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electronic properties owing to the developing carbon-—
oxygen bond in the transition state.

The apparent stability differences between the car-
bamic acid complex intermediates (I) can also be ration-
alized by the 7-bonding considerations. The amide
species (M'-NH,)?* generated by loss of COH* or
CO, from I or its conjugate base (eq 9 and 10) may very
likely be more stable for M’ = Ru(NH;);** than for
M’ = Rh(NH;);**. In support, the rate!® of base-

(15) J. W, Palmer and F. Basolo, J. Inorg. Nucl. Chem,, 18, 279 (1960).
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catalyzed H-D exchange in D,O of the Ru(NH;j)g®+
ammonia proton is about 3000 times greater than for
those of Rh(NH;)s*t. These reactions, no doubt, also
go through intermediates similar to the amide complex
(M'-NH,), and the rate differences suggest special sta-
bility for the ruthenium(IIT)-amide species.
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Rhodium(I) and iridium(I) complexes of the tripodal ligand 1,1,1-tris(diphenylphosphinomethyl)ethane, TDPME, of the
type MCI(CO)(TDPME) were synthesized. The iridium(I) complex appears to be five-coordinate in the solid state but to be

capable of dissociating a phosphine ligand in solution.

The rhodium(I) complex is apparently a mixture of four- and five-

coordinate isomers (with TDPME as either a bidentate or a tridentate ligand) both in the solid state and in solution. The
existence of a facile equilibrium between four- and five-coordinate configurations of the rhodium(I) and iridium(I) com-

plexes in solution is suggested by their rapid reaction with carbon monoxide to form dicarbonyl species.

Reactions with

oxygen, sulfur dioxide-oxygen, and p-nitrobenzoyl azide which yield (bidentate) carbonato, sulfato, and isocyanato com-
plexes have been examined. The TDPME complexes differ significantly in reactivity from the rhodium(I) and iridium(I)
complexes, trans-MCL{(CO)L,, from which they are derived. A five-coordinate d® iridium(I) complex with azido and car-
bonyl ligands in adjacent coordination sites was synthesized and found to be stable.

Introduction

Recently attention was called to a broad class of
atom-transfer redox reactions which could be promoted
by a metal which held both oxidant and reductant in
cis positions of the coordination sphere.>* Thermo-
dynamically favorable processes between kinetically
inert reactants might be facilitated with the incorpora-
tion of the potential reactants in adjacent coordination
sites. Significant reactions in this group include those
in which the reductant is a gas (carbon monoxide, sulfur
dioxide, nitrogen oxides) and the oxidant is molecular
oxygen. Stoichiometric reactions of this type have
been reported from this and other laboratories.*®

Although numerous examples of atom-transfer redox
reactions have been reported, our knowledge of the
scope and limitation of the various reactions is almost
totally empirical. Yet to be established is whether or
not coordination at adjacent sites is in itself sufficient to
provoke a reaction. Incorporating a tridentate ligand
in a df or d® metal complex would require the other lig-
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ands in the coordination sphere to be cis to each other
and thus might facilitate reactions of this type.

The ligand 1,1,1-tris(diphenylphosphinomethyl)-
ethane, 1, TDPME, has been employed in several metal
complex systems since it was first reported in 1962.7-Y
The geometry of the ligand is such that it can occupy
three facial sites on a tetrahedron, trigonal bipyramid,
square pyramid, pentagonal pyramid, or octahedron but
cannot coordinate to three positions of a square plane or
three meridial sites of a polyhedron. By occupying
three sites of the coordination sphere, the steric relation-
ship of the remaining ligands is often fixed. The situa-
tion is complicated if one of the phosphine groups of
TDPME is not coordinated’ ? 141517 or if two metals are
bridged by a single TDPME ligand.'®* Davis and
Fergusson have recently isolated and characterized two
ReVTDPME complexes of the same stoichiometry, one
in which TDPME serves as a tridentate ligand and the
other in which it serves as a bidentate ligand.'™ Asa
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CH;C{CH,P(CsHs):]s
1

consequence of its tridentate character and specific
geometry, complexes with degrees of substitution and
stereochemistry not otherwise attainable with three uni-
dentate ligands may be realized. TDPME reacts with
nickel carbonyl at 20° to replace three CO ligands yield-
ing Ni(CO)(TDPME); in contrast with unidentate tri-
phenylphosphine only two CO ligands are replaced (eq
1).1118

210°
Ni(P(CsHs)s)2(CO)s + P(CeHs)s -

Ni(P(CsHs);)s(CO) + CO (1)

The complex Rhc13L3 (L = (C2H5)3P, (C3H7)3P,
(C4H9)3P, (CaHa)zCHaP, (C2H5)2(C6H5)P, and C2H5-
(CsH;)2P), derived from RhCl; and the appropriate lig-
and, has the mer configuration 2.!* TDPME clearly
forces the fac configuration on complex 3.

We report here a study of the complexes formed upon
treatment of IrC1(CO)Ls, IrN3(CO)Ls, and RhC1(CO)L,
(L = P(CeH;)s) with the tripodal ligand TDPME and
their participation in several atom transfer redox reac-
tions.

Results and Discussion

Chlorocarbonyl-1,1,1-tris(diphenylphosphinomethyl)-
ethaneiridium(I), IrCl1(CO)(TDPME).—A benzene
solution of IrCl{CO)(P(CsHs)s)s, 4, when treated with
an equimolar amount of TDPME, yielded a bright
orange, air-sensitive powder which had an elemental
analysis and molecular weight consistent with replace-
ment of the two triphenylphosphine ligands by
TDPME. The carbonyl absorption (KBr), 1900 cm 1,
rather low for carbonyl bonded to iridium(I), is in
accord with the higher electron density expected at the
metal center if all three phosphine groups are coor-
dinated to iridium (as in structure 5a). The isomeric
structure 5b, in which iridium(I) is four-coordinate and
TDPME behaves as a bidentate ligand, would be ex-
pected to exhibit a carbonyl band above 1960 cm—1.
The carbonyl absorption of 4 appears at 1960 cm—1;
placing the carbonyl trans to a strong-field ligand such
as phosphine should raise the carbonyl frequency. The
trigonal-bipyramidal structure 5a is thus tentatively
assigned. The strong = acid CO ligand has tentatively
been assigned to the equatorial plane because of the
better = bonding in that position.

(CHP 0O
MU
X P(CeH;);
4 M=1r,X=Cl
9, M=Rh, X =Cl
27, M = Ir, X = N

In contrast to the apparent behavior of TDPME, the
four-coordinate carbonyl complex 4 fails to react with

(18) J. Chatt and F. A. Hart, J. Chem. Soc., 1378 (1960).
(19) J. Chatt, N, P. Johnson, and B. L. Shaw, ibid., 2508 (1964),
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excess. triphenylphosphine. The four-coordinate com-
plex 6, with nonchelated phosphines, combines with
carbon monoxide but dissociates a phosphine ligand in
the process (eq 2).20

IrCHCOYP(CeHy);); + P(CeHj)y = IrCHP(CeH;)y); + CO
4 6
(2)

A question arises as to whether the third phosphine
group in 5a is tightly bound or instead a facile equi-
librium exists between four- and five-coordinate con-
figurations (with the five-coordinate configuration
favored). A saturated five-coordinate iridium(I) com-
plex would not be expected to react rapidly with oxygen
(as observed) unless it readily develops a vacant co-
ordinate site. For example, the four-coordinate irid-
inum(I) complex 4 reacts with molecular oxygen but
the isoelectronic five-coordinate osmium(0) complex
OS(CO):;(P(C@H5)3)2 is inert.®

In solution, the carbonyl absorption of 5 is shifted
only to 1912 em~! (CH,Cly); thus it is unlikely that
there is a significant change in the dominant coordina-
tion number. A methylene chloride solution of 5 is
rapidly and irreversibly discolored when saturated with
carbon monoxide, yielding a new complex with carbonyl
absorptions at 2045 and 1970 em—! (CH.Cl;). Struc-
ture 7, was ruled out for the dicarbonyl complex, when
no metal-chlorine stretching frequency was located in
the infrared spectrum and when the postulated free
phosphine failed to oxidize on treatment with cumene
hydroperoxide. The alternate structure, 8, is sup-
ported by conductance values in the range reported for
uni-univalent electrolytes. The tetraphenylborate salt
has been isolated on treating 8 with sodium tetraphenyl-
borate.

The reaction of 5 with carbon monoxide could be
explained by dissociation of the third phosphine group
to form a four-coordinate iridium(I) species, 5b, which
would rapidly take up another molecule of carbon
monoxide. A complex of structure 7 is a likely (even if
short-lived) intermediate in the formation of 8; a free
phosphine is available to assist with the displacement of
chloride. Vaska's complex, 4, is known to coordinate a
second molecule of carbon monoxide although the five-
coordinate adduct (vgo 1985 and 1935 cm™?) is only
stable under a pressure of carbon monoxide.?! The
higher frequency carbonyl absorptions of 8 are in
accord with the proposed positive charge on the metal
(Scheme I).

Chlorocarbonyl-1,1,1-tris(diphenylphosphinomethyl)-
ethanerhodium(I), RhCI(CO)(TDPME).—Treatment
of either chlorocarbonylrhodium(I) dimer, [RhCI-
(CO)2]s, or RhC1(CO) (P(CeHs)a)s, 9, in benzene solution
with 1 equiv of TDPME per rhodium yields an air-
sensitive, red-brown powder which exhibits two car-
bonyl bands (KBr) 2005 (m) and 1915 cm—! (s). Re-
crystallization of the red-brown powder did not change
the ratio of the two bands significantly. The molecu-
lar weight, elemental analyses, and conductance mea-
surements are consistent with a nonelectrolyte of the
formula RhCl{CO)(TDPME).

The two infrared carbonyl absorptions might be ex-
plained by a mixture of two trigonal-bipyramidal con-

(20) M. A. Bennett and D. A. Milner, J. Amer. Chem. Soc., 91, 6983

(1969).
(21) L. Vaska, Science, 183, 769 (1966).
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ScueME 1
TDPME + 4 —
Voo 1960 cm™
P, .CO
e \Ira
P( \Cl
5b
Voo 1900 cm—t
co cm lco
+ P 0
P
ClIm <— Ir—CO
7 |
Cl
7

vco 1970,2045 cm ™!

figurations (with axial and equatorial carbonyl ligands)
or, alternatively, by a mixture of four- and five-co-
ordinate rhodium(I) complexes in equilibrium (Scheme
II). A facile equilibrium between four- and five-co-
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The chemistry outlined in Scheme II supports our
contention that RhCI(CO)(TDPME) exists as a mix-
ture of four- and five-coordinate forms, 10a and 10b.
Conversion of 10 to the bis-carbonyl complex 12 occurs
reversibly and leaves one phosphine group on TDPME
uncoordinated. Conductance measurements indicate
complex 12 is a uni-univalent electrolyte; it can be
converted to and isolated as the tetraphenylborate salt
13. The uncoordinated phosphine on 12 can be oxi-
dized using cumene hydroperoxide in methylene chlo-
ride solution (under carbon monoxide atomsphere)
without oxidation of the coordinatively saturated
metal. The product 14 exhibits carbonyl bands at
2050 and 1995 cm—! (CHCly) unchanged from those in
12, but solutions of 14 exhibit phosphine oxide bands
(1185, 1115, and 565 cm™!). Sweeping argon through
a solution of 14 yielded a new complex 15 which exhibits
a single carbonyl band at 2015 cm~! (CH,Cl,) which
compares with the 2015 ecm~! (CH,Cl;) observed for 10
and is assigned to the related structure 10b. The
vp=o bands in the oxidized free ligand 16 are identical
with those in complexes 14 and 15 suggesting that the
phosphine oxide in 15 has little or no tendency to co-

ScHEME 11
p
P._| P €O
TDPME + RhCKCOXP(CeH)), -—* Rh—CO == Rh ~— TDPME + [RhCKCO),],
| P( A
P
cl 10b
10a
+COlT—CO
‘") Il
P CO co
3 P. .CO —CO | under CO P‘\ ' +
%‘ e — P--(—R|h——-CO /R|h——CO —> [Rh(CO)(TDPME)]" CI”
12b
ol N Pa P
15 14 12a lNa&ceHm

ordinate isomers would preclude separation of one iso-
mer from the other, but characterization of the system
might be aided by forcing the proposed equilibrium to
one side or the other. This might be accomplished by
“tying up”’ the free phosphine group and forcing the
equilibrium to the right (Scheme II).

The carbonyl frequencies observed are in accord with
those expected for structures such as 10a and 10b.
Hieber has reported a »co of 2010 em~—! (CH,Cly) for
the 1,2-bis(diphenylphosphino)ethane complex 11 which
is structurally similar to 10b.22 While no models for
10a are known, the carbonyl absorption would be ex-
pected to appear at lower frequency than the absorp-
tions for the rhodium(l) complexes 9 (1960 cm—1)23

(Cets), o
“gnd
7 ~a
(CeHs),
1
or 11 due to softening of the metal by the third
phosphine. '
(22) W. Hieber and R. Kummer, Chem. Ber., 100, 148 (1967).

(23) D. M. Adams, ‘““Metal-Ligand and Related Vibrations,” $t. Martin’s
Press, New York, N. V. ,1968, p 154.

[Rh(CO),(TDPME)]" B(CH,),~
13
ordinate, a fact which is understandable on electronic
and steric grounds.
An independent synthesis of 15 was achieved by
treating the monoxide of TDPME, 16, with the rho-

dium(I) carbonyl chloride dimer (eq 3). Complex 15
?
CH,P(CsHy):
CH;C + [RhCI(CO)); —> 15 3)
(CH,P(CeHs )z )2
16

was not isolated from solution in pure form via the re-
actions outlined in Scheme II but was contaminated
with varying amounts of a material (vco 1960-1980
cm™?!) which is likely a polymer similar to that ob-
served with 1,2-bis(diphenylphosphino)ethane com-
plexes of rhodium(I).2? Complex 15 does not react
with carbon monoxide under ambient conditions, a fact
that may indicate free phosphine is necessary to assist
with the expulsion of chloride (conversion of 12a to
12b). Complexes 14 and 15 are apparently uncharged
species as indicated by their failure to form tetraphenyl-
borates.
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Reactions of IrCl(CO)(TDPME).—The - iridium
TDPME complex 5 reacts with oxygen both in the
solid state and in solution. Based on the behavior of
the four-coordinate iridium(I) complex 4 with oxygen,
we propose that 5 adds molecular oxygen (Scheme III)

ScHEME 111
A PossIBLE MECHANISM FOR THE REACTION OF
IrCI{CO)(TDPME) witTH OXYGEN

17 «— Ir. 0

Cl
18

via the four-coordinate form 5b. Complex 4 forms a
1:1 adduct with molecular oxygen which is stable
The reaction with carbon monoxide described earlier
implies the existence of a facile equilibrium between
the saturated and unsaturated isomers, Sa and 5b; and
the four-coordinate unsaturated isomer should be
kinetically more reactive. The oxygen adduct of 5b
would differ from that of 4 in that the former possesses
cis phosphine groups and a strongly reducing free ligand
in proximity to the metal center. 1

The product isolated from the reaction of 5 with
molecular oxygen, an air-stable white crystalline ma-
terial with carbonate absorption bands in the infrared
spectrum at 1665 and 1620 cm™!, has been tentatively
assigned structure 17. The disappearance of 5, fol-
lowed through changes in the infrared spectrum, is slow
in the reaction with oxygen when compared to the re-
action with carbon monoxide. Since no new bands
were observed in the carbonyl region, it appears un-
likely that the oxygen adduct of 5 has a significant life-

4(1?,0

PO

M m——

el S0=0
Cl

P02

12404 S\o
cl
7, M=1r 2L, M=1Ir
24, M = Rh 25 M=Rh

time. Once formed, the oxygen adduct thay rearrange
to carbonate with assistance from a nucleophile (the
free phosphine group). Examples of nucleophilic
assistance to ligand migration reactions are certainly
known.?® A perester-like complex such as 18 is a rea-
sonable intermediate in light of the recent isolation of
peroxycarbonate 192¢ and pseudoozonide 20.#

(CsHy )P 9—Q <ceH5>aP\P§—Q, .CH,
Pt C <
N A
(CsHs)aP/ No” Yo (CH)PT No” YCH;
19 20

(24) L. Vaska, Science, 140, 809 (1963).

(25) Cf. P. Ugnagliati, A, Palazzi, G. Deganello, and U. Belluco, I#org.
Chem., 9, 724 (1970).
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Stoichiometric autoxidations of sulfur dioxide to co-
ordinated sulfate have been found to take place in the
coordination sphere of group VIII metals having both
d® and d* configurations. Sulfato complexes may arise
from treatment of a molecular oxygen complex with
sulfur dioxide and in some case by treatment of a sulfur
dioxide complex with oxygen.**—5 The well-known
sulfur dioxide adducts of 4 and 9 are inert to oxygen
although the oxygen adduct of 4 reacts with sulfiir di-
oxide to form the sulfato complex.® It is thus note-
worthy that the sulfur dioxide adduct of complex 5 ob-
served in solution (vco 2090 em~?) reacts with oxygen
to form a sulfato complex (eq 4). The infrared spec-

Oz
5 + 80, —> IrC1{CO)(SO:)(TDPME) —> 21 4)

trum (1255, 1145, 1070, 895 cm™?) is consistent with
that of a bidentate sulfate,® and structure 21 is ten-
tatively assigned to the product.

Earlier the coordinatively unsaturated iridium car-
bonyl 4 was found to react with aryl and acyl azides
affording coordinated dinitrogen cothplexes and free
isocyanates.?® In the presence of a hydroxylic cosol-
vent such as ethanol the free acyl isocyanate is very
rapidly trapped, but in the absence of a hydfoxylic co-
solvent the acyl isocyanate replaces molecular nitrogen
in the coordination sphere. The TDPME iridium
complex 5 reacts with p-nitrobenzoyl azide expelling
molecular nitrogen and forming a new complex 22
whose structure is assigned on the similarity of its in-
frared spectrum to those of the acyl isocyanate com-
plexes described earlier.® Methanol and ethanol as
cosolvents fail to prevent formation of the isocyanate
complex, indicating that the acyl isocyanate does not
leave the coordination sphere during the course of the
reaction. It seems likely that similar intermediates
are formed in reactions of 4 and 5b with acyl azides but
the dangling uncoordinated phosphine in 5b accounts
for the difference in products observed for the two re-
actions (eq 5).

|
5b + pNOCHCN, —

Both four- and five-coordinate d® metal complexes
undergo oxidative addition reactions. Five-coordinate
complexes can react either by prior dissociation of a
neutral ligand (and thus react as four-coordinate un-
saturated complexes) or by stepwise addition of the
addendum with the second step involving irreversible

(28) See ref 6 for a discussion of the infrared spectra of bidentate and
monodentate sulfates.

(29) J. P. Collman, M. Kubota, F. D, Vastine, J. Y. Sun, and J. W. Kang,
J.Amer. Chem. Soc., 90, 5430 (1968).

(30) F. D. Vastine, Ph.D. Thesis, University of North Carolina, 1967.
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loss of a neutral ligand.®® Complex 5 reacts with
molecular chlorine to yield the trichloroiridium(III)
complex 23, IrCl;(TDPME), with loss of carbon monox-
ide. In'view of the results described above, it seems
probable that oxidative addition occurs to the four-
coordinate unsaturated isomer 5b which should be
kinetically more reactive. In solution 5 was very re-
active toward a number of addenda (e.g., HCl, CH,I,
HN;, CH;SO.Cl, Cly) as evidenced by a rapid fading
of the orange-red color of 5 and the disappearance of
the 1900-cm—! carbonyl band, but tractable products
were seldom obtained. The infrared spectrum of the
products often indicated the presence of more than one
substance. The free phosphine of 5b is a reactive nu-
cleophile to the substrates mentioned above and thus
5b has two reactive sites. Others!® 141517 have noted
lower than calculated carbon analyses for TDPME
complexes. We observed low carbon analyses even
when V:0; or WO; was added to promote complete
combustion.’ The problem seems more acute in the
presence of sulfur.

Reactions of RhC1(CO)(TDPME).—The mixture of
four- and five-coordinate rhodium(I) complexes 10
also reacts with oxygen both in the solid state and in
solution. TUnlike the iridium case, the carbonato com-
plex formed with rhodium is unstable. Carbonate
formation as observed in the infrared spectrum (KBr)
(1640 (m, br) and 1614 cm—! (s, br)) is accompanied by
the appearance of phosphine oxide bands (1185, 1112,
and 556 cm~!). Carbon dioxide was evolved during
the course of the reaction. Loss of carbon dioxide from
the carbonate, tentatively assigned structure 24, may
leave behind a metal oxide species which would be a
potent kinetic oxidizing agent and which would readily
oxidize one of the phosphine groups.

In solution the rhodium(I) complex 10 reacts with
sulfur dioxide to yield a new complex which (unlike its
iridium analog) has lost carbon monoxide (eq 6). The
elemental analysis and molecular weight are most con-
sistent with a 1:1 adduct with sulfur dioxide although
the product is not homogeneous. The new infrared
absorptions (1270, 1150, 1022, and 560 cm™!) are com-
patible with a sulfur dioxide complex.532 Treatment
of this sulfur dioxide adduct with oxygen afforded a
new complex for which structure 25 is proposed (eq 6).

+S0: O2
RhCI(CO)YTDPME) —-5> RhCI(SO):(TDPME) —> 25 (6)
-Co

The rhodium(I1I)-sulfato complex appears to be less
stable than its iridium(IIT) counterpart and as isolated
contained strong phosphine oxide infrared absorptions.
The four infrared peaks of 25 in the 1300-830-cm—*
region are consistent with a bidentate sulfato ligand.?

Treatment of 10 with p-nitrobenzoyl azide gave rise
to the rapid production of nitrogen gas and a new com-
plex analogous to the isocyanato complex obtained from
5. The molecular weight and elemental analyses agree
with the proposed formulation RhC1(p-NO.CsH,CO-
NCO)(TDPME), 26. The infrared spectrum is similar
to that reported earlier for rhodium(III) complexes
containing a bidentate isocyanato ligand.?*® Ethanol
and methanol as cosolvents do not inhibit the formation
of 26.

(31) J. P. Collman and W. R. Roper, Advan. Organometal. Chem., T, 63
(1968).
(32) L.Vaskaand 8. S. Bath, J. Amer. Chem. Soc., 88, 1333 (1966).
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We would expect the unsaturated four-coordinate
complex 10b to be quite reactive to oxidative addition.
An example is the addition of 1 equiv of hydrogen chlo-
ride to 10 to give rise to a complex which has lost carbon
monoxide. The rhodium(IIT)-hydride stretching fre-
quency appears in the infrared spectrum at 2030 ecm—,
and the molecular weight and elemental analyses agree
with the formulation RhCLH(TDPME). Although
10 reacts with a number of addenda, few result in
tractable products.

Azidocarbonyl!-1,1,1-tris(diphenylphosphinomethyl)-
ethaneiridium(I), IrN;(CO)(TDPME).—When the
azido complex 27 is treated with an equimolar amount
of TDPME, an air-sensitive complex can be isolated
which contains new infrared absorptions at 2040 (vs)
and 1900 cm ! (s) attributable to the azide asymmetric
stretch and carbonyl stretch, respectively. Both bands
appear at lower frequency for this new complex, 28, than
for complex 27. The low-frequency carbonyl absorp-
tion of 28 implies that all three phosphine groups of the
TDPME ligand are coordinated.

The stability of 28, with carbonyl and azido ligands
occupying adjacent coordination sites on iridium(I), is
noteworthy. When 27 or its rhodium(I) analog is
treated with excess carbon monoxide, molecular nitro-
get is liberated and a four-coordinate isocyanato com-
plex is formed.?'3 A reasonable hypothesis is that the
initial step of the reaction involves coordination of a
second carbonyl ligand to form a five-coordinate irid-
ium(I) complex such as 29 with carbonyl and azido
ligands in adjacent coordination sites. Stable d® metal
complexes have been isolated with carbonyl and azido
ligands in cis coordination sites,? but 28 is to our knowl-
edge the first case of a stable d® metal complex in which
the two potential reactants occupy adjacent coordina-
tion sites. The carbonyl and azido ligands of 28 are
likely to reside in equatorial and axial coordination
sites, respectively, which may be pertinent to the ob-
served stability. The bis-carbonyl complex 29 is likely
to have its two bulky phosphine ligands located in the
axial coordination sites leaving the carbonyl and azido
ligands in the equatorial plane.

P P(CeH; ),
P | OC\Il .

“Ir—CO r—=N;
p? | oc”

Nj P(CeHs)s

28 29

That complex 28 also contains a labile phosphine
ligand is implied by its rapid and irreversible reaction
with carbon monoxide A new complex is formed
which has three infrared peaks in the 1900-2200-cm~!
region: 2140 (m), 2045 (vs), and 1970 ecm~! (s). On
exposure to air, complex 28 is oxidized to a stable car-
bonato complex which has an infrared spectrum very
similar to that of carbonato complex 16.

Experimental Section

General Information.—Microanalyses and molecular weight
(osmometric) determinations were performed by Messrs. E.
Meier and J. Consul, Stanford Microanalysis Laboratory. Infra-
red spectra were recorded on a Perkin-Elmer Model 457 spec-
trometer; only selected ir bands have been reported.

Preparative reactions were carried out under argon using

(33) W. Beck and W. P. Fehlhammer, Angew, Chem., Inl. Ed. Engl., §, 169
(1967).
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Schlenk-tube techniques. All -solvents were purged with N,
prior to their use. The tridentate ligand TDPME was prepared
by the published procedure;® its ir and nmr spectra have been
reported.”’» Complexes RhCI(CO)P(CeH;))s,%¢ IrCI(CO)(P-
(CeHs)s)e,® IrN;(CO )P (CsHs)s ), and [RhCI(CO)):% were also
prepared by published procedures.

Preparation of IrCl(CO)(TDPME).—To 0.67 mmol of IrCl-
(COXP(CeH;)), in a Schletik tube under argon was added 36 ml
of dry benzene. . To this yvellow solution was added 0.68 mmol of
TDPME and the solution immediately turned orahge. The
solution was heated with stirring to 565-60° and maintained at
that temperature for 5 hr. On heating, the solution turned deep
red; after several hours the color became lighter and a bright
yellow-orange solid precipitated. - The mixture was cooled to
room temperature, 25 1l of n-hexane was added, and the mixture
was placed in the freezer for 4 hr. The product was collected by
filtration, washed with n-hexane, and dried (0.1 mm) to yield 560
mg (95%) of yellow-orange powder; ir spectrum (CsI): 1900
(vs), 270 cm™* (w). The air-sensitivé powder was stored in a
desiccator under reduced pressure. The conductivity of a 10~°
M solution in nitrobenzene was 3.1 cm?/ohm M. #

Anal. Caled for CpHgP;IrClO: C, 57.30; H, 4:47; Cl,
4.03; mol wt 880. Found: C, 57.73; H, 4.62; Cl, 4.07; mol
wt 818 (CH,Cly).

Reaction of IrC1(CO)(TDPME) with CO.—To 104 mg of IrCl‘
(CO)(TDPME) in a Schlenk tube under argon was added 3 ml of
dry CH;Cl, and an orange-red solution was obtained. Solution
samples were withdrawn at various stages and the ir spectra
were recorded in 0.1-mm cells. The solution under argon was
sampled and voo 1912 cm~! (vs) was observed. Carbon mon-
oxide was bubbled through the solution for ca. 20 sec (not long
enough to effect the complete color change); vco 2045 (s), 1970
(s), and 1912 em™ (m). Then CO was bubbled through the
solution until the color had faded to a pale yellow and no further
color chiange was noted (ca. 2 min); vco 2045 (s) and 1970 cm™?
(s). The solution was purged with argon and sampled again;
vco 2045 (s) and 1970 cm™! (s). The spectrum remaitied un-
changed even after stirring urider argon for 11 hr; temperatures
as high as 70° likewise failed to reverse the CO addition. At-
tempts to crystallize or precipitate the product from solution
were unsuccessful. The solvent was evaporated in vacuo to a
pale yellow solid which was thoroughly washed with ether and
dried under reduced pressure; ir spectrum (CsI): 2035 (s) and
1955 cm ™ (s). The pale yellow powder appears to be air stable.
The conductivity of a 107% M solution in nitrobenzene was 21.3
cm?/ohm M, this value is at the lower end of the range gener-
ally observed for uni-univalent electrolytes.

Anal.  Caled for CgHaPsIrClO,:. C, 56.86; H, 4.33; Cl,
3.90; mol wt 908. Found: C, 56.31; H, 4.38; Cl, 3.73; ol
wt 730 (CH.Cly).

When the reaction with CO was run in methanol solutioh and
a solution of 1 equiv of sodium tetraphenylborate in a minimal
amount of methanol was added, a yellow precipitate immedi-
ately deposited., The precipitate was collected by filtration and
was thoroughly washed with methanol. A yellow powder was
obtained; ir spectrum (KBr): 2040 (s), 1955 (s), 1575 (w), and
610 cm™! (m).

Anal. Caled for BC67H59P31r02
C, 66.05; H, 5.08. ) ]

Preparation of RhCI(CO)(TDPME).—To a solution of 0.1
mmol of [RhCI(CO)]: in 2 ml of dry benzene was added 0.2
mmol of TDPME in 5 ml of benzene. Upon addition of TD-
PME a gas was evolved and the solution turned dark red-brown.
After stirring for 20 min at room temperature, 15 ml of n-hexane
was added slowly. The mixture was cooled overnight and then
filtered under argon, and the residue was washed with n-hexane
and dried at 0.1 mm; a red-brown powder was obtained; yield
197 mg (99%); ir spectrum (CsI): 2005 (m), 1915 (s), 272
em ™! (w); conductivity (7.0) measured in 10~3 M nitrobenzene
indicates the material to be virtually a nonelectrolyte bt

The air-sensitive powder is soluble in CH,Cl, and pyrldme,
slightly soluble in benzene, acetonitrile, and methanol, and in-
soluble in toluene, acetone, and tetrachloroethylene. It reacts

C, 67.5; H, 4.99. Found:

(34) D. Evarns, J. A. Osborn, and G. Wilkinson, Inorg. Syn., 11, 99 (1968).

(35) J. P. Collman, C. T. Sears, Jr., and M. Kubota, 3bid.; 11, 101 (1968).

(36) W. Beck, W. P. Fehlhammer, P. Poliman, and H. Schachl, Chem,
Ber., 102, 1979 (1969).

(37) J. A. McCleverty and G. Wilkinson, Inorg. Syn., 8, 211 (1965).

(38) Conductivities are reported in em2/chm M at ambient temperature
in 10 -3 M nitrobenzene solutions.
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with CHCl;. Samples recrystallized from CH,Cl;-n-hexane gave
analyses with a high chlorine content suggesting complexation
with CH,Cl;. .

Anal. Caled for CpHpPsRhOCL: C, 63.77; H, 4.97; (I,
4.48; P, 11.75; mol wt 791. Found: C, 63.79; H, 5.01; CI,
4.59; P, 11.29; mol wt 840 (in CH,Cl,).

Using the same procedure as above, treatment of #rans-RhCl-
(CO)(P(CsHs) )1 with TDPME yielded a product identical with
that described above.

Reaction of RhCl(CO)(TDPME) with CO.—When CO was
bubbled into the dark red-brown solution of RhCI(CO)(TD-
PME) in CH,Cly, there was a rapid fading of the color. In nitro-
benzene solution thé color change was accompanied by a sig-
nificant increase in the conductivity (7.0 to 14.8).¥ In CH.Cl;
solution the color change was accompanied by a change in the
carbonyl region of the ir spectrum: the 2010- and 1940-cm ™!
bands were replaced by bands at 2060 and 1995 cm~!. Bubbling
N, or argon through the solution (with the aid of gentle heating)
brought back the dark color, a decrease in intensity of the 2060-
and 1995-cm ! bands, and a reappearance of the 2010- and 1940-
cm~1bands. The cycle can be repeated, but an anomalous band
appears at 1970 em™! after the sample has been in solution a while
and it gradually increases in intensity.

Reaction of RhC1(CO),(TDPME) with NaB(CesH;)i.—CO was
bubbled into the rust-colored suspension of 0.1 mmol of RhCl-
(COYTDPME) in 5 ml of methanol; after 2 min a yellow solu-
tion was obtained. Waith the solution under a positive pressure
of CO, a solution of 0.1 mmol of NaB(Cs¢Hj;), in 2 ml of CH;OH
was added; a yellow precipitate deposited immediately. The
mixture was filtered and the precipitate was thoroughly washed
with CH;OH and dried. A yield of 799, of yellow-orange pow-
der was obtained; ir spectrum (KBr): 2048 (s), 1975 (s), 1575
(w), 610 cm™! (m). :

Anal. Caled for CgHipPsRhO.B: C, 72.97; H, 5.39.
Found: C,72.46; H,5.41.

Reaction of RhCI(CO),(TDPME) with Cumene Hydroper-
oxide.—To 0.1 mmol of RhCI(COYTDPME) in a Schlenk tube
(fitted with a rubber septum) under argon was added 2 ml of dry
CH,Cl,. . The atmosphere above the red-brown solution was ex-
changed for CO. After stirring for a few ininutes under CO the
color of the solution changed to yellow. After 20 min, 0.1 mmol
of cumene hydroperoxide in 0.5 ml of CH,Cl: was added to the
yellow solution while maintaining a slight positive pressure of
CO. Solution samples were withdrawn at intervals and their ir
spectra were recorded in 0.1-mm cells. No color change was
observed upon hydroperoxide addition. Four hours after hydro-
peroxide addition; the ir spectrum [vco 2060 (vs) and 1995 cm™
(vs)], contained phosphine oxide bands: 1185 (m), 1115 (m),
and 565 cm™! (m). Five hours later the ir spectrum indicated
only a slight increase in the intensity of the phosphine oxide
bands. The CO above the solution was exchanged for argon
(by repeatedly evacuating and filling). The solution was heated
to ca. 40° for 5 min and then stirred at room temperature for 1
hr; ir spectrum: wco 2015 (vs)and 1970 cm ™! (m)—no band at
1940 ecm™!. The intensity of the 1970-cm~! band varied from
run to run. The argon above the solution was exchanged for
CO and the ir spectrum was recorded after 1 hr: w»go 2070 (s),
2015 (sh, m), 1995 (s), 1970 cm~1 (sh, m). The CO atmosphere
was exchanged for argon again and after 0.5 hr the ir spectrum
was recorded: vpo 2015 (s)and 1970 cm™? (m).

If a methanolic solution of 1 equiv of NaB(CsH;)s was added
to the ‘‘oxidized’’ solution ca. 12 hr after hydroperoxide addition,
a small amount of yellow precipitate was obtained which was
identified . by its ir spectrum as unoxidized [RhCI(CO)(TD-
PME)]B(CsHs ).

Preparation of the Monoxide of TDPME.—To 1.0 mmol of
TDPME in 30 ml of acetone was added 95 ul of 309, hydrogen
peroxide. After stirring 6 hr at room temperature, tlc analysis
(silica gel, 1:1 C.H;OAc—C¢Hg) indicated the presence of ap-
proximately equial amounts of starting material and the monoxide
with $maller amounts of the di- and trioxides. (Increasing the
ratio of hydrogen peroxide to TDPME only increased the yield of
di- and trioxides.) The solution was concentrated iz vacuo to a
viscous oil and chromatographed over silica gel. The unreacted
TDPME was eluted with benzene and the monoxide with 40:60
C:H:;OAc-CsHs. The monoxide (250 mg) was concentrated to a
viscous oil which was crystallized with difficulty from hexane. A
white powder was obtained, mp 127-128°; ir spectrum (KBr):
1185, 1112, 560 em™; nmr spectrum (CeDs): 1.25 (3H, s),
2.76~2.92 (6H, m), 7.03-7.17 (20H, m), 7.40-8.03 ppm (10H, m).
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Anal. Caled for CyHiuPs0: C, 76.87; H, 6.14.
C, 76.95; H, 6.29.

Reaction of [RhCI(CO);], with the Monoxide of TDPME.—
To 0.24 mmol of the monoxide of TDPME and 0.12 mmol of
rhodium chlorocarbonyl dimer in a Schlenk tube was added 8
ml of dry benzene. A gas was immediately evolved. After 15
min at room temperature, an aliquot was removed; the ir spec-
trum (CH,Cly) showed 2015 ecm~! (s) as the only peak in the
carbonyl region. After stirring 10 hr at room temperature, a
yellow solid had precipitated. The product was collected by
filtration under argon and was washed with 20 ml of n-hexane.
A vield of 84 mg of air-stable yellow powder was obtained; ir
spectrum (KBr): 2002 (s), 1180 (m), 1110 (m), 580 (m), 565

Found:

em~! (m). A second crop of 104 mg (979, total yield) was also
obtained.

Anal. Caled for CoH3RWhP;0,Cl: C, 62.51; H, 4.87; (i,
4,39, Found: C,60.16; H,4.81; Cl, 4.13.

Reaction of IrCI(CO)}TDPME) with O,.—Air was bubbled
through the orange-red solution of 0.1 mmol of IrCl(CO){TD-
PME) in 3 ml of CH,Cl;. Solution samples were withdrawn at
intervals and their ir spectra were recorded in 0.1-mm cells.
As air was bubbled in, weak bands appeared at 2045 and 1970
cm™?, the band at 1915 cm ™! diminished, and broad absorptions
appeared at 1670-1650 and 1625 cm~!., The spectrum recorded
after 2 hr contained only a moderate intensity absorption at
1915 cm~1.  After 20 hr the 1915-cm— band was very weak, the
voo, bands were of moderate intensity, and phosphine oxide
bands had appeared.

If IrC1{CO)(TDPME) was exposed to air in the solid state, the
1900-cm™! band disappeared and wco, bands at 1655 and 1620
cm ™! appeared. Recrystallization of a sample (which no longer
showed a 1900-cm ™! absorption) from ethanol-z-hexane yielded
a white microcrystalline powder; ir spectrum (CsI): 1620 (m),
1655 (m), 350 (w), 330 (w), and 290 ecm ! (w).

Anal. Caled for CupHgP:IrClOs: C, 55.29; H, 4.31; Cl,
3.80. Found: C,55.42; H,4.43; Cl, 3.89.

Reaction of IrCI(CO)(TDPME) with SO, and Q. —Sulfur
dioxide gas was bubbled for 3 min into a solution of 300 mg of
IrCI{CO)(TDPME) in 6 ml of CH:Cl,. The orange-red solution
faded to yellow-orange almost immediately. Solution samples
were withdrawn at intervals and their ir spectra were recorded in
0.1-mm KBr cells. After 40 min the original »¢o at 1910 cm 1
had been replaced by strong band at 2090 cm™!; the strongest
bands in the spectrum could be attributed to free SO,. After 12
hr, air was bubbled through the solution. The ir spectrum re-
corded 20 minutes later showed a greatly diminished vco at 2090
em™,  After 2 hr, a white precipitate began to form. After 5
hr, the mixture was filtered to yield 110 mg of white powder and
a second crop of 78 mg was obtained from the filtrate, The
powder was recrystallized from CH,Cly-n-hexane (it is only very
sparingly soluble in CHCly) to yield white crystals; ir spectrum
(CsI): 1255 (s), 1145 (vs), 1070 (sh, w), 895 (m), 648 (s), 610
(w), and 290 cm ™1 (w).

Anal. Caled for CyHyPsIrClSO.: C, 51.93; H, 4.15; Cl,
3.73; §,3.37. Found: C,50.25; H,4.17; Cl,3.88; S, 3.40.

Reaction of IrC1(CO){TDPME) with p-Nitrobenzoyl Azide.—
To 0.068 mmol of IrCl1(CO)(TDPME) in a Schlenk tube under
argon was added 6 ml of CH:Cl; and 0.5 ml of ethanol. To this
solution at 0-5° 16 mg (a slight excess) of p-nitrobenzoyl azide
was added. Stirring was continued at 0-5° for 1 hr and then at
room temperature. After 5 hr 18 ml of n-hexane was added and
the mixture was placed in the freezer overnight. The mixture
was filtered under argon, and the residue was washed with #-
hexane and dried (0.1 mm) to yield 42 mg (599) of a salmon-
colored hygroscopic powder; ir spectrum (KBr): 1620 (m),
1525 (s), 1400 (w), 1360 (m), 1340 (s), 1165 (w), 995 (s), and 870

cm™t (w).

Anal. Caled for CoHgPIrCIN,O4: C, 56.35; H, 4.15;
N, 2.68; Cl, 3.39. Found: C, 55.37; H, 4.12; N, 2.47; Cl,
3.49.

Reaction of IrC1(CO)(TDPME) with Cl,.—A solution of 220
mg of IrCI{(CO)(TDPME) in 15 ml of CH;Cl; in a Schlenk tube
under argon was saturated with Cl,. The orange-red solution
immediately turned pale yellow. After 19 hr at room tem-
perature the yellow color still remained. The solution (under a
positive pressure of argon) was heated to 60° and was then main-
tained at 45° for a total of 42 hr after which time a white crystal-
line material had precipitated. The product was collected by
filtration and was recrystallized from boiling acetonitrile. Spar-
ingly soluble white crystals were obtained; ir spectrum (CsI):

W. O. SIEGL, S. J. LAPPORTE, aND J. P. CoLLMAN

no absorptions in the 1600-2900-cm™ region; 300 (w) and 260

em™! (w).
Anal. Caled for CaHgPuIrCly:  C, 53.34; H,4.26; Cl, 11.52.
Found: C, 52.89; H,4.25; Cl,11.35.

Reaction of RhC1(CO)(TDPME) with O..—(A) Oxygen was
bubbled into a solution of 0.1 mmol of RhCI{(CO)(TDPME) in 2
ml of CH,Cls until all the solvent had evaporated (20 min). The
residue was a brown powder which contained a residual carbonyl
absorption at 1965 cmi™! (w), carbonate bands at 1660-1540
cm™! (m, br), and phosphine oxide bands at 1185, 1115, 560,
and 540 cm~!. If RhCl{(CO)(TDPME) in the solid state was
exposed to air for several days, its red-brown color faded and its
ir spectrum changed to that described above.

(B) A 26-ml serum bottle containing 0.15 mmol of RhCI(CO)-
(TDPME) was flushed with O until a negligible amount of N,
was indicated by vpc (Poropak Molecular Sieve 5A columns
connected in tandem). A 5-ml volume of CH,Cl; was injected.
Within 5 min the solution changed from red-brown to brown.
Samples of gas (0.5 ml) were withdrawn and analyzed by vpc.
A slow evolution of CO; (nearly complete after 6 hr) was observed.
After 27 hr, 1 ml of methanol containing 6 drops of concentrated
hydrochloric acid was added, the clear brown solution precipi-
tated a bright yellow-orange solid, and a further quantity of CO;
was evolved. Evaporation of the sample on the rotary evapo-
rator and trituration with methanol gave a yellow-orange pow-
der which was filtered and dried; ir spectrum (KBr): 2090 (w),
1180 (m), 1113 (w), 710 (m), 565 (m), and 385 e~ (w).

(C) A solution of 0.153 mmol of RhCl(CO)(TDPME) in 3
ml of CH,Cl, was cooled to 0-5° and air was slowly bubbled
through. Solution samples were withdrawn and their ir spectra
were run in 0.1-mm cells. After 2 min, new peaks had appeared
at 2050 (w) and 1600 cm ! (w, br); at 20 min the carbonyl region
appeared at 2050 (m), 2015 (m), 1990 (m), 1940 (w), and 1615
cm ™! (w, br), and phosphine oxide peaks were evident at 1185,
1112, and 536 cm~!. After 1 hr, the carbonyl region appeared
at 2050 (m), 2015 (w, sh), 1990 (m), 1970 (m, sh), 1615 cm™* (m,
br). The 2050-cm ™! band may be due to an oxygen adduct, or
more likely the 2050- and 1995-cm~! bands are due to some bis-
carbonyl material present as an impurity. The 1970-cm™* band
may be attributed to the polymer obtained if the TDPME ligand
bridges two metal centers. wn-Hexane was added to the brown
solution (to the cloud point) and after 3 days at 0° a tan powder
was obtained; ir spectrum (KBr): 1640 (m, br), 1616 (s, br),
1188 (w), 1112 (w), 708 (w), and 556 cm ™! (w).

Reaction of RhCl1(CO)(TDPME) with SO, and with 80,-0,.—
Sulfur dioxide gas was bubbled into a suspension of 0.15 mmol of
RhCI(CO)(TDPME) in 5 ml of benzene. Within 1 min the
solid dissolved and the solution faded to a pale orange color.
After stirring an additional 10 min, 10 ml of ether was added,
precipitating a bright yellow-orange solid. The product was
filtered under N, washed with ether, and dried (0.1 (0.1 mm) to
vield 124 mg (859%); ir spectrum (KBr): 1310 (w), 1270 (w),
1150 (m), 1022 (s), and 560 cm ™! (m).

Anal. Caled for CaHyP;RhSO,Cl:
4.27; S, 3.88; mol wt 827. Found:
4.63; 8, 3.35; mol wt 1250 (CH,Cl;).

If the experiment above was repeated except that, after stirring
the SO, adduct for 10 min, O, was bubbled into the clear solution,
a yellow-orange precipitate formed. After cooling overnight at
0° the mixture was filtered and the residue was washed with
benzene and dried to yield 112 mg (919, as the monomeric sul-
fate) of yellow powder; ir spectrum (KBr): 1240 (m), 1138 (s),
905 (w), 875 (w), and 638 cm ™~ (m) (also phosphine oxide bands of
moderate intensity).

Anal. Caled for CaHgzpP3RhCISO,:
S, 3.73; Cl, 4.13; mol wt 859. Found:
S, 3.63; Cl, 4.30; mol wt 1160 (CH.Cl,).

Reaction of RhCI(CO)(TDPME) with p-Nitrobenzoyl Azide.—
The addition of p-nitrobenzoyl azide to 1 equiv of RhCl(CO)-
(TDPME) in CH;Cl;—methanol under argon led to the rapid and
complete evolution of N; (<20 min, followed by vpc) and the
disappearance of both starting materials (followed by ir). Ina
preparative run, 0.21 mmol of p-nitrobenzoyl azide was added
to a solution of 0.20 mmol of RhCI(CO)(TDPME) in 5§ ml of
CH,Cl,~1 ml of ethanol at 0-5°. After 30 min at 0-5°, 10 ml of
n-hexane was added which precipitated an orange powder. The
precipitate was collected by filtration, washed with #-hexane,
and dried (0.1 mm) to yield 141 mg (749%,) of orange powder;
ir spectrum (CsI): 1675 (m), 1635 (m), 1522 (s), 1402 (m), 1385

C, 59.54; H, 4.75; Cl,
C, 55.78; H, 4.53; Cl,

C, 57.32; H, 4.58;
C, 56.83; H, 4.59;
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(m), 1342 (s), 1170 (w), 1015 (w), 872 (w), 850 (m), 660 (w),
and 281 cm ™ (w).

Anal. Caled for CyuHuP:RhNOCl: C, 61.61; H, 4.54;
N, 2.93; Cl, 3.71; mol wt 955. Found: C, 60.90; H, 4.52;
N, 2.89; Cl, 3.71; mol wt (CHCl,) 996.

Reaction of RhCI(CO)(TDPME) with HCl.—A sample of 0.1
mmol of RuCl(CO)(TDPME) was placed in a 6-ml serum bottle
and flushed and evacuated with N;; to this was added 3 ml of
CH,Cl.. Dry HCI gas, 2.5 ml (0.103 mmol at 760 mm (25°)),
was added and the red-brown color of the solution immediately
faded to a bright yellow. After stirring for 1 hr at room tem-
perature, n-hexane was added to the cloud point. After cooling
for 12 hr at 0°, yellow microcrystals formed. These were filtered,
washed with n-hexane, and dried (65° (0.1 mm)) to yield 47 mg
(59%,); ir spectrum (CsI): 2030 (w), 800 (w), 298 (w), and 286
cm™! (w).

Anal. Caled for CuHguP:RhCly:
8.87; mol wt 799.
wt (CH,Cl,) 815.

Reaction of RhCI(CO)(TDPME) with Cl,.—Chlorine gas was
bubbled into the red-brown suspension of 110 mg of RhC1(CO)-
(TDPME) in 6 ml of dry benzene. After a few minutes the
solution turned yellow. After sitting at room temperature for
10 min, the suspension was filtered and the residue was washed
with ether and with benzene and then dried at 65° (0.1 mm).
A yellow powder was obtained; ir spectrum (CsI): no carbonyl
bands, 300 (w), 288 (w), and 275 cm 1 (w).

Anal. Caled for CuHipP:RhCly: C, 59.05; H, 4.71; Cl
12.75. Found: C,56.47; H, 4.55; Cl, 13.47.

Preparation of IrN;(CO)(TDPME).—To 0.19 mmol of IrNs-
(CO)(P(CeHs);): in a Schlenk tube was added 14 ml of dry ben-
zene. To this bright yellow solution was added 0.19 mmol of
TDPME. The solution, which immediately became orange,
was stirred at room temperature for ce. 12 hr by which
time an orange solid had precipitated. A total of 20 ml of =-
hexane was added in small aliquots and the mixture was filtered
under argon. The precipitate was washed with #n-hexane and
dried (0.1 mm) to yield 147 mg (88%,) of an air-sensitive orange
powder; ir spectrum (KBr): 2040 (vs), 1900 (s), and 1275 cm ™!
(w).

C, 61.59; H, 5.04; Cl,
Found: C, 61.13; H, 5.30; Cl, 8.95; mol
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‘Anal. . Caled for CoHPsN;O: C, 56.88; H, 4.43; N, 4.74,
Found: C, 56.45; H,4.43; N, 4.36.

Reaction of IrN;(CO)(TDPME) with CO.—To 40 mg of IrN;-
(COYTDPME) in a Schlenk tube under argon was added 1.5
ml of dry CH.Cl,. The argon atmosphere above the solution was
exchanged for CO (by repeatedly evacuating and filling); after
stirring under CO for ca. 5 min, the solution changed from orange
to pale yellow. Solution samples were withdrawn at intervals
and their ir spectra were recorded in 0.1-mm KBr cells. After
0.5 hr, the 2040 (vs) and 1805 cm ™~ (s) bands had been replaced
with new peaks at 2140 (m), 2045 (s), and 1970 cm ™1 (s); after 4
hr the spectrum remained the same but after 17 hr a weak ab-
sorption at 2230 cm~™! had appeared. The CO atmosphere
above the solution was exchanged for argon and the solution was
heated to 70°, but no changes were observed in the ir spectrum.
After stirring under CO for 17 hr, a small amount of white solid
precipitated from solution. Attempts to isolate homogeneous
products from this run or larger scale runs were unsuccessful.
The powders obtained often contained strong isocyanate and/or
carbonate bands in addition to a band at ca. 2040 cm ! (probably
azide).

Reaction of IrN;(CO)(TDPME) with O,.—A sample of IrN,-
(COXTDPME) was exposed to air for several days. A pale
yellow powder was obtained which was only sparingly soluble in
CH,Cl,; ir spectrum (KBr): 2040 (vs), 1665 (s, br), 1620 (m),
and 1280 ecm ™! (w).

Anal. Caled for CuHsPIrN;O;: C, 54.90; H, 4.28; N,
4.57. Found: C,55.70; H,4.44; N, 4.20.
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The complexes LCoy(CO)s, LCox(CO)WHCCCsH;, ffarsCor(CO)s, CH3CCo3(CONffars, and Cos(CO)s(ffars), are described,

and ligand-bridged structures are assigned to them on the basis of their infrared spectra.

carbon-bridged ditertiary arsines and phosphines,

Introduction

Tertiary phosphine and arsine derivatives of dicobalt
octacarbonyl often exist in solution as an equilibrium
mixture containing both carbonyl-bridged and non-
bridged forms. As a result these species tend to have
complicated infrared spectra in the carbonyl stretching
region.! This behavior is the same as that of the parent
dicobalt octacarbonyl which has been shown, from a
study of the carbonyl infrared spectrum, to exist in pen-
tane solution at room temperature as ~45%, bridged
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