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lacycle has a butterfly angle of 144.7°, and the C-M-C
bond angle is 93.4 (3)°. The Co—C(1) and Co—C(13) bond
distances are 1.985 (6) and 1.959 (7) A, respectively. Again,
the methylene carbon has a large central ring bond angle
of 115.2 (6)°. Selected bond angles and distances for 1 and
3 are provided in the captions of the figures.

The transition-metal molecular orbitals involved in
bonding with Cp;MR, complexes have been outlined by
Hoffmann and co-workers.’? Folding of the metallacycle
(the angle w in our metallacycle 1 is 19.9°, Figure 3) would
be necessary for 7 overlap of the Cp,M vacant Frontier
1a; orbital (Figure 3) with the HOMO of the organic ligand.
Such overlap could enhance the observed nonplanar con-
formation and shorten the Ti-C(1) and Ti-C(13) bond
distances in 1. The crystal structures of 1 exhibits a boat
conformation for the central ring where the methylene
hydrogens are nonequivalent. In order to ascertain the
relative boat vs planar conformational energies and hence
the contribution of the 1a;~HOMO = overlap in 1 and 2,
we turned to variable-temperature NMR studies. In the
'H NMR spectrum (25 °C, THF-dg, 90 MHz) of 1, the
methylene hydrogens appear as a singlet at § 3.91 ppm,
indicative of a fast-exchange boat-boat interconversion
process (Figure 4). At -50 °C, broadening was observed
for the methylene hydrogen resonance; however, coales-
cence was not achieved with temperatures as low as 75
°C. Similar experiments were performed on our hafnacycle
2 (CD,Cly/CF4Br;, 1:3, as solvent). Again, the methylene
hydrogen resonance broadened, but coalescence was not
obtained. These experiments suggest a low AG* for
boat-boat interconversion in 1 and 2. Furthermore, if =
overlap plays a role in conformational stability (and con-
comitant shortening of the Ti—-C bonds in 1), its contri-
bution to the energy stabilization of the boat conformation
is minimal.}® Finally, in the case of cobaltacycle 3, its
methylene protons give an AB spectrum at room tem-
perature (H,, 6 4.22 ppm, Hg, & 3.95 ppm, J,g = 15.8 Hz)
consistent with a nonfluxional thermodynamically more
stable boat structure (w = 27.9° in the crystal structure)
where the bulky triphenylphosphine ligand occupies an
equatorial position (Pigure 4A).13

Further work concerning the preparation, conforma-
tional analysis, and chemistry of metallacyclohexa-2,5-
dienes is being pursued.
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Summary: Reaction of the trihydride (triphos)RhH, (1)
[triphos = MeC(CH,PPh,);] in benzene with dimethyl
acetylenedicarboxylate (DMAD) (room temperature) or
with excess dimethyl fumarate (DMFU) (reflux tempera-
ture) gives (triphos)RhH(w-DMFU) (2). Two-electron
chemical or electrochemical oxidation of 2 in THF pro-
motes hydride migration on the alkene. As a result, the
succinyl complex [(triphos)Rh{CH(COOMe)CH,-
(COOMe)}]?* forms, which can be isolated as an SO,CF;”
(3) or CIO,” (3a) salt. One-electron reduction of 3 (or 3a)
in CH,Cl, by macroelectrolysis at controlled potential
permits one to obtain the square-pyramidal Rh(1I) [(trip-
hos)Rh{CH(COOMe)CH,(COOMe)}]* (4), which has been
characterized by ESR spectroscopy. Addition of one
electron to 4 or two electrons to 3 (or 3a) yields the
starting hydride (fumarate) complex 2.

The formal insertion of olefins into metal-hydrogen
bonds and the microscopic reverse process, 8-H elimina-
tion, are fundamental transformations in organometallic
chemistry. Much is known about the kinetics and mech-
anism of these reactions; in particular, it is agreed that
externally added ligands may promote the insertion and
stabilize the alkyl complex with no variation of the formal
oxidation state of the metal.! We now wish to report an
example of hydride (alkene) — alkyl interconversion which
is strictly controlled by the oxidation state of the metal.

The trihydride [(triphos)RhH3)? (1) [triphos = MeC-
(CH,PPhy);] reacts in benzene with dimethyl acetylene-
dicarboxylate (DMAD) at room temperature or with excess
dimethyl fumarate (DMFU) at reflux temperature yielding
pale yellow crystals of [(triphos)RhH(x-DMFU)]® (2)
(vield 95%). The reaction with DMFU is accompanied by
production of dimethyl succinate (DMSU) due to hydro-
genation of excess olefin (Scheme I). Two-electron oxi-
dation of the cis hydride (alkene) complex 2 in THF by
chemical (2 equiv of AgSO4CF;) or electrochemical (ex-
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methods results in the formation of white needles of the
succinyl complexes [(triphos)RhiCH(COOMe)CH,-
(COOMe)}1(SO4CFs), (3) and [(triphos)RhjCH(COOMe)-
CH,(COOMe)}](C10,), (3a), respectively (vield 95%).4
Compounds 3 and 3a are reconverted into 2 either by
reduction in THF with 2 equiv of NaCy;Hg or by ma-
croelectrolysis in CH,Cl, at ~1.0 V. Figure la illustrates
the cyclic voltammetric response exhibited by 2 in THF.
This complex undergoes a two-electron anodic process at
peak A (E, = +0.52 V), generating a product which reduces
in two distinct steps (peaks B and C). This oxidation
product 3a is poorly soluble in THF; however its cyclic
voltammetric fingerprint in CH,Cl, (Figure 1b) is fully
coincident with that of the product obtained by chemical
oxidation of 2. In fact, 3a undergoes a first uncomplicated
reduction process (E°’ = -0.14 V), followed by an irre-
versible second step (E, = -0.70 V). The anodic peak at
E, = +0.42 V, which is present in the reverse scan after
traversing the most cathodic reduction step (this value
coincides with the peak potential value for the oxidation
of 2 in CH,Cl,), suggests that an exhaustive cathodic re-
duction at the potential of the second process should re-
generate 2. In actuality, electrolysis of a suspension of 3
(or 3a) in THF at -1.0 V consumes 2 e/molecule and gives
2. The product corresponding to the first cathodic process
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PCgH; 136-128 ppm; OCHj 52.37, 51.90 ppm; C=C 67.99 ppm; CHj; 38.20
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J(PgRh) = 132,17 Hz. 'H NMR (CD,Cl,, 300 MHz, TMS, 298 K): OCH;,
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Figure 1. Cyclic voltammogram responses recorded at a platinum
electrode under the following experimental conditions: (a) THF
solution containing 2 (9.6 X 10™* mol dm™) and [NBu4]CIOg 0.1
mol dm™3); (b) CH,Cl, solution containing 3a (1.40 X 10°® mol
dnm?) and [NBu,]ClO, (0.1 mol dm™) (scan rate = 0.2 V s71).

(i.e. after the consumption of 1e/molecule of 3 or 3a) has
been electronically and structurally characterized by ESR
spectroscopy in solution as the Rh(II), square-pyramidal
complex [(triphos)Rh{CH(COOMe)CH,(COOMe)}]* (4).
The frozen and room-temperature X-band ESR spectra
in CH,Cl, of the electrogenerated species are shown in
Figure 2. Both spectra can be interpreted by using a S
= 1/, spin Hamiltonian. The pattern g, (2.108) > g,
(2.002) = 2.000 and the large A, (226.7 G) and A, (272.0
G) values indicate that the complex in CH,Cl, glass at 100
K exhibits a square-pyramidal geometry with the unpaired
electron strongly coupled to the apical phosphorus.>® A
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Figure 2. X-Band ESR spectra of [(triphos)Rh{CH(COOMe)-
CH,(COOMe)}]* in CH,Cl, at 100 K (a) and at 298 K (b).

three-line resolution in each perpendicular absorption is
assigned to interaction with the basal phosphorus atoms
(A = 18 G). The spectrum at 298 K consists of a doublet
of doublets with (g) = 2.070 ({(g.aca) = 2.072). The large
value of (Apgpica) (234.7 G) is still present whereas the
apparent coupling to only one basal phosphorus ((A) =
18 G) is consistent with a remarkable distortion in the
coordination polyhedron.®

One-electron reduction of the Rh(II) succinyl restores
the starting cis hydride (alkene) 2. Reasonably, a Rh(I)
succinyl complex forms which transforms to 2 via 5-H
elimination as soon as generated at the electrode surface.

In the attempt of understanding why oxidation of 2
induces olefin insertion, the following additional experi-
mental pieces of information are noteworthy. (i) The re-
lated cis hydride(ethylene) complex {(triphos)RhH(C,H,)]’
(5) undergoes ethylene insertion across the Rh—H bond by
reaction with either excess ethylene to form [(triphos)-
Rh(C,H;)(C,H,)]” or 1 atm of CO to give [(triphos)Rh-
(C,H5){(CO)]." In contrast, ethylene insertion is not pro-
moted by chemical or electrochemical oxidation. (ii)
Compound 2 in THF solution is stable when treated with
excess DMFU, ethylene, or CO even at reflux temperature.
On the other hand, 2 (THF, room temperature) proves an
efficient catalyst for the isomerization of the cis olefin
dimethyl maleate (DMMA) to the trans isomer DMFU,
thus indicating the occurrence of olefin insertion/g-H
elimination. In the light of these results, it is evident that
the CO;Me substituents on the alkene play a key role in
promoting the hydride (DMFU) — succinyl conversion.
In particular, the ester C=0 groups can electronically and
coordinatively saturate rhodium during the oxidation
process. Obviously, this is most important to stabilize both
the dicationic (3 or 3a) and monocationic (4) species.
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3a, 117469-75-7; 4, 117469-74-6.
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Summary: The reaction of the nickelacyclopentene

complexes (R;P),Ni(CH,CMe,-0-C¢H,) (PR; = PMeg, 1a;
{RsP), = Me,PCH,CH,PMe,, dmpe, 1b) with CS, follows
a different course depending on the nature of phosphine
coligands. Compound 1a provides (3 equiv of CS,, 20
°C) the known Ni(C,S,PMe,;)PMe, (2) and the dithiolactone

S=C(S)CH,CMe,-0-C¢H, (3) through the intermediacy of

the Ni(0) species (MesP),Ni(S=C(S)CH,CMe,-0-C4H,)
(4a) which contains 3 as an 7?-C==S ligand and can be
isolated from 1a and CS, (1 equiv, -90 °C). Complex 1b
reacts with CS, to provide first a 1, 1-dithiolate derivative,

(dmpe)Ni(SSCCH,CMe,-0-CgH,) (5), and then the trithio-
carbonate (dmpe)Ni(S,CS) (6) along with the thioketone

S=CCH,CMe,-0-C¢H,) (7). These two reactions can be
respectively thought of as the insertion of CS, into both
Ni-C bonds of 1b and as the reductive disproportionation
of two molecules of CS,. In the latter process, the
thiocarbonyl group becomes incorporated into the thio-
ketone functionality of 7.

The reactivity of transition-metal complexes toward
small, unsaturated molecules continues to arouse much
attention.?  We have recently shown that the nickela-

cyclopentene complex (Me;P),Ni(CH,CMe,-0-CcH,) (1a)
reacts with unsaturated C1 molecules such as CO, CO,, and
CH,0, with formation of products resulting from insertion
of the unsaturated molecule into either the nickel alkyl or
the nickel aryl carbon bonds.? Only in the case of CO does
reductive elimination (to Ni(0) and the corresponding
ketone) follow insertion. In this paper we wish to present
additional studies concerning the related reactions of l1a

and its dmpe analogue 1b, (dmpe)Ni(CH,CMe,-0-CgH,)
(dmpe = Me,PCH,CH,PMe,), with CS,. As shown in
Scheme I, these correspond to a novel type of reactivity
and have led to a variety of organic and inorganic species.
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