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The structure of [PhAsJ[MoOC1, (SalphO)], 
where SalphO is N-2-oxophenylsalicylideniminate di- 
anion, has been determined by X-ray crystallography. 
The complex crystallizes in the monoclinic space 
group P2t/n with a = 11.829(2), b = 16.149(3), c = 
17.410(3) A /3 = 97.485(15)” and Z = 4. The 
calculated and observed densities and 1.566 and 
1.573(10) g cmm3, respectively. Block-diagonal least- 
squares refinement of the structure using 4722 
independent reflections with I > 30(I) converged at 
R = 0.0345 and R, = 0.0484. The crystal contains 
[Ph4AsJ + cations and (MoOC1,(SalphO)J- anions. 
The MO atom in the anion is in a distorted octahedral 
coordination environment. A planar terdentate Schiff 
base ligand occupies meridional positions with the 
N atom tram to the terminal 0x0 group (0,). Two 
Cl atoms are cis to the Ot atom. The MO atom is 
displaced by 0.33 A from the equatorial plane toward 
the Ot atom. The MO-O, distance is 1.673(3) BL 
The MO-N bond trans to the Ot atom is 2.298(4) 
a The two MO-Cl bond lengths are 2.371(l) and 
2.408(l) A The difference of 0.037 A is significant 
(30 a). Preparations of the title complex and the 
related complexes are also described. 

Introduction 

One of the earliest spectral probes of molybdenum 
centers in enzymes such as xanthine oxidase, sulfite 
oxidase, and nitrate reductase was the technique of 
electron paramagnetic resonance (EPR) spectroscopy 
[l , 21. Comparison of the EPR spectra of these 
enzymes with the solution EPR spectra of molyb- 
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denum complexes has strongly suggested that these 
enzymes contain a molybdenum(V) center ligated 
by one or more sulfur atoms. However, interpreta- 
tion of the enzyme EPR spectra in terms of a specific 
coordination environment about molybdenum has 
been frustratingly slow because of the lack of defi- 
nitive structural information on monomeric molyb- 
denum(V) complexes [3--S]. Among the difficul- 
ties are the propensity of monomeric molybdenum- 
(V) to form oxo- and sullido-bridged binuclear 
diamagnetic compounds, and the general difficulty 
of growing single crystals of monomeric molyb- 
denum(V) complexes for X-ray crystallographic 
structure determination. Therefore, we have been 
conducting single crystal X-ray structure determina- 
tions of a variety of monomeric molybdenum(V) 
complexes. Herein are described the preparation 
and structure of [MoOCl#alphO)]- (I), a mono- 
meric oxo-molybdenum(V) anion with a planar ter- 
dentate ligand (2). The EPR spectrum [6] and 
the electrochemistry [7] of 1 and the kinetics of the 
reaction [8] of 1 with nitrate have been previously 
described. The general stereochemistry of 1 has 
been noted [6], and a complete description of the 
structure determination is presented here. 

c 

Experimental 

All the preparative manipulations were carried 
out in a dry nitrogen atmosphere, and all the sol- 
vents used for preparations of complexes were dried 
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TABLE I. Crystallographic Data at 25 “C.* 

K. Yamanouchi, S. Yamada and J. H. Enemark 

Formula 

Fwt 

Space group 

Equivalent positions 

Cell dimensionsb 

](CaDs)4As] [CrsHaNOsClzMo] 

777.42 

P2r/n 

1) x, y, 2; 2) x, y, z; 3) % + x, ‘/z - y, 4i + 2; 4) ‘/z - x, % + y, % - z 

a, A 

b. A 

c, A 

P, deg 

v, A3 

z 

d oba& g cmW3 ’ 

d c&d9 g cmm3 

crystal shape 

crystal dimensions, mm 

Radiation, A 

Monochrometer 

Supplied power 

Data collection method 

Scan speed, deg mm- 

Scan range (20), deg 

Ratio of total background time to peak scan time 

Std reflections 

Std dev of standards 

28 limit, deg 

NO of unique data 

NO of data used in the calculations 

Absorption coeff. (p), cm-’ 

Range of empirical absorption correctiond 

11.829(2) 

16.149(3) 

17.410(3) 

97.485(14) 

3297.4(10) 

4 

1.573(10) 

1.566 

Rod 

0.46 x 0.42 x 0.78 

h(MoKo) 0.7 1069 

Graphite crystal 

40 KV, 15 ma 

e-20 scan 

Variable (2.0-29.3), determined as a function of peak intensity 

MoKa, -0.8 to MoKols + 0.8 

0.5 

(1 4 -2), (0 3 7), (6 4 -3) after every 97 readings 

<2% 

3.5-50 

5849 

4722, I b 30(I) 

16.44 (MoKcu) 

1.00-1.19 

aThe standard deviation of the least significant figure is given in the parentheses in this table and in following tables. bCell 
dimensions were obtained from a least-squares refinement of setting angles of 25 reflections in the 20 range from 15 to 25 deg. 

‘Density was determined by the flotation method using a solution of carbon tetrachloride and chloroform. eEmpirical absorp- 
- tin correction was applied using the program TAPER. 

by the standard procedures and distilled before use. 
All the solid materials were stored over phosphorus 
pentoxide. 

N-2-hydroxysalicylidenimine, (SalphO)H? 
Freshly distilled salicylaldehyde (20 mmol) in 

ethanol (30 ml) was added to a solution of 2-amino- 
phenol (20 mmol), which had been recrystallized 
from ethanol, in 100 ml of ethanol. The mixture was 
heated with stirring under reflux for about 15 min. 
Orange crystals which formed in the cooled solution 
were filtered, washed with ethanol and diethylether, 
and dried in vacua. 

Pyridinium OxodichlorolN-2-oxophenylsalicyliden- 
iminato)molybdate( V), /pyHj fM~OCl~(SalphO)] 

Pyridinium oxopentachloromolybdate(V) (10 
mmol) in methanol (40 ml) was added to a suspen- 

sion of 2hydroxyphenylsalicylidenimine (10 mmol) 
in methanol (50 ml) with stirring at 50 “C. After 
complete dissolution of 2-hydroxyphenylsalicyliden- 
imine into the solution, pyridine (20 mmol) in 10 
ml of methanol was slowly added to the solution 
to immediately give a precipitate of the desired com- 
pound. After the mixture was allowed to cool to 
room temperature, dark reddish brown microcrystals 
were collected by filtration, washed with a small 
amount of methanol and diethyl ether, and dried 
in vacua. Recrystallization was performed as fol- 
lows. The compound (5 mmol) was dissolved in hot 
methanol (or ethanol) and the resulting dark red solu- 
tion was filtered. To the filtrate was added 
pyridinium chloride (15 mmol) in a minimal amount 
of methanol, and the solution was allowed to stand 
overnight at room temperature. The crystals which 
separated were filtered off, washed with a small 
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amount of methanol and diethyl ether, and dried 
in vacua. 

Oxochloro(N-2-oxophenylsalicylideniminato)- 
(methanol)molybdenum( V), MoOCl(SalphO)(MeOH) 

Pyridinium oxodichloro(N-2_oxophenylsalicylid- 
eniminato)molybdate(V) (5 mmol) was dissolved in 
hot methanol. After filtration of the solution, the 
filtrate was allowed to stand at room temperature 
for a few days. The desired compound was obtain- 
ed as bright red crystals. After filtration, the crystals 
were washed with methanol and dried in vacua. 

Other Oxodichloro(N-2_oxophenylsalicylideniminato)- 
molybdate( V) Salts, M[MoOCI,(SalphO)] (M = NEta, 
Ph4As) 

These salts were prepared by the following 
methods: 

1) All the procedures were similar to those in the 
recrystallization of the pyridinium salt except that 
tetraethylammonium chloride or tetraphenyl- 
arsonium chloride was employed instead of pyridi- 
nium chloride. The tetraethylammonium salt was 
obtained as reddish brown microcrystals and the 
tetraphenylarsonium salt as dark reddish brown 
crystals. . 

2) Oxochloro(N-2_oxophenylsalicylideniminato)- 
(methanol)molybdenum(V) (1 mmol) was dissolved 
in acetonitrile (30 ml) and the resulting dark red 
solution was filtered. The chloride salt of the desired 
cation (3 mmol) was added to the filtrate at room 
temperature. To this solution diethyl ether was 
gradually added, until the solution became turbid. 
The desired salt precipitated from the solution after 
standing at room temperature for a few days. 

Crystal Structure Determination of [Ph4As][MoOClz- 
fSalphO)l 

A dark reddish brown crystal suitable for X-ray 
data collection was cut from a crystal approximately 
twice as large, and attached to a glass fiber. Prelimi- 
nary rotation photographs and preliminary data 
collection on a P2r fourcircle diffractometer dis- 
played 2/m Laue symmetry and systematic absences 
OkO, k # 2n, and h01, h + 1 = 2n; consistent with 
space group Czh5-P2r/n (alternative setting for P2r/c 

100 
being 

i i 

070 ). The refined cell constants and other 
ioi 

information about the crystal are given in Table I. 
Initially the structure was solved and refined usin 

the data (2768 reflections having 3.5 < 28 < 40 
and I > 3u(Z)) which had been collected with sup- 
plied power of 50 kv and 15 mA. In the course of 
refinements, however, it was noted that the low-angle 
data had a serious extinction problem. A new data 
set was obtained from the same crystal at reduced 
power and used in the subsequent refinements. 

Details of data collection for this set are shown in 
Table I. 

The structure was solved by direct methods 
which revealed the coordinates of the molybdenum, 
arsenic and chlorine atoms. All other non-hydrogen 
atoms were located by additional least-squares and 
difference Fourier calculations. The atomic scattering 
factors and anomalous dispersion terms for the 
molybdenum, arsenic and chlorine atoms in all cal- 
culations were taken from the usual source [9]. 

During the refinements, it was found that the 
C(7)-N distance was less than 1.20 A, much shorter 
than normal (1.27-1.30 A). Examination of a dif- 
ference Fourier map revealed two additional regions 
of electron density within 1 A of the C(7) and N 
atoms. These two small peaks are roughly related 
to C(7) and N atoms by a Cz rotation around 
MO-O(~) vector. The subsequent least-squares refine- 
ments included this disorder. The occupancy (x) of 
the N atom was refined and occupancies of C(7), 
N’ and C(7’) were set to x, 1 - x and 1 - x, respec- 
tively. 

The final cycles of block-diagonal least-squares 
refinement included anisotropic temperature 
factors for all the atoms except the disordered 
atoms. One block (226 variables) contained the 
scale factor and parameters for all atoms in the 
cation, while the other block (189 variables) 
consisted of the scale factor and parameters for all 
atoms in the anion and the As atom. Hydrogen 
atoms were included as fixed contributors. 

The final agreement indices and goodness of fit 
were R = XllF,I - IF,II/~IF,I = 0.0345, R, = 
(JSw(IF, I - lFcl)2/Dv~02>‘~ = 0.0484 and GOF = 
[(~:wIF, I - IF, 1)2/(N0 - NV)]‘” = 1.669 (where 
NO = number of observations and NV = number of 
variables). Additional details concerning computer 
programs and techniques of structure solution and 
refinement can be found in a previous publication 

[lOI. 
The final positional and thermal parameters for 

all atoms are given in Table II. Parameters for fixed 
hydrogen atoms appear in Table III (supplementary 
material). A structure factor calculation for all 
5849 data gave R = 0.0462 and R, = 0.0513. Tables 
of observed and calculated structure factors are also 
available as supplementary material (20 pp). Inter- 
atomic distances and angles for the [MoOC12(Sal- 
phO)]- anion are in Tables IV and V, and those for 
the PhbAs+ cation in Tables VI and VII (supplemen- 
tary material). 

Results and Discussion 

The crystal structure consists of a discrete tetra- 
phenylarsonium cation and an anion of [MoOC12- 
@alphO)]- (I) per asymmetric unit. A stereoview of 



TABLE II. Atomic Parameters. 

Atom x Y Z ha or& a2 1322 033 012 P13 P23 Al 
b 

A2 A3 

MO 

Cl(l) 
Cl(2) 
O(1) 
O(2) 
O(3) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(8) 
C(9) 
C(l0) 
C(11) 
C(l2) 
C(13) 
N 

c;7,’ 
N 
c(7y 
As 
RlCl 
RlC2 
RlC3 
RlC4 
RlC5 
RlC6 
R2Cl 
R2C2 
R2C3 
R2C4 - 
R2C5 - 
R2C6 
R3Cl 

R3C2 
R3C3 
R3C4 

R3C5 
R3C6 

0.622470(24) 
0.62167(9) 
0.60453(9) 
0.67773(23) 
0.45752(21) 
0.76441(22) 
0.3677(3) 
0.2616(3) 
0.1675(4) 
0.1749(4) 
0.2773(5) 
0.3758(3) 
0.6684(3) 
0.6730(4) 
0.7766(S) 
0.8771(4) 
0.8734(3) 
0.7683(3) 
0.5722(4) 
0.4744(5) 
0.5063(13) 
0.5’469(13) 
0.235442(29) 
0.17577(28) 
0.2055(4) 
0.1731(4) 
0.1092(4) 
0.0793(4) 
0.1102(4) 
0.12687(29) 
0.1556(3) 
0.0729(5) 

-0.0365(4) 
-0.0633(4) 
0.0165(4) 
0.37704(28) 

0.4452(3) 
0.5495(3) 
0.5863(3) 
0.5187(4) 
0.4144(3) 

0.677545(22) 0.143514(17) 49.40(25) 46.72(17) 28.87(12) 
0.80359(7) 0.07356(7) 91.5(9) 51.5(S) 50.5(S) 
0.53723(6) 0.18717(6) 89.6(9) 49.5(5) 39.3(4) 
0.71624(18) 0.22942(15) 95.8(26) 53.3(14) 32.9(10) 
0.68944(18) 0.14276(16) 54.2(20) 65.4(16) 48.5(12) 
0.64528(18) 0.10305(17) 72.5(23) 50.7(14) 47.6(12) 
0.68242(23) 0.08860(26) 46.1(26) 35.8(17) 56.0(19) 
0.70620(26) 0.10793(28) 62.0(3) 40.4(18) 66.8(22) 
0.7009(3) 0.0539(4) 48.0(3) 67.0(28) 96.0(3) 
0.6717(4) -0.0186(4) 78.0(S) 97.0(4) 91.0(4) 
0.6470(4) -0.0386(3) 110.0(5) 80.0(3) 53.8(23) 
0.65 174(26) 0.01410(27) 69.0(3) 40.5(18) 55.0(20) 
0.58607(25) -0.0144(23) 64.0(3) 44.3(18) 41.5(16) 
0.5426(3) -0.07952(26) 90.0(4) 60.8(25) 43.6(19) 
0.52020(29) -0.10099(27) 144.0(6) 52.8(24) 37.0(17) 
0.54273(28) -0.05485(27) 94.0(4) 53.9(22) 49.1(20) 
0.58446(26) 0.01260(24) 60.0(3) 48.1(19) 45.7(17) 
0.60539(23) 0.03642(23) 60.6(29) 36.5(16) 43.6(16) 
0.62002(23) 0.02319(22) 3.41(11) 
0.6195(3) -0.0171(3) 4.16(13) 
0.6346(9) 0.0331(9) 2.9(4) 
0.5894(10) -0.0233(9) 2.5(4) 
0.965923(23) 0.131453(20) 54.00(28) 35.19(16) 27.29(13) 
1.07554(23) 0.12298(20) 50.5(26) 38.0(16) 31.4(13) 
1.12653(27) 0.06625(26) 108.0(4) 45.0(21) 49.1(19) 
1.2079(3) 0.0637(3) 128.0(5) 44.2(21) 60.9(23) 
1.23859(27) 0.11754(28) 95.0(4) 38.1(19) 55.5(21) 
1.18812(29) 0.17374(27) 111.0(4) 5 3.4(24) 43.5(19) 
1.10498(27) 0.17712(23) 97.0(4) 47.6(20) 36.2(15) 
0.89714(23) 0.17326(22) 59.0(28) 33.6(16) 38.8(15) 
0.85418(26) 0.24105(23) 81.0(3) 42.8(18) 38.6(16) 
0.80718(29) 0.27095(28) 126.0(5) 51.3(23) 49.5(20) 
0.8040(3) 0:2324(4) 101.0(5) 51.1(24) 79.0(3) 
0.8455(4) 0.1671(4) 80.0(4) 91.0(4) 87.0(3) 
0.8938(4) 0.1366(3) 78.0(4) 90.0(3) 65.5(26) 

0.97093(22) 0.19802(19) 51.1(26) 39.8(16) 24.1(12) 
0.90093(22) 0.21102(22) 73.0(3) 37.3(17) 38.4(15) 
0.90695(28) 0.25646(24) 71.0(3) 53.3(22) 41.6(17) 

0.9818(3) 0.28804(24) 62.0(3) 63.2(25) 37.5(16) 

1.05 106(26) 0.27533(23) 86.0(4) 44.2(20) 35.7(16) 

1.04597(23) 0.23018(21) 72.0(3) 35.4(16) 32.5(14) 

3.05(15) 3.90(12) 
7.1(S) 19.2(S) 

-0.7(5) 4.0(4) 
-3.5(15) -4.4(13) 

5.5(14) 9.1(13) 
10.7(14) 20.4(13) 
5.3(17) 5.0(18) 
4.1(19) 19.6(21) 

12.9(24) 9.5(27) 
7.0(3) -18.0(3) 

-1.0(3) 0.5(27) 
8.8(20) 21.3(21) 

14.9(19) 20.8(18) 
2.3(24) 3.6(22) 

21.0(28) 22.7(25) 
32.1(24) 37.9(24) 
18.4(19) 17.9(18) 
14.1(17) 18.4(17) 

-1.35(16) 
0.4(16) 
7.9(23) 
8.0(27) 
9.4(22) 

26.8(26) 
13.5(22) 
-5.0(17) 
-5.7(20) 

-17.7(27) 
-22.9(27) 
-35.0(3) 
-27.0(3) 

-4.9(16) 
0.4(19) 
8.9(22) 

-10.3(22) 
-21.2(21) 

-4.9(18) 

4.56(14) 
3.8(15) 

35.8(23) 
35.0(28) 

6.9(22) 
20.9(23) 
24.0(19) 

8.4(16) 
10.9(19) 
23.5(26) 
33.0(3) 

3.0(3) 
10.7(25) 

5.8(14) 
3.4(17) 

-1.9(19) 
-3.3(18) 

2.9(18) 
6.1(16) 

-6.29(10) 0.185(l) 
6.1(4) 0.236(l) 
2.2(3) 0.238(l) 

-8.8(10) 0.200(4) 
4.6(11) 0.192(4) 

-0.7(11) 0.197(4) 
5.9(14) 0.175(5) 

-7.9(17) 0.191(S) 
-14.2(25) 0.172(6) 

-5.0(3) 0.217(7) 
-11.4(22) O.i59(6) 

3.0(16) 0.197(S) 
14.6(14) 0.184(5) 
14.6(17) 0.224(6) 

7.2(16) 0.222(6) 
19.1(17) 0.183(6) 
13.7(15) 0.177(5) 
ll.O(l4) 0.177(5) 

-0.27(11) 0.194(l) 
0.9(12) 0.187(5) 

10.1(16) 0.204(6) 
18.7(18) 0.205(6) 
-0.6(17) 0.215(6) 

1.1(17) 0.209(6) 
6.0(14) 0.202(S) 

-3.5(13) 0.194(S) 
1.7(14) 0.220(5) 
8.0(17) 0.213(6) 
0.5(21) 0.203(6) 

12.0(3) 0.203(7) 
21.1(25) 0.212(6) 

-1.2(11) 0.184(5) 
-5.6(13) 0.211(5) 
-4.7(16) 0.212(5) 

0.7(16) 0.194(5) 
-3.2(14) 0.193(5) 

1.4(12) 0.207(5) 

0.203(l) 
0.218(5) 
0.238(6) 
0.265(6) 
0.264(5) 
0.256(6) 
0.232(S) 
0.213(5) 
0.245(5) 
0.288(6) 
0.291(6) 
0.337(7) 
0.278(6) 

0.191(S) 
0.225(5) 
0.245(5) 
0.249(5) 
0.237(5) 
0.222(5) 

0.216(l) 
0.225(5) 
0.322(6) 
0.348(6) 
0.291(6) 
0.318(6) 
0.294(5) 
0.246(5) 
0.249(5) 
0.314(6) 
0.355(7) 
0.396(7) 
0.394(7) 

0.232(5) 
0.253(5) 
0.284(5) 
0.294(6) 
0.282(5) 
0.232(S) 

0.197(l) 
0.250(l) 
0.252(l) 
0.268(4) 
0.266(4) 
0.264(4) 
0.218(5) 
0.233(5) 
0.291(6) 
0.35 3(8) 
0.291(6) 
0.235(5) 
0.200(5) 
0.254(6) 
0.246(6) 
0.214(S) 
0.220(5) 
0.204(5) 

0.256(l) 
0.295(l) 
0.261(l) 
0.280(4) 
0.299(4) 
0.279(4) 
0.295(5) 
0.322(5) 
0.391(7) 
0.395(8) 
0.339(7) 
0.295 (5) 
0.297(5) 
0.309(6) 
0.336(6) 
0.352(6) 
0.302(5) 
0.283(5) 
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TABLE IV. Interatomic Distances (A) for the [Moo%- 
(SalphO)]- Anion. 

Atoms Distance Atoms Distance 

MO-Cl(l) 2.371(l) C(6)-C(7) 1.446(6) 

MO-Cl(2) 2.408(l) C(7)-N 1.273(8) 

MO-O(~) 1.673(3) N-C(8) 1.462(5) 

MO-O(~) 1.959(3) C(8)-C(9) 1.385(6) 

MO-O(~) 1.974(3) C(9)-C(10) 1.375(6) 

MO-N 2.298(4) C(lO)-C(11) 1.393(7) 

0(2)-W) 1.330(4) C(1 l)-C(12) 1.360(6) 

C(l)-C(2) 1.396(5) C(12)-C(13) 1.401(5) 

C(2)-C(3) 1.364(6) C(13)-C(8) 1.390(5) 

C(3)-C(4) 1.360(8) O(3)-C(13) 1.333(5) 

C(4)-C(5) 1.363(7) 

C(5)-C(6) 1.389(6) MO-N’ 2.319(14) 

C(6)-C(1) 1.403(6) C(7’)-N’ 1.36(3) 

0(1)-O(2) 2.868(4) N-Cl(l) 3.125(4) 

0(1)-O(3) 2.792(4) N -C1(2) 3.131(4) 

O(l)-Cl(l) 3.054(3) O(2)-Cl(l) 3.038(3) 

O(l)-Cl(2) 3.079(3) O(2)-Cl(2) 3.052(3) 

N-0(2) 2.858(5) O(3)-Cl(l) 3.070(3) 

N-0(3) 2.596(6) O(3)-Cl(2) 3.080(3) 

the anion is shown in Fig. 1. The approximate point 
group of I is C,, although no symmetry is required 
by the space group. The approximate stereochemistry 
about the MO atom is a distorted octahedron. The 
0x0 group and two Cl atoms occupy meridional 
positions. The Cl atoms are trans to each other. Other 
meridional positions are occupied by a terdentate 
Schiff base ligand with the N atom truns to the 0x0 
group. 

As pointed out in earlier papers [ 11, 121 , the 
MoOCl, (n = 1, 3, 4) groups in structurely character- 
ized monomeric oxomolybdenumQ compounds 
have all Cl atoms cis to the 0x0 group. For n = 2, 
two types of complexes with terdentate ligands 
are known. In MoOC12 [HB(3 ,5-Me2pz)s] [13, 141 
the terdentate ligand restricts the 0 atom and the 
two Cl atoms to fat or cis-cis stereochemistry. On 
the other hand, the terdentate ligand, 2, in the present 
structure restricts the 0 and Cl atoms to mer stereo- 
chemistry. This stereochemistry can be achieved by: 
(1) having one Cl atom truns and one cis to the 
terminal 0x0 group; (2) having both Cl atoms cis 
to the terminal 0x0 group. As can be seen in Fig. 
1, arrangement (2) occurs here in line with the 
trends observed for other MoOCl, compounds. 

The disorder of the anion is illustrated in Fig. 
2,which depicts a CZ rotation around the approx- 
imate MO-O(~) vector. Such rotational disorder 
results in near coincidence of all ligand atoms except 
C(7) and N. The disorder may cause some minor 
discrepancies in the bond distances within the 
ligand, however, no systematic trends are apparent 
in Table IV. 
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TABLE V. Interatomic Angles (deg) for the [MoOClz(salphO)f Anion. 

K. Yamunouchi, S. Yamada and J. H. Enemark 

Atoms Angle Atoms Angle 

O(l)-MO-N 
O(2)--MO-O(~) 
Cl(l)-MO-XI(~) 
O(l)-MO-Cl(l) 
O(l)-MO-Cl(2) 
O(l)-MO-O(~) 
O(l)-MO-O(~) 
O(2)-MO-Cl(l) 
O(2)-MO-Cl(2) 
O(2)-MO-N 
O(3)-MO-Cl(l) 
O(3)-MO-Cl(2) 
O(3)-MO-N 
N-MO-Cl(l) 
N-MO-Cl(2) 
MO-0(2)-C(l) 
MO-O(3)-C(13) 
O(2)-C(l)-C(2) 
O(2)-C(l)--C(6) 
C(2)-C(l)--C(6) 
C(l)-C(2)-C(3) 
C(2)-C(3)-C(4) 

172.04(U) 
156.41(12) 
167.20(4) 

96.52(11) 
96.28(11) 

104.01(13) 
99.57(13) 
88.57(g) 
88.04(g) 
83.93(14) 
89.43(g) 
88.76(g) 
72.48(14) 
84.01(9) 
83.36(g) 

134.3(3) 
124.5(2) 
117.8(4) 
122.8(3) 
119.5(4) 
119.7(4) 
121.1(4) 

C(3)-C(4)-C(5) 
C(4)-(X)-C(6) 
C(5)-C(6)-C(1) 
C(l)-C(6)-C(7) 
C(5)-C(6)-C(7) 
C(6)-C(7)-N 
C(7)-N-C(8) 
MO-N-C(~) 
MO-N-C(~) 
N-C(8)-C(9) 
N-C(8)-C(13) 
C(9)-C(8)-C(13) 
C(8)-C(9)-C(10) 
c(9)-c(1o)-c(11) 
c(1o)-c(11)-c(12) 
C(ll)-C(12)-C(13) 
C(12)-C(13)-C(8) 
O(3)-C(13)-C(8) 

O(3)-C(13)-C(12) 
MO-N’-C(7’) 

120.4(5) 
120.8(5) 
118.6(4) 
129.0(4) 
112.3(4) 
120.7(5) 
118.1(4) 
127.9(4) 
113.9(3) 
131.5(4) 
108.4(4) 
120.1(4) 
120.1(4) 
119.8(4) 
120.4(4) 
120.3(4) 
119.1(4) 
120.5(4) 

120.5(3) 
122(l) 

Fig. 1. Stereoview of the [MoOClz(SalphO)] -anion. The hydrogen atoms have been assigned arbitrarily small thermal parameters 
for clarity. Thermal ellipsoids are drawn to enclose 30% of the probability distribution. 

The MO atom is displaced by 0.33 A from equa- 
torial plane (ClzOz) toward the, 0x0 group. This 
value is nearly identical to the displacements in 
MoOCl(tox)z {I l] and [MoO(Salen)(MeOH)]’ [15], 
but somewhat longer than the value in [MoOCla- 

(ox>l- u21 . 
The MO-O distance of 1.673(3) A for the 0x0 

group falls within the range, 1.65-l .72 A, previously 
found in sixcoordinate oxo-molybdenum(V) com- 
pounds [3]. The Mo-O(pheno1) bond lengths cis 
to 0x0 group (1.967 A (mean)) are similar to those 
observed in the structures of the related Schiff base 

b------f 

Fig. 2. Model for the disorder of the anion. For details refer 
to the text. 

complexes; 1.965 A (mean) in MoO@tlme)z [ 161, 
1.939(S) A in MoOz(Saltn) [ 171, 1.962 A (mean) 
in [MoO(Salen)(MeOH)]’ cation [15] and 1.953(6) 
A in MoCla(Salen) [ 181. 
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A significant difference (0.037 A, 300) is found 
between the two MO-Cl distances. This difference 
may relate to the easy dissociation of one Cl atom 
from I to form MoOCl(SalphO)(MeOH) in methan- 
ol solution. Interestingly, relatively shorter MO-Cl 
distances (2.34-237 A) are observed for the unique 
MO-Cl bond in the MoOC12+ and MoOCls groups 
[ 11, 121. The other two MO-Cl bonds in the 
MoOCls group are relatively longer (2.39-2.42 A). 

for the Ph4As+ cation, and listings of the observed 
and calculated structure factor amplitudes (20 pages) 
(deposited with the editors). 
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