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Preparation of Novel 6-Bonded Organozirconium(IV) Porphyrins and
Photoreduction to the Zirconium(II) Complex by Visible Light
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Reaction of (5, 10, 15, 20-tetraphenylporphinato)zirconium diacetate
((TPP)Zr(OAc)2) with organo-lithium or -magnesium compounds gave the
corresponding o-bonded organozirconium(IlV) porphyrins ((TPP)ZrRe, R =
Me, Et, n-Bu, and Ph). Irradiation of (TPP)ZrMeg with visible light resulted
in a clean generation of the low-valent zirconium(il) porphyrin complex.

Despite the increasing interest in organometallic complexes of early transition metals, the
chemistry of their porphyrin complexes still remains in an undeveloped state. We have recently
discovered that zirconium(IV) porphyrins serve as novel, efficient catalysts for regio- and stereo-
selective carboalumination of alkynes, where (porphinato)zirconium complexes carrying c-bond-
ed zirconium - alkyl groups are the active species.l) Thus, the reactivities of the zirconium -
carbon bonds in organozirconium porphyrins are of fundamental interest.

In the present communication, we
wish to report successful preparation of
some o-bonded dialkyl- and diaryl-zirco-
nium(lV) porphyrins (2), and a clean
generation of the novel low-valent zirco-
nium(Il) species (3) by photoreduction of

the dimethyl complex (2a) with visible

light (Scheme 1).2) Zirconium(lV) porphyrins
A typical example of the prépara- 1 :X=OAc 2a:X=Me 2c: X=n-Bu
tion of 2 was given below. To a 10-mL 2b : X=Et 2d: X=Ph

Pyrex round-bottomed flask fitted with a

three-way stopcock containing a benzene suspension (2 mL) of 1 ((TPP)Zr(OAc)2,3) 0.041 g/ 0.05
mmol) was added under dry nitrogen an ether solution of methyllithium (0.45 mmol) at roorn
temperature, where 1 was immediately dissolved to give a clear reddish brown solution. The
flask was wrapped in aluminum foil, and the content was stirred in the dark for 1 h at room
temperature, then evaporated to dryness under reduced pressure. The 'H NMR spectrum of the

residue in CgDs is shown in Fig. 1,4) where a singlet signal due to the Zr-O2CCH3 groups of 1
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Zr_ Zr_
‘ OAc benzenev ‘ Me

1 LiOAc 2a 3

Et,0+Zr OEt,

Scheme 1.

(60.37 ppm (6H)) is not ob- I\
)

nal assignable to the two methyl
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onstrating the cis coordination of
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Fig. 1. 'H NMR spectrum of the reaction mixture of 1

) and MeLi in C¢De/Et20 at room temperature under
the two axial methyl groups to the No.

zirconium porphyrin moiety (2a).

Similarly, di-n-butyl- and diphenyl-zirconium(IV) porphyrins (2c and 2d) were prepared by
using n-BuLi and PhLi, respectively, in place of MeLi.4) Use of organomagnesium compounds
such as EtMgBr and n-BuzMg-TMED5) for the reaction with 1 also resulted in the formation of
diethylzirconium(IV) porphyrin (2b) and 2c, respectively.4) It is interesting to note that the
complexes 2b and 2c whose alkyl groups bear P-hydrogens were stable even at room
temperature, distinct from the zirconocene analogs (Cp2ZrRg). For example, Cp2ZrEt2 and
Cp2Zr(n-Bu)2 have been reported to be stable only at a very low temperature such as -78 °C,
while they easily undergo B-hydrogen elimination followed by reductive elimination upon warm-
ing to room temperature, giving the corresponding Cp2Zr(Il) - olefin complexes.6)

Of much interest to note is a clean photoreduction of (TPP)ZrMez (2a) into the low-valent
zirconium(Il) species. When a benzene solution of 2a, prepared from 1 and MeLi (1/5), was
irradiated with visible light (> 420 nm)7) at room temperature, the color of the solution gradual-
ly turned to green. In the 'H NMR spectrum in C¢Dg after 3-h irradiation (Fig. 2), the signal
due to the Zr-Me groups of 2a (6-2.98 ppm in Fig. 1) completely disappeared, while the two
signals due to the ortho-protons of the peripheral phenyl rings (Ph-o) turned to a single reso-
nance at 38.64 (8H) ppm, indicating that the two faces of the complex became structurally

equivalent to each other. From these observations, the zirconium species thus formed is con-
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cluded to be the novel, low-valent
zirconium(Il) porphyrin complex Et,0 '::Zr+ OEt,
3).®)  The high susceptibility of .

2a to visible light is quite interest- H

ing, considering its high thermal
stability: no decomposition of 2a

even when heated at 50 °C for 5 h. OEt, —
Ph-o {

No Zr-CH,

Since the signals of ether in Fig. 2
are observed to shift from the orig- j
inal positions,g) the zirconium(II)

porphyrin (8) is considered to be L
coordinated by ether. When A L R L A L A
1-methylimidazole (MeIm) was 0 §in ppm'5

added to this system, the upfield

shift for the signals of ether disap-  Fig. 2. 'H NMR spectrum of the reaction mixture of 1 and
& P MelLi in CgDg/Et20 after 3-h irradiation with a xenon arc

peared, and tlh()e) 3-Melm complex  jioht (> 420 nm) at room temperature under Na.

was formed. On the other

hand, no such axial ligand exchange was observed when trimethylphosphine or tert-butylacety-

- ee—emm e —aa

lene was added even in large excess to the 3-Et20 complex. It was also noted that the
zirconium(Il) porphyrin (3) was easily demetallated by H20 to give the free base porphyrin
(TPPH2), although zirconium(IV) porphyrins such as 1 are not completely demetallated even
upon treatment with conc. H2SO4.

In conclusion, the unique thermal and photochemical reactivities were observed for the
zirconium - carbon bonds in o-bonded organozirconium(IV) porphyrins. For the visible light -
induced reduction of dimethylzirconium(IV) porphyrin to the zirconium(Il) species, photoexcita-
tion of the porphyrin ligand is considered to be responsible. Utilization of these new zirconium
porphyrin complexes for organic syntheses is now under investigation.
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