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and chemistry of CiV(^-C5R5)W(CO)2(H)(CH2SiMe2) and re
lated species are in progress. 
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Olefin insertion into a metal-hydrogen bond is a key component 
of many catalytic cycles (e.g., hydroformylation, hydrogenation, 
and olefin isomerization)1 and is of fundamental interest with 
respect to product distribution. In rhodium-catalyzed hydro
formylation, for example, it is generally considered that the greater 
steric bulk of phosphine ligands compared to CO influences the 
ratio of lineanbranched product by favoring insertion to linear 
alkylrhodium species. Despite the importance of olefin hydrides 
in catalytic cycles, such species have rarely been amenable to 
mechanistic study. In fact, the equilibrium between a transi
tion-metal olefin hydride and the corresponding alkyl species (eq 
1) has been observed only rarely2""5 and experimental determination 

M(C2H4) . " " " 1 1 0V MCH2CH3 (D 

of the reaction coordinate for insertion is virtually unknown (cf. 
ref 5). This communication reports the detailed characterization 
of a hydridorhodium(I) olefin complex that permits evaluation 
of rate constants for insertion. 

Hydrido(ethylene)bis(triisopropylphosphine)rhodium (1) forms 
readily in solution by displacement of N2 when the known complex 
HRh(P-i-Pr3)2(N2)

6 is treated with either a stoichiometric amount 
or a large excess of ethylene. The ethylene hydride has been 
characterized spectroscopically7 but has not been isolated. 

The significant 1H NMR spectral features of 1 are invariant 
from -90 to 0 0C. A trans olefin hydride is suggested since the 
phosphines appear to be equivalent (cf. hydride coupling 2 /P H). 
The coordinated ethylene and hydride resonances broaden above 
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Figure 1. Response of hydride (Mz) to selective inversion of coordinated 
ethylene at indicated temperatures (0C). Data were acquired out to 8 
s in each case. Data obtained at 0 0C are omitted for clarity. 

Table I. Exchange Rate and Relaxation Parameters for 
HRh(C2H4)(P-Z-Pr3), 

T11S 

T1
0C 

-40 
-30 
-20 
-10 

0 

k, s"10 

Q.29(0.04) 
0.78 (0.06) 
2.62 (0.09) 
8.01 (0.24) 

18.6 (0.8) 

C2H4 

0.44 
0.60 
0.67 
0.92 
1.54 

0 Standard deviations in parentheses. 
to be accurate to no better than ±10%.13 

H 

0.63 
0.70 
1.01 
1.04 
1.02 

revalues are 

k„s-> b 

1.1 
2.9 
9.8 

30.0 
70.0 

considered 
° See text (eq4). 

0 0C, but above 30 0C irreversible sample decomposition occurs. 
The observed exchange broadening arises from insertion to alkyl 
followed by M-C-C single-bond rotation and rapid /3-hydride 
elimination. Further evidence for this insertion process is provided 
by deuterium-labeling experiments.8 Treatment of HRh(P-/-
Pr3)2(N2) with C2D4 brings about loss of the 1H NMR hydride 
resonance, while subsequent introduction of C2H4 into the same 
sample results in recovery of hydride intensity. 

Attempts to quantify the insertion rate by trapping the alkyl 
complex once it is formed were not successful, although direct 
evidence for an ethylrhodium species was obtained.' Furthermore, 
the narrow temperature range in which line-shape changes were 
observable precluded complete band-shape analysis as the principal 
tool for quantification of the insertion rate. 

Magnetization-transfer techniques10,11 for the study of slow 
NMR exchange processes are particularly suitable in the case of 
olefin hydrides.12 An advantage is derived by selective inversion 
of the coordinated ethylene resonance (rather than the hydride) 
since the larger inverted population magnifies the perturbation 
experienced by the hydride. Application of this technique to 1 
extends the temperature range in which exchange is observed to 
-40 0C. A compact description of the exchange is provided by 
eq 2 in which M represents a vector of magnetization intensities, 

M(O = K-AM(O (2) 

(8) Olefin exchange between free and coordinated ethylene occurs but is 
too slow to be observed on the NMR time scale. 

(9) Addition of CD3CN to a toluene-d8 solution of 1 results in a complex 
mixture in which 1 still predominates. The other major species appear to be 
free phosphine and CH3CH2Rh(P-I-Pr3)(C2H4L(CD3CN), (x, y = 1 or 2); 
the features of interest are 1H NMR (ca. 0.01 M in C7D8/CD3CN (3:2)) at 
-40 0C S -0.40 (d quintet, CH2, VRhH + VHH = 7.7, 3Jm = 2.0 Hz), 0.20 
(t, CH3,

 3JpH = 7.6 Hz). 
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Suitable attenuation of the low-power transmitter resulted in selective inversion 
pulses that were typically 10-15 ms. 
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AM(t) = M(O - M"1, 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 (T1).

13 

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-Z-Pr3, 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/ra^-HPt(C2H4)(PEt3)2

+.14 

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"1 (ca. 
3:1). This observation is consistent with a rapid equilibrium 
between cis and trans species (AG°(25 0C) « 0.5 kcal/mol) since 
ethylene is expected to have a greater "trans effect" than phos
phine.15 The assignment is substantiated by variable-temperature 
31P NMR below -40 0C. The initially sharp doublet reaches 
coalescence at -100 0C, and the slow exchange limit near -130 
0C consists of A2X and ABX patterns assigned to trans and cis 
complexes, respecitvely.16 Isomerization is sufficiently rapid that 
1H, 13C, and 31P NMR spectra above -40 0C represent a fast 
exchange average. 

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

f/ww-HRh(C2H4)(P-/-Pr3)2 5=± 

cw-HRh(C2H4)(P-i-Pr3)2 ; = t EtRh(P-I-Pr3J2 (3) 
* - 2 

expression that relates the observed exchange rate k to the insertion 
rate k2 (eq 4; K = kjk^). The activation parameters for insertion 

J t1-
3/fc 

!(K-k/k-i) 
(4) 

from the cis olefin hydride are therefore calculated17 and constitute 
the first elements of the reaction coordinate for insertion in this 
system: AG* = 12.3 kcal/mol, AH* = 13.0 kcal/mol, and AS* 
= -2 eu. 

In summary, we have presented evidence for intramolecular 
olefin insertion in a f«ws-rhodium(I) olefin hydride by way of 
a cis intermediate. While the ease of isomerization is surprising, 
the insertion barrier in four-coorindate d8 complexes is expected 
to be relatively small if the phosphine ligands bend together during 
the insertion process.18 The propylene hydride analogous to 1 
is being investigated currently. 
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Various acceptor-linked porphyrins have so far been prepared1 

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,2 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 

Cl O 
(CH 2 ) 4 -^^- (CH 2 ) -Q-CI 

o cTc i 

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-dimethoxycinnamaldehyde3 and 
phosphonium bromide 1, prepared via two steps from 3,4,6-tri-
chloro-2,5-dimethoxytoluene,4 gave quantitatively butadiene 2,5 

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 CH2Cl2 at room temperature 
to give aldehyde 4 in 74% yield. Condensation of 4 with phos
phonium salt 56 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-carboxylate7 

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'-
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