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Figure 2. Proposed M o S ~  structure from Liang et aL4 

talline group 4 and 5 trichalcogenides. Their results suggested 
that, in amorphous molybdenum trisulfide, the metal atoms 
are each coordinated by six sulfur atoms in a trigonal-prismatic 
environment, where each triangular face is shared by two metal 
atoms (see Figure 2). The results also indicated pairing of 
adjacent molybdenum atoms along the chain and presence of 
polysufide bonds. EXAFS studies4 have shown the molyb- 
denum is present in a pentavalent state, although magnetic 
susceptibility measurements4 have indicated that MoS3 is 
diamagnetic. These results are consistent with the formation 
of metal dimers. Infrared and Raman spectroscopy experi- 
mentss have provided further evidence for the presence of 
polysulfide bonds. The proposed molecular formula is MoV- 

The EXAbS results on MoS3 indicate that each molybde- 
num is coordinated to an average of 5.4 sulfur atoms at 2.41 
A. There are two different molybdenum-molybdenum co- 
ordination shells: the first at 2.74 A with an average coor- 
dination of 1.4 and the second at 3.17 A with an average 
coordination of 1.6. These results are in agreement with those 
reported el~ewhere.~ 

The structural evolution of MoS, from MoS3 would involve 
the breaking of the metal-metal bonds present in MoS3 and 
formation of sheets like those in MoS,. The molybdenum is 
also reduced from a pentavalent to a tetravalent state. The 
EXAFS results presented here indicate the presence of a small 
amount of an intermediate state with a molybdenum-molyb- 
denum bond length of 3.02 A (Table I). A simple model is 
to assume that the disulfide sulfur is lost, donating 1 mol of 
electrons/mol of molybdenum. The sulfur is lost on heating, 
resulting in a reduction of the molybdenum and lengthening 
of the metal-metal bond. As the sulfur is lost, the molyb- 
denum atoms become coordinatively unsaturated, allowing the 
chains to rearrange into sheets. The molybdenum-sulfur 
coordination does not seem to change significantly, which is 
consistent with a low concentration of the intermediate state. 
The increase in coordination number of the Mo-Mo 3.16-A 
distance reflects the formation of a two-dimensional MoS,-like 
structure. The final Mo-Mo coordination number is reduced 
relative to crystalline MoS,, suggesting the presence of small 
crystallites. 

It is interesting to note the similarity between the poorly 
crystalline MoS, produced by thermal decomposition of M a 3  
and sulfided HDS catalysts. Figure 3 compares these two 
materials to crystalline MoS2. All spectra were measured at 
77 K, and data sets extend to 17.7 in k-space, yielding higher 
resolution Fourier transforms than those shown in Figure 1. 
The HDS catalyst is American Cyanimide HDS-2A sulfided 
in situ at 400 OC for 4 h with H2S/H2.9 The sulfide catalyst 
structure is remarkably similar to that of amorphous MoS2. 
Calculated coordination numbers are 4.0 for Mo-S coordi- 

(s2-)2(s22-)1 2.  

(8) Chang, C. H.; Chan, S. S. J .  Cutal. 1981, 72, 139. 
(9) Parham, T. G.; Merrill, R.  P.,  submitted for publication in J .  Cutal. 
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Figure 3. Magnitude of the Fourier transforms of EXAFS spectra 
after background subtraction and multiplication by k3. All spectra 
were recorded at 77 K. The MoS, spectrum is the polycrystalline 
model compound; the amorphous MoS2 spectrum is the product of 
the decomposition of M o S ~ ;  the Co/Mo/y-A1203 spectrum is the 
sulfide HDS catalyst. 

nation at 2.41 A and 2.5 for Mo-Mo coordination at 3.16 A. 
These reduced coordination numbers suggest the catalyst is 
composed of smaller crystallites than the amorphous MoS,. 

Both poorly crystalline MoS, and sulfided Co/Mo/y-Al,O, 
show the 6.32-A Mo-Mo shell. The amplitude of this peak 
in crystalline MoS2 is twice that predicted by a single-scat- 
tering EXAFS model due to a multiple-scattering e f f e ~ t . ~  It 
is this amplitude increase that allows observation of this peak 
even in amorphous MoS2. Its presence in sulfided Co/Mo/ 
y-A1203 strongly suggests that Mo is present as small relatively 
ordered MoS2 crystallites. 
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In a series of papers2-' it was demonstrated that axial-ligand 
substitution reactions of Co(III), Rh(II1) and Cr(II1) por- 
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Table 1. k ,  as a I'unction of Pressure for the Anation ot 
CO(TPPS)(OH,),~- and Rh(TPPS)(OH2)23- by NCS- 

phyrin complexes are significantly faster than normally ob- 
served for complexes of these metal ions.*-1° For example, 
the anation reactions of trans-M(TPPS)(OH2)2- (TPPS = 
meso-tetrakisb-sulfonatopheny1)porphine) are approximately 
lo9, lo3, and lo2 times faster than those of M(NH3)50H23+, 
where M = Co(III), Rh(III), and Cr(III), respectively.6 

For the CO(TPPS)(OH,)~~- species, it was reported5 that 
the formation constant for substitution by py, NCS-, and I- 
varied by a factor of lo7, whereas the substitution rate constant 
varied only by a factor of 8. Furthermore, almost constant 
values for AH* and significantly positive values for AS* were 
found.5 These data all imply a dissociative reaction mode. A 
similar tendency was reported6 for the substitution reactions 
of CO(TMPP)(OH~) ,~+ (TMPP = meso-tetrakis(4-N- 
methylpyridy1)porphine). In addition, a good linear correlation 
between the formation constant and the aquation rate constant 
for a series of Co(TMPP)(OH,)L species led to the conclusion 
that the anation process follows an Id mechanism.6 Very 
recently, Tanaka and co-workers" reported the first high- 
pressure kinetic study of the substitution reactions of metal- 
loporphyrins and presented evidence in favor of a dissociative 
reaction mechanism for the substitution of Co(TMPP)- 
(OH2)25+ by NCS-. They" reported a value of 14 f 4 cm3 
mol-I for the volume of activation for the formation of the 
Co(TMPP)OH;+ five-coordinate intermediate, which strongly 
supports their mechanistic conclusion. 

In contrast, mechanistic information on the substitution 
reactions of Rh(II1) and Cr(II1) prophyrins is rather vague 
and only tentative conclusions in terms of associative3 and 
mechanisms, respectively, were reported. In an effort to gain 
insight into the intimate nature of such substitution processes 
and to elucidate the role played by the central metal ion, we 
have studied the effect of pressure on the substitution reactions 
of trans-M(TPPS)(OH,),3- with NCS- for M = Co(III), 
Rh(III), and Cr(II1). 
Experimental Section 

The complexes Na3 [ Co(TPPS) (OH,),], Na3 [ Rh(TPPS) (OH,),], 
and Na3[Cr(TPPS)(OH2),] were prepared and characterized as 
described before.35 Chemicals of analytical reagent grade and doubly 
distilled water were used throughout the study. All rate measurements 
were done at an ionic strength of 1.0 M, controlled by the addition 
of NaC104, and in 0.1 M HC104. Kinetic runs were performed in 
a thermostated (*O.I "C) high-pressure cell,I2 coupled to a Zeiss PMQ 
I1 spectrophotometer, or in a thermostated (hO.1 "C) high-pressure 
stopped-flow system.I3 The reactions were followed by monitoring 
the absorbance change at the Soret bands of the different complexes, 
i.e. 425, 417, and 444 nm for the Co(III), Rh(III), and Cr(II1) 
complexes, respe~tively.~-~ The observed first-order rate constants, 
koW, were calculated from plots of In (A,  - A,) vs. t ,  where A, and 
A, are the absorbances at time t and infinity, respectively. Such plots 
were linear for at  least 2-3 half-lives of the reaction. 
Results and Discussion 

The substitution kinetics of the reactions under investigation 

On leave from the Department of Chemistry, University of the Orange 
Free State, Bloemfontein, Republic of South Africa. 
Ashley, K. R.; Au-Young, S. Inorg. Chem. 1976, 15, 1937. 
Ashley, K. R.; S h y ,  S.-B.; Leipoldt, J. G. Inorg. Chem. 1980, 19, 1613. 
Ashley, K. R.; Leipoldt, J. G.; Joshi, V. K. Inorg. Chem. 1980, 19, 1608. 
Ashley, K. R.; Leipoldt, J. G. Inorg. Chem. 1981, 20, 2326. 
Leipoldt, J. G.; Basson, S. S.; Lamprecht, G. J.; Rabie, D. R. Inorg. 
Chim. Acta 1981, 51, 67. 
Leipoldt, J. G.; Basson, S. S.; Rabie, D. R. J .  Inorg. Nucl. Chem. 1981, 
43, 3239. 
Haim, A.; Taube, H. Inorg. Chem. 1963, 2, 1198. 
Buchacek, R. J.; Harris, G. M .  Inorg. Chem. 1976, 15, 926. 
Duffy, N. V.; Early, J. E. J. Am. Chem. SOC. 1967, 89, 272. 
Funahashi, S.; Inamo, M.; Ishihara, K.; Tanaka, M. Inorg. Chem. 1982, 
21 ,  447. 
Fleischmann, F. K.; Conze, E. G.; Stranks, D. R.; Kelm, H. Reu. Sci. 
Instrum. 1974, 45, 1427. 
van Eldik, R.; Palmer, D. A.; Schmidt, R.; Kelm, H. Inorg. Chim. Acta 
1981, 50, 131. 

T, * v*exIJt1; 
cm3 mol-  complcx "C P, bar k l , b  M-' 5 - l  

15.4 t 0.6 CO(TPPS)(OH,),~- 20 20 103 t 2 
250 90.0 t 1.5 
500 78.9 t 2.2 
750 65.1 t 1.2 

1000 55.0 f 1.3 
Rh(TPPS)(OH,),'- 15 20 (12.1 t 0.4) X l o T 3  8.8 t 0.4 

250 (11.0 f 0.1) x 10-3 
500 (10.0 t 0.1)  x 10-3 

io00 (8.45 t 0.12) x 10-3 
750 (9.03 t 0.30) X 

a [NCS-] = 0.1 M;  [Co(III)] =4 .2  X M: [Rh(III)] = 
4.7 X 
k,[NCS-1; mean value of at least six kinetic runs for the Co(II1) 
complex and between three and four kinctic runs for the Rh(II1) 
complcx. 

M ;  [H+J  = 0.1 M;  ionic strength I .O M. kobsd = 

were studied in detail at  ambient pressure It was 
shown that the overall reaction scheme is complicated due to 
the participation of diaquo, aquohydroxo, and dihydroxo 
complex species. In the present study the systems were sig- 
nificantly simplified by working in 0.1 M HC104 where only 
the diaquo species exist in s o l ~ t i o n . ~ - ~  The overall reactions 
can therefore be summarized as 

M(TPPS)(OH2)23- + NCS- + k 

k-I 
M(TPPS)(OH2)NCS4- + H 2 0  (1) 

k 

k-2 
M(TPPS)(OH2)NCS4- + NCS- & 

M(TPPS)(NCS)z5- + HzO (2) 

Reaction 1 presents the rate-determining  step^^-^ such that 

(3) 

For the cases of M = Co(II1) and Rh(III), the equilibrium 
constant K1 ( = k , / k - , )  is s ~ c h ~ , ~  that the reaction goes to 
completion and eq 3 can be simplified to 

kobd = k-1 + kl[NCS-] 

kohd = kl [NCS-] (4) 

This relationship was checked by measuring koW as a function 
of [NCS-1. Accordingly, the pressure dependence of kl  was 
estimated from the pressure dependence of kobsd at  constant 
[NCS-1, for which the results are summarized in Table I. In 
the case of M = Cr(III), K1 is smaller4 and the reaction does 
not go to completion. The pressure dependence of kobsd was, 
therefore, studied as a function of [NCS-1, and the results are 
reported in Table 11. Plots of k&sd vs. [NCS-] are linear at 
every pressure, and the pressure dependences of k-I and k l  
were estimated from eq 3. Plots of In kl  and In kTl vs. pressure 
were linear in all cases, and the volumes of activation, AV,,,, 
were estimated in the usual way14 and are included in Tables 
I and 11. 

The values of kl  and k-, at 20 bar (Table 111) are in close 
agreement with those reported at ambient pressure in the 
literature.24 The large positive value of AVeXptl(kl) for the 
Co(II1) complex parallels the positive value of ASs and can 
only be interpreted as evidence for a dissociative mechanism. 
This is in agreement with the high reactivity (stopped-flow 
rate) of this complex and the various arguments presented in 
the introduction. Furthermore, it is significant to note that 
AVeXpd(kl) is of the same order of magnitude as that reported 
by Tanaka et al." for the C O ( T M P P ) ( O H ~ ) ~ ~ +  species, and 
recent observations on the anation reactions of Co(TAPP)- 
(OH2)25+ (TAPP = tetrakis(p(trimethy1ammonio)phenyl)- 
porphine) in this laboratory. These indicate that the overall 
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Table 11. kohsd as  a I unctlon ot Preysure tor the Anation ot Cr(TPPS)(OH2),3- by NCS- a 

P, bar [NCS-] = 0.2 M [NCS-] -0 .4  M [NCS-l ~ 0 . 6  M INCS-] =0 .9  M 104k,,  M - '  S - '  104k-,. s - 1  

20 8.30 i 0.03 10.1 i 0.1 12.1 ? 0.1 14.9 i 0.1 9.47 f 0.1 1 6.38 f 0.07 
250 7.65 i 0.05 9.1 8 i 0.03 11.3 t 0.1 13.8 i 0.2 8.84 i 0.3 I 5.81 f 0.18 
500 6.97 t 0.33 8.60 i 0.02 10.2 i 0.1 12.7 i 0.1 8.1 2 f 0.02 5.34 ? 0.01 
750 6.35 i 0.07 7.88 i 0.1 1 9.36 -r 0.03 11.7 f 0.1 7.57 f 0.02 4.84 t 0.01 

1000 6.00 f 0.01 7.23 i 0.06 8.85 i 0.24 10.8 f 0.1 6.95 i 0.23 4.56 i 0.14 
A I / ~ ~ ~ ~ ~ ~ ,  c1n3 mol-' 7.4 i 0.1 8.2 i 0.4 

a T =  15 "C; [Cr(III)] =4 .8  X 10+  M: [H'] = 0.1 M: ionic strength 1.0 M. Mean value of between two and four kinetic runs. 

Table 111. Summary of Rate and Activation Parameters for Substitution Reactions of thc Type 
k ,  

k-, 
M(TPPS)(OH,)23- + NCS- * M(TPPS)(OH2)NCS4- t H,O 

Co(1II)a 103 i 2 18.4 f 1. lC +14.4 f 3.7c 15.4 i 0.6 
Rh(III)b (12.1 2 0.4) x 10-3 16.5 f 0.2d -10.3 i 0.6d 8.8 i 0.4 

(6.38 i 0.07) X 15.7 i 1.2e -18.5 f 4.2e 8.2 i 0.4 

e Data reported in rcf4.  

Cr(III)b (9.47 f 0.11) x 10-4 16.8 t 0.4e -12.8 t 1.4e 7.4 f 0.1 

a T =  20 "C. T =  15 "C. Data reported In ref 2. Data reported in ref 3. 

charge on the complex plays a minor role in such processes. 
The suggested mechanism is outlined in 

Co(TPPS) ( OH2)23- & k 

k-i 
k4 

CO(TPPS)(OHZ)~- + HzO 

Co(TPPS)(OHz)NCS4- (5) 

( 6 )  

kobsd = k3k4[NCS-I/k-3 (7) 

For such a reaction scheme 

kobsd = k,k,[NCS-] /(k-3 + k,[NCS-]) 

which can be simplified to 

since it was observed that plots of kow vs. [NCS-] were linear, 
indicating that k-3 >> k,[NCS-]. From eq 4 and 7, it follows 
that k ,  = k3k4/k-3,  such that AVexptl(kl) = A V ( k 3 )  + 
AV(k4)  - AV(/C-~). This complicates the interpretation of 
AVexptl(kl) to some extent, since the contribution from the 
various reaction steps must be taken into consideration. 
A V ( k 4 )  and AV(k3) are both expected to be negative since 
they involve bond formation. It is also reasonable to assume 
that lAV(k4)l > lAV(k3)1 since AV is expected to depend 
on the partial molar volume of the entering ligand,14 which 
is 40.2 and 18.0 cm3 mol-l for NCS- and HzO, re~pectively.'~ 
Furthermore, some charge concentration occurs during the k4 
reaction, which will further add to the overall negative value 
of AV(k4)  due to changes in solvation. In this respect it is 
important to note that the charge on the complex is spread 
over a planar surface area since the negatively charged sul- 
fonato groups on the porphyrin ligand are removed from the 
metal center. It follows that the contribution of (AV(k4) - 
AV(k-,)) could be small but should be negative. On the other 
hand, the overall positive value of AVexptl(kl) indicates that 
A V ( k 3 )  must outweight the latter contribution. This brings 
about the fact that A V ( k 3 )  is at least as large as AVexptl(kl), 
and underlines the above arguments in favor of a dissociative 
reaction mechanism. 

The values of AVexptl(k,)  for the Rh(II1) and Cr(II1) 
complexes are significantly smaller than for the Co(II1) com- 

(14) van Eldik, R.; Kelm, H. Rev. Phys. Chem. Jpn. 1980, 50, 185. 
(15) Horne, R. A. "Water and Aqueous Solutions"; Wiley: New York, 1972; 

Chapter 13.  

plex and parallel the trend in the more negative AS* ~ a l u e s . ~ ~ J '  
The change in sign of AS* could be indicative of a change in 
mechanism down the series in Table 111; however, the smaller 
differences in AVexptl for M = Rh(II1) and Cr(II1) tend to 
rule out this possibility. A feasible reason for the smaller 
values of AVexptl(kl) could be a more negative contribution 
from (AV(k4) - AV(k3)) than for the Co(II1) complex. This 
would, for instance, require a more negative AV(k4) value 
or less negative A V ( k - , )  value. Alternatively, the tendency 
can be interpreted as evidence for a dissociative interchange 
(Id) mechanism in case of the Rh(I1I) and Cr(II1) complexes. 
This possibility is outlined in 

M(TPPS)(OH2)23- + NCS- 2 K 

k6 
(M(TPPS) (OH2)2-,NCS-) - 

M = Rh(III), Cr(II1) 

M(TPPS)(OH2)NCS4- + H 2 0  (8) 

For such a mechanism 

kobsd = k&5[NCS-]/(l + K,[NCS-]) (9 )  

kobsd = k6K5[NCS-1 (10) 

which simplifies to 

because no curvature in the kow vs. [NCS-] plots was observed 
and K5 is expected to be very small. It follows that k ,  = k6K5 
and AVexptl(kl) = A V ( k 6 )  + AV(K5) .  Since the preequi- 
librium involves the concentration of charges, AT(&) can be 
a ~ s u m e d ' ~ ~ ~ *  to be close to zero or slightly negative, such that 
AVexpt,(kl)  5 AV(kg). It follows that the experimentally 
observed values are in good agreement with those expected 
for an interchange mechanism in which the rate-determining 
step is dissociatively activated.I4J7 

Similar arguments can be applied to interpret AVexptl(k1) 
for the aquation of Cr(TPPS)(OH2)NCS4-, which is almost 
identical with that for the anation process. This similarity also 
shows up in the other activation parameters, and we conclude 

(16) Twigg, M. V.  Znorg. Chim. Acta 1977, 24, L84. 
(17) Palmer, D. A.; Kelm, H.  Coord. Chem. Rev. 1981, 36, 89. 
(18) Doss, R.; van Eldik, R.; Kelm, H.  Ber. Bunsenges. Phys. Chem. 1976, 

80, 316. 
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that the aquation process also follows an Id mechanism. 
Finally, the results of this investigation clearly demonstrate 

how the presence of the porphyrin ligand promotes a disso- 
ciative reaction mode along the axial ligands and so accounts 
for the reactivity difference mentioned The elec- 
tron-rich porphine presumably donates electron density to the 
Co(II1) ion making it more like Co(I1) and so stabilizes the 
five-coordinate intermediate.6 This is also seen in the com- 
pletely different pressure dependencies found in this study 
compared to earlier results on the substitution reactions of the 
corresponding pentaammineaquo species.lg The central metal 
atom seems to control the extent to which the porphyrin can 
modify the reactivity and mode of the substitution process. 
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Appropriate conditions have been found for the synthesis 
of the previously unknown MoL3Cl chelates, where L = the 
anion of picolinic acid or an 8-quinolinol derivative. MoL2C1, 
chelates, where L is a uninegative bidentate ligand with either 
nitrogen and oxygen donors or all oxygen donors, have been 
known for many years;'-3 however, no matter whether these 
virtually insoluble MoL2C12 complexes were synthesized from 
MoC14,'q2 MoCL,-~CH~CN,~ MoCl,? or M ~ C l ~ ( p y ) ~ , ~  further 
replacement of chloride by the chelating ligand was not ob- 
served in the earlier investigations. Complexes with three 
bidentate sulfur donors and a chloro donor are known, but they 
are formed by indirect  route^.^^^ Attempts to prepare the 
8-quinolinol derivatives by one of these routes were also un- 
successful.4 We have found that the more soluble MoL3C1 
species are formed by straight metathetical procedures if time, 
temperature, and ligand concentrations are sufficient. We wish 
to report the synthesis and characterization of these new species 
along with some new six-coordinate chelates with either an 
MoL2C12 or a n  MoL'C12 formulation, where L' = a quadri-  
dentate ligand with two negative charges. 

(1) van den Bergen, A.; Murray, K. S.; West, B. 0. Aust. J .  Chem. 1972, 
25, 705. 

(2) Larson, M. L.; Moore, F. W. Inorg. Chem. 1964, 3, 285. 
(3) Doyle, G. Inorg. Chem. 1971, 10, 2348. 
(4) Bishop, M. W.; Chatt, J.; Dilworth, J. R.; Jonathan, R. J.  Organomet. 

Chem. 1974, 73, C59. 
(5) Edelblut, A. W.; Wentworth, R. A. D. Inorg. Chem. 1980, 19, 1117. 
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Experimental Section 
Reagents. Hexane (Baker, practical grade), methanol (ACS 

Certified Spectranalyzed), methylene chloride (Fisher, ACS Certified 
grade), and toluene (Fisher, ACS Certified grade) were dried and 
deoxygenated by heating under reflux conditions for 4 h over calcium 
hydride followed by distillation from calcium hydride under nitrogen. 
Chloroform (Fisher, laboratory grade) was deoxygenated by bubbling 
nitrogen through it for 1 h immediately prior to use. Absolute ethanol 
(US1 Industrial Chemicals, USP grade) was used without further 
purification. Salicylaldehyde (MCB, practical grade) and o- 
phenylenediamine dihydrochloride (Eastman, practical grade) were 
used without further purification. 5,7-Dichloro-8-quinolinol (Aldrich), 
5,7-dibromo-8-quinolinol (Aldrich), and 5-nitro-8-quinolinol (Aldrich) 
were purified by sublimation in vacuo at 150 OC. 5-Chloro-8-quinolinol 
(Aldrich) was purified by recrystallization twice from ethanol followed 
by sublimation in vacuo at  110 OC. 8-Quinolinol (Mallinckrcdt) was 
purified by sublimation in vacuo at 80 OC. Picolinic acid (Eastman, 
practical grade) was purified by sublimation in vacuo at  80 OC. 
Molybdenum tetrachloride (some samples from Climax Molybdenum) 
was synthesized by a scale-up of the method of Moore and Larson, 
with some modifications.6 Anal. Calcd for MoCl,: C1, 59.64; C, 
0.00; H, 0.00. Found: C1, 59.87; C, 0.32; H, CO.10. 

Preparations of Complexes. General Procedures. All reactions were 
performed under an atmosphere of prepurified nitrogen. Transfers 
and operations involving MoCl,, solutions of these complexes, or solid 
complexes containing significant traces of solvent were performed either 
in a glovebag or a drybox under an atmosphere of prepurified nitrogen. 
All solutions were stirred with a magnetic stirring bar in the flask. 
Dichlorobis(5,7-dichoro-8-quinolinolato)molybdenum(IV), Mo- 

(d~q)~Cl~. In a typical reaction, 1.03 g of molybdenum tetrachloride 
(4.33 mmol) and 1.86 g of 5,7-dichloro-8-quinolinol (8.69 mmol) in 
150 mL of methylene chloride were heated with stirring under reflux 
conditions for 3 h. The resulting brown solution was filtered, and 
the brown precipitate was transferred to a Soxhlet extractor and 
extracted with methylene chloride until the extracting solvent was 
clear (ca. 18 h). The red-brown insoluble residue was dried in vacuo 
at  150 OC for 20 h; yield 1.16 g, 46.0%. The product is a red-brown 
homogeneous powder under a microscope at 400X. Anal. Calcd for 

H, 1.4; N ,  4.5; C1, 35.8. The compound is too insoluble to purify 
further. 

Dichlorobis(8-quinolinolato)molybdenum(IV). First, 1.40 g of 
molybdenum tetrachloride (5.89 mmol) and 2.60 g of 8-quinolinol 
(17.91 mmol) in 300 mL of toluene were heated with stirring under 
reflux conditions for 4 h. The solution was then allowed to cool and 
was filtered, giving a yellow filtrate and a brown solid, which was 
extracted with methylene chloride in a Soxhlet-type extractor until 
the extracting solvent was clear (ca. 144 h). The brown insoluble 
residue was washed with two 10-mL portions of hot toluene and one 
IO-mL portion of methylene chloride. The light red-brown residue 
was dried in vacuo at  150 OC for 15 h. The product appears as a 
brown homogeneous powder under a microscope at 400X. Anal. Calcd 
for MoC,,H12N202C12: C,  47.5; H, 2.7; N ,  6.2; C1, 15.6. Found: 
C, 47.0; H,  2.7; N, 5.9; C1, 14.9. The compound is very insoluble. 

Dichlorobis(5-chloro-8-quinolinolato)molybdenum(IV). Initially, 
0.84 g of molybdenum tetrachloride (3.53 mmol) and 1.27 g of 
5-chloro-8-quinolino1 (7.07 mmol) in 300 mL of toluene were heated 
with stirring under reflux conditions for 5'/, h. The resulting yel- 
low-brown solution was filtered, giving a yellow solution and a red- 
brown solid, which was extracted in a Soxhlet extractor with methylene 
chloride until the extraction solution was light yellow (ca. 15 h). The 
insoluble orange residue was dried in vacuo for 18 h at  150 "C; yield 
1.62 g, 70%. It appears as an orange-brown homogeneous powder 
under a microscope at  400X. Anal. Calcd for 
C, 41.25; H, 1.93; N, 5.35; CI, 27.06. Found: C, 41.26; H, 2.16; N, 
5.11; CI, 26.81. 

Dichloro(N,N'-disalicylidene 1,2-d"inobenzene)molybdenum( IV) . 
First, 1.04 g of molybdenum tetrachloride (4.38 mmol) and 1.80 g 
of N,N'-disalicylidene- 1,2-diaminobenzene (8.76 mmol) in 150 mL 
of toluene were heated with stirring under reflux conditions for 2 h. 
The solution was pale yellow with a dark brown precipitate. The 
solvent was then removed under vacuum, and the brown residue was 

MOClsH~N2O$&,: C, 36.5; H, 1.4; N, 4.7; C1, 35.9. Found: C, 36.0; 

(6) Weber, C. J. Ph.D. Dissertation, University of Massachusetts, Amherst, 
MA, 1981. 
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