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Figure 1. Plots of log % ., versus Er value for the ring closure
reaction of the open form of 6"-substituted 5-Chloro-8'-nitro-1,3,3-
trimethyl-indolinobenzospiropyrans [1; (6'-CH,), 2: (6'-H) and 3;
(6'-Br)] in various solvents.

ear plots were obtained. No branched linear plot is however
obtained for the compound 3.

In the highly polar-solvent region (Er>40), good linear
plots with negative slopes have been obtained as we obser-
ved*, The rate of the ring closure from the open-chain
merocyanine form depends markedly on the substitutents
in the present series 1-3. The sensitivity of rate on medium
polarity is highetest (slope=0.37) for the compound 3,
whereas it is lowest (slope=0.064) for the compound 1. This
finds an explanation that electron withdrawing groups (6'-Br
and 8-NO,) will stabilize the dipolar structure Ila in the
ground state. This provides further support for the dipolar
structure of the merocyanines formed on ring opening of
the spiropyrans in polar solvent media. Surprisingly, branch-
ed linear plots with zero slopes were obtained in the less
polar-solvent region (Er<40) for the compounds 1 and 2,
which have no electrowithdrawing substituent in the 6'-posi-
tion. There are little sensitivities to both media and substi-
tuents.

This unusual observation of doubly branched solvatokine-
tics in the present system is hence indicative of a structural
change of the ring opened merocyanine, between polyene-
like structure Ifa and the quinonoidal structures IIb in the
ground state and hence alter the reaction mechanism for
the spiro-ring formation. This is in coincedence with the re-
cent report’ of the solvatochromic merocyanine dye, 4-[2-(1-
methyl-4-pyridinojethylJphenoclate which exhibits both batho-
chromic (E7<40) and hypsochromic shift (E+>40) of long
wavelength n—n* absorption band as the solvent polarity
increases.

Dual mechanistic processes are thus suggested to be oper-
ating in the spiro-ring formations. Namely the ionic process
via TS: in polar solvent media and the concerted electro-
cyclic process via TS, in nonpolar solvent media are operated
for 1 and 2 in the spiro-ring formation. Whereas the ionic
process is operated for 3 in the whole region of solvent pola-
rity examined. Further investigations for the doubly branch-
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ed solvatokinetics and solvatochromism of the 5-substituted
indotinobenzo-spiropyran derivatives and their open-chain
merocyanines are currently underway.
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Heme proteins which contain iron porphyrins as prosthe-
tic group are responsible for oxygen transport and storage,
electron transport, oxygen reduction and hydrocarbon oxida-
tion? An ideal chemical model for these enzymes should
satisfy a few structural characteristics such as similar active
site geometry, protective structural feature and similar do-
main. The design and synthesis of model compounds for
heme proteins become increasingly important in the investi-
gation of various enzymatic processes. In these regards,
many systems have hbeen designed and synthesized since
1960.2 Also there are various means by which a tetraphenyl-
porphyrin ving can be constructed® S The common proce-
dure is to react pyrrole with an appropriate benzaldehyde.
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Among them, the method introduced by Baldwin and cowor-
kers? so called “Cy-capped porphyrins” seems reasonable
because there is almost no other isomeric porphyrin forma-
tion by incorporating four benzaldehydes into a single mole-
cule. Only capped porphyrin was obtained on reaction with
pyrrole under dilute condition in this method.

One of the major task for designing model compounds
is the prevention of destructive reaction of catalyst, e, ir-
reversible p-oxo dimer formation and autoxidation of metal
center. In this report we describe the synthesis of sterically
hindered strapped porphyrins and their 'TH-NMR characteri-
zation. The compounds synthesized here might be useful
models for dioxygen carrier or other dioxygen activation
enzymes.

The identities of all intermediates were determined by
'H-NMR and mass spectroscopy. As shown in Scheme 1,
phenolic aldehyde 2 was prepared by ortho-formylation of
3,5-dimethylphenol 1 to give aldehyde 2 (12%).>* Treatment
of 2 with sodium metat in absolute ethanol gave phenoxide
salt quantitatively, which was directly coupled with 1,12-di-
bromododecane to afford ether-linked dialdehyde 3 (12%).®
Diester-linked dialdehyde 4* was obtained in 78% yield by
the reaction of 2 with dodecanedioyl chloride in the presence
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of pyridine at room temperature, Condensation of dialdehyde
3 or 4 and mesitylaldehyde with 4 equivalent of freshly dis-
tilled pyrrole (dilute condition, 10™* M of pyrrole in dry
chloroform distilled from potassium carbonate) to provide
porphyrins such as 5a, 6a and 7 for ether-linked and 5b,
6b and 7 for ester bridged porphyrins (Scheme 2). The reac-
tion conditions attempted here were developed originally by
Linsey et al®. High dilution is critical to obtain monomeric
porphyrins in these reactions. After repeated chromatogra-
phic separation of each monemeric porphyrins, the yield was
02%, 0.15% and 0.4% for ether-bridged porphyrins (5a, 6a
and 7); 0.1%, 02% and 0.5% for ester-bridged porphyrins
(5b, 6b and 7) respectively. Only monomeric porphyrins were
isolated. The low overall yield is expected by steric hindra-
nce of the ortho-methyl substituent in the aldehydes.

The strapped porphyrins (8§ and 6) were characterized by
'H-NMR, mass and UV/vis spectroscopy. 'H-NMR spectra of
5a® and 5b* suggest C, symmetry of the molecules. Com-
pound 6a and 6b on the other hand, showed completely diffe-
rent 'H-NMR spectra from 5a and Sb. For instance, the pyrrolic
proton resonance shown at 5=8.60 ppm (=45 Hz) in 5a and
5=865 ppm {/=4.7 Hz) in Sh was AB quartet system. On
the other hand 6a and 6b showed the pyrrolic resonance
at 5=8.55-8.71 and 8.62-8.76 respectively as multiplet. Also
the protons in each bridging methylene group showed diffe-
rent characteristics. The two protons in each methylene in
Sa and 5b are enantiotopic and appeared as individual multi-
plets (quintet). But they are diastereotopic in 6a and 6b and
appeared as two different sets of multiplets of each proton
in each methylene group. The resonance of the methylene
protons in both cases were shifted upfield due to their ex-
posure to the porphyrin ring anisotropy. The individual che-
mical shifts of the bridging methylene protons are an indica-
tion of their relative distance from the porphyrin plane and
the influence of the magnetic anisotropic effect. The p-meth-
ylene protons in Sb experience the strongest influence from
the shielding effect with upfield shift to —2.14 ppm since
these protons are held in close proximity to the center of
the porphyrin plane. The ¢, & and y-methylene protons ex-
perience similar shielding effects but the effect is diminish-
ed gradually. The observed shielding effect in 5a is very
different from 5b inspite of similar number of atoms in the
bridge. The p-methylene protons in 5b only shifted to —1.62
ppm. The a-methylene protons experience deshielding effect
with down field shift to 3.89 ppm, which indicates that it
is outside to the porphyrin periphery. These resuits indicate
that ester strapped porphyrin Sb is more tightly held to the
porphyrin plane than ether strapped 5a. The methyl groups
at aromatics in 5a (A, B, C, D and E) are assigned as &
1.77, 1.84, 1.88, 2.62 and 2.64 ppm respectively. These assign-
ments are based on the '"H-NMR spectra of pendent capped
porphyrin and tetramesytyl porphyrin 7 where the chemical
shift of the comparable methyl groups are completely known
by various NMR techniques such as 2-D COSY and ROESY.S’
The meso-phenyl protons (f, g h, and i) can not be assigned
by 'H-NMR spectra alone. Only two different singlets (6.97
and 7.03 ppm) were observed in spite of their individual
anisotropy.

Chemical properties, epoxidation studies and metal com-
plexes formed from 5a and Sb will be reported in due cou-
rse. The urgent is to synthesize iron complex and investigate
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the monooxygen activation as a model of cytochrome P-450.

Acknowledgement. This investigation was supported
by the Basic Science Research Institute Program, Ministry
of Education, 1991.

References

1. Oritiz de Montellano, Cytochrome p-450; Oritiz de Montel-
lano ed.; Plenum Press: New York, 1986.

2. (a) Structure and Bonding; Spring Verlag: Berlin, p. 115,
1987; (b) M. Momenteau, B. Loock, C. Hual, and }. M.
Lhoste, /. Chem. Soc. Perkin I 283 (1988); (c) A. R. Batter-
sby, S. A. Bartholomew, and T. Nitta, . Chem. Soc. Chem.
Comm., 1291 (1983); {d) J. E. Baldwin, T. Klose, and M.
Peters, J. Chem. Soc. Chem. Comm., 881 (1976); (e¢) M.
Momenteau, J. Mispelter, B. Loock, and J. M. Lhoste, [
Chem. Soc. Perkin I, 61 (1985); (f) M. Momenteau, J. Mis-
pelter, B. Loock, and J. M. Lhoste, J Chem. Soc. Perkin
I, 221 (1985); (g} A. R. Battershy, S. G. Hertley, and M.
D. Turnbull, Tetrahedron Lett., 3169 (1978).

3. J. Almog, ]J. E. Baldwin, M. J. Crossley, J. F. Debernardis,
R. L. Dyer, J. R. Huff, and M. K. Peter, Tetrahedron, 37,
3589 (1981).

4. (a) R. W. Wagner, D. S. Lawrence, and J. S. Linsey, Tetra-
hedron Let, 28, 3069 (1987); (b) 'H-NMR (CDCl, TMS)
8 1061 (2H, s, aldehyde Hs), 6.62 and 6.64 (4H, two s,
Ar-Hs, individual assignments are not made), 4.02 (4H,
t, /=5.0 Hz, a-methylene), 254 and 2.33 (12H, two s, Ar-
CH,, individual assignments are not made), 181 (4H,
quint, /=70 Hz, B-methylene), 1.45 (4H, quint, /=7.0 Hz,
y-methylene), 1.43-1.2% (12H, m, 8§, ¢ and p-methylenes).
MS (m/e) 467.3 (M*); () '"H-NMR (CDCl, TMS), 8 10.31
(2H, s, aldehyde Hs), 6.94 and 6.79 (4H, two s, Ar-Hs,
individual assignments are not made), 2.36 and 2.59 (12H,
two s, Ar-CH,, individual assignments are not made), 2.62
4H, t, /=75 Hz, pB-methylene), 1.77 (4H, quint, /=75
Hz, y-methylene), 1.43-1.30 (12H, m, 8, ¢ and p-methyle-
nes). MS (m/e) 4946 (M™).

5. (@) J. S. Linsey, L C. Schreiman, H. C. Hsu, P, C, Kearney,
and A. M. Marguerettaz, . Org. Chem., 52, 827 (1987);
(b) The alkyl strap carbons are labeled a-, meso-phenyl
Hs are labeled f-i and Ar-methyls are labeled A-E. 'H-
NMR (CDCl;, 500 MHz, TMS assigned at §=0.0 ppm)
8 —246 (2H, s, pyrrolic NH), —162 (4H, quin., p-Hs),
— 102 (4H, quin, &-Hs). —0.34 (4H, quin., 5-Hs), 0.70 (4H,
quin., 8-Hs), 0.91 (4H, quin., B-Hs), 1.77 (6H, s, Ar-CH;(A)),
1.84 (6H, ss, Ar-CH;(B)). 1.88 (6H, s, Ar-CH,(C)), 2.63 (6H,
s, Ar-CHy(D)), 264 (6H, s, Ar-CHi(E)), 389 (4H, quin,,
a-Hs), 697 and 7.03 (8H, s, Ar-Hs), 8.60 (8H, dd, jJ=45
Hz, f-pyrrolic Hs). UV/vis (CHCl) Aue (X 10* M~ 'em™%)
647 (2.9), 591 (5.6), 547 (5.6), 514 (16.2), 482 (36); (©) &
—2.54 (2H, s, pyrrolic NH), —2.13 (4H, quin, u-Hs), —1.51
(4H, quin,, &-Hs), —0.78 (4H, quin,, 8-Hs), 0.13 (4H, quin,,
v-Hs), 1.70 (4H, quin., B-Hs), 1.59 (6H, s, Ar-CHi(A)). 1.78
(6H, s, Ar-CH:(B)), 1.87 (6H, s, Ar-CHy(C)), 2.62 (6H, s,
Ar-CHy(D)), 265 (6H, s, Ar-CHLE)), 7.25 and 7.27 (8H,
s, Ar-Hs), 865 (8H, dd, /=4.7 Hz, B-pyrrolic Hs).

6. C. H. Lee, B. Garcia, and T. C. Bruice, J. Ant. Chem. Soc.,
112, 6434 (1990).

7. B. Garcia, C. H. Lee, A. Blasko, and T. C. Bruice, J. Am.
Chem. Soc, 113, 8118 (1991).

Communications to the Editor

Palladium-Catalyzed Carbonylative Vinylation
of Arylmercuric Chlorides with Carbon Mono-
xide and Olefins

Dong-Seong Ryu, Ki-Hyoung Song, Jong-Tae Leet, and
Jin-Il Kim*

Department of mdustrial Chemistry, Hanyang Universily,
Haengdang-Dong 17, Seowl, 133-791 Korea
YR & D Center, Hyundai Petrochemical Co., Daesan-Myun,
Chungnam 352-870

Recetved February 21, 1992

The palladium-catalyzed vinylation of vinyl halides with
olefins provides a convenient method for the preparation of
the corresponding conjugated dienes.! We reported methods
for the palladium-catalyzed vinylation of vinylmercuric chlo-
rides with olefins under mild conditions, which afforded the
conjugated dienes in good yields,? and for the palladium-ca-
talyzed cabonylative vinylation of aryl halides with olefins
in the presence of carbon monoxide, which resulted in the
formation of aryl vinyl ketones or aryl vinyl-a-diketones?

We have now found that arylmercuric chlorides react un-
der mild conditions with carbon monoxide and olefins in

‘the presence of a palladium catalyst, a base, and CuCl; to

afford the corresponding aryl vinyl ketones in moderate to

good yields.

aQ
@‘HQCI + PNg +co PdCI2{PPhalz, CuCl R,@'E\ff\q
R

neBuyN
QiH,Ph. COOMe, CONH: etc.

The results obtained are summarized in the Table 1. In
a typical procedure {entry 1) a mixture of phenylmercuric
chloride (1.57 g, 5 mmol), styrene (0.69 mi, 6 mmol), tri-n-

Table 1. Palladium-Catalyzed Carbonylative Vinylation of Aryl-
mercuric Chlorides with Carbon Monoxide and Olefins’

Product
(% Yield®)

@.&,7-(@ (4))
O @

Arylmercuric
chloride Olktia

i Orwe O
r O O
¥ O O OO @

4 @—“vﬁl Aco,cn, @-&/Pco,cn, (70}
5 o,u-@—uvcl Pcozcm mﬂ@g&co,cn, (81)

@-Hgm Aco,cn, @3 \.ﬂ\cw, (63)

¢ All reactions were carried out for 12 hours in the same manner
as described in the text, unless otherwise noted. Disappearance
of the starting material was monitored by TLC. *Yiels of isolated
products. ‘PACI{CH,CN), was used as a catalyst. ‘Reacted under
atmospheric pressure of CO.
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