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geometrical aspects of the product of a remarkable isocyanide
coupling reaction.

Both the structural and molecular orbital symmetry evi-
dence presented herein are consistent with the spectral evi-
dence, Together, they show that it is possible for an acetylene
molecule to donate more than two electrons to the metal ion
in a monunuclear complex. We emphasize that the acetylenic
carbon-carbon bond length is a poor indicator for the number
of electrons donated from acetylene to metal, a better indica-
tion being metal-carbon distance. Studies of the chemistry of
these carbonyl acetylene complexes of molybdenum and
tungsten and their oxo acetylene analogues are underway and
should give further insight into the effect of the number of
electrons donated by the acetylene on the properties and re-
activity of the complexes,
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Reversible Binding of Acetylene by OMo(S:CNEt3),
Sir:

The reactions of OMo(S>CNEt,); (1) with diazenes,! ac-
tivated acetylenes,!-2 hydrazoic acid,® and various oxo transfer
reagents** have been described in recent publications, Because
Mo(IV) has been proposed!:6-8 to constitute the active site of
nitrogenase, we have continued to investigate the chemistry
of 1 and herein report the binding of unsubstituted acetylene
(a known? substrate of nitrogenase) to this complex.
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Figure 1. Visible spectral changes for the reaction of OMo(S,CNEt5),
with CaH3 in CH,Cly: before addition of C;H; (—); after addition of C,H,

(- - -); after pumping on reaction mixture (- -). Final spectrum is more
intense than initial owing to loss of solvent during removal of C,H,.

Exposure of nonaqueous (1,2-dichloroethane, CH,Cl,,
DMF) solutions of 1 to 1 atm of C,H> results in the visible
spectral change shown in Figure 1, clearly indicating the for-
mation of a new species, 2. In contrast, C;Hg effects no spectral
change under identical conditions. The binding of C>H, is
reversible, as evidenced by the return of the spectrum of 1 when
the reaction mixture is subjected to pumping. This reversibility
has thus far thwarted our attempts to isolate the adduct.
However, it has been possible to characterize 2 by spectroscopic
means.

The NMR spectra of equilibrium mixtures of 1 and 2 in
CD,Cl; have been examined at 100 MHz as a function of the
pressure of C2Hj; (1 atm or less) and the temperature. A res-
onance centered at about § 3.9 at ambient temperature is due
to the overlapped signals from the methylene protons of both
1 and 2 while the resonance near 1.4 is similarly due to the
methyl protons of these compounds. A single resonance at §
8.73, which is due to coordinated C,H>,'0 contrasts markedly
with the resonance at 2.04 which arises from the free C;H> in
solution. It is noteworthy that the spectrum of the isolable?
complex, OMo(S,CNEt,),(HC=CCO,Me), contains a res-
onance at 6 8.78 due to the single acetylenic proton. As the
pressure increases to 1 atm, the ratio of the intensities of the
bound acetylenic protons and the methylene protons of
S,CNEt; approaches a value of 2:8, which is consistent with
2 being the 1:1 adduct, OMo(S,CNEt;),(C,H»), whose for-
mation is shown in eq 1. When these solutions are cooled to
—55 °C, the single resonance at & 8.73 disappears and two new
peaks at 8.74 and 8.81 (Av = 7 Hz) are found instead. These
peaks are particularly well resolved and are of approximately
equal intensity,!2 The observed spectra are consistent with a
structure in which C,H, is bound cis to the oxo group but in-
consistent with coordination of C,H; trans to the oxo group
since magnetic equivalence would then result, Furthermore,
maximum bonding interactions should occur when C,H, is
bound not only in a cis position but in a plane perpendicular
to the oxo group. Similar geometries have been found in the
structurally characterized adducts of 1 with (NC),-
C=C(CN),,!3 S,,!* and ditoluoylacetylene.?

OMOo(S,CNEt,)s + CaHz = OMo(S,CNEt,)2(CaH>)
(1)
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The IR spectrum of a solution of 1 and 2 in CH,Cl; satu-
rated with C>H; is also consistent with eq 1. That spectrum
contains bands at 965 (yme—o of 1) and 935 cm™! (vpmo—o Of
2) in approximately a 1:3 ratio and a band at 1684 cm™! (vc=c
of bound C,H, in 2).!9 The latter is 290 cm™! lower than the
corresponding stretching frequency of free C;H; (1974 cm™!)
and is indicative of significant weakening of the triple bond on
coordination. The features of the IR spectrum attributable to
2 may be compared with the corresponding absorptions in the
IR spectrum of OMo(S,CNEt;)2(HC=CCO;Me)(rmo—0
925 and ve=c 1790 cm™1).2

Further substantiation of the stoichiometry of the reaction
between 1 and C,H, in CH,Cl; was provided by examining
the variation in molar absorptivity at 490 nm that accompanies
changing the pressure of C,H3 over the solution at 25 °C. The
relationship between the apparent molar absorptivity (eapp),
the molar absorptivities of 1 and 2 (e; and ea, respectively), the
pressure of C,H,, and the equilibrium constant (K) for eq 1
is shown in eq 2. The values of ¢,p, were obtained at five dif-
ferent pressures of C,H, (determined by gas chromatography)
ranging from 0.04 to 0.30 atm. The plot of eypp vs. (&1 —
€app) / Pconi, Was linear and yielded K = 16 atm™! and e, = 46
cm~! M~

€app = [(€1 — €app)/KPCyH,] T €2 (2)

Addition of NaBH, (0.2 mmol) to DMF (4.0 mL) solutions
of 2 (0.056 mmol) containing H,O (1,0 mL) yields ethylene
(0.020 mmol), butadiene (0.006 mmol), and H, (0.163 mmol)
after 4 h at 30 °C.!5 These products are identical with those
obtained!®-17 in various ratios for the reduction of C;H; by
NaBHj, in aqueous systems using “molybdothiol catalysts”,
and by these catalysts alone under extremely alkaline condi-
tions.!6 Addition of acids (HCl, CF3CO,H) to DMF solutions
of 2 yields no detectable ethylene or butadiene. Similar acid-
ification of solutions of the Mo(II) complexes, Mo(CO)-
(C2H2)L; ((L = S,CNEt,, S,P(i-Pr),), gave significant
amounts of C,Hy4. 1118

Evidence has been presented previously which suggests that
the substrate-activating, molybdenum-containing site of oxi-
dases cycles molbydenum between oxidation states VI and IV
during catalysis.!® Our observations that the oxomolybde-
num(IV) core binds the nitrogenase substrate acetylene but
is unaffected by ethylene adds credence to the suggestion that
molybdenum-containing reductases (particularly nitrogenase)
may use these same oxidation states, but in reverse,!6-8.19
Further, the evidence presented herein may be relevant toand
support the mechanism of acetylene reduction in the “mol-
ybdothiol” systems,%!16 where, although no intermediates have
been isolated, molybdenum(IV) has been implicated in the
catalytically active entity.
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On the Mechanism of the Thermal Cope
Rearrangement of Allyl-Substituted Cyclopropenes
Sir:

Recently, Doering! and Dewar2: have drawn attention to
the possibility of a two-step mechanism for the Cope rear-
rangement, in which formation of the new C-~C bond precedes
rupture of the old one, so that the reaction involves a biradical
intermediate, At this time we wish to report on a study dealing
with the thermal Cope rearrangement of allyl-substituted
cyclopropenes. Our results suggest that the Cope rearrange-
ment of this system does not proceed via a pericyclic process
but rather involves the formation of an intermediate analogous
to the 1,4-cyclohexylene biradical.

Thermolysis of 1,2-diphenyl-3-allyl-3-methylcyclopropene*
(1) at 150 °C for 48 h produced an equilibrium mixture of
recovered starting material (37%), 1,3-diphenyl-2-methyl-
3-allylcyclopropene (2, 11%) and ,2-diphenyl-6-methyltri-
cyclo[2.2.0,026]hexane (3, 53%). The same distribution of

Ph Ph Ph Ph
kl_’
= o
N
CH
| 1(37% CH,
?) 2 (119)

\1.! }i:]
l
Ph Ph CH,
3(53%)
products was obtained by heating either 2 or 3 at 150 °C for

48 h. The rates and the corresponding Arrhenius parameters,
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