from C-H bonds of alcohols to form radical pairs (e.g.,
PhCH, - + . CH,OH) which would recombine with high ef-
ficiency to give the C-H “insertion” products in the matrix
environment, whereas in the liquid phase the members of the
pairs would diffuse apart to yield 2 and 3. The facts that the
yield of bibenzyl drops markedly as the reaction phase is
changed from liquid to solid and § increases significantly in
colder and presumably harder —196 °C matrix'? are appar-
ently related to the relative diffusibility of radicals.

The reason for the marked reduction in the ether yields at
lower temperature is uncertain. A rapid decay of the initially
formed singlet carbene to the triplet in rigid matrix seems
unlikely since styrene, an intramolecular product of singlet
PhCMe,!! was formed in high yield even in —196 °C matrix
and, further, rapid and reversible singlet-triplet equilibrium
has been assumed! to be involved in phenylcarbene reactions.
There is a possibility, however, that the O-H insertion reaction
could be more significantly assisted by solvation, which might
become less important in solid phase, compared with the other
radical processes. since ionic species,!? i.e., benzyl cation
and/or ylide, have been proposed to be involved in the reaction.
Thus, matrix might affect the kinetics of the competitive in-
termolecular singlet and triplet carbene processes occurring
within it.?

The low temperature photolysis® of diphenyldiazomethane
in tert-butyl alcohol matrix gave a completely different picture
than irradiation in other alcoholic matrices. There was no sign
of the C-H insertion product being formed; instead, there was
formed azine (8), ethylene (9), and ethane (10)

hu
Ph,CN; —> Ph,CHO-¢-Bu + Ph,C=NN=CPh,

1-BuOH

6 70-80% 7 8

+ Ph,C=CPh; + Ph,CHCHPh;
9 10

Relative yields, %

T,°C 7 8 9 10

27 97.5 25 0 0
=72 3.0 56.6 26.9 13.5
-196 0.8 26.6 72.6 0

all of which were only minor products (<5%) in the photolysis
in other alcohols.!? The high yield formation of the olefinic
dimer (9) in tert-butyl alcohol matrix is especially noteworthy
since solution-phase photolysis of 6 in inert solvent gave!3
predominantly azine but no trace of ethylene. Presumably,
molecules are not matrix isolated but coherent with large
dislocation in matrix of tert-butyl alcohol which does not form
glass but crystallizes upon cooling,!# and, hence, carbenes or
radicals derived from them in the solid would dimerize or at-
tack the neighboring diazo compound inside the molecular
aggregates of 6. Whether the olefinic dimer arises from com-
bination of two triplet carbenes!> or an action of a carbene on
a diazo compound'6 is an interesting question.!” There is
particularly sound precedence for the former in this special
condition since triplet phenylcarbenes are known'® to have
enough lifetime to encounter each other at this temperature.
Drastic decrease in the azine yield at lower temperature would
suggest that the azine could be formed via electrophilic attack
by singlet carbene on the terminal nitrogen of the diazo linkage
as has been suggested!> previously, if one assumes that the
temperature dependence of intermolecular singlet carbene
processes is general.’

In conclusion the present results provide a carbene route to
the C-H insertion products into alcohols as well as important
informations on chemical behaviors of carbenes in rigid matrix
and the relationship between the multiplicities and the reaction
pathways of carbenes, Further we hope the observed matrix
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effect would be extended to a unique low temperature synthesis
of unstable ethylenes (e.g., tetra-tert-butylethylene) via car-
benes.
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Binuclear Rhodium(l) Complexes. Molecular A Frames
Sir:

The design, synthesis and characterization of binuclear
complexes in which d® metal centers are held in close, fixed
proximity, represents an important objective in the systematic
study of multicentered reagents and catalysts.! The primary
approach to this objective involves the use of bridging ligands
to achieve the desired structure and orientation of the metal
centers.2~7 The bridging ligands can also serve to introduce
additional functionality into the complex which can be utilized
in the binding and activation of substrates. The binuclear Rh(I)
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Figure 1. Drawing of {Rh;(u-S)(CO)2(dpm)2] without phenyl rings. Se-
lected distances and angles are shown. Sulfur lies on a crystallographic
C; axis and the unprimed atoms represent one asymmetric unit. Other
bond angles include C-Rh-PI. 97.6 (3)°; PI-Rh-P2, 173.51 (9)°; P1-
Rh-S. 84.3 (1)°: P2-Rh-S, 89.4 (1)°: S-Rh-C, 1729 (3)°: and C~
Rh-P2, 88.8 (3)°.

complexes which we report herein exemplify these features and
possess the novel “A-frame”-type structure 1.

.f/\z ()
Rh Rh Rh Rh
a

.
b

The addition of NajS to a methanolic suspension of
[Rh;CL(CO)y(dpm),] (dpm = bis(diphenylphosphino)-
methane),? produces an immediate color change followed by
precipitation of red crystals of [Rhy(g-S)(CO),(dpm),], 1.
This complex is obtained analytically pure and exhibits vco
of 1910 and 1923 cm™!. Treatment of 1 with MeNC leads to
CO evolution and the formation of the analogous isocyanide
complex [Rhy(u-S)(CNMe),(dpm).], 2, with ven of 2160 and
2185 cm™!.

The structure of 1 was established by a single-crystal x-ray
diffraction study. Complex 1 crystallizes in space group Pccn
in a cell of dimensionsa = 13.72 (2), b = 17.49 (3), ¢ = 19.29
(4) A (Z = 4; peatca = 1.525 g/cm3; pobsa = 1.51 (1) g/cm3).
Intensity data were collected using Mo Ko radiation by the
#-28 scan technique in the range 3° < 26 < 45°. The structure
was solved by the usual Patterson-least-squares-Fourier
methods, and refined to final discrepancy factors R and R’ of
0.0459 and 0.0541, respectively, for 240 parameters and 1884
observations.® All nonhydrogen atoms were refined aniso-
tropically and three of the four independent phenyl rings were
treated as rigid groups (vide infra).

The structure of complex 1, which has crystallographic C;
symmetry, is shown in Figures | and 2. Complex 1 possesses
the “A-frame” structure I with each Rh(I) ion in square-planar
coordination sharing a common sulfide ligand. Important
structural parameters (see Figure 1) include Rh-C, Rh-S, and
average Rh-P bond lengths of 1.81 (1), 2.367 (4), and 2.305
(4) A. The two square planes are approximately orthogonal
with a dihedral angle between least squares planes of 83.3° and
a Rh-Rh separation of 3.155 (4) A. The structural parameters
of Figure 1 suggest the possibility of binding diatomic sub-
strates to both Rh(1) centers on the endo side of the A-frame
arrangement., However, this site for substrate binding is
blocked in the present structure by two symmetry-related
endo-phenyl rings of the bridging dpm ligands (Figure 2). In
addition, the other endo-phenyl rings show very close non-
bonded contacts with the terminal CO ligands (C—H++C—O
~2.2 A) resulting in extremely anisotropic thermal parameters
for several of the phenyl ring C atoms and slight deviations
from planarity when this phenyl ring is refined as individual

I

Figure 2.
atoms.

Drawing of [Rh;S(CO)2(dpm);] with all nonhydrogen

atoms.

These observations regarding the conformation of the
Rh-dpm-Rh unit and the orientation of the phenyl substitu-
ents underscore a consideration in the design of other A-frame
systems. For example, 1,3-diisocyanopropane’® may prove more
suitable as a bridging ligand for A-frame-type structures in
which accessibility to the Rh«Rh unit is desired for cooperative
substrate binding and activation. Recently, Balch and co-
workers® have reported the isoelectronic complexes [Pda(u-
CNR)(CNR),(dpm);}2* which also exhibit the A-frame
structure similar to that reported here. The scope of these
systems may be quite general.

The initial chemical characterization of 1 with various
electrophilic reagents indicates that the bridging sulfur is quite
reactive and competes effectively with the individual Rh(I)
centers. For example, the reaction of 1 with (OEt;3)(PFs) leads
to the formation of the monoalkylated complex [Rh;(u-SEt)-
(CO)2(dpm),](PFg), 3 (vco 1963,1980cm™!; Ay = 75 Q7!
cm? mol~! in nitromethane) while reaction with HBF, yields
a monoprotonated species which is also a 1:1 electrolyte. The
addition of HCl to 1 regenerates the starting complex
[RhyCl5(CO)2(dpm);}? with H,S formation. The most in-
triguing reaction involves the interaction of Mel or Etl with
1 followed by treatment with CO to yield complex 4 having vco
of 1962 (vs, br) and 1850 (s, br) cm~!, and a 'H NMR spec-
trum which shows only dpm resonances. Complex 4 can also
be prepared from [RhyCly(CO)a(dpm),] + Lil in THF fol-
lowed by CO treatment, strongly supporting the notion that
the reaction of 1 with R-I leads to sulfur alkylation and re-
moval, Treatment of 4 with Na;S regenerates 1. Complex 4
is proposed as [Rh;I;(u-CO)2(CO)a(dpm),] with structure
I1. Because of the binuclear arrangement imposed by the dpm

1
1
~1 _c |~
RhZ . >Rh
oc” | ]
P\O/P
11

ligands, each Rh(I) is precluded from adopting a TBP geom-
etry, as would be anticipated for RhI(CO),L,, and instead the
complex assumes structure II in which CO bridges are formed.
Because of their high vco, the bridging carbonyls in 4 may be
unsymmetrical, and the potentially fluxional nature of the
carbonyl ligands in this system should be explored.
Reactivity of 1 at the metal centers is suggested by the re-
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versible formation of a purple SO; adduct in benzene solution
and by catalytic hydrogenation of ethylene in methylene
chloride-benzene. Details will be published separately. It seems
evident that the synthesis of other A-frame molecules and their
use as multifunctional reagents holds great promise.
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Configurational Isomerism in

Bis(dimethyl metal)- N,N’-dialkyloxamides of
Aluminum and Gallium

Sir:

We wish to report the discovery by 'H and 13C NMR and
the elucidation by crystal structure analysis of a new type of
configurational isomerism in main group metal complexes.

According to a general scheme,' trialkyl derivatives of group
3B elements react with NV.N’'-dialkyloxamides to yield cova-
lently bonded products of the general structural formula
(Ry’M);(CONR);,. Three representative compounds, 1-3, are
shown below; they have been characterized as 2:1 products by
elemental analysis, and have been demonstrated to exist in
monomeric form.?

Table I. Crystallographic Data¥ for the Bis(dimethyl metal)-
oxamide Complexes 1-3

1 2 3
Space group PT Cm Pl
a A 5.7438 (9) 11.774 (2) 8.8300 (6)
b A 9.466 (1) 5.7068 (6) 11,6355 (5)
e A 6.5750 (8)  8.9852(8)  6.4533 (4)
o, degree 94.78 (1) 90.0 93.74 (1)
3. degree 111.02¢1)  11200(1)  99.51 (1)
v, degree 10121 (1) 90.0 95.54 (1)
V4 1 2 2
R 0.040 0.040 0.067

@ Intensity and lattice parameter data were measured with crystals
maintained at ca. —150 °C (Syntex LT-1 low temperature device)
on a Syntex P1 autodiffractometer operating in an w-scan mode. Each
data set was collected with one crystal; reference reflections measured
periodically during data collection showed neither systematic nor
significant variations in their respective intensities.
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Figure 1. Chemical structure of (a) bis(dimethylaluminum)-N.N’-
dimethyloxamide (1) and (b) bis(dimethylgallium)-,N’-dimethyloxa-
mide (3. cis configuration 3B) (thermal ellipsoids are represented at the
75% probability level).

N-CH, Ga-CHy

j 4:L

W
SH_

r

'J
Figure 2. '"H NMR spectra (C¢D solutions, 30 °C) of a single crystal of

3 (100-200 ug) (top) and a 50-mg random sample of 3 (inverted trace)
(bottom).

2(CHj3)3;M + (CONHR);
-2CH
—>" (CH3);M(CONR);M(CH3);

1,M = Al R =CH;
2,M=Ga;R=H
3,M =Ga; R =CH;

A fused five-membered-ring structure has been established
for the corresponding bis(dimethylgallium) oxalate;® the same
structural principle has now been verified for the N-meth-
ylaluminum derivative 1. The crystalline complex, utilizing
a crystallographic center of symmetry, displays the oxamide
ligand in the trans configuration 1A, Figure 1a, which provides
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