 mL C15-C33 1.48(1) N4Co—N5 88.2(3)
C20-C39 1.48(1) O%1N5-02 124.0(7)

of chloroform at room temperature. The reaction finished within a
few minutes after mixing (NQ(H.O)Cd"TPP and Bs. After o . .
removal of residual solids by filtratiom:hexane was added slowly ~ ©f the crystal shown in Figure 1S of the Supporting Information.
on the surface of the chloroform solution. (N@P¢s)Co"TPP The experlmental dgtalls have been listed in the CIF file of the
CHCl; was obtained as dark violet crystals: the yield is ca. 50%. SuPporting Information. -
The crystals were used for the chemical analysis and the determi- Absorption spectra were recorded on a Hitachi 330 spectro-
nation of the molecular structure by X-ray crystallography. Anal. photometer. Water contents in toluene were measured with a Karl
Calcd for (NQ)(Pps)Co" TPRCHCIs: C, 68.83; H, 4.03; N, 6.37. Fischer titrator (AQ-7, Hiranuma Ind. Co.). Continuous photolysis
Found: C, 68.32: H, 3.98: N, 6.25. was made by a 250 W mercury lamp (Ushio 250 D) with a cutoff
Diffraction data for a single crystal of (N\g¥P¢s)Co" TPPCHCl; filter (A > 350 nm). Laser photolysis studies were carried out with
were collected at 297 K on an Enraf-Nonius CAD4 diffractometer, the use of a Nd:YAG laser, model HY 500 from JK Laser Ltd.,
equipped with graphite-monochromated Cut Kadiation. In Table ~ €quipped with second (532 nm), third (355 nm), and fourth (266
1 are listed the crystallographic data. The structure was solved by "™M) harmonic generators. The detection systems of the transient
direct methods and refined by full-matrix least-squares techniques. SPectra were described elsewhgre.
(NO,)(Pp3)Ca"TPPCHCE; is crystallized in the acentric space
groupPca2; and is polar in the-axis direction. A typical example

of the external shape of the crystal is shown in Figure 1S of the  Molecular Structure of (NO,)(P¢3)Co" TPP-CHCls.
Supporting Information. The absolute structure was determined by Figure 1 shows the molecular structure of (}®¢s)-

tyvo_methods, air-factor ratio teéio_and a comparison betwed_?g Co'"TPPCHCI; determined by X-ray crystallography. The
dift (=|Fo(+)] — [Fo(—)]) @andFe cac (=|F(+)| — |[Fe(—)])- The ratios . . . ! -
atomic coordinates, anisotropic displacement parameters,

betweenR, = 0.062 andR,-i,v = 0.109 for inverted absolute : . .
structure indicate the correct absolute structure at more than 99.9%20nd lengths, and bond angles are listed in the CIF file of

significance level. Further, as shown in Table 1S of the Supporting the Supporting Information.

Information, the signs oF. .ac values were consistent with those In Table 2 are listed the selected interatomic distances.
of Fo gir when the significant difference=|F. cad/{ o[Fo(+)]% + The Co-P distance is determined as 2.424(2) A. The
o[Fo(—)]%} %2 is larger than 1.61 Bijvoit mates. Thus, the atomic P—Co—Nyo, bond angle is 175.0(2) indicating that the
parameters in Table 1S of the Supporting Information give the P—Co—Nno, bond is almost linear. The ©N—O angle of
correct absolute structure, which corresponds to the external shapgpe NO, moiety in (NO)(Pgs)Ca"TPP is 124.0(7) in
moderate agreement with that (115.4n (NOy)(Lut)-

Results

(9) Seki, H.; Okada, K.; limura, Y.; Hoshino, M. Phys. ChemA 1997,
101, 8174-8178.
(10) Hamilton, W. C.Statistics in Physical SciencRonald Press: New (11) Adachi, H.; Sonoki, H.; Hoshino, M.; Wakasa, M.; Hayashi, H.;
York, 1964; pp 157161. Miyazaki, Y. J. Phys. Chem. 200Q 105 392—398.

Inorganic Chemistry, Vol. 41, No. 9, 2002 2519



<
E-N

<
(o)

Absorbance

=
o~

<
jast

0.0

350 400 450 700

500
Wavelength, nm
Figure 2. Time-dependent absorption spectral changes observed for the @'€ @almost identical with those of the product mentioned

550

toluene solution of 1.0k 1075 M (NO2)(H.0)Cd"TPP and 2.1x 1073

M Pgs: (1) 0 min; (2) 8 min; (3) 16 min; (4) 24 min; (5) 32 min. The inset
shows the time profile of the absorbance char@ys, monitored at 450
nm.

Cd"TPP (Lut= lutidine) 2 We have measured the-DI—0O
angles of (NQ)(H.0)Cd" TPP and (NG)(DMAPY)Cd" TPP
(DMAPyY = 4-(dimethylamino)pyridine): the former gives
122.8(3Y, and the latter 1208 These values are in good
accord with that obtained from (Ng§P¢3)Ca" TPP.

Thermal Reaction of (NO,)(H.0)Co" TPP with Tri-
phenylphosphine The absorption peaks of (NJIH.0)-
Cd"TPP in toluene are located at 417, 525, and 555 nm.
With an increase in [@], the absorption peaks of (NJpH.O)-

Adachi et al.

Cd"TPP and 2.1x 102 M P¢s3. The absorption spectrum
measured at= 0 indicates that the solution is a mixture of
(NO)(H:0)Ca"TPP and (NQ)(Pgs)Cd" TPP. The absorp-
tion bands of (N@)(H,0)Cd"TPP and (NQ)(P#3)Cd" TPP
decrease in intensity with time and ultimately change to those
with the peaks located at 413 and 535 nm. The molar
absorption coefficientse] of this product were calculated
from the absorbances of the product and the initial concen-
tration of (NQ)(H20)Cd"TPP: ¢ =1.15x 1® M tcm?
at413 and = 1.34x 10* M~1cmt at 535 nm. This product
is identified as (NO)CoTPP from the following facts.
Authentic (NO)CoTPP was made by nitrosylation of
Cd'TPP in toluene. The absorption spectrum and the molar
absorption coefficients of (NO)CoTPP#£ 1.08 x 10° M1
cmtat 415 nmand = 1.31x 10* M~* cm* at 535 nm)

above.

The addition of 10° M P¢s to the toluene solution of
(NO)CoTPP exhibits no change in the absorption peaks and
molar absorption coefficients, indicating thatis not
coordinated to the axial position of (NO)CoTPP. The laser
photolysis of the product from (N(YH,O)Cd" TPP and B3
confirms that the transient observed immediately after the
pulse is COTPP, which decays according to second-order
kinetics: the bimolecular rate constant is obtained as<.3
10° M~1s1. This value is strictly in good accord with that
(2.2 x 1® Mt s1) obtained from the laser photolysis of
authentic (NO)CoTPP. It has been well established that the
photolysis of (NO)CoTPP gives NO and ad°P, which

Co"TPP decrease in intensity and new peaks appear at 450return to (NO)CoTPP by the recombination reactibfirom

560, and 598 nm owing to the formation of (N(P¢ps)-

these results, we conclude that (NO)CoTPP is the product

Co"TPP. The absorption spectral changes observed forpptained from the thermal reaction between ¢gNE,0)-

toluene solutions of (N&(H,O)Cd" TPP at various concen-
trations of kb3 are shown in Figure 2S of the Supporting

Cd'"TPP and Bs.
As shown in Figure 2, the spectral change of the thermal

Information. Since the spectral changes exhibit isosbesticreaction of (NQ)(H,O)Cd"TPP in the presence of¢R

points, the equilibrium reaction is expressed as

(NO,)(H,0)Cd" TPP-+ Pg, == (NO,)(P;)Cd" TPP+ H,0
1)

HereK is the equilibrium constant. From eq 1, the absorb-
ance,D;, at a wavelengthl is expressed as a function of

[Pos]

Y= (D, ~ D)/(D,_D,") =K[PgJ[H,0]  (2)
whereD;° andD,~ are the absorbances ai#f = 0 and at
an “infinite” concentration of Bs, respectively. The plot of
Y vs [Pp4] gives a straight line with an intercept at the origin.
The slope of the line afford&/[H,O] = 980 ML The
concentration of water in toluene, 441073 M, leads toK

= 4.3. During the course of this study, we found that gNO
(H0)Cd"TPP thermally reacts with 43 and eventually
produces nitrosylcobalt tetraphenylporphyrin, (NOJTeP.

Figure 2 shows the time-dependent absorption spectra

changes observed for a toluene solution of gNB,0)-

(12) Kaduk, J. A.; Scheit, W. Rnorg. Chem.1974 13, 1875-1880.
(13) Unpublished results.
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exhibits the isosbestic point until the end of the reaction.
This implies that the rate for achievement of equilibrium (1)
is much faster than the rate for the formation of (NO)CoTPP.
The decay of (N@(P¢3)Ca" TPP was monitored at 450 nm.
The absorbanceDyss,, at 450 nm was found to decay
according to first-order kinetics with a rate constégsqy
With the use of the absorbandBss(0) att = 0 andD4se(c0)
att = oo, we obtain

ADyg0= ADO450 exp (—Kopsd) 3)
where AD450 = D450 - D45((00) and AD0450 = D45d0) -
D45d°0).

Figure 3 shows the plot of the rate constakfysqs
represented as a function ofdf. The Kopsq Value initially
increases with an increase ingfff and levels off at [@3] >
8.0 x 10°% M. As mentioned above, the species in the
solution are (NQ)(H,O)Cd"TPP and (NQ)(P#3)Ca" TPP.

|Thus, the possible reaction pathway for the formation of

(NO)COoTPP is the oxo-transfer reaction from either gNO
(H,0)CA"TPP and/or (N@(P¢3)Cd"TPP to Rps. On the

(14) Hoshino, M.; Kogure, MJ. Phys. Chem1989 93, 5478-5484.
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Figure 4. Transient absorption spectra observed for the toluene solution
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[P¢3]. The solid line is the calculated one according to the reaction scheme of 1.2 x 1075 M (NO)x(H20)Cd"TPP, 1.0x 1074 M [P¢3], and 4.4 x

(see text).

basis of the fact thdt,,sqlevels off at higher concentrations
of Pg3, (NO,)(H,O)Cd"TPP is considered to be responsible
for the formation of (NO)CoTPP. The reaction mechanism
for the formation of (NO)CoTPP is given by

(NO,)(H,0)Cd" TPP+ P,
(NO)COTPP+ O=P¢, + H,O (4)

The IR spectrum of the reaction mixture exhibited intense
absorption peaks at 1121 and 1178 ¢érim chloroform due
to the formation of G=Pgs.15

From eqgs 1 and 4, the rate constdgtsqfor the decay of
(NO,)(Pp3)Ca"TPP is formulated as

Konsa™ K[P¢sl/(1 + K[P¢l/[H,0]) (®)

The K/[H,0] value in eq 5 has already been determined as

9.8 x 10> M?* from the absorption spectroscopic measure-
ments. The rate constakis obtained as 0.52 M st with
curve fitting ofkopsaUsing eq 5K/[H20], and a least-squares
fitting program.

Continuous Photolysis and Laser Photolysis of (Ng)-
(H2,0)Co" TPP and (NO,)(P¢s)Co" TPP. The 355-nm laser
photolysis of (NQ)(H,0)Cd'"TPP was carried out in the
presence of §; at low ([Pps] < 2.0 x 1074 M) and high
([Pg3] > 4.0 x 103 M) concentration range. (NYH,0)-
CO'"TPP is a major species>01%) when [f3] < 1.2 x
104 M. However, (NQ)(P¢3)Cd" TPP becomes predominant
(>80%) when [p3] > 4.0 x 1073 M.

Figure 4 shows the transient absorption spectra observe

for the toluene solution of 1.2 10°° M (NO,)(H.0)-
Co"TPP and 1.0x 104 M Pg¢s3 at 30 ns and 1.0 ms after

the pulse. The transient spectrum detected at 30 ns is in goo

accord with the difference spectrum (Qd°P minus
(NO,)(H,O)Cd"TPP). Thus, the initial photochemical event
is the dissociation of Nefrom (NG,)(H,0)Cd"TPP. At 1.0

1073 M H20 at (A) 30 ns and (B) 1 ms after the 355 nm laser pulse.

peak at 450 nm and negative one at 425 nm. Since the
spectrum agrees well with the difference spectrum {NO
(Pg3)Cd"TPP minus (N@)(H,O)Cd"TPP), the transient
species is ascribed to (NJDPp3)Co"TPP. The transient
detected at 1 ms decays according to first-order kinetics to
regenerate (N&(H.O)Cd"TPP.

The decay of CHTPP monitored at 410 nm follows
second-order kinetics, indicating that 'GP principally
reacts with NQto give (G=NO)Cd"TPP? The second-order
rate constant between PP and NQis obtained as (2.6
+ 0.2) x 10°® M~1 571, invariant to the triphenylphosphine
concentration in the range ® [P¢3] < 1.0 x 104 M.

Thus, the chemical reactions of the present system are
represented as follows:

(Noz)(HZO)cd“TPPL” Cd'TPP+ NO, + H,0 (6)
Cd'TPP+ NO, — (O=N—-0)Cd"TPP 7

(0=N—0)Cd" TPP+ Pg, — (NO,)(Pp;)CA" TPP (8)
(NOZ)(P¢3)C0'"TPP% (NOCA"TPP+Pg;  (9)

k
(NO,)Cd" TPP+ H20k<——’z (NO,)(H,0)Cd"TPP (10)

Cd'TPP produced by photolysis of (N{PH,O)Cd"TPP

OLeacts with NQ to yield coordinately unsaturated nitrito-

obalt(lll) tetraphenylporphyrin, (&NO)Cd"TPP? The
coordination of g3 to (O=NO)Cd"TPP presumably ac-

qp.nelerates the intramolecular rearrangement of tkeNO

oiety, resulting in the facile formation of (N§P¢s)-
Cd"TPP. Equations 9 and 10 indicate that ()®¢ps)-
Cd"TPP decays via a coordinately unsaturated intermediate,
(NO,)CA"TPP, which eventually regenerates (N®1.0)-

ms after the pulse, the transient spectrum exhibits a positiveCO,”.l.PP by the axial coordination of

(15) The Aldrich Library of FT-IR Spectra2nd ed.; Aldrich Chemical:
Milwaukee, WI, 1997; Vol. 2, p 559.

The decay of (N@(P#3)Co"TPP monitored at 450 nm
strictly follows first-order kinetics with a rate constalt

Inorganic Chemistry, Vol. 41, No. 9, 2002 2521
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Scheme 1
(NO,)XH,0)Co"'TPP

+H20//l

hv

+ P
(NO)(Po3)Co''TPP T— [ (NO. z)Co'"TPP] Co"'TPP + NO, + H;0
N
P (0=NO)Co"'TPP

Figure 5 shows the rate consténtepresented as a function
of [P¢s]. The k: values gradually decrease with an increase
in [Pg3]. From eqs 9 and 10 and the steady-state approxima-
tion with regard to (NQ)Cd"TPP, the rate constait for

the decay of (N@(P¢3)Cd" TPP is expressed as

ke = (koko[Pepa] + kiky[H,O1)/(ke[Ppo] + ky[H,0])

Further, the equilibrium constatt in eq 1 is rewritten as

(11)

KI/[H,0] = (ky/k)(k/ky[H,0]) = 9.8 x 10°M ™! (12)
Thus, eq 11 is transformed to

k- = (kky[H,O1) (1 + 9.8 x 107[Pg,])/(k [Pl + ky[H,0])
(13)

From the curve fitting ok, with the use of eq 13 and a
least-squares fitting program, the rate constkntand the
ratio, ky/ki[H-0], are determined ds = 3.76 x 10* s *and
ko/ki[H2O] = 2.1 x 10* M1, respectively. Fromk,
ky/ki[H2Q], and eq 12, we obtaik, = 17.5 s, which gives
kilk, = 2.1 x 10. The ratioky/k; is calculated as 9.% 10
from ky/ki[H,O] = 2.1 x 10* M~*and [HO] = 4.4 x 1072

Adachi et al.
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Figure 6. Transient absorption spectra observed for the toluene solution
of 1.2 x 1075 M (NO)2(P¢3)Ca" TPP and 1.9« 1072 M [P¢3] at (a) 30 ns
and (b) 600us after the 355 nm laser pulse. The inset presents the
absorbance changAD, measured at 450 nm after the laser pulse.

by continuous photolysis suggests that, as will be mentioned
later, NQ in eq 6 is partly reduced by¢R to NO, which
reacts with CGTPP to produce (NO)C6TPP.

Continuous photolysis of (NXPg3)Co" TPP in toluene
at higher concentrations ofpR (>4 x 102 M) was carried
out with the mercury lamp. As described above, the thermal
reaction takes place to yield (NO)CoTPP. Thus, the photo-
chemical reaction of (N&(P¢3)Co"TPP in toluene was
examined immediately after mixing (NSCo" TPP and B3
to minimize the effects of the thermal reaction.

Figure 3S of the Supporting Information shows the
absorption spectral changes observed for a toluene solution
of 1.2 x 107> M (NO,)(Pg3)Ca" TPP in the presence of 1.9
x 1072 M P¢s upon irradiation with the mercury lamp. The
absorption peaks of (Ng{P#3)Co" TPP located at 450, 560,
and 600 nm decrease in intensity with an increase in the
irradiation time, and new peaks appear at 410 and 540 nm
with isosbestic points at 370, 440, and 550 nm. The
photochemical reaction completed within 10 s irradiation.
The absorption spectrum of the photoproduct is identical with
that of (NO)CoTPP. Since the thermal reaction of gNO
(P¢3)Cd"TPP in toluene is negligible at 10 s, the observed
spectral changes in Figure 3S are concluded to be mostly
caused by the photochemical reaction.

Figure 6 shows the transient absorption spectra observed
for the toluene solution of 1.2« 10°° M (NOy)(Pgs)-
Cd"TPP and 1.9x 1072 M P¢3. The transient spectrum

M in toluene used in this study. These results are summarizedgd€tected at 30 ns after the pulse is identical with the

as (1) s reacts with the coordinately unsaturated @O
CO"TPP ca. 18 times faster than ¥D and (2) the rate
constant for the dissociation of¢P from (NO)(Pes)-
CO"TPP is ca. 20 times larger than that ofQH from
(NO,)(H,0)Cd"TPP. In Scheme 1 are described the photo-
chemical reaction processes of (§(®,0)Cd"TPP in the
presence of low concentrations opf

The observation that (NYH,O)Cd"TPP in toluene at
low concentrations of g slowly changes to (NO)C6TPP

2522 Inorganic Chemistry, Vol. 41, No. 9, 2002

difference spectrum (CdPP minus (NQ)(P¢3)Ca"TPP).
The photochemical reaction occurring within the duration
of the laser pulse (20 ns) is represented by

(NO,)(Pp;)Ca" TPP+ hv — CA'TPP+ NO, + Pp, (14)
On the other hand, the transient spectrum observed at 0.6

ms is in good agreement with the difference spectrum
((NO)CoTPP minus (N@(Pgp3)Ca"TPP). This result sug-



Nitrocobalt(l1l) Tetraphenylporphyrin

Scheme 2 The quantum yield for the photodissociation of Ni@m
(NO)XP4;)Co™TPP (NO,)(Pg3)Ca"TPP was measured with the use of the 355
/ N: nm laser photolysis technigd&.The vyield, ¢, for the
(NOSOITPP + Dby Co'TPP+NO, + Pés formation of CATPP is represented as

: c(,% %_ ¢ = AD(Ac) (o) (20)

PN, whereAD, and A¢, are respectively the absorbance change
measured at 410 nm immediately after the pulse and the
No + O=P4; difference in the molar absorption coefficient between
+ Co"TPPl (NO,)(P¢3)Ca"TPP and CBTPP at 410 nm anth,s Stands
(NO)COTPP for the number of photons absorbed. For determination of

lans We used a benzene solution of zinc(ll) tetraphenyl-

gests that N@is reduced by P to yield NO. Subsequently, ~ Porphyrin, ZnTPP, WhiCh. has the absorbance identical with
the recombination reaction of ¢BPP and NO forms that of the toluene solution of (NJYPp3)Co"TPP at 355

(NO)COoTPP. nm. The triplet yieldgr, of ZNTPP is expressed as
NO, + Pp;— NO + O=P¢, (15) ¢r = AD1(Aer) ()" (21)
NO + Co'TPP— (NO)CoTPP (16) Here ADt and Aer are respectively the absorbance change

at 470 nm immediately after the pulse and the molar

The absorption spectrum of (NJ)P#3)Co"TPP has a  absorption coefficient of the triplet ZnTPP at 470 nm. From
characteristic peak at 450 nm. Thus the absorbance changeggs 20 and 21, the quantum yiejds formulated as
ADyso, at 450 nm after the pulse is monitored for investiga-
tion of the formation mechanism of (NO)CoTPP. As shown ¢ = ¢r(ADJAD;)(Aer/Ae)) (22)
in the inset of Figure 6, the initial bleachingD4s¢(L,0), at
450 nm immediately after the pulse exhibits the recovery of . ) .
the absorbance change to gid®asq(L,c0) at an “infinite” Cd"TPP is determined as O._516 Wl_ﬂl1 the use Oflsqcﬁr2,=
time. FromADasg(L,0) andADssgL,), we can determine ~ 0-83, andAer = 7.3 x 10* M™% cm™* for ZnTPP:
the initial concentration of Cd PP, [CdTPP}, and the final Discussion
concentration of (NO)CoTPP, [(NO)CoTRP]The ratio,R

The yield for the formation of CBIPP from (NQ)(Pgs)-

= [(NO)CoTPPL/[CO'TPP}, is expressed as The molecular structures of nitrocobalt(lll) porphyrins
reported hitherto have axial nitrogenous bases, and the bond
R={ AD  5¢L,%)/AD s5L,0}{ (€pco — €cqr)! lengths Ce-Nyo, are 1.897-1.948 A81218These values are

(épco— €nocd} (17) much shorter than that (2.000(7) A) obtained with @O
(Pp3)CA"TPP. The bond length CGePgy, in (NO,)(Pes)-

Here epco €co', and enoco are the molar absorption coef- Cd"TPP is determined as 2.424(2) A, moderately in good
ficients at 450 nm of (NG (P¢3)Ca"TPP, C4TPP, and accord with those of metalloporphyrins having axial tertiary
(NO)COTPP, respectivelyepco= 1.3 x 1 M~ cm™L; ecq! phosphines: 2.425 A for ®sP2° 2.523 A for W—pP;20
=09.7x 1M emY; enoco= 3.0 x 10* ML cm L. With 2.428 A for RU—P21 2.415 A for RU'—P?2 2.284 A for
an increase in [@3], the ratio,R, asymptotically increases Fe'—P23
to a limiting value 0.60 (Figure 4S of the Supporting  The thermal reaction of (gPy)CoTPP(NQ) (Cl,Py = 3,5-
Information). This fact indicates that €BPP partly (ca.  dichloropyridine) with s in dichloromethane containing
40%) returns to (N@)(Pps)Co"TPP even at an “infinite”  LiClO4 gives (NO)CoTPP and ©P¢3.® The coordination
concentration of Bs. The following reaction is assumed to  of pyridine derivatives has been found to decrease markedly
occur: the oxo-transfer reactivity of nitrocobalt(lll) porphyrins.

However, because of the complexity of the reaction system,
Pp, + NO, == Pp,--*NO, —~ Pp;=0 + NO  (18)

(16) Hoshino, M.; Sonoki, H.; Miyazaki, Y.; limura, Y.; Yamamoto, K.

NO, molecles are trapped bygpto form a complex, 17 II:S:I% Cgeng?r?a?QN%LSIg;gﬁg HPhotochem. Photobioll983
Pg3:-*NO,, which gives NO and &P¢s. The assumption ( )38, 9_yi4_' ; o T '

that the complex s:-NO, reacts with COTPP explains  (18) Jene, P. G; Ibers, J. Anorg. Chem2000Q 39, 3823-3827.

the regeneration of (NﬁP(ﬁg)CO'”TPP. (19) Che, C.-M.; Lai, T.-F.; Chung, W.-C.; Schaefer, W. P.; Gray, H. B.

Inorg. Chem.1987, 26, 3907-3911.
(20) Oumous, H.; Lecomte, C.; Protas, J.; Poncet, J. L.; Barbe, J. M,;
Ppy+*NO, + Co'TPP— (NO,)Co" TPP+ Py, (19) Guilard, R.J. Chem. Soc., Dalton Tran&984 2677-2682.
(21) Ariel, S.; Dolphin, D.; Domazetis, G.; James, B. R.; Leung, T. W.;
. . . Rettig, S. J.; Trotter, J.; Williams, G. MCan. J. Chem1984 62,
The coordinately unsaturated (NQ0" TPP in eq 19 readily 755_9752 4
reacts with ks, returning to (NQ)(P¢s)Co"TPP. The (22) James, B. R.; Dolphin, D.; Leung, T. W.; Einstein, F. W. B.; Willis,

: I : - A. C. Can. J. Chem1984 62, 1238-1245.
phOIOChemIStry of (N@(P¢3)COI TPP is represented n (23) Sodano, P.; Simonneaux, G, ToupetJLChem. Soc., Dalton Trans.

Scheme 2. 1988 2615-2620.
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the detailed mechanistic study has not yet been ddNe. photolysis of (NQ)(H,O)Cd"TPP in benzen&Probably, the
have carried out the kinetic studies on the reaction betweenphotodissociation of Nerom (NO,)(Pps)Cd" TPP becomes
(NO,)(H20)Cd"TPP and Bs. The results are interpreted by  facile more than that from (N£Co" TPP owing to the effects
assuming that (1) ¢ thermally abstracts an oxygen atom of the axial Rs. It is suggested that the bond dissociation
from (NO,)(H20)Cd" TPP to yield (NO)CoTPP and-€EPg; energy of Co-Nno, in (NO2)(Pp3)Ca"TPP is smaller than
and (2) such oxo transfer does not occur from gNPps)- that in (NG)(H,0)Cd"TPP. In fact, the bond distance €o
Co"TPP. Presumably, the coordination of an electron-rich Nyo, in (NO,)(Pgs)Cd" TPP is markedly longer than that in
P¢s molecule to the central cobalt(lll) atom effectively (NO,)(H,0)Cd"TPP.

reduces the oxidation ability of the NOmc_)iety in Continuous photolysis of (N£X(P#s)Co"TPP gives
(NO,)(Pps)Ca" TPP, and thus, (NE(P¢3)Co' TPP is unable  (NO)CoTPP as the photoproduct. From the laser photolysis
to oxidize Rps. studies, N@ produced by photolysis of (N{P¢s)Co' TPP

The laser photolysis studies of (MCH.0)Cd"TPP in 5 assumed to interact withg® to form the complex

toluene at the low concentrations Qf):P(<10 X 10_4 M) NOZ"'P¢3, which undergoes intracomp|ex oxygen atom
revealed that CA'PP was produced immediately after the (.onsfer to give NO and ©Pgs. The nitric oxide molecule,

pulse decays with the concomitant formation of @)©¢s)- thus produced, was concluded to react with TRP, resulting
Cd"TPP, which further reacts'wnlh Watgr to regenerate in the formation of (NO)CoTPP.
(NO2)(H0)Cd"TPP. From the kinetic studies, the substitu-
tion reaction of ks in (NO,)(Pp3)Co"TPP with HO is Supporting Information Available: Table 1S, listing atomic
established to occur via a coordinately unsaturated,JNO parameters for the absolute structure analysis, a CIF file, listing
Cd"TPP. The similar substitution reaction has been observeddetails of crystallographic experiments, atomic coordinates, aniso-
for the six-coordinate chromium(lll) porphyrin: a coordi- tropic displacement parameters, bond lengths, and bond angles, and
nately unsaturated chromium(lll) porphyrin is also a key Figures_ 1S-4S, presenting the external_ shape of the _cr_ystal,
intermediate in the ligand exchange reacfit s absorption spectra of (NgYH,O)Cd"TPP in toluene containing
The quantum yield for the formation of €CBPP from P"’ﬁ] spectral changes obs”erved for a mixture of {N8,0)-
(NO,)(Pp3)Ca"TPP is determined as 0.56. This value is COUTPP and (NQ(P¢s)CO"TPP in toluene upon continuous

. . . photolysis, and the plot oR vs [Pps]. This material is available
much larger than the quantum yield (0.07) obtained with the free of charge via the Internet at http://pubs.acs.org.

(24) Yamaji, M.; Hama, Y.; Hoshino, MChem. Phys. Lett199Q 165 1C0108686
309-314.
(25) Inamo, M.; Nakaba, H.; Nakajima, K.; Hoshino, Morg. Chem200Q
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