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AM(¢) = M(#) - M%, and K is a combined exchange and re-
laxation matrix. The ethylene and hydride data sets are then fit
to solutions of eq 2 by standard iterative procedures to obtain the
exchange rate k and relaxation times (7))."?

The response of the hydride at several different temperatures
to selective inversion of coordinated ethylene is depicted in Figure
1 along with theoretical curves obtained from the above analysis.
The associated rate parameters are listed in Table I. No
magnetization transfer is observed to free ethylene (if present),
and the observed exchange rates are independent of ethylene up
to 50 psig. Similarly, there is no dependence of the measured rate
on added phosphine (P-i-Pr,, 25-fold excess) or concentration of
rhodium complex 1 (0.10 M to 0.005 M). These results suggest
that the insertion is entirely intramolecular and provide a contrast
to the associative mechanisms proposed for insertion in the iso-
electronic trans-HPt(C,H,)(PEt;),*.1

Further insight into the mechanism of insertion is derived from
IR solution studies which reveal two peaks assigned as Rh-H
stretching frequencies at 2005 (major, trans) and 2042 cm™! (ca.
3:1). This observation is consistent with a rapid equilibrium
between cis and trans species (AG®(25 °C) = 0.5 kcal/mol) since
ethylene is expected to have a greater “trans effect” than phos-
phine.!® The assignment is substantiated by variable-temperature
SIP NMR below -40 °C. The initially sharp doublet reaches
coalescence at —100 °C, and the slow exchange limit near —130
°C consists of A,X and ABX patterns assigned to trans and cis
complexes, respecitvely.! Isomerization is sufficiently rapid that
H, 13C, and 'P NMR spectra above —40 °C represent a fast
exchange average.

The mechanism that has been determined (eq 3) leads to a rate

k
trans-HRO(C,H,)(P-i-Pry), ===
-1

k
cis-HRh(C;Hy) (P-i-Pry), === EtRh(P-i-Pr3), (3)
-2

expression that relates the observed exchange rate & to the insertion
rate k, (eq 4; K = k,/k_,). The activation parameters for insertion

3k

k2= K- kk)

4)

from the cis olefin hydride are therefore calculated!” and constitute
the first elements of the reaction coordinate for insertion in this
system: AG* = 12.3 kecal/mol, AH* = 13.0 kcal/mol, and AS*
= -2 eu.

In summary, we have presented evidence for intramolecular
olefin insertion in a trans-rhodium(I) olefin hydride by way of
a cis intermediate. While the ease of isomerization is surprising,
the insertion barrier in four-coorindate d® complexes is expected
to be relatively small if the phosphine ligands bend together during
the insertion process.!®* The propylene hydride analogous to 1
is being investigated currently.
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Various acceptor-linked porphyrins have so far been prepared’
in order to understand the mechanism of the first critical elec-
tron-transfer reaction in photosynthesis. However, no model
compound has been known to mimic the in vivo photoinduced
multistep electron transfer, which is believed, on the basis of recent
picosecond spectroscopic studies,? to be responsible for the stable,
highly efficient charge separation. We now report on the first
model for the multistep electron transfer, P4Q4Q’, where two types
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(CH,)4—Q—(CH,)4—Q-CI
0 o ¢
P4Q4Q’

of quinone rings are connected in series to etioporphyrin, so as
to produce an engineered gradient of redox potential in the
molecule.

The Wittig reaction of 2,5-dimethoxycinnamaldehyde® and
phosphonium bromide 1, prepared via two steps from 3,4,6-tri-
chloro-2,5-dimethoxytoluene,* gave quantitatively butadiene 2,
which was convereted to 3 by hydrogenation over Pd—C. The
Rieche reaction of 3 was carried out with dichloromethyl methyl
ether and titanium tetrachloride in CH,Cl, at room temperature
to give aldehyde 4 in 74% yield. Condensation of 4 with phos-
phonium salt 5% followed by hydrogenation over Pd-C and by
deprotection with acid gave 6 in 71% yield. Aldehyde 6 was
condensed with benzyl 3-ethyl-4-methylpyrrole-2-carboxylate’
in the presence of p-TsOH to give 7 in 85% yield. Catalytic
hydrogenation of 7 over 10% Pd-C gave quantitatively 8, which
was coupled with 4,4’-diethyl-5,5'-diformyl-3,3’-dimethyl-2,2’-

(1) (a) Tabushi, I.; Koga, N.; Yanagita, M. Tetrahedron Lett. 1979, 20,
257. (b) Dalton, J.; Milgrom, L. R. J. Chem. Soc., Chem. Commun. 1979,
609. (c) Boxer, S. G.; Bucks, R, R. J. Am. Chem. Soc. 1979, 101, 1883. (d)
Kong, J. L. Y; Loach, P. A. J. Heterocycl. Chem. 1980, 17, 737. (e) Ganesh,
K. N.; Sanders, J. K. M. J. Chem. Soc., Chem. Commun. 1980, 1129. (f)
Ho, T.-F.; Mclntosh, A. R.; Bolton, J. R. Nature (London) 1980, 286, 254.
(g) Nishitani, S.; Kurata, N.; Sakata, Y.; Misumi, S.; Migita, M.; Okada, T.;
Mataga, N. Tetrahedron Lett. 1981, 22, 2099. (h) Migita, M.; Okada, T.;
Mataga, N.; Nishitani, S.; Kurata, N.; Sakata, Y.; Misumi, S. Chem. Phys.
Lert. 1981, 84, 263. (i) Bergkamp, M. A; Dalton, J.; Netzel, T. L. J. 4m.
Chem. Sooc. 1982, 104, 253. (j) Wasielewski, M. R.; Niemczyk, M. P.; Svec,
W. A. Tetrahedron Lett. 1982, 23, 3215. (k) Lindsey, J. S.; Mauzerall, D.
C.J. Am. Chem. Soc. 1982, 104, 4498.

. (2) Jortner, J. J. Am. Chem. Soc. 1980, 102, 6676 and references cited
therein.

(3) Billman, J. H.; Tonnis, J. A. J. Pharm. Sci. 1971, 60, 1188.

(4) Wallenfels, K.; Hofmann, D.; Kern, R. Tetrahedron 1965, 21, 2231.

(5) All new compounds showed satisfactory spectral properties. Satis-
factory elemental analyses were obtained on all new compounds except for
1, 3, 7, and 8. Details are recorded in the supplementar?' material.

(6) Compound § was prepared from 4-bromobutanal.'?

(7) Collman, J. P.; Chong, A. O.; Jameson, G. B.; Oakley, R. T.; Rose,
E.; Schmittou, E. R.; Ibers, J. A. J. Am. Chem. Soc. 1981, 103, 516.

© 1983 American Chemical Society



7772 J. Am. Chem. Soc. 1983, 105, 7772-7774

OMe _ OMe OMe + 0 -
1y A CH,PPh, BT (CH=CH), c PP (CHCH] ] Br
o]
4] ct Cl cl
OMe OMe OMe 5
1 2
RO,C”
OMe OMe HN.¢ OMs  Cl _OMe
(CH,), o] (CH,)‘-@- (cHz)‘-@-(n
R Cr Ci HN N\ OMe OMe CI
OMe OMe RO,CAY
3 R=H
4 R=CHO 7 R=CH,CsHs

6 R=(CH,),CHO 8 R=H

OMe Cl OMe
(cn,).@ crpLO)-«
OMe Me Cl

(cn,),,-d
S

PnQ

methylenebis(pyrrole)? in a similar manner to Collman et al.” to
give 9 in 24% yield. Demethylation of 9 with 30 equiv of BBr,
at —20 °C for 2 h and then at room temperature for 5 h followed
by oxidation with DDQ gave the desired compound P4Q4Q’ in
24% yield.

In 'H NMR spectra the quinone protons of P4Q4Q’ (5 6.42)
show small upfield shift relative to 2,5-dimethyl-p-benzoquinone
(6 6.59). Since this shift results from the ring current of the
adjacent macrocycle, the quinone rings seem to be located above
the porphyrin ring. However, the electronic spectrum of P4Q4Q’
in the region of 350-650 nm is very similar to that of 5-ethyl-
etioporphyrin (EEP),? indicating no significant electronic inter-
action among the chromophores in the ground state. A quite
similar result has been obtained also in the case of P4Q.!#
Moreover, the redox potentials (in CH;CN vs. SCE) of the two
quinones incorporated in P4Q4Q’ (-0.75, —0.22 V) are almost the
same as those of the reference quinones (2,5-dimethyl-p-benzo-
quinone, —0.73 V; trichlorotoluquinone, —0.24 V). This fact also
suggests negligible interaction among the three chromophores and
hence the existence of the gradient redox potential in the molecule.

Detailed picosecond laser photolysis studied upon P4Q4Q’ as
well as related compounds are now going on!® and results of
measurements in benzene solution are discussed briefly in this
report. Picosecond transient absorption spectra were measured
by means of a microcomputer-controlled double-beam picosecond
spectrometer with a repetitive mode-locked Nd3*/YAG laser as
the excitation source.!!

It has been confirmed that, in benzene solution, immediately
after excitation (at 33-ps delay time) we can observe clearly the
characteristic porphyrin cation-like band in the wavelength region
of 600-800 nm in the case of both P4Q4Q’ and P4Q systems. This
absorption band, which can be ascribed to the porphyrin —
quinone charge-transfer state, shows approximately exponential
decay in both of P4Q4Q’ and P4Q systems. However, the decay
time of P4Q4Q’ (rcr ~300 ps) is much more longer than that
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of P4Q (rcr ~130 ps). This result demonstrates clearly the
importance of the more extensive charge separation due to the
multistep electron transfer for preventing the radiationless
deactivation due to the back charge transfer. Of course, if the
intervening methylene chain of PnQ is too long, the photoinduced
charge separation becomes quite inefficient because of the very
slow electron transfer. Actually, we have confirmed that it takes
more than 500 ps for the photoinduced charge transfer in P6Q,°
in contrast to the fact that we have observed clearly the porphyrin
cation-like absorption band immediately after excitation in the
case of P4Q4Q’.

In view of the result of P6Q, a possibility of direct electron
transfer from the porphyrin to the trichloroquinone moiety owing
to the coiling back of the chain seems to be small. Moreover, if
such a direct electron transfer due to the coiling back occurs, the
radiationless deactivation of the charge transfer state to the ground
state may be easier due to the smaller energy gap than in the P4Q
system, which contradicts the observed result. Therefore, the
photoinduced electron transfer P4Q4Q’ seems to take place most
probably by two steps along the gradient redox potential of quinone
groups.
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The oxidative addition of H, to d® square-planar complexes
plays a central role in homogeneous hydrogenation and hydro-
formylation catalysis.! The reaction has been extensively studied
for systems such as Vaska’s complex, trans-IrCI{(CO)(PPh;),, and
is generally thought to proceed via concerted H, addition leading
to cis dihydride products.?2 We describe herein studies of H,
oxidative addition with new Ir(I) complexes that indicate that
subtle and previously unrecognized electronic factors are at work
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