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Abstract : The catalytic activities of several metalloporphyrin, wherein the porphyrins

are TPP(5,10,15,20-Tetraphenyl-21H,23H-porphyrin) and

(p-X)TPP (X = CH30, CHs, F,

Cl), are reported for the oxidation of styrene and it’s derivatives. The electronic effects
of substrates and porphyrins on the catalytic activity of metalloporphyrin containing the
transition metal ion such as Mn(Ill) was discussed. Investigating the correlation between
the Michaelis-Menten’s rate parameters and the substituent constants, we are going to
analyze the influences on the changes of catalytic activity or rate determining step
during the processes of the formation and the dissociation of the M-oxo-olefin.
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Table 1. Oxidation of (p-Clstyrene Catalyzed by Mn(III)-porphyrin Complexs with NaClO

Catalyst Conversion Prodgct
(%) A(%)* B(%)? C(%)*
Mn(p-CH3z0)TPPCI 58 g 64 27
{(p-CH3)TPPCI 63 9 71 20
*TPPCI 74 8 70 22
{(p~-F)TPPCI 78 8 73 19
(p-C)TPPCI 90 7 69 24
experimental  condition (p-Clstyrene (1.85 mmol) and catalyst (1 #mol)

benzyldimethyltetradecylammonium chloride(0.1 mmol) dissolved in 4mL of CHyCl: terminal

oxidant(5 mmol) at 25°C for 48hrs.

% selectivity in % A: benzaldehyde B:(p-Cl)styrene oxide
C: phenylacetaldehyde + acetophenone

*TPP= 5,10,15,20- Tetraphenyl-21H,23H-porphyrin
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Table 2. Michaelis-Menten Parameters for Substituted Styrene Oxidation Catalyzed by
Mn{IID-porphyrin Complexes

Substrate

(p—~CH30)- (p-CHs)- Styrene (p-CDh~- (p-Br)-
Catalyst

K m Vmax K m Vmax K m "Imax K m Vmax K m Vmax

Mn(p-CH:O)TPPC] 33 2.2 34 20 3.7 1.3 3.8 16 4.0 13
(p-CH3)TPPCI 3.0 25 3.2 2.3 3.3 2.1 36 1.8 3.8 16
TPPCI 26 26 28 25 3.0 2.2 33 2.0 35 18
(p-F)TPPCI 24 27 26 26 2.8 24 30 22 3.3 2.1

(p-CDTPPCI 2.1 30 25 28 26 2.7 28 25 3.1 22

experimental condition : substrate(0.5 -2.2 mmol/L) and catalyst(3 umol/L), treated with
NaClO(1.85 mmol) dissolved in 4 ml of CHxCl; at 25T.

Table 3. The Dependencies (o) of the Km and Vmax on the Value of Styrene Substitutent (o+)
Against Catalyst

Catalyst o (Kn) © (Vinax)
Mn(p-CH3;0)TPPCI 08 08
(p-CHa)TPPCI 0.8 09

TPPCl 08 0.8

(p-F)TPPCI 08 0.7

(p-CDTPPCI 09 0.7

Table 4. The Dependencies (o) of the K and Vmax on the Value of Porphyrin Substitutent (40)
Against Substrate

Substrate o (Km) 2 (Vinax)
{(p—CH30)styrene 0.7 0.4
(p-CHa)styrene 05 0.4

Styrene 0.7 0.4

(p-Clstyrene 06 05

(p-F)styrene 05 0.5
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Fig. 1. Porphyrin substituents effects on K. for oxidation
of subsituted styrene catalyzed by Mn(Ill)-porphyrins.
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Fig. 2. Porphyrin substituents effects on Vma for oxidation

of subsituted styrene catalyzed by Mn(II)-porphyrins.

- 211 -

BRI LR



Vol. 19, No. 3 (2002)

o3& 2t styrene FEA M A& Mn(ll)-
porphyrin® o] Absjab-gol i Knit Vi
2 409 i =AM 7|EVERY dY
t}(Fig.1, 2) Mn(ID-porphyrinZ &4 =&
71l @& Ko I Vaxd 9dEER (p)E
(p-CH3O)styrene(0.7, 0.4), (p-CHz)styrene(0,5,
04), styrene(0,7, 0,4) (p-Clstyrene(0,6, 0,5)%
(p-Br)styrene(05, 0524 7|12 @AYl A
o] vl<s=3tgct. 2, MniD-porphyring A
2 AR o QM F7hH MOSY A4
GA (k) FEGA (ke )l WE 2HEe
g7 adeE Ad dxddes AL 4 F A
. z28ez gddy o AbEuEE MOS
2 9 BEgArt "gA4"E gA9d o] E A0
BesE OA F Ko 3 Vil 93 Aujs s
vhg-ol ot

4. W B

2" AsRgolA  Zui=yE Mn(ID-
porphyrin®d® porphyrin X #71¢} styrene
g7 Ao =g wihug 9G¥ Kuk)d
Viak2)8] ¥Hg FEX(p)olAH A< Hl&3td
t}. Mn(D-porphyring ©] 43 S#He Zvj
Az wkge EHujal-A3Al-71FA(MOS)E €
23A7 A48 e SAGE@E 138Kk o
BEaz Ba He dA(E7] Hd k)
Z Ko Vool 98t9 #uisEs ubgoleti
AzZrE o] A,

At &

2 A7E 20019% thRldetm mudT)
o sjste] £,

10.

11.

12,

13

- 212 -

Mn(I)-porphyrin® 2]&t Styrene # X9 A&l #l7tiE A+ 7

H#nE
.H. Yoon and C. ]J. Burrows, J Am
Chem. Soc., 110, 4087 (1983).
.T. R Wagler and C. ] Burrows,

Tetrahedron Lett., 40, 5091 (1988).

. H. Ohtake, T. Higuchi, and M. Hirobe, J
Am. Chem Soc., 114, 10660 (1992).

. J. A. 5. ]J. Razenberg, R. J. M. Nolte, and
W. Drenth, Tetrahedron Lett, 25, 789
(1984).

. D. Ostovic and T. C. Bruice, Acc. Chem
Res., 25, 314 (1992).

. H. Lineweaver and P. Burk, J. Am Chem.
Soc., 56, 658 (1934).

. D. D. Perrin and W. L. F. Armago, “In
Purification of Laboratory Chemicals”, 2nd
ed., Pergamon Press, Oxford (1988).

. J. B. Kim, J. J. Leonard, and F. R.
Longo, J. Am Chem Soc, 88, 3986
(1972).

. H. Kobayashi, T. Higuchi, and Y. Kaizu,
Bullutin of Chemical Society of Japan,
48, 3137 (1975).

R. D. Jones, D. A. Summerville, and F.
Basolo, J Am Chem Soc. 100, 4416
(1976).

Mario. Bressan and Morvillo, Antonino.
Inorg. Chem., 28, 950 (1989).

H. C. Brown and Y. Okamoto, J Am
Chem. Soc., 80, 4979 (1958).
. H. H. Jaffe, Chem. Rev. 53, 191 (1953).



