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actions. Application of these expressions to the six
““cross reactions” (5)—(10) in Table I which all involve
similarly charged reactants (—1 and —2) shows quite
good agreement between the calculated and experi-
mentally determined rate constants. This is par-
ticularly so when one considers the approximate values
of certain K, values and the large differences in ky
and kg and the large values for K, which exist in some
cases.
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Several new rhodium compounds having the em-
pirical formulas Rh(CO):(S,PF;), Rh(CO)[P(CsHs)s]-
(_SzPFQ), Rh(CO) [AS(CeHﬁ).g](SzPFz), and Rh(CO)-
[Sb(CeH;)31(S:PF;) have been synthesized. The di-
fluorodithiophosphate PS,F,~ ligand!'? and its conju-
gate acid HPS;F,*%4 are useful intermediates for the
formation of compounds containing the PS,F,~ group.*?®
The chemistry of this ligand is, indeed, similar to that
of the analogous dialkoxydithiophosphate ligands.®

Experimental Section

Materials.—Tetracarbonyl-u-dichloro-dirhodium(I) was syn-
thesized from RhCl;-3H,O (Alfa Inorganics, Inc.) and CO.
The cesium salt of difluorodithiophosphate was prepared as de-
scribed in the literature.? Triphenylphosphine, -arsine, and
-stibine were obtained from commercial sources and used without
further purification. Solvents were distilled from molecular
sieves (Linde 5A) immediately before use.

Apparatus and General Procedure.—Infrared spectra of solid
samples were measured on a Perkin-Elmer 521 spectrometer.
The %F nmr spectra were obtained with a Varian Model V4310
spectrometer operating at 40 Mc using benzene as a solvent for
the samples and fluorotrichloromethane as an internal standard.
Solutions were placed in 5-mm o.d. tubes. Molecular weights
were determined using a Mechrolab vapor pressure osmometer,
Model 301, in benzene solution.

Preparation of [Rh(CO)y(S,PF;)];.—In a typical preparation,
tetracarbonyl-u-dichloro-dirhodium(I) (0.952 g, 2.45 mmol) dis-
solved in 100 ml of pentane was stirred with an excess af CsPS,F,

(1) H. W. Roesky, F. N, Tebbe, and E, L. Muetterties, J. Am. Chem. Soc.
89, 1271 (1967).

(2) M. Lustig and J. K. Ruff, Inorg. Chem., 6, 2115 (1867).

(3) D. W. Mitchell, M. Lustig, F. A. Hartman, J. K. Ruff, and J. A. Mer-
ritt, J. Am. Chem. Soc., 90, 6320 (1968).

(4) F. N. Tebbe, H. W. Roesky, W. C. Rode, and E. L. Muetterties,
ibid., 90, 3578 (1968).

(5) J. K. Ruff and M. Lustig, Inorg. Chem., T, 2171 (1968).

(6) (a) R. L. Lambert and T. A. Manuel, ¢bid., 5, 1287 (1966);
(b) F. A. Hartman and A. Wojcicki, Tnorg. Nucl. Chem. Leiters, %, 303 (1966).

Notes 2669

(1.34 g, 5.05 mmol). After 4 hr, the solvent was removed under
reduced pressure (caz. 20 mm, between 0 and —10°). The residue
was sublimed ¢z vacuo onto a probe cooled to about —80°. The
vield of the orange-red solid (mp 48°) was 0.640 g (44.6%).
Anal. Caled for C4F404P2Rh2S4: C, 822, F, 1301, P, 1062,
mol wt, 584. Found: C, 8.20; F, 13.45; P, 9.2; mol wt, 590.
The Y¥F nmr spectrum showed a doublet (Jp_r = 1312 cps) at
¢ 3.4.

Preparation of Rh(CO)[P(CsH;);}(S,PFy).—Triphenylphos-
phine (0.314 g, 1.20 mmol) and [Rh(CO)y(8:PF:)]s, (0.350 g,
0.60 mmol) were weighed into a 50-ml flask. The flask was
cooled to —196° and evacuated. Approximately 5 ml of benzene
was distilled into the flask. Upon warming to room temperature,
the solution changed from deep red to yellow and carbon mon-
oxide was evolved. After 0.2 hr the solvent was removed and
the residue was extracted with pentane until the extracts were
colorless. The pentane solution was concentrated in a stream of
nitrogen before cooling to 0°. VYellow crystals were collected
and vacuum dried. The product weighed 0.510 g (819, of
theory) and decomposed above 100°. Anal. Caled for CiHi;-
F,OP;RhS;: C, 43.47; H, 2.87; mol wt, 526. Found: C, 43.50;
H, 2.87; mol wt, 544. A doublet centered at ¢ 2.7 (Jp_r =
1312 cps) was observed in the nmr spectrum.

When a benzene solution of Rh(CO)[P(C¢H;)s](S:PF;) was
allowed to interact with excess triphenylphosphine, no further
evolution of carbon monoxide was observed even when the solu-
tion was heated to 60° for several hours.

Reaction of [Rh( Co)z( SzPFz)]z with AS( CeHs)s and Sb(CBHJ)a—‘
Using a procedure similar to that described for the preparation of
Rh(co)[P(CeH5)3](S2PF2), both AS(C5H5)3 and Sb(CeHs)a react
with the parent dicarbonyl. Carbon monoxide, detected by mass
spectral analysis, was again evolved. Brownish red solids were
obtained upon removal of benzene and subsequent recrystal-
lization from CH:ClL-C;H;; mixtures. The outcome of these
reactions appears to be the same when excess arsine or stibine is
used. Amnal. Caled for CpHy;;AsF,OPRLS,: C, 40.02; H,
2.65; F, 6.66; P, 5.44; mol wt, 570. Found: C, 40.00; H,
2.66; F,6.4; P,4.9; mol wt, 700. Caled for C;3H;3F2OPRESDHS;:
C, 36.98; H, 2.45; F, 6.16; P, 5.02; Sb, 19.74; mol wt, 617.
Found: C, 36.65; H, 2.50; F, 6.2; P, 4.8; Sb, 19.6; mol wt,
2100.

Results and Discussion

The reaction of tetracarbonyl-u-dichloro-dirhodium-
(I) with CsPS:F, yields a volatile, orange solid of em-
pirical formula Rh(CO)2(S:PF,). The fluorine magnetic
resonance spectrum of the complex consists of a dou-
blet caused by phosphorus-fluorine coupling centered
at ¢ 3.4 (Jp_r = 1312 cps). Additional splitting due
to 19%Rh was not observed. The position of the signal
and the magnitude of the PF spin-spin coupling are
consistent with a chelate attachment of the difluoro-
dithiophosphato group.#® Molecular weight measure-
ments indicate that the complex is dimeric in benzene
solution.

Examination of the infrared spectrum (Table I) of
the complex provides further insight into the structure
of the new dicarbonyl. Absorptions associated with
the P-S stretch are observed at 692 and 670 cm™! in
Nujol whereas the related absorptions of CsPS:F.
occur at 735 and 710 cm—!.  The shift of the P-S stretch
to lower wave number values in the complex implies co-
ordination of the PS,F, entity to rhodium through
equivalent sulfur atoms. The positions of the four ab-
sorptions in the metal carbonyl region are characteris-
tic of terminal carbonyl ligands. M oreover, the spec-
tral features in this region are similar to those of [Rh-
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TABLE 1
INFRARED DATA® (cMm™1)
Metal-carbonyl str freq P=3
2088 s, 2075 ms, 2025 s, 692s, 670 sh
1098 ms?
2083 s, 2070 sh, 20205, 1092 690 s, 670 sh
mw
2083 vs, 2067 vs, 2027 vs,
1980's
1991 s

Complex
[Rh(CO)2(S:PF2) ]2

[RR(CO):(CHsCO2) ]2

Ru(CO) [P(CsHs)3](S:PF2) 697 s, 689 s

{Rh(CO) [AS(CsHs)s] (S:PF2) | n° 2025 s, 2015 sh, 1996 s 7025, 688 s
{Rh(CO) [Sb(CsHs)s](S:PF) | 2° 2027 s, 2010 s, 1995 sh 699 s, 685 s
¢ Nujol mulls unless noted otherwise. Abbreviations: s,

strong; m, medium; w, weak; v, very; sh, shoulder. ? Pen-

tane solution. ¢ Chloroform solution.

(CO)2(CH;COy) ly" which contains bridged acetate
groups. The composite data suggest structure I for the
parent difluorodithiophosphato complex.
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The reaction of I with triphenylphosphine proceeds
with the evolution of carbon monoxide and yields air-
stable, yellow crystals. The physical and chemical
properties of this material indicate the rupture of the
bridged dithiophosphates and the rearrangement to a
four-atom chelate as depicted in structure II. When I
was allowed to react with triphenylarsine or -stibine,
CO was again evolved and air-stable solids were ob-
tained. Analytical data are in close agreement with
complexes containing one carbonyl group, one triphenyl-
arsine or -stibine, and one PS;F.~ ligand per rhodium
atom. Molecular weight determinations indicate that
these materials are polymeric. However, the unex-
pectedly complex patterns in the metal-carbonyl re-
gion of the infrared spectra preclude acceptable struc-
tural assignments at this time.
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During an investigation of the formation of poly-
mers containing the phosphonitrile ring systems, di-
chlorohexaphenylphosphonitrile tetramer (Ia), mp 303~
304°, was prepared by treating sodium azide with a
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mixture of diphenylchlorophosphine and phenyldi-
chlorophosphine.! This communication describes the
preparation of several amine derivatives and some inter-
conversions among halogen, hydroxy, and amine lig-
ands to give a series of tetrameric compounds with the
general formula (CeH;)eX.PsN,; where X = Cl (Ia,
Ib), OH (II), Br (I1I), N(CHs), (IV), and F (V).
Dihydroxyhexaphenylphosphonitrile tetramer (II)
may be prepared by the hydrolysis of 1a in hot, aqueous
pyridine.! Treatment of II with an excess of PCls
resulted in the regeneration of Ia in good yield

H:O-py
—_—

A =

PClL-CHCls
The reaction of II with SOCl,, however, gave two iso-
meric forms of dichloro tetramer: Ia, mp 303-304°,
in 679 yield, and a low-melting form (Ib), mp 194-195°,
in 129 yield. This result is analogous to that found
for diazidohexaphenyltetraphosphonitrile which has
two isomers melting at 147.5-148 and 206-208°.%
With the exception of the diazido and dichloro com-
pounds, no other isomers of this cyclic tetramer have
been isolated. Elucidation of the structure of these
isomers awaits the attention of an X-ray crystallogra-
pher.

Hydrolysis of the low-melting isomer (Ib) in aqueous
pyridine yielded the same product (II) that was ob-
tained from hydrolysis of Ia, based upon comparison
of infrared spectta.

The six amine derivatives shown in Table I were pre-
pared by adding an excess of the appropriate amine to
a chloroform suspension of Ia.

Dibromohexaphenylphosphonitrile tetramer (IIT) was
prepared from II and phosphorus pentabromide; how-
ever, attempts to synthesize III by allowing thionyl
bromide to react with II yielded no characterizable
products.

The preparation of trimethyltrichlorophosphonitrile
trimer, (CH;3(Cl)PN);, by treatment of trimethyltris-
dimethylaminophosphonitrile trimer, (CH;((CHj;)eN)-
PN);, with anhydrous hydrogen chloride has been
described.? In the present work, the cleavage of di-
methylamino groups from phosphorus has been used
to prepare la anud III from hexaphenylbis(dimethyl-
amino)phosphonitrile tetramer (IV) by reaction with
an excess of the appropriate hydrogen halide

excess HX
IV —— Ta or III + (CH,):NH.HX
CHCls

However, no identifiable products were isolated from
the reaction of IV with hydrogen iodide, and none of
the starting material was recovered.

Replacement of chlorine by fluorine in Ia was ac-
complished by use of cesiuin fluoride in refluxing aceto-
nitrile. Other alkali metal fluorides in nitrobenzene
as the solvent were employed in this substitution reac-
tion, although the yield of the difluoro analog was con-
siderably lower under these conditions.
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