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complex arises largely from the difference in the activa- 
tion enthalpies for the two reactions. This enhanced 
lability of octahedral Co(I1) complexes with respect to 
those of Ni(I1) has been noted for many other sys- 
tems2~4~10~13~43-45 and has been discussed in terms of 

crystal field the0 ry .~~ ,~6  The ambiguities in the crystal 
field interpretation have been considered e l s e ~ h e r e , ~ ? ~ ~  
and a more critical evaluation of the factors affecting 
relative solvent substitution rates does not seem war- 
ranted until the appropriate data become available 
for a wider variety of cations, particularly those of the 

(43) M. Eigen, Pure A p p l .  Chem., 6 ,  07 (1963). 
(44) J. S. Babiec Jr.. C. H. Langford, and T. R. Stengle, Inovg. Chem.,  5, 

(45) R. G. Pearson and R.  D. L a n k ,  J .  Am. Chem. Soc., 86, 765  (1964). 

nontransition ! 
1362 (1966). (46) F. Basolo and R. G. Pearson, “Mechanisms of Inorganic Reactions,” 

John Wiley and Sons, Inc., New York, N. Y. ,  1958. 
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The phosphorus-31 nmr spectra of eleven cis and seven trans compounds of the type ( R , , ( C B H ~ ) ~ - ~ P ) ~ P ~ C ~ ~ ,  where R = alkyl 
and n = 1, 2, or 3, show that the platinum-195 to phosphorus-31 coupling constant is always larger for the cis compound 
than for the corresponding trans compound and that the phosphorus chemical shift of the cis compound is upfield from that 
of the corresponding trans compound. The formation of the trisphosphine complex by addition of excess tertiary phosphine 
to the monomer has been demonstrated by conductivity and nmr measurements and confirmed by isolation of the com- 
pounds [(  CH3( CeHs)zP)3PtCl] C1 and [( C3H7( CeH6)2P)3PtCl] B( C6Hs)r. The preparation of several new chlorine-bridged 
dimers is also reported. 

Introduction 
Pidcock, Richards, and Venanzi2 reported in a brief 

note a few years ago that the 195Pt-31P coupling constant 
in cis-dichlorobis (tributylphosphine) platinum (11) is sig- 
nificantly larger than the coupling constant in the trans 
isomer. They also reported the coupling constants in 
various other phosphorus-platinum compounds, al- 
though no other cis-trans pairs were reported and 
chemical shifts were not cited. 

The difference in coupling constants was ascribed to 
the increased T bonding between phosphorus and plati- 
num in the cis case, in which the platinum can use d,, 
and d,, orbitals (in addition to in-plane T bonding by the 
d,, orbital), as opposed to the trans case, in which plati- 
num can use only the d,, orbital (again, in addition to 
in-plane T bonding) with the x axis defined as the P- 
Pt-P direction. If this argument is correct, one would 
expect the phosphorus atoms in the cis compound to 
have a higher electron density than those in the trans 
isomer because of increased back donation by the elec- 
trons of the platinum d orbitals. 

Results and Discussion 
We have prepared pure cis isomers for eleven different 

tertiary phosphines and seven of the corresponding 
trans isomers as described in the Experimental Section. 
The phosphorus-31 nmr data are shown in Table I. 

(1) Supported by the United States Air Force Office of Scientific Research 
under Grant No. AF-AFOSR-782-65. 

(2) A. Pidcock, R. W. Richards, and L. M. Venanzi, PYOC. Chem. Soc., 184 
(1962). 

For convenience, the coordination chemical shifts are 
listed in column 4. The coordination chemical shift 
is defined as the chemical shift (relative to any refer- 
ence in general, but for this case relative to 85y0 H3P04) 
of phosphorus in the complex compound minus the 
chemical shift (relative to the same reference) of phos- 
phorus in the free ligand. This concept has been used 
before in several  paper^^-^ on phosphorus coordina- 
tion compounds. 

The results in Table I substantiate the original 
observation2 that the cis-tributylphosphine compound 
has a significantly larger coupling constant than the 
trans compound and show that this is true for all of the 
seven cis-trans pairs measured. In addition, the 
chemical shift of the cis isomer for a particular tertiary 
phosphine is always upfield from that of the trans 
isomer. This agrees with the simple shielding ideas 
outlined above, Le., a good u donor on coordination 
produces a large downfield coordination chemical shift 
and increased metal to ligand T bonding produces an 
upfield coordination chemical shift. These ideas were 
discussed by Meriwether and Leto3 in the first report 
on nmr of phosphorus coordination compounds. 
The results of 31P studies of trans-(R3P)3RhCl3 com- 
pounds4 are opposite to those expected from the simple 

(3) L. S. Meriwether and J. R.  Leto, J .  Am.  Chem. Soc., 88, 3192 (1961). 
(4 )  S.  0. Grim and R. A. Ference, Inoug. Nucl. Chem. Lellevs, 2, 205 

(1966). 
(5) S. I. Shupack and B. Wagner, Chem. Commun., 547 (1966). 
(6) J. L. Burdett and L. L. Burger, Con. J. Chem., 44,  111 (1966). 
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TABLE I 

PHOSPHISE-PLATISCM(II) COMPOUXDS 
PHOSPHORCS-31 ATMR DATA O F  TERTIARY 

Chem shift, 
ppm, US. HaPOa Coordn 

Com- chem shift, 

46.9 15.2 -31.7 
28.1 1 . 2  -26.9 
20.4 -9 .6  -30.0 
20.4 -12.3 -32.7 
17 .1  -3.3 -20.4 
17.1 -11.3 -28.4 
12 .5  - 9 . 8  -22.3 
33.0 0 .2  -32.8 
33.0 -3 .8  -36.8 
27.7 2 . 7  -25.0 
2 i . 7  - 6 . 3  -34.0 
17.6 - 6 . 9  -24.5 
3 2 . 3  -1 .2  -33.5 
32.3 -5 .1  -37.4 
26.2 2 . 3  -23.9 
26.2 -6 .5  -32.7 
17 .1  -7 .0  -24.1 
17.1 -12.0 -29.1 

Ligand plex ppm 

Cou- 
pling 
const 
for 

alp, cps 

3549 
3616 
3520 
2400 
3530 
2482 
3640 
3530 
2385 
3561 
2463 
3639 
3500 
2392 
3551 
2462 
3641 
2531 

lQ5pt- 

shielding concepts, however, and i t  seems that the ex- 
planations must be more complicated. 

The coordination chemical shifts and 195Pt-31P 
coupling constants are listed again in Table 11. Several 
points should be noted. The coordination chemical 
shifts of triethyl-, tripropyl-, and tributylphosphine 
decrease in that order in both the cis and trans series 
corresponding to an increase in u-donor ability in the 
same order. The mixed alkylphenylphosphine coni- 
plexes have this same trend from ethyl to propyl but the 
coordination chemical shifts of the butyl compounds 
are about the same as those of propyl or slightly higher, 
which indicates the expected close similarity of these 
compounds. Of greater significance is the fact that 
the coupling constant increases in every case in both 
the cis and trans series in going from trialkyl- to di- 
alkylphenyl- and then to the alkyldiphenylphosphines. 
This corresponds to the increasing T acceptor character 
of the phosphines as the number of phenyls on the phos- 
phorus increases. The coupling constant in cis-di- 
chlorobis(triphenylphosphine)platinum(II) is of inter- 
est here, but the compound was not sufficiently soluble 
to detect the 31P nmr signal. 

Since separation of many of the pure isomers is 
tedious, the crude products of the direct reaction of 
potassium tetrachloroplatinate(I1) and tertiary phos- 
phine were extracted into dichloromethane and the 
extracts were concentrated in order to measure the 31P 
nmr spectra directly. In  general, there were two main 
peaks with their corresponding pairs of satellites due 
to the lg5Pt (natural abundance = 33.7%, spin = 

splitting. A sample spectrum is shown in Figure 1. 
Because of the difference in chemical shifts of the cis 
and trans compounds and of the large difference in the 
coupling constant, the satellites can easily be unequiv- 
ocally assigned as belonging to either the cis or tvans 

TABLE I1 
31P COORDISATIOX CHEMICAL SHIFTS AND 

1e5Pt-s1P COUPLISG COXSTAKTS IS (R,(CsH5)3-nP)2PtC12 

cis Compounds 
(CzH6)aP (CaH7)sP 

A -30.0 -32.8 
J 3520 3530 

A -31.7 -20.4 -25.0 
J 3549 3530 3561 

(CHa)zC6HsP (CzHa)zC6HsP (CaH?)zCnH6P 

CHa(C6Hs)sP C?H~(CGHK)YP CaHi(CeHa)zP 

A -26.9 -22.3 -24.5 
J 3616 3640 3639 

A 
J 

A 
J 

A 
J 

trans Compounds 
(C?Ha)aP (CaHi)3P 

-32.7 -36.8 
2400 2385 

(CzHs)zC6HbP ( C ~ H ~ ) I C ~ H S P  

-28.4 -34.0 
2482 2463 

(CaHdaP 

-33.5 
3500 

(CaH9)zCeHsP 

-23.9 
3551 

CIHe (CeHa) zP 
-24.1 

3641 

(CaII9)sP 

-37.4 
2392 

(c4H~)zCeHsP 

-32.7 
2462 

CaHs(C6Hs)z P 

-29.1 
2531 

3000 cps 

Figure 1.-The 31P nmr spectrum of a solution containing cis- and 
tyans-( C2Hs( CsHB)2l’)qPtC12. 

isomer. This technique can therefore be used readily 
for equilibrium studies between cis and trans isomers. 

On several occasions when measurements were made 
on both the crude reaction mixtures and on solutions of 
pure isolated isomers, i t  was found that the coupling 
constants were noticeably different (mostly smaller 
by about 50-200 cps) in both isomers of the mixture 
and that the chemical shifts were also somewhat dif- 
ferent. At first i t  was thought that these differences 
might be due to ligand exchange betxveen the isomers 
or betn-een a given isomer and excess uncoordinated 
phosphine, but i t  is now clear that mixtures contained 
the tris tertiary phosphine complex, [(R3P)3PtC1]f. 
This was proved as explained below. Pure tmns- 
dichlorobis(phenyldipropy1phosphine)platinum (6 = 

-6.3 ppm, J = 2460 cps) was placed in dichlorometh- 
ane solution and the 31P nmr was measured. Three 
drops of phenyldipropylphosphine was added and the 
spectrum was remeasured to give a small peak (trans, 
6 = -5.7 ppm, J not measurable) and a large peak 
(cis, 6 = 3.2 ppm, J = 3550 cps; pure cis has 6 = 2.7 
ppm and J = 3560 cps). The small amount of excess 
phosphine causes equilibration with the cis isomer being 
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the predominant species. The differences in chemical 
shifts and coupling constants are thought to be due to 
experimental error, but they could also be due to ligand 
exchange. Addition of 0.3 ml of phosphine yielded a 
spectrum with two main peaks, one (‘trans” (relative 
intensity = 2, 6 = -6.0 ppm, J = 2326 cps), and the 
other “cis” (relative intensity = 1, 6 = 5.6 ppm, J = 
3500 cps). The “trans” peak corresponds to the 
mutually trans phosphines in the tris-phosphine complex 
and the “cis” peak corresponds to the phosphine which 
is trans to the chlorine in the complex and therefore 
behaves like the phosphines in the cis isomer. In 
addition, the spectrum showed a peak due to the ex- 
cess phosphine and a small new peak a t  6 = - 8.6 ppm. 
This new peak may be due to the tetrakis complex, 
;.e., ((C3H7)2CeHbP)4Pt2+, but no additional evidence 
on this point has been obtained. 

A similar experiment was performed beginning with 
pure cis-dichlorobis(dibutylpheny1phosphine)platinum 
(6 = 2.6 ppm, J = 3540 cps). Addition of 3 drops of 
the phosphine gave equilibration of cis (6 = 2.5 ppm, 
J = 3540 cps) and trans (6 = -6.1 ppm, J n o t  measur- 
able; pure trans has 6 = -6.5 ppm and J = 2460 cps). 
Addition of excess (0.6 ml) phosphine gave the tris- 
substituted product with its corresponding spectrum 
with three peaks, one “trans” (relative intensity = 2, 
6 = -6.2 ppm, J = 2305 cps), one “cis” (relative in- 
tensity = 1, 6 = 5.7 ppm, J = 3490), and one uncom- 
plexed peak. 

A conductivity study was carried out with pure cis- 
dichlorobis(diphenylpropy1phosphine) platinum and di- 
phenylpropylphosphine in dichloromethane. The con- 
ductivity increases steadily to about a 1 : 1 molar ratio 
and then slowly increases (Figure 2). In  a blank 
experiment, diphenylpropylphosphine in dichlorometh- 
ane conducted only slightly. The results would yield 
a horizontal line from the origin if plotted on the same 
scale as used in Figure 2. Ionic species are known for 
nitrogen7 and arsenic* compounds of platinum, but none 
of the tris(phosphine)platinum variety has previously 
been isolated. Chlorotris(diphenylpropy1phosphine)- 
platinum(I1) tetraphenylborate was prepared by meta- 
thetical reaction from the solution used for conduc- 
tivity measurements. Chlorotris(methyldipheny1phos- 
phine)platinum(II) chloride was prepared as described 
in the Experimental Section. 

Experimental Section 
Microanalyses were performed by Galbraith Laboratories, 

Knoxville, Tenn ., and by Dr . Franz Kasler, University of Mary- 
land. 

Phosphorus-31 nmr spectra were measured with a Varian As- 
sociates DP-60 spectrometer a t  24.3 Mcps on concentrated di- 
chloromethane solutions in 15-mm tubes. The reference (85y0 
H3P04) was sealed in a 3-mm tube and placed concentrically 
into the large sample tube through a serum stopper. The peaks 
were calibrated by side-band techniques. Generally, each spec- 
trum was recorded six times: three times with the field sweeping 
in each direction, L e . ,  increase and decrease. The six values 

(7) L. A. Tschugaev, J .  Chem. Soc., 1247 (1915). 
(8) R. S .  Nyholm, ibid. ,  848 (1950). 

I2r 

0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 
MOLE OF PrPhpP/MOLE OF (PrPh2P)2PtC12 

Figure 2.-The conductivity of solutions of CSH~(C~H&P and 
C ~ ~ - ( C ~ H ~ ( C ~ H ~ ) ~ P ) Z P ~  Clz in CHZCl2. 

were then averaged. The main peaks are thought to be accurate 
to f0 .4  ppm and the coupling constants, to about f 2 0  cps. 
Proton nmr spectra were measured with a Varian Associates A- 
60A spectrometer. 

All tertiary phosphines except commercial (C4Hg)sP were pre- 
pared by the Grignard method with PC13, C ~ H ~ P C ~ Z ,  or (C6Ha)z- 
PC1. 

Melting points and analytical data for the coordination com- 
pounds are summarized in Table 111. The monomers were pre- 
pared by the methods of Jensens and by those of ChattloJ1 and 
Wilkins.ll The dimers were prepared by the method of Good- 
fellow and Venanzi.I2 All preparations involving tertiary phos- 
phines were carried out in a nitrogen atmosphere. 
cis-Dichlorobis(tributylphosphine)platinum(II) .-A solution of 

KzPtCla (4.1 g, 0.010 mole) in 50 ml of Nz-purged HzO was stirred 
vigorously with (C4H&P (5.0 ml, 4.1 g, 0.020 mole) for 3 hr. 
The resulting salmon-colored precipitate was removed by filtra- 
tion, washed with water, and dried for 12 hr a t  60” (3 torr). 
The solid was extracted with six 10-ml portions of cold petroleum 
ether (bp SO-SO0). The insoluble residue was dissolved by drop- 
wise addition of 95% CZH~OH to the residue in 50 ml of boiling 
petroleum ether. The solution was cooled to 0’ and the resultng 
white crystals were collected by filtration and recrystallized in 
the same manner to yield 1.8 g of the white cis isomer. cis- 
Dichlorobis(dimethylphenylphosphine)platinum(II) was also pre- 
pared in this manner, but the crude dried product was recrystal- 
lized twice from CCIH~OH. Proton nmr: JP~PCH = 35.1 cps 
(lit.,ls35 cps); JPCH = 11.3 cps (lit.,I* 11 cps). 
trans-Dichlorobis(tributylphosphine)platinum(II).-The petro- 

leum ether extracts of the previous preparation were evaporated 
under reduced pressure to give a yellow solid which was twice 
recrystallized from CZH~OH to give 1.1 g of the yellow trans 
isomer. 

cis- and trans-Dichlorobis(tripropylphosphine)platinum(II).-A 
solution of KzPtC14 (4.1 g, 0.010 mole) in 50 ml of HzO was stirred 
with (CaH7)3P (3.2 g, 0.020 mole) for 3 hr. The red-brown pre- 
cipitate of [ ( ( C ~ H ~ ) S P ) ~ P ~ ]  PtC14 was not isolated, but the mixture 
was converted to the cis and trans mixture by heating on the 
steam bath for 1 hr. Drying, extraction, and purification were 
the same as for the (C4Hg)SP complexes. Also prepared in this 
manner were cis- and tr~ns-dichlorobis(triethylphosphine)plati- 
num(I1). 

Di-p-chloro-dichlorobis( dimethylpheny1phosphine)diplatinum- 
(II).-An intimate mixture of cis-((CH&CGH~P)gPtC12 (3.0 g, 5.5 
mmoles), PtClz (1.5 g, 5.7 mmoles), and naphthalene (10 g) was 
heated slowly to about 200’ in an oil bath and held a t  that tem- 
perature for 5 min. The heat was then removed and the mixture 
was allowed to cool slowly to room temperature. The naphthal- 

(9) K. A. Jensen, Z .  Anovg. Allgem. Chem., 229, 225 (1936). 
(10) J. Chatt, J .  Chem. SOC., 2301 (1950). 
(11) J. Chatt and R.  G. Wilkins, ibid., 2532 (1951). 
(12) R. J. Goodfellow and L. M. Venanzi, ibid., 7533 (1965). 
(13) J. M. Jenkins and B. L. Shaw, ibid., Sect. A ,  770 (1966). 
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200-201 
253-268 
192-194 
142-144 
205-206 
123-124 
232-236 
149-150 

--hIg, oc--  -- ___, c 
( 199-20013) 35.44 

(191-1 929) 
46.85 

(142-143’) 
(202-203’) 40.14 

48.42 
(122.5-123.5’) 

(149-150,’ 150-151‘0) 
82-83 (82-82.5,’ 85-86lO) 

208-209 
11 1-112 
207-209 
141-143 (1449) 
63-65 (65-6Bg) 

139-140 
65-66 

187-189 
150-151 
223-232 dec (215-23013 dec) 
263-266 dec 
163-164 
199-201 
176-177 
236-241 dec 
240-245 dec 
205-220 dec 
215-220 

85-100 dec 

a Anal. Calcd: P, 7.53. Found: P,  7.48. 

ene was extracted with petroleum ether and CHaC12 was added 
to the residue. Unreacted PtCle was removed by filtration. 
The filtrate was concentrated to about 50 ml, and petroleum ether 
was added slowly until the solution just became cloudy. Cooling 
in an ice bath caused precipitation of bright yellow crystals of the 
chlorine-bridged dimer. Two recrystallizations by the same 
procedure produced 1.3 g of product. All of the dimers listed in 
Table I11 were prepared by this method. It is important t o  
heat the reaction mixture in these preparations just slightly higher 
than the melting point; otherwise extensive decomposition occurs. 

cis-Dichlorobis (methyldiphenylphosphine)platinum( 11) .-The 
use of CzHjOH-H20 as a solvent system was found t o  give cleaner 
products than when only H20 was used as a solvent, and this 
method was adoped in the following preparations. X mixture 
of K2PtC14 (4.1 g, 0.010 mole), CH3(C6Hi)2P (3.7 ml, 4.0 g, 0.020 
mole), 50 ml of C2HjOH, and 30 ml of Ha0 was stirred for 16 hr 
and filtered. The residue was washed with water, dried, and 
dissolved in CH2C12-CH30H. White crystals of the cis com- 
pound formed as the solution evaporated. Attempts to prepare 
the trans isomer were not successful. 

Chlorotris(methyldiphenylphosphine)platinum(II) Chloride.- 
Excess C H ~ ( C S H ~ ) ~ P  added to cis-(CH3(CeH5)zP)2PtC1, (2 g) 
caused the white crystals to become yellow. Petroleum ether 
(10 ml) was added to the mixture which was stirred for 30 min 
and filtered. The residue was washed several times with (C2Hs)20 
and dried a t  40’ (3 torr) for 14 hr t o  give [(CH3(CaH6)2P)3- 
PtCl] C1. Phosphorus nmr: “cis,” relative intensity = 1, 
6 = 5 ppm, J = 3673 cps; “trans,” relative intensity = 2, 6 = 

-9.4 ppm, J = 2374 cps. Attempts to recrystallize the tris 
product gave only the cis isomer. 

cis-Dichlorobis (diethylphenylphosphine)platinum(II) .-A mix- 
ture of KSPtC14 (3.0 g, 7.2 mmoles), (C&)2C&P (2.6 ml, 2.5 g, 
15 mmoles), 80 ml of C2H50H, and 50 ml of HzO was stirred for 
18 hr  and then filtered. The filtrate was evaporated and the 
resulting residue was recrystallized from i-CaHiOH t o  give the cis 
isomer. The cis isomers of (C~H~)ZC&P and (C4Hg)G,H6P were 

44.04 
44.04 
49.87 

47.33 
47.33 
51.26 
51.26 
23.77 
33.49 
27.79 
31.31 
34.44 
35.01 
36.45 
37.58 
54.43 

67.12 

I* 

4.08 
3.93 

5.05 

4 .35  

5 .85  
5 .85  
4 .98  

6.52 
6 .52  
5.10 
5.10 
2.74 
2.81 
3.50 
4.16 
4 .75  
3 .15  
3.46 
4.33 
4.50 

5 .95  

. _ -  
C1 

10.64 

11.85 

10.21 

10.83 

9.81 

9 .98  

9.45 
9 .45  

17.54 
15.21 
16.41 
15.40 

14.76 
14.35 
13.87 
8.24 

2.87 

C 

35.58 
46.77 

40.40 

48.57 

43.99 
43.92 
49.85 

47.38 
47.42 
51.07 
51.19 
23.91 
33.53 
28.03 
31.18 
34.22 
34.93 
36.55 
37.46 
54.20 

j67.20 
167.20 

-Found - 
N 

4.20 
4.06 

5.23 

4.30 

5.78 
5.74 
5.08 

6.67 
6.47 
5.04 
5.16 
2 76 
2.97 
3.39 
4.20 
4 .75  
3.39 
3 .41  
4.13 
4.62 
5.911 
5.931 

C‘I 

10.75 

11.81 

10.11 

10.65 

9 .93  

10.20 

9.26 
9.28 

17.67 
15.25 
16.70 
15.55 

14.98 
14.57 
13.80 
8 .51  

2.68 

also prepared in this manner. The cis isomers of C2H,(C6Hj)2P, 
C3Hi(C6Ho)2P, and C ~ H ~ ( C ~ H ~ ) Z P  were prepared in the same 
manner, but they were recrystallized from C2H;OH. 

trans-Dichlorobis(dibutylphenylphosphine)platinum(II) .-TO 
a sample of cis-((C4HB)zC6H5P)zPtC12 (2 g, 2.8 mmoles) suspended 
in 50 ml of CsH6 was added 0.2 ml of (C4Hg)2C6HJ?. After 
equilibration had occurred excess of the chlorine-bridged dimer, 
((C4Hg)2C6H~P)2Pt2Cl4 (5 g, 5.1 mmoles), was added. The solution 
was evaporated to dryness and the residue was extracted with 
(c2Hs)~O. The extracts were evaporated to give the yellow 
trans compound, which was recrystallized three times from 

trans-Dichlorobis (butyldiphenylphosphine)platinum(II) .-TO 
a solution of (C4H~(CsHj)2P)2Pt2Cl4 (2.0 g, 2.0 mmoles) in 200 ml 
of boiling CsH6 was added C ~ H B ( C S H ~ ) Z P  (0.6 ml, 0.6 g, 2.5 
mmoles). The solution was boiled for 5 min and then evapo- 
rated a t  reduced pressure. The solids weie extracted with 
(C2HS)20, and the extracts were evaporated to give the yellow 
tvans isomer, which was recrystallized twice from C2HaOH. 
Also prepared by this method were the trans isomers of (C2Ha)2- 
C&P and ( C3Hi)2C6H5P. 

Conductivity of [ (C3Hi(CeHj)~P)d?tC1] Cl.-The conductivity 
experiment was performed with an International Instrument Co. 
conductivity bridge, Model RC16B2, and a Jones-Bollinger cell 
(cell constant = 0.529 ern+) in modified pipet form. Dichloro- 
methane was used as a solvent. It was purified by shaking with 
aqueous KzC03, followed by drying over CaCl2 and distillation. 
A& solution (20 ml) of cis-(C3Hi(C6Hj)2P)2PtC12 (0.79 g, 1.1 
mmoles) pas  titrated with a solution of C3H7(C&)2P (1.0 g, 4.4 
mmoles) in 25 ml of CHzCl,. The results are shown in Figure 2.  

Chlorotris (diphenylpropylphosphine)platinum(II) Tetraphenyl- 
borate.-The solution from the conductivity experiment was 
poured into 100 ml of C~HSOH and the CHZCIZ was evaporated. 
An excess of liaB(C6H:)a in CZH~OH (50 ml) was then added 
with the immediate formation of cloudiness. An oil formed after 
addition of 10 ml of H20 to the cloudy solution. The solution 

CzHsOH . 
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was decanted from the oil, to which petroleum ether was added. National Institutes of Health, Bethesda, Md., for fur- 
Persistent scratching caused formation of a white powder of 
[(CaH,(C~H6)2P)3PtC1] B (CGHS)~, which was isolated by filtration, 
washed with petroleum ether, and dried a t  30" (3 torr) for 10 hr. 

nishing nmr facilities in the early stages of this 
and Dr. Gerald R. Miller of this department for nmr 
assistance in the final stages of this research. M 81 T 
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The kinetics of the hydrolysis of isohypophosphate was studied in strong acid, strong base, and several buffered mixtures a t  
25.0, 40.0, and 60.0' in 0.5 M sodium chloride. The 
detailed rate law is written in terms of the protonated forms of isohypophosphate undergoing hydrolysis. For acid catalysis 
each protonated form hydrolyzes faster than any of the less protonated forms. An enhancing effect of added metal ion on 
the rate of base-catalyzed hydrolysis was also observed. The heats of activation for the catalysis of the HzP206'- anion by 
H30+, acetic acid, glycolic acid, and water are 26.1, 18.3, 19.0, and 24.9 kcal/mole, respectively. The pKo values and for- 
mation constants for 1: 1 complexes of Lit, Na+, K+, Mg2+, and Ca2+ were determined a t  25.0' in tetramethylammoniuni 
chloride and compared with the complexing properties of pyrophosphite and pyrophosphate. Nuclear magnetic resonance 
studies indicate that the least acidic hydrogen atom is most strongly associated with the PO4 group. Also, evidence for the 
order of deprotonation of the two strongly acidic protons is given. nmr chemical shifts for the P(II1) 
and P(V) atoms a t  various metal ion concentrations suggests that the anion probably acts as a bidentate ligand. 

The reaction is catalyzed by all Br$nsted acids and by nucleophiles. 

Analysis of the 

Introduction 
The kinetics of hydrolysis and metal ion complexing 

of condensed ph~sphates l -~  and pyrophosphite5n6 have 
been shown to be greatly different. Condensed phos- 
phates undergo specific acid catalysis and are not sub- 
ject to attack by nucleophiles, whereas pyrophosphite 
is both general acid and base catalyzed. Moreover, 
condensed phosphates'! have been shown to undergo 
hydrolysis more rapidly in the presence of alkali metal 
ions, where no effect has been observed for pyrophos- 
phite.6 Grant and Payne6 have shown that the pyro- 
phosphite ion forms weaker metal ion complexes than 
condensed phosphates. I sohyp~phosphate ,~~~ which 
has the formula HnHPz0,j(3-n)-, contains a P-0-P link- 
age involving P(II1) and P(V) atoms. Hence, i t  is of 
particular interest in understanding the properties of 
condensed phosphorus compounds since i t  combines 
the properties of the condensed phosphates and the 
properties of lower oxidation states. 

Also, since isohypophosphate contains phosphorus 
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atoms in the +3 and + 5  oxidation states, a 31P nmr 
study on this compound could be of great value in 
defining the deprotonation steps and yielding informa- 
tion on the structure of its complexes with metal ions. 

Experimental Section 
Chemicals.-Trisodium isohypophosphate was prepared and 

purified by the method of Blaser and WormsQ using phosphorus 
trichloride and sodium hydrogen phosphate as starting materials. 
Also, trisodium isohypophosphate was prepared by allowing 
sodium pyrophosphite to react in an aqueous solution with a 
large excess of sodium hydrogen phosphate and purifying as be- 
fore.8 Assay of the purified material by iodine titration and 3IP 
nmr indicated over 96% of the phosphorus was in the form of 
isohypophosphate. Tetramethylammonium isohypophosphate 
was prepared by ion exchange of the sodium salt through a Dowex 
50 W-X2 resin in the tetramethylammonium form. This mate- 
rial, after removal of most of the water by evaporation, was 
stored a t  -10" until used. All other materials were of reagent 
grade quality. 

Kinetics Measurements.-The analytical procedure and the 
techniques for rate measurements for reactions run in NaCl are 
essentially identical with those described previously,6 with the 
exception that a phosphate buffer was employed rather than the 
maleate buffer for quenching the reaction mixture. The same 
procedure was used for reactions run in tetramethylammonium 
chloride except that the tetramethylammonium ion was re- 
moved by ion exchange before analysis. This was necessary 
since tetramethylammonium ions precipitate in the presence of 
triiodide. 

The kinetics experiments were conducted at 25, 40, and 60' 
in a thermostated bath controlled at  these temperatures to k 0 . l o .  
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