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Figure 1. Molecular structure of complex 4a. Carbon atoms in
the phenyl rings are shown as spheres of arbitrary radius.

Table II. Selected Bond Lengths and Angles for
Complex 4a

Selected Bond Lengths (&)
Pt-P(1) 2.302 (2) Pt-P(2) 2.336 (2)
Pt-C(1) 2.039(9) Pt-C(3) 2.079 (8)
C(1)-C(2) 1.351 (12) C(2)-C(3) 1.474 (12)
C(1)-F(1) 1.325 (10) C(2)-F(2) 1.373 (11)
C(3)-F(4) 1.371 (8) C(3)-F(5) 1.414 (9)

Selected Bond Angles (deg)
P(1)-Pt-P(2) 98.8 (1) Pt-C(1)-C(2) 97.5 (6)
P(1)-Pt-C(1) 165.2 (2) Pt-C(1)-F(1) 138.0 (6)
P(1)-Pt~C(3) 99.6 (2) Pt~C(3)-C(2) 92.0 (5)
P(2)-Pt-C(1) 96.0 (2) Pt-C(3)-F(4) 123.6 (5)
P(2)-Pt-C(3) 160.6 (2) Pt-C(3)-F(5) 115.6 (5)
C(1)-Pt-C(3) 65.8 (3) C(1)-C(2)-C(3) 104.7 (7)
F(1)-C(1)-C(2) 124.5 (8) F(2)-C(2)-C(1) 130.5 (8)
F(2)-C(2)-C(3) 124.8 (7) F(5)-C(8)-C(2) 111.0 (6)
F(4)-C(3)-C(2) 112.5 (6) F(4)-C(8)-F(5) 102.1 (6)

The molecular structure of 4a is shown in Figure 1.
Fractional atomic coordinates are presented in Table I, and
selected bond lengths and angles are assembled in Table
II. The metallacyclobutene ring is planar, with no atom
deviating more than 0.015 A from the plane. There is a
significant deviation from planarity in the coordination
sphere of platinum, the metallacyclobutene plane being
canted by 7.6° from the P(1)-Pt-P(2) plane. Similar de-
viations from planarity within the coordination sphere of
the metal have been noted in saturated platinacyclobu-
tanes, though the metallacyclobutane rings themselves in
these Pt(II) derivatives are usually found to be puckered.®
The distance from Pt to the formally sp? C(1) is signifi-
cantly shorter than that to the sp? C(3), but the higher
trans-influence of the sp? carbon is implied by the sig-
nificantly longer distance from Pt to P(2) compared to that
to P(1). Identical trends in M~C and M-P distances are
found in the octahedral iridium(III) metallacyclobutene
complex 5.2 Complexes 4 represent the first examples of
the smallest unsaturated perfluorinated metallacycle, al-
though a fully saturated perfluorometallacyclobutane
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complex of iron has been prepared and crystallographically
characterized.?’

The solution structures of 4a and 4b were shown by
ISR{ELP), 19F{19F}, and *'P{!H} NMR spectroscopic methods®
to be analogous to that observed for 4a in the solid state.
Observation of three resonances of relative intensity 2:1:1
in the 1°F NMR spectrum of 4a, even at ~78 °C, illustrates
that the metallacyclobutene structure is maintained in
solution and that the solid-state distortion from planarity
at Pt, which should result in different chemical shifts for
the fluorines in the CF, group, cannot be frozen out in
solution. The different trans influence of the metalla-
cyclobutene carbon atoms results in significantly different
values for Jp,p in both 4a and 4b.

Finally we note that formation of complexes 4 via C-C
bond cleavage demonstrates the high reactivity of per-
fluorocyclopropene compared to both its fluorinated ho-
mologues and its hydrocarbon analogues. While per-
fluorocyclobutene forms a simple #?-olefin complex 6 with
Pt(0),% we have been unable to observe formation of the
cyclopropene analogue at low temperatures, even though
hydrocarbon cyclopropenes form stable n?-olefin complexes
with Pt(0).1%! We cannot distinguish whether the me-
tallacyclobutene compounds 4 are formed via an inter-
mediate n*olefin complex or via direct attack of the metal
at a C-C bond.
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Summary: The photoinduced decarbonylation of Osgz-
(CO)4o[#-C(H)C(HINE,](1u-H) (1) yields Os4(CO)g[15-CC-
(HNEt,](u-H), (2; 58% yield) and Os4(CO)g[us-C(H)-
CNEt,](u-H), (3; 21% yield). Compound 3 was also ob-
tained from 2 in 70% yield by heating to 68 °C in hexane
solvent. Both products were characterized by IR, 'H
NMR, and X-ray diffraction analyses. Compound 2 con-
tains an n'-triply bridging (diethylamino)alkenylidene ligand
coordinated to a triangular triosmium cluster. Compound
3 contains a triply bridging HC,NEt, ligand that is formu-
lated to include two osmiums as a (dimetalliomethyl)(di-
ethylamino)carbene ligand on the basis of structural and
reactivity evidence. Compound 3 reacts with NHPr", to
yleld Os4(CO)g[ u5-C(H)CNPr";] (u-H), (4) in 74% yield by
replacement of the diethylamino group.
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Figure 1. An orTEP diagram of Os3(CO)e[us-CC(H)NEL,](n-H),
(2) showing 50% probability thermal ellipsoids.

Metal complexes containing heteronuclear carbenes have
been a source of great interest both for their unusual
structural varieties and reactivities and for their applica-
tions to novel organic syntheses.’? While the study of
mononuclear metal complexes containing carbene ligands
has been extensive, the study of carbene ligands in cluster
complexes has begun only recently® The paucity of
cluster complexes containing carbene ligands may be due
to the very limited success of the traditional methods of
syntheses.??>f Recently, we have shown that cluster com-
plexes containing secondary (dialkylamino)carbene ligands
can be prepared by C-H activation reactions of NMez and
bis(dialkylamino)methanes, CH,(NR,),, with certain os-
mium cluster complexes.! In an extension of these studies,
we now wish to report the synthesis and characterization
of a new cluster complex that appears to contain the first
example of a dimetalated methyl(diethylamino)carbene
ligand.

UV irradiation of the complex Os3(CO);4[u-C(H)C(H)-
NEt,](u-H) (1)5 leads to decarbonylation and formation
of the isomeric complexes Osg(CO)g[us-CC(H)NEty](u-H),
(2) in 58% yield and Os3(CO)g[us-C(H)CNEL,] (u-H), (3)
in 21% yield.® Compound 8 was obtained directly from
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Figure 2. An ORTEP diagram of 083(00)9[#3'HCC(NE1}2)](M-H)z
(3) showing 50% probability thermal ellipsoids.
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2 in 70% yield by heating to 68 °C for 3 h. Both com-
pounds have been characterized by X-ray crystallographic
methods.” An ORTEP drawing of 2 is shown in Figure 1.8
Compound 2 contains a triangular triosmium cluster with
a triply bridging CC(H)NEt, ligand that is bonded to the
metal atoms only by the carbon C(1). Carbon C(2) con-
tains only three substituents, but the short C(1)-C(2) and
C(2)-N distances of 1.39 (2) and 1.31 (2) A indicate the
existence of partial multiple-bonding characters. In ad-
dition, the ethyl groups are inequivalent due to hindered
rotation about the C(2)-N bond and the nitrogen atom
possesses a planar geometry. The ligand could be viewed
as a (diethylamino)alkenylidene ligand in a novel 7'-co-

(6) 1 (100 mg) was dissolved in 100 mL of hexane and irradiated (UV
external) for 2.5 h. The products 2 and 3 were isolated by TLC on silica
gel using hexane/CH,Cl, (8/2) solvent in 58% and 21% yields, respec-
tively. 2 elutes more slowly than 3. For 2: »(CO) in hexane, 2096 (m),
2064 (vs), 2037 (vs), 2018 (s), 2009 (m), 1982 (s), 1971 (m), 1957 (W) cm};
H NMR (§ in CDCl; at 80 MHz) 9.10 (s, 1 H), 3.61 (q, 2 H, J = 7 Hz),
3.53 (q, 2 H,J = 7 Hz), 1.28 (t, 6 H, J = 7 Hz), -19.31 (s, 2 H). For 3:
»(CO) in hexane, 2101 (s), 2071 (vs), 2045 (vs), 2018 (sh), 2015 (s}, 2000
(s), 1982 (s), 1977 (w, sh), 1967 (m) cm™; 'H NMR (5 in CDC]; at 300
MHz) 5.87 (s, 1 H),3.91 (q, 2H, J = 7 Hz), 3.54 (q, 2 H, J = 7 Hz), 1.28
(t,3H,J =7Hz), 1.22 (t, 3 H, J = 7 Hz), -16.35 (s, br, 1 H), ~18.90 (s,
br, 1 H). A 102 °C, 80 MHz in toluene-dg, the hydride resonances have
coalesced to a singlet at —18.15 ppm, but there was no evidence of
broadening of the resonances of the ethyl groups. When heated to reflux
in hexane solvent, compound 2 was converted to 3 in 70% yield.

(7) Diffraction data were collected on a RIGAKU AFC6 automatic
diffractometer using Mo Ka radiation, All calculations were performed
on a Digital Equipment Corp. MICROVAX II computer using the TEX-
SAN structure solving program library (Version 2.0), obtained from the
Molecular Structure Corp., College Station, TX. For 2: space group
P2,/n,a=10.233(2) A, b= 14.834 (4) A, c = 14.538 (2) A, § = 99.88 (2)°,
Z = 4. The structure was solved by direct methods and was refined (2403
reflections) to the final residuals R = 0.036 and R,, = 0.040. An analytical
absorption correction was applied. For 3: space group P2,/a, a = 12.616
(2) A, b =12.566 (3) A, c = 13.706 (2) A, 8 = 106.56 (1)°, Z = 4. The
structure was solved by direct methods and was refined (1956 reflections)
to the final values of the residuals, R = 0.085 and R, = 0.036. An
empirical absorption correction was applied.

(8) Selected intramolecular distances (A) and angles (deg) or 2 are as
follows: Os(1)-0s(2) = 2.852 (1), Os(1)-0s(3) = 2.864 (1), 0s(2)—-0s(3)
= 2.756 (1), Os(1)-C(1) = 2.12 (1), 0s(2)-C(1) = 2.15 (1), 0s(3)-C(1) =
2.06 (1), C(1)-C(2) = 1.39 (2), C(2)-N = 1.31 (2), C(1)-C(2)-N = 133 (1).
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ordination mode. There are two bridging hydride ligands
as shown in Figure 1.

An ORTEP diagram of 3 is shown in Figure 2.° Com-
pound 3 consists of a triangular triosmium cluster with a
triply bridging HC,NEt, ligand.1%! Although this ligand
could be described formally as an “ynamine”, for the
reasons listed below, we feel that it is more appropriately
described as a (dimetalliomethyl)(diethylamino) carbene
ligand. The HC,NEt, ligand in 3 differs from all other
48-electron trimetallic alkyne cluster complexes in that it
possesses the us- | coordination mode A2 All the others
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possess the u;-|| mode B. The latter is observed in the very
similar complex Rug(COg(us-MeCy0OMe)(u-H) that was
prepared by Keister.!! The only examples of trimetallic
clusters possessing the us;- 1| mode are the 46-electron
clusters M3(CO)g(us-CoPhy) (M; = Fegl4t or Fe,Rulh),
W,Fe(CO)¢Cps[us-Co(p-tolyl),],’* and W,Fe(CO);Cp,-
(0)[us-Cy(p-tolyl),].1> However, the coordination of the
HC,NE, ligand 3 differs significantly from the 46-electron
clusters with the us- L alkyne mode. In the latter exam-
ples, both alkyne carbon atoms are bonded to the 1 edge
of the cluster. In 3, the ligand is shifted away from the
L edge toward the structure C. This is shown by the very
long distances to C(2), Os(1)-C(2) = 2.91 (2) A and Os-
(2)-C(2) = 2.80 (2) A. We feel that the ligand in C can
be described alternatively as a (dimetalliomethyl)(di-
ethylamino)carbene. This formulation is also supported
by the observation of the short C(2)-N distance of 1.33 (2)
A that is characteristic of aminocarbene ligands.! In ad-
dition, the nitrogen atom is planar and the ethyl groups
are inequivalent (by 'H NMR spectroscopy) due to the
hindered rotation about the C(2)-N bond.f The two in-
equivalent hydride ligands (not observed crystallograph-
ically) are believed to bridge the Os(1)-Os(2) and Os-
(1)-0s(3) metal-metal bonds. Finally, it was found that
the amino group in the HC,NEt, ligand in 3 is readily
exchanged by reaction with secondary amines as is also
characteristic of carbene ligands.! The reaction of 3 with
NHPr?, at 97 °C gave the derivative Osg(CO)g(ps-
HC,NPr2) (u-H), (4) in 74% yield.!®

(9) Selected intramolecular distances (A) and angles (deg) for 3 are as
follows: Os(1)-0s(2) = 2.832 (1), 0s(1)-0s(3) = 3.003 (1), 0s(2)-0s(3)
= 2.802 (1), Os(1)-C(1) = 2.17 (2), 0s(2)-C(1) = 2.14 (2), 0s(1)-C(2) =
2.91 (2), 0s(2)-C(2) = 2.80 (2), 0s(3)-C(2) = 2.10 (2), C(1)-C(2) = 1.43
(2), C(2)-N = 1.33 (2); 0s(3)-C(2)-N = 133, 0s(3)-C(2)-C(1) = 105 (1),
C(1)-C(2)-N = 121 (2).
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not yet been characterized crystallographically.
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The transformation of 1 to 2 occurs presumably by a
photoinduced decarbonylation at the Os(CO), group and
is followed by a C-H activation at the bridging carbon
atom of the C(H)C(H)NEt, group; see Scheme I. This
is probably similar to the transformation of Os3(CO),g(u-
CH,)(u-H), to Os3(CO)g(us-CH)(u-H)s.'"  Overall, the
transformation of 2 to 3 involves a 1,2 shift of the hydrogen
atom from C(2) to C(1). Mechanistically, this may involve
a metal-promoted C-H activation with formation of an
acetylide trihydride cluster intermediate that subsequently
shifts a hydride ligand to the acetylide carbon to yield 3.
The reverse of this transformation (i.e. uz-alkyne to us-
alkenylidene) has been observed in other metal cluster
complexes.!®

The novel mode of coordination exhibited by the
HC,NEt, ligand in 3 can be attributed in part to the
formation of C-N multiple bonding caused by donation
from the lone pair of electrons on the nitrogen atom. This
is more important than metal-carbon bonding, and the
coordination mode C thus becomes more important than
A. However, the novel reactivity of 3 is also directly de-
pendent on the unique triply bridging coordination of the
HC,NEt, ligand. This example thus provides a further
confirmation of the general principle that multicenter
coordination can promote novel ligand reactivity.!?
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Summary: The novel tetrahydride-bridged dinuclear ru-
thenium complex (7°-CsMeg)Ru(u-H),Ru(n®-CsMe;) (2) has
been synthesized by reaction of [(7°-CsMes)RuCl,], with
LiAIH,. X-ray crystal structure of complex 2 is reported.

Transition-metal hydrides are implicated in the variety
of stoichiometric and catalytic organic transformations.!
Di- and polyhydride complexes with electron-donating
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