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C, 65.07; H, 5.88; X, 8.76; C1, 7.39; P, 12.91. Found: C, 
65.06; H ,  5.98; S,8.71;  C1, 7.58; P, 12.91. 

Evaporation of the chloroform-ether filtrate yielded a viscous 
brown oil which was dissolved in 100 ml of hot acetonitrile, 
filtered, and cooled to 0'. X 0.70-g sample of 1,3,5-tris(4- 
methylphenyl)-1,3,5-triphenylcyclotriphosphazatriene, mp 250- 
252" (recrystallized from acetonitrile), was precipitated from the 
cooled solution. Anel. Calcd for C38H36P3: C, 73.23; H ,  
5.67; iY, 6.57; P, 14.53; mol wt 640. Found: C, 72.04; H ,  
5.43; K, 6.43; P, 14.56; mol wt (vapor pressure osmonietry in 
chloroform) 596. 

The compound [ (4-C1CsH4)2(CsHj)2P2N3H4] C1, mp 288-291 ', 
was prepared in 27yo yield by the same procedure but no attempt 
was made to resolve it. Anal. Calcd for C ~ Z H Z Z N ~ C ~ ~ P Z :  C, 
55.35; H ,  4.26; K,  8.07; C1, 20.43; P, 11.90. Found: C, 
55.66; €1, 4.20; N,  7.88; C1, 20.14; P, 12.10. 

A small quantity of 1,3,5-(4-cIilorophenyl)-1,3,5-triphenyl- 
cyclotriphosphazatriene, nip 235-236.5", was isolated from the 
chilled acetonitrile. Anal. Calcd for C ~ ~ H Z T ? ~ & P ~ :  c, 61.69; 
H, 3.88; N, 6.00; C1, 15.18; P, 13.26; mol wt 700. Found: 
C, 61.54; H ,  3.68; N, 5.94; C1, 14.94; P, 13.13; molwt (vapor 
pressure osmometry in benzene) 698. 

Resolution of [ (4-CH3C6H4)2(C6Hj)aPzN3HI] Cl.-A 5.00-g (10.4- 
mmol) sample of racemic [ ( ~ - C H ~ C B H ~ ) ~ (  C ~ H S ) ~ P ~ N ~ € I ~ ]  c1 was 
dissolved in 20 ml of methanol. A 4.22-g (9.68-mmol) sample 
of silver a-bromo-d-camphor-rr-sulfonate monohydrate5 mas dis- 
solved in 20 ml of methanol. The two solutions were mixed and 
1.38 g (9.63 mmol) of silver chloride was removed by filtration. 
Ten milliliters of 2-propanol was then added to the filtrate, and 
the solution volume was adjusted to 25-30 ml. Colorless crystals 
of the I+,  d- diasteriomer precipitated from the chilled solution. 
The crystals were removed by filtration, recrystallized twice 
from methanol-2-propanol, and dried under vacuuni a t  100' to 
give a product, mp 201-202". Anal. Calcd for [ ( C H ~ C G H ~ ) ~ -  
( C ~ H S ) ~ P ~ N ~ H ~ ]  [Cl~H~40BrS03] : C ,  57.29; H ,  5.57; N,  5.57; 
P, 8.22. Found: C, 57.15; H, 5.46; N, 5.47; P, 8.00. 

An impure dT,d- diasteriomer was obtained as a second frac- 
tion. 

By adding only 1 mol of silver a-bromo-d-camphor-.ir-sulfonate 
for every 2 mol of racemic phosphonium chloride, a relatively 
pure sample of d-phosphonium chloride remains in the methanol 
solution after the silver chloride and Z+,d- diasteriomer have been 
removed. The specific rotation measurements of the d-[amido- 
(4 - methylphenyl)phenylphosphazenyl] amido(4 - methylpheny1)- 
phenylphosphonium chloride, mp 215-218", were taken on 
samples resolved in this way and recrystallized from chloroform- 
ether. 

The Z",d- diasteriomer, dissolved in methanol, was converted 
to the phosphonium chloride on a column of Amberlite CG-400 
(50 mesh) chloride-exchange resin. Methanol was the eluent. 
The I - [  (4-CH3C6H4)2(C6HS)~P21\j3H1] C1, recrystallized from chloro- 
forni-ether, had a melting point of 215-218' and a specific rota- 
tion of [01]285461 -4.3' (c 1.43 in methanol). Calcd for 
C Z ~ H ~ ~ N ~ C ~ P ~ :  C, 65.07; H ,  5.88; N, 8.76; P, 12.91. Found: 
C, 64.88; H ,  5.99; N,  8.67; P, 12.90. 

Synthesis of d-l,l-Dichloro-3,5-(4-methylphenyl)-3,5-di- 
phenylcyc1otriphosphazatriene.-The method of preparation 
was like that described previously for 1,1-diehloro-3,3,5,5-tetra- 
phenylcyclotriphosphazatriene.6 A 0.356-g (0.743-mmol) sample 
of d-[(4-CH3C6Ha)2(C6Hj)~PzhT3H4] C1 in 50 ml of benzene was 
heated to reflux and 0.477 g (2.29 mmol) of resublimed phos- 
phorus pentachloride (MCB) in 20 ml of benzene was added. 
After 21 hr the reaction was stopped; the benzene solution was 
treated with water to remove unreacted phosphorus pentachlo- 
ride and was then dried over sodium sulfate. A 0.187-g sample 
of crude d-(4-CH3CsHa)s(CsHj)~Cl3P3?;3 (4776 yield) was precipi- 
tated. A single recrystallization of the sample from acetonitrile 

Anal. 

( 5 )  W. Theilacker in "Methoden der Organischen Chemie," Vol. 4, 
J. Houben and T. Weyl, Ed.,  Par t  2,  Georg Thieme Verlag, Stuttgart ,  
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gave 0.0215 g of a white solid, mp 96-103", which has a specific 
rotation [a] "6461 +4.2" (c 1.2 in methanol). Theracemic mixture 
of (~-CH~C~HI)Z(C~H~)ZC~~P~N~, prepared in the same way with 
racemic [ ( ~ - C H ~ C ~ H ~ ) Z ( C ~ H ~ ) ? P Z ~ ~ H ~ ]  c1, has a melting point of 
116-118O.7 The infrared spectra of the racemate and dextro- 
rotatory salt are identical. A n d .  Calcd for C Z ~ H Z ~ ~ - ~ C ~ ~ P ~ :  
C, 57.58; H,  4.46; X, 7.75; C1, 13.08; P, 17.13. Found (race- 
mate): C, 57.35; H,4.56; X, 7.92; C1, 13.13; P, 17.02. 

A summary of the strong infrared-active bands assigned to 
the P=X-P stretching vibration for compounds reported 
herein is given in Table I for identification purposes. 

TABLE I 
ISFRARED-A4CTIVE P=x-P L'IBRATIONAL BANDS 

(7)  C. Derderian, Ph.D. Dissertation, Department of Chemistry, T h e  
Pennsylvania S ta te  University, University Park,  Pa . ,  1966. 
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It has been that Co(innt)s- (mnt = maleo- 
nitriledithiolate) displays many properties a t  variance 
with the usual behavior of cobalt(II1) and the metal 
resembles a d8 system more closely than a d6 system. 
We previously reported5 the kinetics for the transfor- 
mation of the five-coordinate adducts to six-coordinate 
adducts according to reaction 1. Both a dissociative 
Co(mnt)2P(C&)C + L-L d Co(mnt)z(L-L)z- + P(CcHj)3 

(1) 

and an associative pathway were found to operate. 
Herein we report kinetic results for the transformation 
of six-coordinate adducts to five-coordinate adducts 
according to reaction 2 where L-L = en, bipy, phen, 
and mnt2-. 
Co(mnt)z(L-L)Z- + P(n-CaHB)s + 

Co(mnt)pP(n-CaHo)s- + L-L (2) 

Experimental Section 
Most of the experimental details have been previously re- 

* T o  whom correspondence should be addressed. 
(1) H. B. Gray and E. Billig, J .  Amev.  Chem. Soc., 85, 2015 (1563); 

C. H. Langford, E. Billig, S. I. Shupack, and  H. B. Gray, d i d . ,  86,  2558 
(1964). 

( 2 )  N. G. Connelly, J. A. McCleverty, and  C. J. Winscom, h'atuve (Lon- 
don) ,  216, 595 (1967). 

(3) J. A. McCleverty, N. M. Atherton, N, G. Connelly, and  C.  J. Wins- 
corn, J .  Chem. Soc. A ,  2242 (1569). 

(4) R .  W. Johnson, W. R ,  Muir, and  D. A.  Sweigart, Chem. Commun., 643 
(1970).  

(5) D. A. Sweigart and  D. G. DeWit, Inovg.  Chem., 9, 1582 (1970). 



NOTES 

A - 
I I I I I 1 I I 

Inorganic Chemistry, Vol. 10, No. 1, 1971 197 

ported.6 Ethylenediamine (en), bipyridine (bipy), and o-phen- 
anthroline (phen) were purchased. Either a commercially 
available stopped-flow device or a Beckman DU-2 spectro- 
photometer equipped with a Gilford Model 220 optical density 
converter was used to follow the kinetics. The reactions were 
studied in methanol a t  an ionic strength of 0.1 M (sodium per- 
chlorate). The Co(mnt)*(L-L)I- complexes were prepared 
in situ. Spectra of reactants and products agree with those 
previously r e p ~ r t e d . ~  For the kinetic runs the cobalt complex 
was made 2 X M .  Runs were made under pseudo-first- 
order conditions with P(n-CaHe)r in a t  least 15-fold excess. 

Results and Discussion 
An interesting variance in kinetic behavior was found 

The 
For L-L = 

for the different leaving groups in reaction 2 .  
results for L-L = en are given in Figure 1. 

3.2 - 
- 

2.4 - 
- 
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0.8 Y 

Figure 1.-The dependence of kobsd on tributylphosphine con- 
centration for L-L = ethylenediamine. Shown is the effect of ex- 
cess en (A) over the entire concentration range and (B) a t  low 
concentration: 0, no excess en; A, 50-fold excess of leaving 
group ([en] = 0.01 M ) .  

bipy the reaction is much slower than for en and is inde- 
pendent of [P(n-C4H9)3] over the range (3-75) X 
M when no excess bipy is present. The rate constant 
for L-L = bipy is 9.8 X sec-' a t  25'. With a 
150-fold excess of bipy present (0.03 M )  the kobsd values 
are significantly lowered a t  low values of [P(n-C4H9)a] 
and the intercept is zero while kobsd approaches 9.8 X 
10 -4  sec-l a t  high concentrations of nucleophile. 

For L-L = phen the reaction times were of the order 
of days and good kinetic data could not be obtained 
owing to slow decomposition of the reactants. For Co- 
(mr~t)*~-,  i .e . ,  L-L = mnt2-, the reaction (eq 2 )  is first 

order in P(n-C4HJ3 in the range (1-50) X 10-2 M. 
(3) 

Excess mnt2- did not affect the reaction rates. 
The mechanism we propose to account for these re- 

sults, given in Figure 2,  is the microscopic reverse of the 

kobsd (SeC-') = 3.0 x 10-2[P(n-CaH~)3] 

L Y L  P 
I I 

P 
I 

+ 

L-L 

Figure 2.-Proposed mechanism for substitution reactions. 
Charges are P = tributylphosphine and L-L = leaving group. 

omitted. 

proposed mechanism5 for reaction 1. Assuming a 
steady state for species B and C, Figure 2 predicts 

In  the limit of large [PI, kobsd eventually reaches a 
limiting value equal to kl. Furthermore, in the limit 
[PI = 0 eq 4 requires kobsd = 0 when excess leaving 
group, L-L, is present. In the absence of excess leav- 
ing group kobsd approaches klkal(k2 + kg) as [PI goes to 
zero. Since L-L is released as the reaction proceeds, 
the value of the intercept observed for the runs with no 
initial excess of L-L may be between zero and klk3/(k2 
+ k3). The observed intercepts in this study are con- 
sistent with these predictions. 

The en adduct shows a limiting rate a t  high concen- 
trations of nucleophile (Figure 1). Also, as stated 
above, the bipy adduct reaction is independent of the 
nucleophile concentration. According to our mech- 
anism this means that kl = 0.22 sec-I for L-L = en and 
k l  = 9.8 X sec-l for L-L = bipy. This differ- 
ence may reflect a certain amount of inflexibility in 
bipy5-+ not present with en. 

As shown by eq 3, a limiting rate was not observed 
for L-L = mnt2-. This is not necessarily inconsistent 
with eq 4 since an excess of nucleophile beyond experi- 
mental feasibility may be required to reach a limiting 
rate which depends, e.g. ,  on the relative magnitudes of 
kz and ko[P]. 

It is clear that  the mechanism in Figure 2 is not the 
only one that could be conjured up to explain the data. 

(6) F. Basolo and R.  G. Pearson, "Mechanisms of Inorganic Reactions," 

(7) F. A. Palocsay and J. V. Rund, Inorg.  Chem., 8, 524 (1969). 
2nd ed. Wiley, New York, N. Y., 1967, p 216. 
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However, i t  is significant that it is possible to explain 
the kinetics of reaction 2 by a mechanism that is the 
microscopic reverse of that proposed to explain reac- 
tion 1. Hence the proposed mechanisms reinforce each 
other, although one should note that reactions 1 and 2 
are not strictly the reverse of each other because the 
phosphines are different. Finally it is important to 
note that Figure 2 is essentially identical with the well- 
established mechanism for the acid hydrolysis of metal 
chelates6 This further strengthens the credibility of 
the proposed mechanism for (2) and, by the principle of 
microscopic reversibility, also for (1). 
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In a recent study1 on the preparation and reactivity 
of (NH3)6CoNCO2+ Burmeister and DeStefano reported 
that the chromium(I1) reduction of this complex fails 
to produce any (H20);CrNCO2+ or its linkage isomer. 
This conclusion, combined with a discussion of why 
cyanate should not be as good a bridging group as CN- 
or NB- and the long reaction times used, leaves the im- 
pression that the reaction is quite slow and that a 
bridging mechanism may not be operative. However 
in the concluding paragraph of the paper Burmeister 
and DeStefano note that they may never have actually 
observed the chromium(I1) reduction reaction due to 
possible oxidation and/or hydrolysis. 

Our preliminary studies indicated that the reduction 
of (NHa)5CoNCO+ by chromium(I1) was much faster 
than indicated by the previous work. In fact the re- 
action is complete in -1U sec a t  the concentrations 
used by Burmeister and DeStefano. In order to ob- 
tain a quantitative measure of the reduction rate, a 
more detailed kinetic study was undertaken as reported 
here. 

Experimental Section 
The ((I\"a):CoSCO)(Cl04)2 used in this study was prepared 

from aquopentaamniinecobalt(1II) perchlorate and either urea 
in trimethyl phosphate or molten urea or urea in N,il'-dimethyl- 

* T o  whom correspondence should be addressed. 
(1) J. L. Burmeister and  N. J .  DeStefano, I?mug .  Chem., 9, 972 (1970). 

acetamide as described previously.2 The compound from the 
molten urea preparation has been further purified by cation- 
exchange chromatography on Rexyn 102(H) in the sodium ion 
form. The visible spectrum of the chromatographed sample had 
maxima a t  353 (E 82.6) and 501 nm ( E  128) and an infrared spec- 
trum with a characteristic maximum a t  2265 cm-'. The chro- 
matographed material has extinction coefficients almost identical 
with those reported previously2 but somewhat different from those 
reported by Burmeister and DeStefano.' 

The rate of the chromium(I1) reduction was followed spec- 
trophotometrically a t  500 nm using standard syringe techniques 
and temperature control apparatus as described p r e v i ~ u s l y . ~  
The lithium perchlorate, perchloric acid, and chromous per- 
chlorate solutions were prepared and standardized also as pre- 
viously described.a The reduction \?as initiated by  adding a 
degassed solution of cobalt complex to a solution of chromous 
perchlorate, HC104, and LiC104, a t  the appropriate concen- 
trations and temperature, in a spectrophotometric cell. 

Results and Discussion 
The kinetics of the reduction were studied as a func- 

tion of hydrogen ion and chromium(I1) concentrations. 
The results are summarized in Table I. The concen- 

TABLE I 
KINETIC DATA FOR THE REDUCTION O F  ("a)jCOSC02' 

BY CHROMIUM(II) (1 ill LiClOa-HClOd) 
Temp, 1 o 3 b i  

O C  

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
10 
10 
10 
10 
10 
10 
10 

dant]' 

1 . 7  
1 . 7  
2 . 1  
2 . 0  
1 4  
1 . 4  
1 . 2  
2 . 0  
1 . 7  
1 . 2  
1 .5  
1 . 5  
1 . 2  
1 . 3  
1 . 4  
1 . 4  
1 . 4  
1.: 
1 . 7  
1.8 
1 . 6  
1 . 7  
1.8 

102[reduc- 
tantIQ 

1 . 0 5  
1 . 0 5  
1 .61  
1 .61  
2 .42  
2 .91  
3 . 2 3  
3.88 
4 .20  
3 . 2 3  
3 . 2 3  
3 . 2 3  
3 . 2 3  
3 .23  
3 .23  
3 . 2 3  
1 . 6 1  
1 . 5 0  
1 .50  
3 . 0 0  
3 . 0 0  
4 . 5 0  
6.00 

10*[HC1OalQ 

5 62 
5 62 
5 67 
5 67 
5 65 
5 58 
5 67 
5 56 
5 64 
0 87 
3 27 
3 27 
8 01 

12 8 
19 9 
19 9 
5 20 
5 59 
5 59 
5 57 
5 57 
5 56 
5 54 

,---102k, sec-l----. 
Obsd Calcdb 

1 .47  1 .44  
1 . 4 7  1 . 4 4  
1 . 7 6  1 .72  
1 .76  1 .72  
2 .11  2 .13  
2 .31  2 .36  
2 .43  2 .53  
2 . 9 4  2 .84  
3.15 3 . 0 1  
1 .58  , 1 .76  
2 .24  2 .14  
2 .27  2 .14  
2 .89  2 .95  
3 .59  3 .69  
4 .78  4 . 8 4  
4 . 4 7  4 .84  
0 .578  0.572 
0.533 0 .565  
0 .530  0 .565  
0 .856  0.894 
0.856 0 ,894  
1 . 2 2  1 .22  
1 56 1 . 5 5  

Initial concentrations in molar units. Calculated from eq 1 
with k l  = 0.500 M-' sec-' and k2 = 0.162 1W-l sec-' a t  25' and 
with kl = 0.22 1V-l sec-' and k L  = 0.042 A f - l  sec-l a t  10'. 
The activation parameters for k l  are AH* = 8.8 kcal mol-' and 
A S *  = -30.4 eu, calculated from kl a t  25 and 10". 

tration dependence of the rate is given by 
- dln [(i\"3)~CoSCO2+1 = kl[Cr2+l + k2[H+l  (1) 

The results in Table I give kl = 0.51 J l - l  sec-' and 
kz = 0.162 M - I  sec-l a t  25" in 1 A l  LiC1O4-HCl04, 
while a t  10" kl  = 0.22 M-l sec-' and k2  = 0.042 M-' 
sec-l, 

It would seem most probable that the k2 path, which 

dt 

(2) R J Ralahura and  R. B. Jordan, ibid., 9, 1567 (1970). 
(3) R. J. Balahura and  R. B. Jordan, J .  Amev. Chem. Soc , 92, 1533 (1970). 


