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s); Ir (on KBr pellet; cm™) 3494 (w), 3351 (m), 3283 (m),
2204 (s), 1643 (br), 1392 (w), 1366 (br), 1340 (w), 1262 (w),
1108 (br), 1054 (br), 808 (w), 716 (w), 516 (w); mass spect-
rum, m/e (relative intensity) 230 (M*, 48). Anal. Calcd. for
CoCoH;N, : C, 47.00; H, 3.00. Found : C, 4648; H, 2.82.
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Since the first preparation of n-complexes of cyclobuta-
diene containing transition metals such as Ni, or Fe, the
actual existence of cyclobutadiene fragment at room tempe-
rature has been reported.!”? 1,2,34-Tetraalkyl cyclobuta-
diene-cobalt complexes were prepared by the reaction of (n’-
cyclopentadienyl)di(carbonyl)cobalt® with dialkylacetylene in
197845 Recently, (n’-cyclopentadienyl)bis(ethylene)cobalt{Jo-
nas reagent)® has been used for introducing (n®-cyclopenta-
dienyl)cobalt(CpCo)-moiety in the complex, CpCoL (L; 4n-
electron donor ligand). Jonas reagent reacts with dialkyla-
cetylene to give complexes [I], [II], [III] and (IV]’
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In this paper we would describe the reaction and coordi-
nation chemistry of Jonas reagent with diphenylacetylene.
A new complex, (n°-cyclopentadienyl)ethylene(2,34,5-tetra-
phenyl cobaltacyclo-2,4-pentadiene)[V] was obtained in 77.4
% yield as a single product® It is suggested that two mole-
cules of diphenylacetylene are attacking cobalt metal of Jonas
reagent to replace one of the two ethylene molecule in the
reagent leaving an intermediate which has one molecule of
ethylene and two molecules of diphenylacetylene.” This inter-
mediate is expected to be unstable because it has 20 valence
electrons (VE). Further rearrangement by dimerization of
two diphenylacetylene molecules gave more stable complex
[V] with 18 VE. The NMR spectrum of complex[V] showed
that 8-values of ethylene in Jonas reagent shifted from 2.38,
and 0.59 ppm to 243, and 150 ppm respectively, and that
was due to the ring current effect of neighboring phenyl
ring. Among the protons of four phenyl groups attached in
the complex[V], those of the phenyl ring near ethylene
molecule showed at 7.38 ppm and the other protons of the
remaining three phenyl rings appeared broadly at 7.08 ppm.
Molecular jon peak of complex[V] in mass spectrum was
observed at m/e 508, and m/e 480 peak resulted from the
elimination of ethylene from the complex[V].

We also found that the complex[V] was further decompo-
sed during the chromatographic separation. Dark red crystal-
line complex[ V] was dissolved in petroleum ether and sepa-
rated as two bands on a silicagel column (2X15 cm). The
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Figure 1. Cyclic voltammogram for complex[V] (a) and com-
plex[VI] (b) with a platinum disc electrode in 0.1 M (n-Butyl),
NPFs/CH:Cl; and a scan rate of 100 mV/s.

first band eluted with petroleum ether was identified to be
the complex[ V] (yield 48%). The second band eluted with
tetrahydrofuran was orange red, and identified as complex
[VI], (m5-cyclopentadienyl)(n*-1,2,3,4-tetraphenyl cyclobuta-
diene)cobalt® (yield 52%). It appeared that the elimination
of one molecular ethylene from complex[V] on a silicagel
column resulted in an unstable intermediate with 16 VE.
This intermediate which was also appeared in the mass-spec-
trum of complex[ V] rearranged to give a relatively stable
complex[VI]. Complex[VI] was further decomposed to di-
phenyl acetylene after leaving at room temperature for two

weeks.
Ph Ph a Ph Ph
co. kT, ]j( <=
Ph Ph Ph
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It was previously reported that 1,2,3,4-tetra-tert-butyl cyc-
lobutadiene rearranged to 1,2,34-tetra-fert-butyl tetrahed-
rane.® Since the complex[VI] has similar ligand 1,2,34-tetra-
phenyl cyclobutadiene, we expected to produce 1,2,34-tetra-
phenyl tetrahedrane viag isolated 1,2,3 4-tetra-phenyl cyclobu-
tadiene. We reacted complex[VI] with carbon monoxide at
room temperature to exchange the ligands. We could not
isolate either 1,2,3,4-tetra-phenyl cyclobutadiene nor 1,2,34-
tetra-phenyl tetrahedrane. Instead, the final product was di-
phenyl acetylene. Exact meaning of this difference is not
clear yet.

The oxidation and reduction characteristics of complexes
[V] and [VI] were studied with electrochemistry and ESR.

The cyclic voltamograms of these complexes were shown
in Figure 1."!' Complexes[V] and [VI], both with 18 VE,
were oxidized to monocations at 043 V and 045 V ws.
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Ag/AgCl respectively in reversible processes, and further
oxidized to dications at 1.17 V and 1.20 V vs. Ag/AgCl respe-
ctively in irreversible processes. However, no further reduc-
tion to negatively charged complexes were observed in this
experiment.

For ESR measurement of complex[V] and [VI], a potas-
sium mirror was produced in an ESR probe and the tetrahy-
drofuran solution of complex{V] or complex[VI] was brou-
ght at —60 C in contact with the potassium. However, the
paramagnetic radical anions of these complexes were not
observed. It means that the complex[V] and [VI] would
not be reduced in this condition. This result is consistent
with the absence of electrochemical reduction of complexes
[V] and [VI] in cyclic voltametry.

In coclusion, the reaction of Jonas reagent with diphenyl-
acetylene gave a new complex, (n’-cyclopentadienyl)ethylene
(2,3,4,5-tetra-phenyl cobaltacyclo-2,4-pentadiene), which was
further decomposed to (n’-cyclopentadienyl)(n*-1,2,3,4-tetra-
phenyl cyclobutadiene)cobalt. Both complexes would not be
easily reduced.
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Since the first nitrene complexes, OsO; (NR), were report-
ed in 1959, transition-metal nitrene (or imido) complexes
have received continuous interest.! For instance, high valent
imido complexes can activate C-H bonds of several compou-
nds? Recently, Mayer’s group reported that heterocumulenes
such as isocyanates and carbodiimides react with WClx(PPh,
Me), under mild conditions to form imido-carbonyl and
imido-isonitrile complexes, respectively (Eq. 1).2 These reac-
tions were remarkable in that a formal double bond is clea-
ved to form a divalent and a neutral ligand. Very recently,
Bergman and his workers reported an insertion of CO into
an Ir=N bond in Cp*Ir(=N‘Bu)(Cp*=Cs(CHs)s), which is the
first carbonylation of a terminal imido ligand to give an iso-
cyanate complex.* The results of above studies prompted us
to investigate the possibility of insertion reactions of CO into
other terminal metal nitrene centers. We set out insertion
reactions of carbon monoxide into W=NR bonds. We report
here the molecular structure of frans, cis-W(PPh;Me).Cl,
(N‘Bu)(CO).

R
|
N
CLL,W-CO

R = CMej, SiMes, p-Tolyl

WCI;L4
L = PPh;Me
(EME;
Me;CN.—.C:NCMe; m
Cl;L,;W—CNCMe; @
Experimental

Unless otherwise stated, all the reactions have been per-
formed with standard Schlenk line and cannula techniques

Notes

Table 1. Crystallographic data and summary of data collection
and structure refinement

formula CaHasNOP,CLW  F (000) 1496
fw 754.29 no. of 2511
crystal system monoclinic unique data

space group P2, no. of reflns 2503

a, 10.731 (2) used, I>2 o (I)

b, A 21371 (5) no. of params 258

¢ & 13851 (3) z 4

B, deg 9040 (2) scan range  3<20<50°
v, & 3716 (1) scan type  ©-20

du, g cm™3 1.577 GOF on F2 1048

y, mm! 3.930 R 0.0428
Max. in Ap (e A®)0.60 wRy* 0.0956

? WRZ = {z[w(FaZ _FEZ)ZJ/E[W(Foz)ZJ }1/2

under an argon atmosphere. Carbonylation reactions have
been performed in a 60 mL of quartz pressure vessel (Kon-
tes). CO (99.9%) was purchased from Union Gas Co. and
used as received. Trimethylphosphine (PMes;; Me=CH;, 1
M in toluene) and trimethylphosphite (P(OMe);) were pur-
chased from Aldrich Co. and used as received. The title
complex, 1, was prepared by the literature method.?

X-ray Structure. All X-ray data were collected with use
of an Enraf-Noinus CAD4 automated diffractometer equipped
with a Mo X-ray tube and a graphite crystal monochromator.
Details on crystal and intensity data are given in Table 1.
The orientation matrix and unit cell parameters were deter-
mined from 25 machine-centered reflections with 16<206<
27°. Axial photographs were used to verify the unit cell
choice. Intensities of three check reflections were monitored
after every 1 h during data collection. Data were corrected
for Lorentz and polarization effects. The intensity data were
empirically corrected with ¥-scan data. All calculations were
carried out on the personal computer with use of the SHE-
LXS-86,° SHELXL-93° programs.

A brown crystal, shaped as a plate, of approximate dimen-
sions 0.15X0.38X0.42 mm, was used for crystal and intensity
data collection. The unit cell parameters and systematic ab-
sences, 0k0 (k=2n+1), indicated two possible space groups:
of P2; and P2,/m.. A statistical analysis of intensities of ref-
lections suggested a noncentrosymmetric space group and

‘the structure converged only in the space group P2;. The

structure was solved by the heavy atom methods. The W,
Cl, and P atoms were refined anisotropically. The phenyl
groups were treated as isotropic rigid groups. All hydrogen
atoms were positioned geometrically and refined using a ri-
ding model. Final atomic positional parameters for non-hyd-
rogen atoms are shown in Table 2 and the selected bond
distances and bond angles are shown in Table 3; anisotropic
thermal parameters, hydrogen atom coordinates, full bond
distances and bond angles, and tables of observed and calcu-
lated structure factors are available as supplementary mate-
rials.

Results and Discussions

There are two crystallographically independent molecules



