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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.

(7) D. N. Lawson and G. Wilkinson, J. Chem. Soc., 1900 (1965).
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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.

(1) D. L. Herring and C. M. Douglas, Inorg. Chem., 4, 1012 (1965).

(2) C. M. Sharts, A. J. Bilbo, and D, R. Gentry, ibid., 5, 2140 (1966).
(3) G. Tesiand P. J. Slota, Jr., Proc. Chem. Soc., 404 (1960).
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TABLE I
AMINE DERIVATIVES OF (CeH;)eCl P3N,

Compound Mp, °C vield, %
(CsH)s(INH3)2Ps Ny 205-207 85
(CeH;)s(NHCH; ), P4Ny 192-194 70
(CeHs)s [ N(CHj3),]aPaNy (IV) 189-190 60
(CoHs)s [IN(CoHs )2 ] PuNy 260-265 (subl) 70
(CsHs)s [ N(CH3)CeH ;). PoN, 183-184 60
(CeH;)e( NC:;Hy)2PsNy 290-292 60

Experimental Section

Apparatus.—Molecular weight measurements were determined
in benzene, using a Mechrolab Model 301A vapor pressure
osmometer. All reactions were carried out either in an inert-
atmosphere chamber or under nitrogen to exclude contamination
by oxygen and moisture.

Reagents.—Phosphorus pentachloride, phosphorus penta-
bromide, thionyl chloride, piperidine, N-methylaniline, and
diethylamine were supplied by Matheson Scientific Co. and used
without further purification. Chloroform and acetonitrile were
distilled from phosphorus pentoxide; bromoform was also distilled
from phosphorus pentoxide under reduced pressure. The hydro-
gen halide gases, ammonia, methylamine, and dimethylamine
were supplied by the Matheson Co., Inc. Hexaphenyldichloro-
phosphonitrile tetramer (Ia) was supplied on contract by Alfa
Inorganics and was prepared by the method previously described !

Preparation of Amine Derivatives of Ia.—Anhydrous am-
monia was bubbled through a stirred slurry of Ia (0.028 mol,
20.0 g) in 500 ml of chloroform for 8 hr. The reaction mixture
was then filtered to remove ammonium chloride (1.3 g) and the
solvent was evaporated ¢» vacuo. The crude product was erystal-
lized from heptane to yield long white needles of hexaphenyl-
diaminophosphonitrile tetramer (16.0 g).

In the amine reactions, the chloroform was evaporated from
the reaction mixture and the solid residue was extracted with
benzene. The benzene was removed in vacuo and the crude
product was recrystallized from hexane. The benzene-insoluble
residue was the corresponding amine hydrochloride with no
trace of phosphonitrile as determined by an infrared spectrum.

Reaction of II with Phosphorus Pentachloride.—Phosphorus
pentachloride (16.6 g, 0.08 mol) was added over a 20-min period
to a rapidly stirred slurry of II (27.0 g, 0.04 mol) contained in
250 ml of chloroform. The addition of the phosphorus penta-
chloride was accompanied by moderate foaming and the slightly
yellow solution became clear but clouded again after 1 hr. The
reaction was carried out for 48 hr at room temperature with
continuous stirring. The reaction mixture was filtered and 9.0 g
of hexaphenyldichlorophosphonitrile was isolated (mp 298-300°).
The chloroform-soluble reaction product was recovered by
evaporation of the solvent. The residue was washed with 200
ml of benzene and filtered to give 18.0 g of Ia (mp 296-298°).
The conversion was 95%, of the theoretical yield. The two
crops of Ia were combined and recrystallized twice from toluene
to give a product (mp 803~304°) with an infrared spectrum identi-
cal with that of an authentic sample.

Reaction of II with Phosphorus Pentabromide.—Compound 11
(27.0 g, 0.04 mol) was treated with phosphorus pentabromide
(84.0 g, 0.08 mol) in 250 ml of bromoform. The solution was
stirred at room temperature for 65 hr. The solvent was then
distilled under reduced pressure and the crude brown product
was washed with boiling benzene to give 21.0 g (669) of white
crystalline material. Recrystallization from toluene yielded hex-
aphenyldibromophosphonitrile tetramer (I1I), mp 245°. Anal.
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Analyses
% C % H % P % N Mol wt
Caled 64.1 5.0 18.4 12.5 674
Found 64.0 5.0 18.1 12.6 668
Caled 65.0 5.4 17.7 12.0 702
Found 65.3 5.7 17.5 11.9 710
Caled 65.8 5.8 17.0 11.5 730
Found 66.0 6.0 16.7 11.6 723
Caled 67.2 6.4 15.8 10.7 786
Found 67.2 6.6 15.5 10.9 774
Caled 70.3 5.4 14.5 9.8 854
Found 70.1 5.5 14.3 9.7 840
Caled 68.1 6.2 15.3 10.4 810
Found 68.1 6.4 15.1 10.5 832

Caled for CgHgPsNyBre: C, 53.9; H, 3.7; P, 15.5; N, 7.0;
Br, 20.0; mol wt, 802. Found: C, 544; H, 3.6; P, 15.3;
N, 6.8; Br, 20.0; mol wt, 822.

Reaction of II with Thionyl Chloride.—A slurry of IT (15.0 g,
0.022 mol) in 250 ml of chloroform was treated with thionyl
chloride (10.4 g, 0.09 mol). The mixture was refluxed for 20
hr. The precipitate formed during the heating cycle was re-
moved by filtration and dried in wacue. This white crystalline
material was identified as Ta, mp 303-304; yield, 10.5 g (679%).

The chloroform solution was evaporated to dryness and the
residue was recrystallized from a 1:1 mixture of benzene and
heptane to yield 2.0 g of ' Ib, mp 194-195°. A4#nal. Caled for
CaeHaoP4N4ClzZ C, 60.7, H, 4.2, P, 174; N, 78, Cl, 99,
mol wt, 713. Found: C, 60.5; H, 4.5; P, 174; N, 8.0; CI,
10.0; mol wt, 711.

Reaction of Hexaphenylbis(dimethylamino)phosphonitrile
Tetramer (IV) with Hydrogen Chloride.—Compound 1V (22.0 g,
0.03 mol) was dissolved in 250 ml of chloroform and anhydrous
hydrogen chloride was slowly bubbled into the solution. After
3 hr a precipitate was formed in the initially clear solution; the
reaction was continued for a total of 7 hr. The precipitate, Ia,
was removed by filtration and extracted with boiling chloroform to
remove dimethylamine hydrochloride. Compound Ia was then
recrystallized from toluene and dried in wvacue, mp 303-304°;
yield, 18.5 g (909,).

Reaction of IV with Hydrogen Bromide.—Compound IV (18.5
g, 0.025 mol) was dissolved in 400 m! of chloroform and anhydrous
hydrogen bromide was bubbled into the stirred solution. The
reaction was carried out at room temperature for 24 hr and then
refluxed for 24 hr. The solvent was evaporated and the solid
residue was extracted with boiling benzene. The benzene-
insoluble residue (5.5 g) was identified by infrared spectral analy-
sis as dimethylamine hydrobromide. Upon cooling the benzene
solution, hexaphenyldibromophosphonitrile tetramer (III) was
precipitated. Two additional recrystallizations from benzene
were required to provide pure III, mp 254°; yield, 156 ¢
(85%). The infrared spectrum was identical with that of the
product from the reaction of II with phosphorus pentabromide.

Preparation of Hexaphenyldifiuorophosphonitrile Tetramer
(V).—A mixture of Ia (20.0 g, 0.028 mol) and CsF (21.3 g,
0.14 mol) in 500 ml of acetonitrile was stirred at room tempera-
ture for 1.5 hr and then refluxed for 24 hr. The hot reaction
mixture was filtered. As the acetonitrile solution cooled, brown
crystals were deposited. This material was collected and re-
crystallized twice from acetonitrile to yield white crystalline V,
mp 176-177°; yield, 11.8 g (629,). Anal. Calcd for CssHao-
PN,F:: C, 63.53; H, 4.44; P, 18.21; N, 8.23; F, 5.58;
mol wt, 681. Found: C, 63.70; H, 4.62; P, 18.02; N, 8.52;
F, 5.36; mol wt, 690.

This experiment was repeated under similar conditions using
nitrobenzene as the solvent with potassium fluoride or sodium
fluoride as the fluorinating agent. In each case, V was isolated
with difficulty in 29, yield.
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We have previously described! the kinetics of various
substitution and oxidative addition reactions of plat-
inum(0) complexes including the reactions of Pt(P-
(CGH5)3)2(C2H4) W’ith CHgI, CeH;’,CHzBr, CH2ICH2L
and CeHsC=CH to yield the adducts Pt(P(CeHs)s)s-
(CH;;)I, Pt(P(CGHs)3)2(CH2C6H5)BI‘, Pt(P(CeHs)a)gIg,
and Pt(P(CsHs)s){CeH;C=CH), respectively. It was
concluded that all of these reactions proceed by dis-
sociative mechanisms involving the coordinately un-
saturated intermediate Pt(P(CsHj;)s)s. The above
investigation also led to the conclusion that the com-
pound Pt(P(Ce¢Hs)s)s is completely dissociated in
benzene solution to Pt(P(CeHj;)s)s, the further dis-
sociation of which, to Pt(P(CsHs)s)s, is slight.

In this paper we describe kinetic investigations of
several further reactions of platinum(0) complexes,
depicted by eq 1-4. The results of these investigations
Pt(P(CsHs)3)2(CoHa) 4 (CeH;5):8nCl —>

Pt(P(CsHj)3)2(Sn (CsH)3)Cl
Pt(P(CeHs)s)2(CoHs) + CeH;C=CC H; —>
Pt(P(CeH,)s)2(CeHsC=CCsH;) + CHy  (2)
Pt{P(CsH;)3)s + (CeHs)sSnCl —>
Pt(P(CeHs)s)2(Sn(CeH;))Cl + P(CeHs)y  (3)

Pt(P(CeH;)s)s + CeH:C=CCeH; —>
Pt(P(CeHj)3)2(CeH;C=CCeH;) + P(CeHs)s (4)

+ CH: (1)

support our earlier mechanistic conclusions and, fur-
thermore, lead to a determination of the equilibrium
quotient, Kec,n,, for the dissociation of Pt(P(CsHjz)s)s
according to
Kpicetps
Pt(P(CeHs)s)s =2 Pt(P(CsHs)s)s + P(CsHs)s ()]
Experimental Section
Pt(P(CsHs)s)s was prepared from K,PtCl, KOH, and excess
P(CsH;)s in aqueous ethanol according to the procedure of

(1) J. P. Birk, J. Halpern, and A. L. Pickard, J. Am. Chem, Soc., 90, 4491
(1968). This paper cites pertinent earlier references.
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Malatesta and Cariello.? Pt{P(CeH;)s):(C:Hs) was prepared,
through the oxide Pt(P(CgH;);)0q, according to the procedure
of Cook and Jauhal.? Pt(P(CsH;)s); was generated in situ by the
addition of 1 equiv of P(C¢Hs); to a benzene solution of Pt-
(P(CsHs)3)o(CsHy), through which argon was passed to remove the
displaced ethylene.! Diphenylacetylene (Eastman) was re-
crystallized from hot ethanol. Ethylene (Matheson), triphenyl-
phosphine (Matheson, mp 80-81°), and triphenyltin chloride
(M & T) were used without purification. Solutions were pre-
pared from reagent grade benzene, deoxygenated with purified
nitrogen. Diphenylacetylene and triphenyltin chloride, hoth
as solids and in solution, were protected from light.

All of the kinetic measurements were made in benzene solution
at 25°. The reactions were followed spectrophotometrically in a
Cary 14 spectrophotometer with a cell compartment thermo-
stated to £=0.3°. The rates of reactions 1, 3, and 4 were measured
by following the disappearance of the reactant platinum(0)
complexes (whose extinction coefficients at the indicated wave-
length are given in parentheses) at 335 mu (4.0 X 103 M1 cm™1),
437 mp (6.3 X 102 M *em™1), and 415 mu (1.5 X 102 M1em™1),
respectively. Therate of reaction 2 was measured by following the
appearance of the product Pt(P(CeHjs)s)o CeH;C=CCsH;) at 372
mu (e3 X 10* Mt em ™), where the absorbance of the reactant,
Pt(P(CeHs)3)o( CoHy) (e 3 X 10* ML em™!), was small. The
initial concentration of the platinum(0) complex was generally
in the range 5§ X 107*to 1 X 10~% A. The initial concentration
ranges of the other species were as follows (the number in paren-
theses refers to thie equation describing the reaction): (1)
1.2 X 1072t0 1.5 X 107 M CHy, 3.6 X 107%to1 X 107t M
(CsH;)8nCl; (2) 2.5 X 1072 to 1.4 X 107t M CyH,, 1.0 X 102
to 2.7 X 1072 M CeH;C=CCsH;; (3) 2.7 X 1072 to 8.3 X 1072
M P(CeHs);, 7.6 X 1073 to 3.5 X 107% M (CeH;):SnCl; (4)
9.6 X 107%t03.83 X 1072 M P(CeHs)a, 1 X 1072t0 8 X 1072 M
CﬁHsCECCeHa.

Results and Discussion

The kinetic behavior of each of the reactions re-
sembled that previously observed*® for the reactions of
Pt(P(CeHs)s)2(CoHy)  with CH;l, CgH;CH.Br, and
CH.ICH,I. This behavior is accommodated by the
mechanism depicted by eq 6 and 7, involving a pre-

Kx
Pt(P(CoHi))eX ===

Pt(P(CeHs)s): + X (rapid equilibrium) (6)

kY7
Pt(P(CiHy)s) + VZ —> PHP(CiHy ) YZ %

equilibrium dissociation of the platinum(0) complex
Pt(P(CeH5>3>2X (Where X = P(C5H5>3 or C2H4> into
Pt(P(C¢Hs)s). and X, followed by addition of the
substrate (YZ = CH;C=CC:H; or (CiH;);SnCl) to
Pt(P(C¢Hs)s)2. Over the extensive concentration
ranges of X and YZ cited earlier, each of the reactions
obeyed the rate law deduced from the above mechanism,
i.e.
—d[Pt(P(CeHs)s)oX ] tor/dl =

EyzKx[Pt(P(CeH;) ) X[ [YZ][X] 1 ()

Where [Pt(P(CeHs)g) QX]mt = [Pt(P(CeH5>3) QX] +
[Pt(P(CsHs)s)2]. Under the conditions of our mea-
surements, 7.e.,, with [X] and [YZ] in sufficient excess
over [Pt(P(CgHs);3):X] so as to remain essentially
constant during each reaction, and with [X] sufficiently
high so that dissociation of Pt(P(CsHs)s).X was neg-

(2) T.. Malatesta and C. Cariello, J, Chem. Soc., 2323 (1958).
(3) C. . Cook and G, 8, Jauhal, J. Am, Chem. Soc., 90, 1464 (1068),



