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Table I. Apparent Oxygen Binding Constants for COSALEN-py in
Zeolite Na-Y

Pl/z(COSALEN),a
temp, K Ko, Torr! Py, Torr Torr
233 0.53 1.9 0.04
253 0.056 177 0.36
273 0.012 80.1 2.21
293 0.0033 305.5 10.5

9Data for free COSALEN in pyridine solvent calculated from ther-
modynamic data in ref 18.

absorption isotherm may be constructed as in Figure 4. From
such data, Hill plots!* may be constructed, Figure 5, which in turn
give the apparent oxygen binding constants listed in Table I. The
Hill plots show slopes of 0.56 + 0.02, indicating a negative co-
operativity between the Co binding sites.!” This translates as
meaning that as oxygen is bound by the first cobalt sites, sub-
sequent binding by further sites is inhibited. This is the reverse
of the behavior displayed by hemoglobin.!® The explanation of
such an observation is not clear but may simply be a manifestation
of the oxygen adsorption behavior of the zeolite itself, which tends
to “pump” oxygen so as to have a higher effective oxygen con-
centration inside the pores than the externally applied oxygen
pressure would imply.!* This effect is more pronounced at lower
oxygen pressures and so from the cobalt complex’s point of view,
the perceived oxygen pressure is not varying linearly with the
applied oxygen pressure, with the deviation being such as to skew
the Hill plot to a slope of less than 1. This behavior of the zeolite
in raising the effective concentration of a reagent (oxygen) at an
active site (cobalt) is very reminiscent of the function of the protein
in creating an active site in an enzyme. In this way the zeolite
may be considered an inorganic protein as we and others have
previously suggested.!617

(15) Hill, A. V. J. Physiol. (London) 1910, 40, IV-VII. See also ref 10, p
158.

Finally a van’t Hoff plot of this data gives an excellent straight
line (R = 0.997) from which AH = -11.4 £ 0.5 kcal/mol and
AS = -51 £ 2 eu are deduced (standard state of 1 Torr). For
comparison the equivalent complex in solution has AH = -12.4
kcal/mol and AS = -47 eu,'® implying that inside the zeolite the
lower binding constants (see Table I) result from a reduced ex-
othermicity. This effect is consistent with the oxygen being bound
inside the zeolite cavity at a restrictive binding site where the sterics
of interaction of bound oxygen with the zeolite walls will be
important.

In conclusion, it has been shown that a molecular “ship in a
bottle” complex can be made so that it carries oxygen as a cargo
and that such a material is much more stable toward irreversible
oxidation than the equivalent solution-phase species. Unusual
effects on the magnetic properties and oxygen binding behavior
of the complex as a result of the zeolite environment are manifest,
and the striking analogies between zeolite-encapsulated active sites
and natural enzyme systems are reinforced. We have identified
a number of other oxygen carrier systems inside zeolites with
properties similar to those reported above, and these will be re-
ported in a full publication in the near future together with a
detailed analysis of the oxygen adsorption kinetics and thermo-
dynamics.
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Several new heterobimetallic compounds that contain bridging PNP ligands have been synthesized. The reactions of [Rh(PN-
P),]BF, with Pt(PPh,),(C,H,) and Ag(PPh;)(NO;) led to the formation of [RhPt(u-PPh,)(u-PNP)(PN)(PPh;)](BF,), (1) and
[RhAg(u-PNP),](BF,)(NO;) (2), respectively. The reactions of [RhAu(u-PNP),}(BF,)(NO,;) with CO and HCI gas and with
aqueous HBr gave [RhAu(u-PNP),(CO),}(BF)(NO,) (3) and [RhAu(u-PNP),X]BF, with X = Cl (4) and Br (5), respectively.
Compound 1 was characterized by single-crystal X-ray diffraction [P2,/c, a = 15.921 (9) A, b = 16.128 (3) &, ¢ = 33.326 (9)
A, 8=101.44(2)°,Z=4,p = 1.439 g cm™, R = 0.063] and was found to have bridging diphenylphosphido and PNP ligands
and a PN [2-[(diphenylphosphino)methyl]pyridine] ligand chelated to the Rh. The Rh-Pt distance {2,708 (1) A] is consistent
with a metal-metal bond. The PN and PPh, ligands resulted from cleavage of a phosphorus—carbon bond of a PNP ligand. The
other compounds 2-5 were characterized in solution by 3'P and '"H NMR spectroscopy and by IR spectroscopy. They all have

bis(u-PNP) structures.

Introduction

Heterobimetallic complexes in which two metals are held in
close proximity by bridging P-P or P-N ligands have received
considerable attention in recent years.'”3* Interest in such

(1) Balch, A. L. In Homogeneous Catalysis with Metal Phosphine Com-
plexes; Pignolet L. H., Ed.; Plenum: New York, 1983; p 167.

(2) Balch, A. L.; Fossett, L. A.; Olmstead, M. M.; Oram, D. E.; Reedy, P.
E., Jr. J. Am. Chem. Soc. 1985, 107, 5272.

mixed-metal compounds stems from their potential use in catalysis
and organometallic-based synthetic chemistry. These compounds

(3) Guimerans, R. R.; Wood, F E.; Balch, A. L. Inorg. Chem. 1984, 23,
1307

(4) Farr, J. P.; Olmstead, M. M.; Rutherford, N. M.; Wood, F. E.; Balch,
A. L. Organometallics 1983, 2, 1758.

(5) Farr, J. P; Olmstead, M. M.; Wood, F. E.; Balch, A. L. J. Am. Chem.
Soc. 1983, 105, 792.
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can serve as models for more complex polymetallic systems and
can possibly be used for the preparation of supported polymetallic,
heterogeneous catalysts. Heterobimetallic complexes are also of
interest in their own right because of their potential to promote
unique patterns of substrate activation through cooperative or
separate interactions.

Bifunctional ligands such as 2-(diphenylphosphino)pyridine,
Ph,Ppy, and (diphenylarsino)(diphenylphosphino)methane, dapm,
have proved to be particularly useful in constructing heterobi-
metallic species.!?22} Mixed-metal complexes have also been
synthesized by using the bidentate diphosphine bis(diphenyl-
phosphino)methane, dppm,’1618-2! a5 well as the phosphido (PR,)
group.234 Strong phosphido bridges have been found to maintain
the integrity of the binuclear framework during chemical trans-
formations.

The bifunctional ligand 2-[bis(diphenylphosphino)methyl]-
pyridine, PNP, has been shown to be useful in the synthesis of
bimetallic complexes of unusual stereochemistry.3** For example,

(6) Guimerans, R. R.; Olmstead, M. M.; Balch, A. L. Inorg. Chem. 1983,

22, 2223.

(7) Langrick, C. R,; Pringle, P. G.; Shaw, B. L. Inorg. Chim. Acta 1983,
76, 1.263.

(8) Blagg, A.; Hutton, A. T.; Pringle, P. G.; Shaw, B. L. Inorg. Chim. Acta
1983, 76, L265.

(9) Cooper, G. R.; Hutton, A. T.; McEwan, D. M,; Pringle, P. G.; Shaw,
B. L. Inorg. Chim. Acta 1983, 76, L267.

(10) Hutton, A. L.; Pringle, P. G.; Shaw, B. L. Organometallics 1983, 2,
1889.

(11) Hutton, A. T.; Shebanzadeh, B.; Shaw, B. L. J. Chem. Soc., Chem.
Commun. 1984, 549.

(12) Cooper, G. R.; Hutton, A. T.; Langrick, C. R.; McEwan, D. M,; Pringle,
P. G.; Shaw, B. L. J. Chem. Soc., Dalton Trans. 1984, 855,

(13) Langrick, C. R; Pringle, P. G.; Shaw, B. L. J. Chem. Soc., Dalton
Trans. 1984, 1233.

(14) Blagg, A.; Hutton, A. T.; Pringle, P. G.; Shaw, B. L. J. Chem. Soc.,
Dalton Trans. 1984, 1815.

(15) Hassan, F. S. M.; Markham, D. P.; Pringle, P. G.; Shaw, B. L. J. Chem.
Soc., Dalton Trans. 1985, 279.

(16) Langrick, C. R.; Shaw, B. L. J. Chem. Soc., Dalton Trans. 1985, 511.

(17) Iggo, J. A,; Shaw, B. L. J. Chem. Soc., Dalton Trans. 1985, 1009.

(18) Hoskins, B. F.; Steen, R. J.; Turney, T. W. Inorg. Chim. Acta 1983,
77, L69.

(19) Hoskins, B. F.; Steen, R. J.; Turney, T. W. J. Chem. Soc., Dalton Trans.
1984, 1831.

(20) Braunstein, P.; de Meric de Bellefon, C.; Lanfranchi, M.; Tiripicchio,
A. Organometallics 1984, 3, 1772.

(21) Delavaux, B.; Chaudret, B.; Dahan, F.; Poilblanc, R. Organometallics
1988, 4, 935. Delavaux, B.; Chaudret, B.; Taylor, N. J.; Arabi, S,;
Poilblanc, R. J. Chem. Soc., Chem. Commun. 1985, 805.

(22) Balch, A. L.; Guimerans, R. R.; Linehan, J.; Olmstead, M. M.; Oran,
D. E. Organometallics 1985, 4, 1445.

(23) Balch, A. L,; Guimerans, R. R.; Linehan, J.; Wood, F. E. Inorg. Chem.
1985, 24, 2021.

(24) Mercer, W. C.; Geoffroy, G. L.; Rheingold, A. L. Organometallics
1988, 4, 1418.

(25) Berry, D. E; Bushnell, G. W.; Dixon, K. R.; Moroney, P. M.; Wan, C.
Inorg. Chem. 19858, 24, 2625 and references therein.

(26) Rosenberg, S.; Geoffroy, G. L.; Rheingold, A. L. Organometallics 1985,
4, 1184 and references therein.

(27) Finke, R. G.; Gaughan, G.; Pierpont, C.; Noordik, J. H. Organo-
metallics 1983, 2, 1481 and references therein.

(28) Obendorf, D.; Peringer, P. J. Organomet. Chem. 1986, 299, 127.
(29) Morrison, E. D.; Harley, A. D.; Marcelli, M. A.; Geoffroy, G. L,;
Rheingold, A. L.; Fultz, W. C. Organometallics 1984, 3, 1407.

(30) Regragui, R.; Dixneuf, P. H.; Taylor, N. J.; Carty, A. J. Organo-
metallics 1984, 3, 1020.

(31) Jonmes, R. A,; Lasch, J. G.; Norman, N. C,; Stuart, A. L.; Wright, T.
C.; Whittlesey, B. R. Organometallics 1984, 3, 114.

(32) Breen, M. J; Shulman, P. M.; Geoffroy, G. L.; Rheingold, A. L.; Fultz,
W. C. Organometallics 1984, 3, 782.

(33) Regragui, R.; Dixneuf, P. H.; Taylor, N. J.; Carty, A. J. Organo-
metallics 1984, 3, 814 and references therein.

(34) Chandler, D. J.; Jones, R. A.; Stuart, A. L.; Wright, T. C. Organo-
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Figure 1. 3'P{'"H} NMR spectrum of [RhPt(PPh,)(PNP)(PN)(PPh,)]?*
(cation of 1) showing the assignments. No other resonances were ob-
served, and the spectrum was recorded at 90 °C with CH,Cl, as solvent.
The intensities of the two spectral regions are not on the same sczle.

[Rhy(CO){(u-PNP),]** and [RhAu(u-PNP),]?* have recently been
characterized by single-crystal X-ray crystallography and have
the structure where the phosphorus atoms are arranged cis on one
metal and trans on the other, as shown in the following drawing.

2+

[RhAu(u-PNP),]?*

Reported here are the synthesis and characterization of two
new PNP-bridged heterobimetallic complexes, [RhPt(u-PPh,)-
(u-PNP)(PN)(PPh;)](BF,), (1) and [RhAg(u-PNP),](BF,)-
(NO;,) (2), where PN = 2-[(diphenylphosphino)methyl]pyridine,
and some new reaction chemistry of [RhAu(u-PNP),](BF,)(NO,),
which led to the characterization of the new heterobimetallic
Rh-Au complexes [RhAu(u-PNP),(CO),](BF,){(NO;) (3) and
[RhAu{u-PNP),(X)]BF, (X = Cl (4) and Br (5)). X-ray
structural characterization of 1 showed that the coordination
geometry about rhodium was distorted octahedral and that around
platinum was four-coordinate and slightly distorted from planar.
This is the first Rh—Pt phosphine complex that contains both
diphosphine and phosphido bridges to be characterized by sin-
gle-crystal X-ray diffraction. Spectroscopic characterization of
2 showed it to be very similar to the Rh—Au complex [RhAu(u-
PNP),]?*.

Experimental Section

Physical Measurements. 'H and *'P{'"H} NMR spectra were recorded
at 300 and 121.5 MHz, respectively, with the use of a Nicolet NT-300
spectrometer. 'H chemical shifts are reported in ppm with positive shifts
downfield. Ambient-temperature *'P chemical shifts are reported in ppm
relative to the external 85% H;PO,, with positive shifts downfield.
Low-temperature 3'P NMR spectra are reported in ppm relative to the
internal standard trimethy! phosphate (TMP). IR spectra were recorded
on a Beckman Model 4250 grating spectrometer. Conductivity mea-
surements were taken on a YSI Model 31 conductivity bridge using 1073
M solutions.

Preparation of Compounds. All manipulations were carried out under
a purified N, atmosphere by using standard Schlenk techniques. Solvents
were dried and distilled prior to use. [RhAu(PNP),](BF,)(NO;),*

(35) McNair, R. J,; Nilsson, P. V.; Pignolet, L. H. Inorg. Chem. 19885, 24,
1935. McNair, R. J. Ph.D. Thesis, University of Minnesota, 1985.
(36) Anderson, M. P; Pignolet, L. H. Organometallics 1983, 2, 1246.



Heterobimetallic Complexes of Rh

Pt(PPh;),(C,H,),”” [Rh(PNP),]BF,,*’ and Ag(PPh;)NO,*® were pre-
pared according to literature methods.

[RhPt(PPh,)(PNP)(PN)(PPh;)](BF,), (1). A methylene chloride
solution of Pt(PPh,),(C,H,) (189.7 mg, 0.254 mmol) was added to a
stirring methylene chloride solution of [Rh(PNP),]BF, (282.0 mg, 0.254
mmol). The reaction solution changed from yellow to orange after the
addition of Pt(PPh;),(C,H,). After several hours of stirring, diethyl ether
was added to precipitate a light orange product. The product was col-
lected by filtration, washed with diethyl ether, and dried in vacuo. An
orange crystalline product was obtained by slow solvent diffusion from
methylene chloride and diethyl ether; yield 96% based on BF,~. 'H NMR
(acetone-dg): & 9.45-5.84 (multiplet), 4.46 (d, Jy.y = 11.7 Hz), 4.41 (d,
Ju = 11.7 Hz). *'P{'H} NMR (-90 °C, CH,Cl, (Figure 1; see text
for assignment)): & 157.2 (d of d of multiplets, Jp.p = 3139 Hz, Jpp
= 279 Hz, Jgpp = 129 Hz, Int = 1), 29.4 (d of symmetric multiplets
separated by ca. 130 Hz, Int = 1), 27.62 (d of d of d, Jpp = 3115 Hz,
Jp-p = 279 Hz, Jp_p = 38 Hz, Jp_p = 13 Hz, Int = 1), 19.24 (complex
multiplet, Int = 1), 17.55 (d of d, Jp..p = 3457 Hz, Jpp = 170 Hz, Jpp
= 13 Hz, Int = 1). IR (KBr disk): v(py CN) = 1596 cm™!; absorptions
due to BF,” (1080 cm™ br). Anal. Calcd for C,gHgB,FgN,PsRhPt: C,
56.51; H, 4.01; N, 1.69; P, 9.34. Found: C, 56.44; H, 4.13; N, 1.78; P,
9.51.

[RhAg(PNP),]BF,NO; (2). A methylene chloride solution of Ag-
(PPh;)NO, (158.0 mg, 0.366 mmol) was added to a stirring solution of
[Rh(PNP),]BF, (202.0 mg, 0.182 mmol) in methylene chloride. The
yellow solution immediately darkened upon addition of Ag(PPh;)NO,.
The reaction was stirred in the dark for several hours. Precipitation with
diethyl ether gave a yellow product, which was collected by filtration and
washed with diethyl ether; yield 81%. The product can be obtained as
yellow-orange microcrystals by slow solvent diffusion using a methylene
chloride/diethyl ether solvent system. *'P{'H} NMR (CH,Cl,): 4 53.84
(d of d of d, Jrp-p = 143 Hz, Jp_p = 50 and 37 Hz, Int ='1), 25.66 (d
of overlapping d of d), Jis,g31p = 543 Hz, Juwr,z01p = 468 Hz, Jpp = 50
and 37 Hz, Int = 1). IR: »(py CN) = 1598 cm™!; absorptions due to
BF, (1090 cm™, br) and NO,™ (1310 cm™ br sh). Anal. Calcd for
CeHsoBF,N,;0,P,RhAg: C, 56.19; H, 3.93; N, 3.28. Found: C, 56.01;
H, 4.18; N, 3.35.

[RhAu(PNP),(CO),]BF,NO; (3) was prepared by the reaction of
[RhAu(PNP),](BF,)(NO,) (73.0 mg, 0.0532 mmol) with carbon mon-
oxide in methylene chloride solution. Carbon monoxide was allowed to
bubble through the reaction solution for several hours during which time
the initial orange solution darkened to a red-orange. The product was
precipitated with diethyl ether, collected by filtration, and washed with
diethyl ether. Red crystals were obtained by solvent diffusion from
methylene chloride and diethyl ether; yield 67%. ?'P{'H} NMR
(CH,Cl,): 6 51.99 (d of 5-line multiplets separated by ca. 140 Hz, Int
= 1), 49.93 (5-line multiplet, Int = 1). IR (CH,CI, solution): »(CO)
= 2015, 1998 em™; »(py CN) = 1601, 1581 cm™; absorptions due to
BF,~ (1090 cm™ br) and NO;™ (1335 cm™! br sh). Anal. Calcd for
CsszoBF4N305P4RhAU: C, 52.16; H, 3.53; N, 2.94. Found: C, 52.50;
H, 3.83; N, 2.89. :

[RhAu(PNP),CIIBF, (4). HCI (g) was bubbled through a methylene
chloride solution containing [RhAu(PNP),](BF,)(NO,) (109.0 mg,
0.0795 mmol). The orange reaction solution immediately turned yellow
upon exposure to the gas. The solution was purged immediately with N,.
The product was precipitated with diethyl ether, collected by filtration,
and washed with diethyl ether. Yellow-orange crystals were obtained by
solvent diffusion from methylene chloride and heptane; yield 66%. 3'P-
{'H} NMR (CH,Cl,): 4 68.89 (d of symmetric 6-line multiplets separated
by ca. 171 Hz, Int = 1), 42.82 (symmetric 6-line multiplet, Int = 1). IR
(Csl disk): »(py CN) = 1608 cm™!; absorption due to BF,~ (1084 cm™!
br). Anal. Caled for CgHsBCIF;N,P,RhAu: C, 53.57; H, 3.75; N,
2.08; Cl, 2.64. Found: C, 53.68; H, 3.77; N, 2.13; Cl, 2.84.

[RhAu(PNP),Br]BF, (5). A 1.5-equiv amount of hydrobromic acid
(48%) was added by microsyringe to a stirring methylene chloride solu-
tion of [RhAu(PNP),](BF,)(NO,) (90.0 mg, 0.0686 mmol). After ap-
proximately 10 min of stirring, the initial orange reaction solution had
become yellow-orange. Precipitation with diethyl ether gave an orange
product, which was collected by filtration and washed with diethyl ether.
Light orange crystals were obtained by solvent diffusion using methylene
chloride and heptane; yield 62%. *'P{'H} NMR (CH,Cl,): & 68.34 (d
of symmetric 6-line multiplets separated by ca. 170 Hz, Int = 1), 43.33
(symmetric 6-line multiplet, Int = 1). IR (Csl disk): »(py CN) = 1605
cm™; absorption due to BF,” (1085 cm™ br). Anal. Caled for Cgo-
H52.5BBI'3.5F4N2P4RhAu ([RhAu(PNP)zBl‘] BF4’2.5HBT): C, 45.26; H,
3.32; N, 1.76; Br, 17.57. Found: C, 45.18; H, 3.49; N, 1.95; Br, 17.33.%

(37) Cook, C. D,; Jauhal, G. S. J. Am. Chem. Soc. 1968, 90, 1464.
(38) Stein, R. A.; Knobler, C. Inorg. Chem. 1977, 16, 242.
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Table I. Summary of Crystal Data and Intensity Collection for 1

Crystal Parameters
monoclinic
P2,/c (No. 14)

cryst syst
space group
cell params

a, A 15.921 (9)
b A 16.128 (3)
¢, A 33.326 (9)
8, deg 101.44 (2)
v, A? 8387 (9)
zZ 4
caled density, g em™ 1.439
temp, °C 25
abs coeff, cm™! 20.9
max, min, avg transmission factors 1.00, 0.88, 0.94
formula Cg3H7gB2C12FgN20P5PtRh
fw 1816.94

cryst dimens, mm? 0.25 X 0.20 X 0.18

Measurement of Intensity Data

CAD 4

Mo Ka (A = 0.71069 A),
graphite monochromatized

w scan; 0-44

6307 (+h,+k,x0)

diffractometer
radiation

scan type; range (26), deg

no. of unique reflcns measd
(quadrant)

obsd reflens?

refinement by full-matrix least

5500 [F.2 = 30(F, )]

squares
no. of params 507
R? 0.063
R} 0.077
GOF® 2.20
p° 0.04

“The intensity data were processed as described in: CAD4 and SDP
User's Manual, Enraf-Nonius: Delft, Holland, 1978. The net intensity
I = [K/(NPD)](C - 2B), where K = 20.1166 X attenuator factor, NPI
= ratio of fastest possible scan rate to scan rate for the measurement,
C = total count, and B = total background count. The standard devi-
ation in the net intensity is given by [o()]* = [K/(NPD]*[C + 4B +
(pD)?] where p is a factor used to downweight intense reflections. The
observed structure factor amplitude F, is given by F, = (I/Lp)'/?,
where Lp = Lorentz and polarization factors. The o([)’s were con-
verted to the estimated errors in the relative structure factors o(F,) by
o(F,) = !/,[a(D)/I]F, ®The function minimized was 3" w(|F,| - |F])%,
where w = 1/[a(F,)]%. The unweighted and weighted residuals are
defined as R = (X||Fo| - |Fdll)/ZIFcl and Ry = [(Zw(IFo| = |Fo]))?/
(CwW|F,)*/2. The error in an observation of unit weight (GOF) is
[Zw{|F| — |F?/ (NO - NV)]"/2 where NO and NV are the number
of observations and variables, respectively.

X-ray Structure Determination

Collection and Reduction of X-ray Data. A summary of crystal and
intensity collection data for 1 is presented in Table I.  Crystals of
[RhPt(u-PPh,;)(u-PNP)(PN)(PPh;)](BF,), were found to lose solvent
upon removal from CH,Cl,-(C,H,),0 solution. This solvent loss was
rapid and caused single crystals to fracture. Therefore, the crystal used
for data collection was mounted inside a 0.2-mm capillary that was
half-filled with solvent. The crystal was subsequently found to contain
one CH,Cl, and one (C,Hjs),0 solvate molecule in the asymmetric unit.
The crystal was found to belong to the monoclinic crystal class by the
Enraf-Nonius CAD 4-SDP peak search, centering, and indexing pro-
grams and by a Delaunay reduction calculation.** The space group
P2, /c (No. 14) was chosen on the basis of systematic absences observed
during data collection and was verified by successful solution and re-
finement (vide infra). The unit cell dimensions were determined by
least-squares refinement of the angular settings of 25 peaks centered on

(39) Samples of § were contaminated with HBr. Analyses of this type have
been observed previously by James and Mahajan.5?

(40) All calculations were carried out on PDP 8A and 11/34 computers with
use of the Enraf-Nonius CAD 4-SDP-PLUS programs. This crystal-
lographic computing package is described by: Frenz, B. A. In Com-
puting in Crystallography; Schenk, H., Olthof-Hazekamp, R., van
Konigsveld, H.; Bassi, G. C., Eds.; Delft University Press: Delft,
Holland, 1978; pp 64-71. Frenz, B. A. In Structure Determination
Package and SDP-PLUS User's Guide; B. A. Frenz & Associates, Inc.:
College Station, TX, 1982.
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Figure 2. ORTEP drawing of the coordination core of [RhPt(PPh,)-
(PNP)(PN)(PPh,)]?* (cation of 1) with selected distances. The ellipsoids
are drawn with 50% probability boundaries. The phenyl rings have been
omitted for clarity.

the diffractometer. The intensities of three standard reflections were
measured every 1.5 h of X-ray exposure, and no decay with time was
noted. The data were corrected for Lorentz, polarization, and back-
ground effects. The effects of absorption were included with use of the
empirical absorption program EAC (y-scan data).*

Solution and Refinement of the Structure. The structure was solved
by conventional heavy-atom techniques. The metal atoms were located
by Patterson synthesis. Full-matrix least-squares refinement and dif-
ference-Fourier calculations were used to locate all remaining non-hy-
drogen atoms. Hydrogen atom positions were calculated and included
in structure factor calculations but were not refined. The atomic scat-
tering factors were taken from the usual tabulation*! and the effects of
anomalous dispersion were included in F, by using Cromer and Ibers’#
values of Af” and Af”. Corrections for extinction were not applied. The
final difference-Fourier map did not reveal significant residual electron
density. The final pdsitional parameters of the refined atoms appear in
Table II and an ORTEP view of the coordination core is shown in Figure
2. A complete listing of thermal parameters, calculated positions for the
H atoms, distances, angles, least-squares planes, and structure factor
amplitudes are included as Supplementary Material.*?

Results and Discussion

[RhPt(u-PPh,)(u-PNP)(PN)(PPh,)](BF,), (1). The reaction
of [Rh(PNP),]BF, with Pt(PPh;),(C,H,) with the use of meth-
ylene chloride as solvent resulted in the formation of the new
heterobimetallic complex 1 in high yield. 1 can also be synthesized
by the reaction of [Rh(PNP),]BF, with Pt(PPh;);, but the reaction
time is longer and the yield lower. 1 was characterized by IR
and 'H and 3'P NMR spectroscopy, and its solid-state structure
was determined by single-crystal X-ray analysis (vide infra). The
3Ip NMR spectrum of 1 (CH,Cl,) recorded at —90 °C consisted
of five complex multiplets of equal intensity, as shown in Figure
1. The room-temperature *'P NMR spectrum was identical with
that taken at =90 °C. Due to the complexity of this spectrum,
it will be discussed in detail following the presentation of the
single-crystal X-ray results. The IR spectrum showed a »(py CN)
frequency of 1596 c¢cm™', which is indicative of bound pyridyl
nitrogen atoms.?53%64~% The 1H NMR spectrum of 1 (acetone-dg)
showed two methylene hydrogen resonances [6 4.46 (d, Jyy =
11.7 Hz) and 4.41 (d, Jy.y = 11.7 Hz)] due to the -CH,~
backbone of a PN ligand (vide infra). These data did not lead
to an unambiguous determination of the structure of 1 and

(41) Cromer, D. T.; Waber, J. T. International Tables for X-Ray Crystal-
lography; Kynoch: Birmingham, England, 1974; Vol 1V, Table 2.2.4.
Cromer, D. T. Ibid., Table 2.3.1.

(42) Cromer, D. T.; Ibers, J. A. In ref 41.

(43) See paragraph at end of paper regarding supplementary material.

(44) Anderson, M. P.; Tso, C. C.; Mattson, B. M.; Pignolet, L. H. Inorg.
Chem. 1983, 22, 3267.

(45) Anderson, M. P. Ph.D. Thesis, University of Minnesota, 1983.

(46) Anderson, M. P.; Mattson, B. M.; Pignolet, L. H. Inorg. Chem. 1983,
22, 2644.
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Table II. Positional Parameters and Their Estimated Standard

Deviations for the Atoms of

[PtRh(u-PPh;)(u-PNP)(PN)(PPh;)] (BF,)»CH,Cl,»(C,Hs),0°
atom x y z B, A?

Pt 0.18107 (5)  0.19689 (4) 0.15760 (2)  3.02 (1)
Rh 022191 (9)  0.35976 (9) 0.15630 (4)  3.07 (3)

Pl 0.1105 (3) 0.2059 (3)  0.0897 (1) 3.4 (1)
P2 0.2924 (3) 02622 (3)  0.1997 (1) 3.4 (1)
P3 0.1515(3)  0.0702 (3) 0.1843(2) 3.6 (1)
P4 0.2800 (3)  0.4937 (3)  0.1745(2) 3.9 (1)
P5 0.2606 (3) 03272 (3)  0.0958 (1)  3.5(1)
N1 0.1093 (8)  0.4028 (8)  0.1127 (4) 3.2 (3)
N2 01569 (8) 03910 (8) 0.2040 (4) 3.4 (3)
Cll 0055 (1) 0461 (1) 0.1227(5) 4.6 (4)*
Cl2  -0.014 (1) 0.489 (1)  0.0917 (6) 5.8 (5)*
Cl3  -0.026 (1) 0464 (1) 00511 (6) 5.1 (5)*
Cld  0.030 (1) 0403 (1) 00432 (5) 4.2 (4)*
Cl5  0.096 (1) 0372 (1)  0.0745(5) 3.1 (4)*
Cl6  0.152(1) 0.305 (1) 00672 (5) 3.1 (3)*
c2l 0082 (1) 0.354 (1) 02054 (5) 4.7 (4)*
c2 0032 (1) 0375 (1) 02343 (6) 5.6 (5)*
C23 0063 (1) 0442 (1) 02618 (6) 6.0 (5)*
C24  0.136 (1) 0479 (1) 02597 (6) 5.1 (5)*
Cc25  0.185(1) 0455 (1) 02303 (5) 4.1 (4)*
C26  0.269 (1) 0496 (1)  0.2277(6) 4.9 (5)*
FI  —0.110 (1) 0714 (1) 00999 (5)  17.4 (7)
F2  -0.206 (1) 0.740 (1) 0.0452(7)  20.6 (7)
F3  -0.075 (1) 0728 (2)  0.0410(5) 23 (1)
F4  -0.155 (2) 0628 (1) 00573 (9) 26 (1)
FS 0.759 (1) 0.276 (1)  0.1821 (6)  17.6 (6)
F6 0.845 (1) 0.255(2) 02399 (6) 17.8 (8)
F7 0.788 (1) 0.163 (1) 02124 (8) 19.8 (9)
F8 08873 (9)  0.229(1)  0.1864 (4) 117 (5)
Bl  —0.137(2) 0710 (2) 0059 (1) 11 (1)*
B2 0.817 (2) 0229 (2) 0201 (1) 10 (1)*
C 0.654 (4) 0120 (4)  0109(2)  15(2)*
Cll 0667 (1) 0099 (1) 00635 (7)  18.7 (T)*
Cl2 0648 (2) 0024 (2)  0.1338(7) 165 (8)*
Cl 0321 (3)  -0.054(3)  0395(1) 17 (1)*
2 0389 (2)  -0.139 (2) 0416 (1) 15 (1)*
C3 0.340 (3) 0092 (3)  0420(1) 21 (2)*
C4 0396 (2) 0.157 (2) 0441 (1) 14 (1)*
6] 0.366 (2) 0009 (2)  0.4123(9) 16 (1)*

4Starred values indicate atoms were refined isotropically. Phenyl
group positional parameters are given in the supplementary material.
Anisotropically refined atoms are given in the form of the isotropic
equivalent thermal parameter defined as (4/3)[a%B,, + b’B,, + ¢*B;;
+ ab(cos ¥)B,; + ac(cos 8)B,; + bc(cos a)Bys).

therefore a single crystal X-ray analysis was undertaken. There
has been only one previous X-ray structure reported for a het-
erobimetallic PNP complex, [RuAu(u-PNP),](BF,)(NO;).*

The crystal structure of 1 consisted of well-separated [RhPt-
(PPh,)(PNP)(PN)(PPh,)]** dications, two BF,” anions, and one
methylene chloride and one diethyl ether solvate molecule in the
asymmetric unit. The molecular structure of the dication is shown
in Figure 2 and as supplementary material.** Selected distances
and angles for the dication are shown in Table III.

The platinum and rhodium atoms are bridged by one PNP
ligand and one PPh, ligand such that the geometry around the
platinum is four-coordinate and approximately planar (PtP;Rh)
while that around the rhodium is six-coordinate distorted octa-
hedral (RhP;N,Pt). Around rhodium the phosphorus atoms are
arranged cis and occupy one trigonal face. The phosphorus atom
of the PN ligand is positioned approximately trans to the Pt atom
(P4-Rh-Pt = 163.4 (1)°). The pyridyl nitrogen atom of the PN
ligand is ca. trans to a PNP phosphorus atom (P5-Rh-N2 = 166.7
(3)°) and the nitrogen atom of the PNP ligand is approximately
trans to the bridging phosphido group (P2-Rh-N1 = 151.4 (3)°).
Both pyridyl groups are part of five-membered PN chelate rings
with the Rh atom and the angles deviate from their idealized
octahedral values of 90° because the PN ring bite angles P5~
Rh-N1 and P4-Rh-N2 are constrained and thus small (79.4 (3)
and 79.4 (3)°, respectively).

The most significant distortion from the idealized octahedral
geometry about rhodium is a result of the bridging PPh, group,
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Table III. Distances and Angles in the Coordination Core of
[PtRh(p-PPhy)(u-PNP)(PN)(PPh;)] (BF),

Distances, A

Rh-Pt 2.708 (1) Pt-P1 2.324 (3)
Rh-P2 2.276 (3) Pt-P2 2.287 (3)
Rh-P4 2.381 (3) Pt-P3 2.315 (3)
Rh-P5 2.282 (3) P2-C1C 1.78 (1)
Rh-N1 2.19 (1) P2-CI1D 1.82 (1)
Rh-N2 2.12 (1) P1-C16 1.93 (1)
P1-C1A 1.86 (1) P5-C16 1.84 (1)
P1-C1B 1.84 (1) P4-C26 1.82 (1)
P3-CIE 1.83 (1) P4-C1H 1.79 (1)
P3-C1F 1.77 (1) P4-C11 1.80 (1)
P3-C1G 1.84 (1) P5-C1J 1.82 (1)
P5-C1K 1.80 (1)
Angles, deg
Pt-Rh-P2 53.8 (1) Rh~Pt-P1 89.7 (1)
Rh-Pt-P2 53.4 (1) Rh-Pt-P3 158.5 (1)
Pt-P2-Rh 73.8 (1) P2-Rh-P4 110.4 (1)
Pt-Rh-P4 163.4 (1) P2-Rh-PS§ 102.5 (1)
Pt-Rh-P5 84.2 (1) P2-Rh-N1 151.4 (3)
Pt-Rh-N1 98.7 (2) P2-Rh-N2 86.6 (3)
Pt-Rh-N2 93.7 (3) P4-Rh-PS 105.9 (1)
P4-Rh-N1 96.1 (3)
P5-Rh-N1 79.4 (3) P4-Rh-N2 79.4 (3)
P5-Rh-N2 166.7 (3) Rh-P4-C26 99.0 (4)
N1-Rh-N2 88.0'(4) Rh-P5-C16 96.5 (4)
Rh-N1-C11 122.2 (8) Pt-P1-C16 107.0 (4)
Rh-N1-Cl15 117.8 (8) Pt-P1-C1A 124.2 (4)
Rh-N2-C21 119.4 (8) Pt-P1-C1B 116.1 (4)
Rh-N2-C25 121.1 (8) Pt-P3-C1E 116.5 (4)
Rh-P2-C1C 123.2 (5) Pt-P3-CIF 118.3 (5)
Rh-P2-C1D 118.0 (4) Pt-P3-C1G 109.5 (4)
Pt-P2-CIC 117.0 (4) Rh-P4-C1H 116.0 (4)
Pt-P2-C1D 126.3 (4) Rh-P4-C11 127.8 (4)
P1-C16-C15 106.6 (8) Rh-P5-C1J 130.7 (4)
P5-C16-C15 108.0 (8) Rh-P5-C1K 1152 (4)
P4-C26-C25 107.9 (9) P1-C16-PS 108.7 (6)

which symmetrically bridges the two metal atoms. The Pt-Rh—P2
angle is constrained and small (53.8 (1)°) while the P2-Rh-P4
and P2-Rh-P$ angles are opened to 110.4 (1) and 102.5 (1)°,
respectively.

Around platinum the PPh; group is positioned ca. trans to the
rhodium atom (Rh-Pt-P3 = 158.5 (1)°). The Rh-Pt-P1 angle
is 89.7 (1)°, close to the idealized value of 90°. The significant
distortion from square planar is caused by the bridging PPh, group,
the Rh—Pt-P2 angle (53.4 (1)°) and the P1-Pt-P2 angle (137.3
(1)°) deviating significantly from their idealized values of 90 and
180°. As a result, the P2-Pt—P3 and P1-Pt—P3 angles are opened
to 111.3 (1) and 109.5 (1)°, respectively.

The Rh-P distances that are trans to nitrogen atoms (average
2.279 (3) A) are somewhat larger than similar Rh—P distances
in [RhAu(u-PNP),](BF,)(NO,) (average 2.217 (6) A)* and in
[Rh,(CO)(u-PNP),](BPh,), (average 2.233 (4) A).3¢ The Rh-N
bond distances in 1 (average 2.16 (1) A) are similar to values found
in [RhAu(PNP),](BF,)(NO,) (average 2.17 (2) A)* and in
[Rhy(CO)(uPNP),](BPh,), (average 2.15 (1) A).* The Rh-P
distance of the phosphorus atom trans to platinum (2.381 (3) A)
is elongated as a result of being ca. trans to a metal-metal bond
(vide infra). The Pt—P distances (average 2.309 (3) A) are normal
and similar to values found in mixed Rh—-Pt, W-Pt, and Mo—Pt
phosphine dimers.*%22

The Rh-Pt distance in 1 is 2.708 (1) A and is indicative of the
presence of a Rh—Pt bond. This distance compares well with those
in the complexes trans-Rh(CO)Cl;(u-Ph,AsCH,PPh,),-trans-PtCl
(2.692 (1) A) and trans-Rh(CO)I,(u-Ph,AsCH,PPh,),-trans-Pt1
(2.737 (3) A), which possess Rh~Pt bonds.22 In comparison, the
metal-metal separations in tzrans-Rh(CO)Cl(u-
Ph,AsCH,PPh,),-cis-PtCl,} and [CIPt(u-o-r-C=CMe)(u-
dppm),Rh(CO)}(PF,),"! in which metal-metal bonds are absent,
are 3.043 (1) and 3.066 (2) A, respectively. In the bis(di-
phenylphosphido)-bridged dirhodium complex (Et;P),Rh(u-
PPh,),Rh(cod), which contains a Rh-Rh bond, the metal-metal
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separation is 2.752 (1) A.¥ The 3'P NMR chemical shifts of
the phosphido resonances also give direct evidence regarding the
presence or absence of a metal-metal bond.#™*® A large downfield
shift is characteristic of the three-membered ring created by a
phosphido group that bridges a strong metal-metal bond. In
compounds that do not contain M—M bonds in solution, the
phosphido ligands have been found to display resonances that are
significantly shifted upfield from that of the standard (85%
H,PO,). The u-PPh, resonance in 1 was observed at 6 157.2, in
a region similar to that for the complex (Et;P),Rh(u-PPh,),Rh-
(cod) (6 217.0), in which a Rh—Rh bond is present, and thus is
indicative of a strong Rh—Pt bond.

The 3'P{'H} NMR spectrum observed for 1 in CH,Cl, solution
(shown in Figure 1) is consistent with its solid-state structure. The
resonance at 8 157.2 can be assigned to P2, the bridging phosphido
group, and showed coupling to both '**Pt (33.7% abundant, Jp,_p;
= 3139 Hz) and '©Rh (100% abundant, Jgp_ps = 129 Hz), as
well as a large trans P-P coupling to P1 (Jp,.p; = 279 Hz). The
resonance centered at § 27.62 can be assigned to P1 and showed
Pt-P spin—spin coupling (Jp.p; = 3115 Hz) and P-P coupling
to trans P2 (Jp;_p; = 279 Hz), to cis P3 (Jp,_p; = 13 Hz), and
to PS5 (Jp,-ps = 38 Hz). The resonance centered at 6 17.55 can
be assigned to P3 and showed Pt-P coupling (Jp.p; = 3457 Hz)
and P-P coupling to cis P1 (Jp;_p; = 13 Hz) and to P4, which
is trans across the cis Pt—Rh bond (Jp;_ps = 170 Hz). The three
bond P-Rh-Pt-P coupling constant seems large but is in the range
(160-180 Hz) generally observed for this approximately linear
stereochemistry.*** The resonance centered at & 29.4 is assigned
to P5 with Jg;.ps =~ 130 Hz and Jps_p; =~ 30 Hz and the résonance
centered at § 19.24 ppm (multiplet) can be assigned to P4. These
latter two resonances are partially obscured by the other afore-
mentioned phosphoris signals so that coupling was not well re-
solved and accurate measurement of individual coupling constants
was not possible. The multiplet pattern due to P4 is suggestive
that Jgy-ps and Jps p; are of similar magnitude.

The PPh, and PN groups in 1 presumably arise from P-C bond
activation and cleavage in one of the PNP ligands of the [Rh-
(PNP),]BF, starting reagent. The PNP ligand has previously
been found to be susceptable to phosphorus—carbon bond cleavage
at elevated temperatures.*>*! The complex [Rh(PN)(CO)CI],
for example, has been synthesized as the thermal decomposition
product of the PNP ligand in the reaction of [Rh(CO),Cl,]~ with
PNP ligand in refluxing 2-methoxyethanol/toluene solution.** In
addition, Pt(PPh;),(C,H,) has been found to have a propensity
for transition-metal-mediated P-C bond cleavage.’> Glockling
and co-workers found that passing N, through an o-xylene solution
of Pt(PPh,),(C,H,) at 25 °C for 24 h resulted in the formation
of [Pt(PPh,)(CsH,PPh,)],, a bis(diphenylphosphido)-bridged
complex.*>53  The reaction was suggested to proceed though an
ortho-metalated hydride intermediate. The reaction of Pt-
(PPh;),(C,H,) with 5,6-dimethyl-2,1,3-benzothiadiazole was found
by Vrieze et al. to result in the formation of the phosphido-bridged
complex [Pt,S(N(6-u-N-4,5-Me,C¢H,))(u-PPh,) (PPh;)Ph].52
The byproduct formed in the synthesis of 1, which was isolated
from the reaction filtrate (a methylene chloride and diethyl ether
mixture) as an orange crystalline product, is presumably a neutral
Rh-phosphine complex. The P NMR of this complex consisted
of two symmetric multiplets centered at § —2.2 and -21.4. The
identity of this compound has not been determined. Preliminary
reactions have shown 1 to be unreactive toward H, (1 atm) and
CO.

(47) Kreter, P. E.; Meek, D. W. Inorg. Chem. 1983, 22, 319.

(48) Brandon, J. B.; Dixon, K. R. Can. J. Chem. 1981, 59, 1188,

(49) Casalnuovo, A. L.; Casalnuovo, J. A.; Nilsson, P. V.; Pignolet, L. H.
Inorg. Chem. 1985, 24, 2554.

(50) Hunt, C. T.; Matson, G. B.; Balch, A. L. Inorg. Chem. 1981, 20, 2270.

(51) Nelson, S. M.; Perks, M.; Walker, B. J. J. Chem. Soc., Perkin Trans.
11976, 1205.

(52) Garrou, P. E. Chem. Rev. 1985, 85, 171.

(53) Glockling, F.; McBride, T.; Pollock, R. J. I. J. Chem. Soc., Chem.
Commun. 1973, 650.

(54) Meij, R,; Stuffkens, D. J.; Vrieze, K.; Browers, A. M. F.; Overbeek, A.
R. J. Organomet. Chem. 1978, 155, 123.
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Figure 3. 3'P{'H} NMR spectrum of [RhAg(PNP),]** (cation of 2)
recorded at ambient temperature with CH,Cl; as solvent. No other
resonances were observed in the spectrum.

[RhAg(u-PNP),]|(BF,)(NO;) (2). The reaction of [Rh(PN-
P),]BF, with 2 equiv of Ag(PPh,;)NO, in CH,Cl, solution resulted
in the formation of the heterobimetallic complex [RhAg(PN-
P),](BF,)(NO;) (2). 2 was characterized by IR and 3'P NMR
spectroscopy. The byproduct of the reaction was Ag(PPh;),NO;.
The 3'P{!H} NMR spectrum of 2 (CH,Cl,) consisted of two
multiplets of equal intensity (Figure 3). The downfield resonance
(6 53.84) is assigned to the two equivalent phophorus atoms on
the Rh center and is similar to that observed for [RhAu(u-
PNP),](BF,)(NO,).** The coupling constants are Jp;,p = 143
Hz, Jp_p = 50 and 37 Hz and can be compared with values of
162, 38, and 28 Hz, respectively, for [RhAu(u-PNP),](BF,)-
(NO,).* The upfield resonance at § 25.66 is complicated and
is a result of overlapping doublets of four-line multiplets (d of d,
Jp.p = 50 and 37 Hz) that arise from '®Ag-*'P and 197Ag—%'P
spin—spin couplings of 543 and 468 Hz, respectively. The mag-
nitude of the Ag-P coupling constants is consistent with those that
have been observed previously for linear AgL,* complexes where
L is a phosphine ligand.’® The ratio Jissz31p/Ji74,-31p is 1.16
and is close to the gyromagnetic ratio, wim,g/pmios,, of 1.15. The
IR spectrum showed a »(py CN) frequency of 1598 cm™, which
is consistent with bound pyridyl nitrogen atoms. The structure
of 2 is therefore analogous to that of [RhAu(u-PNP),](BF,)-
(NO;)* with a transis bis(diphosphine)-bridged stereochemistry.
The phosphorus atoms are arranged cis around the rhodium and
trans around the silver atom. The coordination geometry about
the silver is T-shaped (4gP,Rh) and that about the rhodium atom
is square pyramidal (RhP,N,Ag) with the Ag atom occupying
the axial position.

[RhAu(u-PNP),(CO),](BF,)(NO;) (3). The reaction of [Rh-
Au(PNP),}(BF,)(NO;)* with carbon monoxide at 1 atm and 25
°C resulted in the irreversible formation of 3 in good yield.*®

dication of 3

Complex 3 has a deep red color and has been characterized with
use of IR and 3'P NMR spectroscopy. The IR spectrum (CH,Cl,

(55) Muetterties, E. L.; Alegranti, C. W. J. Am. Chem. Soc. 1972, 94, 6386.

(56) P NMR spectra of reaction solutions of [RhAu(PNP),(CO),](B-
F,)(NO;) (3) after 12 h of purging with N, showed only the presence
of 3; no [RhAu(PNP),]>* was present.
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solution) of 3 showed two terminal metal carbonyl stretches of
equal intensity, »(CO) = 2015 and 1998 cm™, and two pyridyl
C-N stretches, »(py CN) = 1601 and 1581 cm™. The py CN
stretching frequency generally provides direct evidence regarding
coordination of the pyridy! nitrogen atom. Free PNP has a pyridyl
C-N stretch at 1580 cm™, and upon coordination the frequency
is increased to ca. 1600 cm™ or higher.?5364446 The values ob-
served for 3 indicated that one pyridyl nitrogen is coordinated and
one is free or dangling. The 3P{!'H} NMR spectrum of 3 (CH,Cl,)
consisted of two complex sets of multiplets of equal intensity
centered at 6 51.99 and 49.93. The downfield resonance was a
doublet of multiplets due to the presence of Rh—P spin—spin
coupling (Jgpp = 140 Hz). Very similar >'P NMR spectra have
been observed previously for AA’BB’ spin systems that contain
four coplanar phosphorus atoms,”% for example in Pd,-
(dppm),(u-HC,{CO,H}Cl,.*" These data are consistent with a
heterobimetallic dimer that contains two bridging PNP ligands,
two terminal CO ligands, and one coordinated and one dangling
pyridyl nitrogen, as depicted in the drawing of 3. However, the
absence of large trans P-P couplings of the order of 300 Hz
suggests that the molecule may be fluxional with the pyridyl groups
rapidly exchanging places.

[RhAu(u-PNP),X]BF; (4 (X = C1), 5 (X = Br)). The reaction
of [RhAu(PNP),](BF,)(NO,;) with HX, where X = Cl or Br,
resulted in the formation of [RhAu(PNP),Cl]BF, (4) and [Rh-
Au(PNP),Br]BF, (5) in good yield. Both complexes have been
characterized with use of IR and 'H and *'P NMR spectroscopy.
The IR spectra (CsI disk) of 4 and § each showed one pyridyl
C-N stretch at »(py CN) = 1608 and 1605 ¢cm™!, respectively,
consistent with coordinated nitrogen atoms. No M-X stretches
were observed due to lack of intensity. 'H NMR spectra of 4 and
5 (CD,Cl,) indicated that no metal hydrides were present. The
YP{'H} NMR spectrum (CH,Cl,) of 4 consisted of a doublet of
symmetric multiplets (§ 68.89, Jgy—p = 171 Hz) and a symmetric
multiplet (5 42.82) of equal intensity. The *'P{{H} NMR spectrum
(CH,Cl,) of 5§ was very similar to that observed for 4 and consisted
of two sets of complex multiplets of equal intensity at 6 68.34 (Jryp
= 170 Hz) and 43.33. Very similar *'P NMR spectra have been
observed previously for heterobimetallic compounds containing
cis,trans phosphine-bridged stereochemistries!®!2!316 and are very
similar to the P NMR spectrum observed for [RhAu(PN-
P),]1(BF,)(NO,).* These data are consistent with complexes that
contain a similar PNP-bridged stereochemistry with the geometry
about Rh being square planar (RAP,N,) with cis phosphorus and
cis pyridyl nitrogen atoms and trigonal about Au (AuP,X), where
X = Cl or Br), as depicted in the drawing. The assignment of

cation of 4 (X = Cl), 5 (X = Br)

the halogen ligand bonded to Au is consistent with the fact that
the 3'P NMR resonance due to the phosphorus atoms on Au is
shifted greatly upfield from that of the starting [RhAu(PN-
P),}(BF4)(INO;) complex (Ad ~ 17 ppm). Trigonal Au stereo-
chemistries are not without precedence. The complex [Au,Cl,-
(u-dppm),] has been characterized by Schmidbaur®® through
X-ray analysis and was found to contain distorted trigonal-planar
gold centers. Trigonal Au(PPh,),Cl and Au(PPh;);* compounds

(57) Lee, C.; Hunt, C. T.; Balch, A. L. Inorg. Chem. 1981, 20, 2498.

(58) Lee, C.; Hunt, C. T.; Balch, A. L. Organometallics, 1982, 1, 824.

(59) (a) Schmidbaur, H.; Wohlleben, F. W.; Orama, O.; Huttner, G. Chem.
Ber. 1977, 110, 1748, (b) Schmidbaur, H.; Wohlleben, A.; Schubert,
U.; Frank, A.; Huttner, G. Chem. Ber. 1977, 110, 2751.
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have also been well characterized.%*¢! Conductivity measurements
support the formulation of complexes 4 and 5 as 1:1 electrolytes
(Am(4) = 57 Q@1 cm? mol™, Ap(5) = 47 @ em? mol™). Molar
conductivity values similar to these have been observed previously
for other 1:1 electrolytes of this type.5?

(60) Baenziger, N. C.; Dittemore, K. M.; Doyle, J. R. Inorg. Chem. 1974,
13, 805.

(61) Klanberg, F.; Muetterties, E. L.; Guggenberger, L. J. Inorg. Chem.
1968, 7, 2272,

(62) (a) James, B. R.; Mahajan, D. Can. J. Chem. 1978, 57, 180. (b) James,
B. R.; Mahajan, D. Can. J. Chem. 1980, 58, 996.
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perature factor expressions, calculated positional parameters for the hy-
drogen atoms, distances and angles within the ligands and solvate mol-
ecules, torsional angles, and least-squares planes for 1 (15 pages); a listing
of observed and calculated structure factor amplitudes (22 pages). Or-
dering information is given on any current masthead page.

Contribution from the Anorganisch Chemisch Laboratorium, University of Amsterdam,

Nieuwe Achtergracht 166, 1018 WV Amsterdam, The Netherlands

Mono(aryl)cobalt(II) Compounds Stabilized by Bis Ortho Chelation

Adolphus A. H. van der Zeijden and Gerard van Koten*

Received March 20, 1986

The reaction of Li;[C¢H;(CH,NMe,);-0,0, with Col"X,L, (L = py, PPh;, X = Cl, Br, I; L = PEt,, X = Cl) yields the air-sensitive
compounds Co'[C¢H;(CH,;NMe,),-0,0]X(L). From elemental analyses and UV and ESR spectral data it was concluded that
the complexes are five-coordinate and have a square-pyramidal structure with an apical ligand L.

Introduction

The relative scarcity of organometallic compounds among the
transition metals having ¢ metal—-carbon bonds is generally rec-
ognized as a combined result of thermodynamic and kinetic in-
stability of such complexes.! Reductive elimination or 8-hydrogen
elimination of organic groups often occurs at already low tem-
peratures, whereas empty low-lying orbitals and the polarity of
the M—C bond favor an easy chemical attack. Some of these
problems have been overcome in derivatives containing an alkyl
group lacking 8-hydrogens or having bulky substituents. It was
also found that internal coordination may have a considerable
stabilizing effect.?

Previously we used the terdentate anionic ligand [o,0"
(Me,;NCH,),C¢H;] to prepare a series of stable compounds in
which the ligand is bonded via at least a M—C interaction.
Compounds with the same set of ligands but as monodentates are
not known and probably not stable. The metals involved so far
are of d° (Fe(III)), d® (Rh(III), Pt(IV)), d7 (Ni(II)), d® (Ni(II),
Pd(II), Pt(II), Rh(I), Ir(1)), and d!° (Cu(I), Hg(II), TI(III),
Sn(1V)) electronic configurations.’=5718

The recently reported paramagnetic congeners Ni[C H-
(CH,NMe,);-0,01X, with X = Cl, Br, I* and Fel'[CH,-
(CH,NMe,),-0,01Cl,* were found to have square-pyramidal
arrangements. ESR studies on the Ni(III) complexes have been
a valuable tool in elucidating their electronic structure. The results
were consistent with a low-spin d” state of Ni(III) in which the
unpaired electron is located in the axial d,» orbital. As Co(II)
is isoelectronic with Ni(III), the related Co!'[C¢H;-
(CH,;NMe,),-0,0] compounds may well have similar structural
features and in this way are of dual interest in understanding the
bonding in these compounds.

Therefore, a series of paramagnetic cobalt complexes having
the general formula Co!'[C¢H3(CH,NMe,),-0,01X (L), where X
= Cl, Br, I and L = pyridine, PPh;, PEt;, were synthesized and
spectroscopically characterized.

Experimental Section

All manipulations were performed under an atmosphere of nitrogen
(99.999% pure; purchased from Hoekloos) with use of Schlenk tech-
niques. Solvents were carefully dried and distilled prior to use. Cobalt

*To whom correspondence should be addressed.

salts of the type CoX,L, were prepared according to literature proce-
dures.®!® Elemental analyses were carried out at the Institute for Ap-
plied Chemistry TNO, Zeist, The Netherlands. ESR spectra were run
on a Bruker ER200D-MR X-band spectrometer. UV spectra were re-
corded on a Cary 14 spectrophotometer.

Synthesis of Co''[CsH;(CH,NMe,),-0,0'JCI(py). A solution of Li,-
[C¢H3(CH,;NMe,),-0,07], in diethyl ether (10 mL) was prepared from
0,0-(Me;NCH,),C¢HBr (1.45 g, 5.4 mmol) and Li.” The solvent was
removed in vacuo. The aryllithium compound was extracted with
benzene (20 mL). This extract was added at room temperature to a blue
suspension of CoCly(py),; (1.11 g, 3.9 mmol) in benzene (30 mL). This
resulted in the formation of an intensely orange solution within a few
minutes. The mixture was stirred for another 2 h and filtered. The
solvent was removed in vacuo. The orange-brown solid residue was
washed with pentane (4 X 10 mL); yield 1.00 g (2.75 mmol, 70%). The
complexes Co"'[C4H;(CH,NMej,),-0,01X(L) were prepared in an
analogous manner from the CoX,L, complexes and Li,[C¢H;-
(CH,NMe,),-0,07,. Yields are given in parentheses: L = py, X = Br
(14%), 1 (70%); L = PPh,, X = Cl1 (27%), Br (55%), 1 (70%); L = PEt,,
X = Cl (50%).
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