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Abstract

The bis(nitrile) complex [Mo(n>-C;H;)XCO),(NCMe),Br] (1) reacts with ammonium diethyldithiophosphate or sodium
diphenyldithiophosphinate to afford [Mo(n?*-C;H;XCO),(S,PX,XNCMe)] (2, X = OEt or Ph). The labile nitrile ligand in thesc
complexes can be replaced by unidentate N-donors, L, affording mononuclear [Mo(n3-C;HXCO)(S,PX,XL)] (3, L =4-
NH,C,H,Me or py). Reactions of 2 with 0.5 equiv. of bidentate donors such as hydrazine or pyrazine produces binuclear
complexes [Mo,(n3-C;H$)(CO)(S,PX;)»(-N-N)] (4, N-N = N,H, or pyrazine). An X-ray structure determination carried
out on [Mo,(17°-C;H),(CO),{S,P(OEL),},(1-NH,NH,)] (4a), showed the hydrazine bridge holding together two pseudo-oc-

tahedral ‘Mo(n?-C3H sXCO),{S,P(OE),},’ fragments.
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1. Introduction

Molybdenum and sulfur are involved in several cat-
alytic processes of great practical importance, such as
hydrodesulfurization [1], coal liquefaction [2] and nitro-
gen fixation [3]. This has stimulated the preparation of
many molybdenum complexes in the hope that they
could be suitable models for the study of the more
complex heterogeneous or biological processes. A sec-
ond avenue of research relies in the potential use of
the controlled decomposition of molecular complexes
to prepare supported catalysts. In the context of our
studies on tranmsition metal complexes containing
bidentate sulfur ligands [4], we have recently described
several families of molybdenum—tin complexes contain-
ing phosphoniodithiocarboxylate and phosphoro-
dithioate [S]. Here we wish to report the preparation of
the compounds [Mo(n*-allyIXCO),(S-SXNCMe)] (S-S
= dithiophosphate or dithiophosphinate) which can be
used as convenient starting materials for the prepara-

* Corresponding author.

0022-328X /95 /$09.50 © 1995 Elsevier Science S.A. All rights reserved

SSDI 0022-328X(94)05116-X

tion of a variety of mono- and bi-nuclear complexes
with N-donors. Some of the complexes described here,
together with those of the Mo-Sn series mentioned
above, perform well as precursors to supported cata-
lysts for coal liquefaction and hydropyrolysis [6]. Addi-
tionally, we include here the X-ray determination of a
derivative which contains a hydrazine ligand acting as a
single bridge between two molybdenum atoms. Despite
possible relevance to nitrogen fixation, the structural
reports of species with coordinated hydrazine are scarce

and there are only a few cases containing u,-N,H,
[7-12].

2. Results and discussion

The reaction of [Mo(n*-C;H ;XCO),(NCMe),Br] (1)
[13] with ammonium diethyldithiophosphate or with
sodium diphenyldithiophosphinate in CH,Cl, leads to
the formation of yellow-orange solutions from which
crystalline complexes [Mo(n*-C,HXCO)(S,PX,)-
(NCMe)] (2a,b in Scheme 1) are isolated in good yield
after appropriate work-up. The structures proposed for
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Table 1
Selected IR and *'P{'"H} NMR data for the new complexes
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Compound

IR (THF) STp{IH} NMR @

v (CO) (em™ 1) S,P)
2a [Mo(7-C,H XCO)(S, P(OED,}(NCMe)] ® 1949(s), 1857(s) 100,99
2b [Mo(n’-C,H,XCO) (S ,PPh, XNCMe)] P 1948(s), 1856(s) 83.83
3a [Mo(n-C,H,XCO),{S, P(OE1),}4-NH,,C,H  Me)] 1946(s), 1856(s) 101.47 (br)
3b [Mo(n-CH XCO)(S ,PPh, X4-NH,C, H ,Me)] 1946(s), 1854(s) 82.44 (br)
3¢ [Mo(n*-CHXCO),{S, POOEN, py)] 1944(s), 1850(s) 101.35 (br)
3 [Mo(n-C3H ,XCO),(S,PPh, Xpy)] 1943(s), 1847(s) 84.43 (br)
da [Mo,(n*-C3H §),(CO) {S, P(OED), },(n-NH,NH,)] 1945(s), 1852(s) 100.38 (br)
4b [Mo,(1°-C3H)»(CO) (S, PIOED, ) (-N,CH )] 1948(s), 1860(s) 103.82 (br)

* In CDClj; solutions, & (ppm) from internal 85% H,PO,.
" (CN) at 2285 cm .

complexes 2a,b in Scheme 1 are fully consistent with
their analytical (see Experimental details) and spectro-
scopic data (Tables 1 and 2).

The chemistry of related n>-allyl molybdenum com-
pounds with anionic sulfur ligands such as dithiocarba-
mate and xantate has been explored by Perpifidn and
Santos [14], and more recently by Shiu et al. [15].
Despite the formal analogy between phospho-
rodithioate, dithiocarbamate and xanthate, these lig-
ands exhibit a different chemistry with the Mo(n>-

Table 2
'H and PC{!H} NMR data for the new complexes *

allyIXCO), fragment. Thus, it has been reported that,
irrespective of the molar ratio used, compound 1 incor-
porates two xanthate or dithiocarbamate ligands to
give anionic [Mo(n3-C,;H)NCO)(n2-S,CX)(n'-
S,CX)]~ when the reaction is carried out in acetone
[14]). In the case of dialkyldithiocarbamates, the reac-
tion appears to be solvent-dependent, since it has been
recently reported that treatment of the starting
bis(acetonitrile) complex 1 with dithiocarbamate in
acetonitrile solution leads to the precipitation of solids

Com- 'H NMR 6 (ppm) BC{'H} NMR § (ppm)

pound

2a 4.23 [m, 1H, CH of allyl]; 4.07 [m, 4H, CH, of Et]; 225.1[s,2 MoCOJ; 119.6 [s, NCCH,]; 71.7 [s, C? of allyl];
3.29 [d(6), 2H, H syn of allyl]; 2.18 [s, 3H, NCCH,]; 63.1[d(6), CH, of Et]; 55.9 (s, C! and C? of allyl];
1.33 [m, 8H, CH; of Et and H anti of allyl] 16.0 [d(8), CH; of Et]; 3.2 [s, NCCH3]

2b 8.01-7.40 [m, 10H, CH of Ph]; 4.04 [m, 1H, 2253 [s, 2 MoCOJ; 139.4-128.3 [m, C4H]; 119.1 [s, NCCH;];

CH of allyll; 3.32 [d(7), 2H, H syn of allyl];
1.61 [s, 3H, NCC H,); 1.35 [d(10), 2H, H anti of allyl]

3a 7.15 [m, 4H, C4 H,CH;]; 4.09 [m, 4H, CH, of Et]; 3.91
[m, 1H C H of allyl]; 3.21 [d(6), 2H, H syn of allyl];
2.34[s, 3H, C(H,CH,]; 1.35 [((7), 6H, CH; of Et];
1.21 [d(10), 2H, H anti of allyl]

3b 7.89-7.45 [m, 10H, CH of Ph]; 7.15 [m, 4H, C¢ H,CH;};
3.86 [m, 1H, CH of allyl); 3.09 [d(7), 2H, H syn of allyl];
2.32[s, 3H, CeH C H,]; 1.34 [d(10), 2H, H anti of allyl]

3¢ 7.89-7.45 [m, SH, CH of py]; 4.11 [m, 4H, CH, of Et];
3.91 [m, 1H, CH of allyl]; 3.23 [d(6), 2H, H syn of allyl];
1.39 [t(7), 6H, C H, of Et]; 0.81 [d(10), 2H, H anti of allyl]

ad 8.81-6.97 [m, 15H, CH of Ph and pyl;
3.92 [m, 1H, CH of allyl]; 3.23 [d(7), 2H, H syn of allyl];
1.37 [d(9), 2H, H anti of allyl]

4a 4.63 [m, 2H, CH, of allyl]; 4.12 [m, 8H, CH, of Et];
3.86 [m, 2H, CH of allyl]; 3.25 [d(3), 4H, H syn of allyl];
1.38 [m, 12H, CH; of Et and H anti of allyl]

4b 8.85[s, 4H, C, H,N,]; 4.05 [m, 1H, CH of allyl];
3.82 [m, 8H, CH, of Et]; 3.31[s, 4H, H syn of allyl];
1.49-1.21 [m, 16H, CH; of Et and H ani of allyl]

73.9 [s, C? of allyl]; 56.4 [s, C* and C? of allyl];
2.1[s, NCCH,]

2262 [s, 2 MoCOJ; 140.9, 135.0, 130.6, 1203 [s, CyH ,CH 5-4]
71.7[s, C? of allyl]; 64.2 [d(7), CH, of Etl; 56.9 [s, C* and C? of allyl);
21.5 [s, C4H,CH;-4]; 16.6 [s, CH, of Et]

225.5[s, 2 MoCOJ; 141.1-119.2 [m, C4H; and CgH ,CH1-4l;
71.4[s, C? of allyl]; 56.6 [s, C! and C* of allyl]; 20.7 [s, C;H,CH ;-4),

226.2 [s, 2 Mo CO]; 153.4, 137.8, 124.6 [s, CH of py];
73.2 [s, C? of allyl]; 63.8, 62.7 [2 X s, CH,, of Et];
57.6 [s, C' and C? of allyl]; 16.4, 16.2 [2 X s, CH of Et]

226.1[s, 2 MoCOJ; 152.9, 136.7, 123.6 [s, CH of pyl;
131.1-128.9 [m, CsHsl, 71.4 [s, C? of allyl]; 57.8 [s,
C' and C? of allyl]

2245 [s, 2 MoCOl; 224.4 [s, 2 MoCOJ; 71.4 [s, C? of allyl];
64.1[s, CH, of Et]; 55.7[s, C! and C3 of allyl];
15.8 [d(8), CH, of Et]

224.9 [s, 4 MoCO]J; 147.6 [s, CH of C,H,N,]; 74.4 [s, C? of allyl];
63.8 [d(6), CH,, of Et]; 58.4 s, C' and C? of allyl];
16.5 [d(17), CH, of Et]

* From CD,Cl, solutions. Coupling constants, in Hz, in parentheses.
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which have been formulated as neutral, 16-electron
complexes [Mo(n*-C;H XCO),(n2-S,CNR )] [15]. In
our case, the use of acetonitrile as solvent does not
modify the outcome of the reaction, which yields ace-
tonitrile complexes 2a,b. In fact, complex 2a can be
prepared in a very convenient one-pot synthesis by
heating an equimolar mixture of [Mo(CO)], allyl bro-
mide and ammonium diethyldithiophosphate in ace-
tonitrile for 3 h at reflux temperature (see Experimen-
tal details). Although this one-pot procedure does pro-
duce the dithiophosphinate complex 2b, better yields
are obtained by a two-step method, using isolated 1 in
CH,Cl, solution.

The presence of labile NCMe in complexes 2a,b
suggested that they could be used as starting materials
to prepare derivatives by acetonitrile replacement reac-
tions. IR monitoring indicates that NCMe is readily
displaced from 2a,b by unidentate N-donor ligands (L),
such as pyridine and p-toluidine in dichloromethane
solution to afford, after work-up, crystalline solids of
formula [Mo(n°-C,;HXCO),(S,PX,XL)] (3a,d in
Scheme 1). The analytical and spectroscopic data avail-
able (see Tables 1 and 2) fully support the structures
depicted for these compounds in Scheme 1. IR moni-
toring shows that compounds 2a,b react with 1 mol.
equiv. of other unidentate donors such as PEt,,
P(OMe),, tetramethylthiourea and 'BuNC at room
temperature. However, repeated attempts at crystal-
lization produced oily materials which could not be
properly characterized.

Reaction of 2a,b with 0.5 mol. equiv. of bidentate
N-donors (N-N) such as hydrazine or pyrazine, leads
to the binuclear complexes [Mo,(n*-C;H;),(CO),-
(S,PX,),(u-N-N)] (4a-d in Scheme 1). In this case,
only the derivatives containing dithiophosphate have
been crystallized and fully characterized. In contrast,
the derivatives with dithiophosphinate were obtained
as very insoluble precipitates, which could not be re-
crystallized for further characterization. Binuclear
compounds 4a—d appear to be produced ultimately
even when an excess of the N-N is employed in the
reaction. This may be due to solubility factors, which
would favour the less-soluble dinuclear complexes over

the mononuclear ones containing unidentate hydrazine
or pyrazine. That is, however, difficult to prove, since
the most representative spectroscopic signals of all
derivatives either mononuclear (2 and 3) or binuclear
(4) are broad and in a very narrow range.

A single crystal of the derivative 4a, containing
dithiophosphate and hydrazine, was subjected to an
X-ray analysis to confirm the structure of complexes 4.
Relevant crystallographic details are listed in Table 3
and the results are shown in Fig. 1 and in Tables 4
(atomic parameters) and 5 (bond lengths and angles).

As can be seen in Fig. 1, the molecule of 4a consists
of two ‘Mo(n*-C;HNCO),{S,P(OEL),}” fragments
held together by a hydrazine which acts as the only
bridge between the two molybdenum atoms. A crystal-
lographically imposed symmetry centre, lying at the
midpoint of the N~N bond, relates the atoms of both
halves of the molecule which have, therefore, the same
geometrical parameters. The coordination around
molybdenum can be described as pseudo-octahedral,
with the allyl and two carbonyls in one triangular face,
and the two sulfur and one nitrogen in the opposite
face. As has been usually found in other structures of

Table 3
Crystallographic data for [Mo,(n3-C;H),(CO){S,P(OEL),),(u-
NH,NH,)] (4a)

Formula CgH;4Mo,N,0O,P,S,
Molecular weight 785.52

Crystal system, space group triclinic, P1

a, A 10.380(2)

b, A 7.597(2)

¢, A 10.852(2)

a, deg 93.04(3)

B, deg 114.80(2)

v, deg 91.35(2)

v, A 774.7(3)

VA 1

T,K 200

Pealc ECm ™7 1.68

F(000) 395

AMo Ka), A 0.71073

wyem! 11.91

Crystal size, mm; colour 0.20x0.16 X0.13: red
Method of collection /20 scan

Scan range, deg 2 <0 <25,

Collection limits -12<h<l1l, -9<k<9%0<i<12
No. of reflections collected 2878
No. of reflections observed 2521 [I > 30(1)]

Absorption correction DIFABS

Factors: max, min 1.185,0.794

No. of parameters 181

Data to parameter ratio 13.93

Weighting scheme w=[aXF)+ gF?]!

g 0.0003
Residuals * R, R, 0.028, 0.030

*R=3UFI-1FIN/2IF, |, R,={SWw(|F,|—|F.1)*/
IwlF, 1)V
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(n3-allyl)dicarbonylmolybdenum complexes [16], the
open face of the allyl is directed towards the two
carbonyls. One of the sulfur atoms of dithiophosphate
is trans to the allyl: S(1)-Mo~C(4), 161.7(1)°, while the
other is trans to one carbonyl: S(2)-Mo-C(2), 167.9(1)°.
The remaining carbonyl is trans to the nitrogen atom
of the hydrazine: C(1)-Mo-N(1), 168.1(1)°. The small,
but nevertheless significant assymmetry of the coordi-
nation of the two sulfur atoms of dithiophosphate is
noteworthy. For example, the Mo- S(1) distance of
2.552(1) A (trans to allyl) is slightly shorter than Mo-
S(2) of 2.642(1) A (trans to CO). This can be attributed
to the greater trans effect induced by the CO group
when compared to that induced by the allyl. The N(1)-
N(1') distance of 1.462(5) A is close to that of free
hydrazine (1.45 A) and to those found in the reported
structures contalnmg hydrazine bridges, which range
from 1.40(1) A in [{MoO(S,),},(1 S, X "N, H ) [11],
to 147(2) A in [NEt,J{(Cl,Cat)MoFe,S,Cl;},(u-
N,H,)I [12]

3. Experimental details

Reactions and work-up were carried out under dini-
trogen. IR spectra were recorded on a Perkin-Elmer
FT 1720-X instrument. NMR spectra were recorded on
a Bruker AC-300 spectrometer. Analyses were carried
out on a Perkin-Elmer 240B analyzer. Na[S,PPh,] was
prepared according to literature procedures [17].

3.1. [Mo(n’-C;Hs)(CO),{S,P(OEt),} (NCMe)] (2a)

3.1.1. Method A

A mixture of [Mo(CO),] (0.5 g, 1.89 mmol) and allyl
bromide (175 wl, 2 mmol) in acetonitrile (15 ml) was
heated at reflux for 3 h. After cooling to room temper-
ature, the solvent was evaporated to afford [Mo(n>-
C;HXCO),(NCMe),Br] [13] as a yellow microcrys-
talline solid. This was dissolved in CH,Cl, (20 ml) and
then NH,[S,P(OEt),] (0.385 g, 1.89 mmol) was added.
The mixture was stirred for 10 min and then filtered.
Addition of hexane and slow evaporation in vacuo gave
2a as a yellow-orange microcrystalline solid. Yield,
0.49 g; 65%. Anal. Calc. for C,;H 3MoNO,PS,: C,
31.51; H, 4.33; N 3.34%. Found: C, 31.22; H, 4.28; N,
3.30%.

3.1.2. Method B (one-pot synthesis)

A mixture of [Mo(CO)¢] (0.5 g, 1.89 mmol),
NH,[S,P(OEt),] (0.385 g, 1.89 mmol) and allyl bro-
mide (0.175 ml, 2 mmol), was heated under reflux in
MeCN (15 ml) for 3 h. The work-up was as described
in method A above. Yield, 0.63 g; 79%. Anal. Calc. for
C,;H,;MoNO,PS,: C, 31.51; H, 4.33; N, 3.34%. Found:
C, 31.29; H, 4.15; N, 3.28%.

3.2. [Mo(n*-C;H,)(CO),(S,PPh,)(NCMe)] (2b)
A solution of [Mo(n*-C;HXCO),(NCMe),Br] [13]

in CH,Cl, was prepared from [Mo(CO)] (0.5 g, 1.89
mmol), and allyl bromide (175 nl, 2 mmol). To this was

Table 4

Atomic coordinates and equivalent isotropic displacement coefficients (A?) for [Mo,(%3-C3H),(C0) S, P(OEL),},(-NH,NH,)] (4a)
Atom x y z U,, (x100)
Mo(1) 0.24464(3) 0.15321(3) 0.40994(3) 2.27(1)
S(1) 0.2522(1) —0.0122(1) 0.20241(9) 3.65(3)
S(2) 0.3327(1) 0.4030(1) 0.2987(1) 4.15(4)
N(1) 0.4823(3) 0.0923(4) 0.4971(3) 3.1(D
(1) 0.0400(4) 0.1712(5) 0.3049(4) 3.9(1)
o) —0.0802(3) 0.1723(5) 0.2428(3) 6.7(1)
Q) 0.1753(4) —0.0585(4) 0.4571(4) 3.7(1)
0oQ2) 0.1286(4) —0.1830(4) 0.4827(4) 6.92)
) 0.1654(4) 0.3882(5) 0.4997(4) 4.1Q2)
Cc4) 0.2992(4) 0.3383(5) 0.5907(4) 4.1(2)
(5) 0.3040(4) 0.1720(5) 0.6427(4) 4.5(2)
P(D) 0.33639%(9) 0.2091(1) 0.16991(9) 3.413)
o(11) 0.4906(2) 0.1705(3) 0.1853(2) 3.9(1)
can 0.5777(4) 0.3016(5) 0.1571(4) 4.1(1)
c(13) 0.5848(5) 0.2491(6) 0.0252(4) 5.42)
0(12) 0.2621(3) 0.2585(4) 0.0177(3) 5.1(1)
c(12) 0.1117(5) 0.298(1) —0.0401(6) 10.3(3)
c(14) 0.070%(5) 0.3771(9) —0.1590(6) 9.0(3)
H(1) 0.516(4) 0.137(4) 0.455(4) 3.0(D
H(Q) 0.539(4) 0.141(5) 0.584(4) 5.0

? U,, defined as one-third of the trace of the orthogonalized Uj; tensor.
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added Na[S,PPh,] [17] (0.515 g, 1.89 mmol) and the
mixture stirred for 10 min and filtered. The work-up
was as described for 2a (method A) to afford 2b as
yellow—orange microcrystals. Yield, 0.58 g; 63%. Anal.
Calc. for C,,H{MoNO,PS,: C, 47.21; H, 3.75; N,
2.90%. Found: C, 47.40; H, 3.68; N, 2.77%.

3.3. [Mo(n?-C;H)(CO),{S,P(OEt),}(4-NH,CsH
Me)] (3a)

To a solution of 2a (1.59 g, 3.79 mmol) in CH,Cl,
(25 ml) was added 4-NH,C, H ,Me (0.406 g, 3.79 mmol)
and the mixture stirred for 0.5 h and then evaporated
to dryness. The residue was extracted with CH,Cl,
(2 10 ml). To the filtered extract was added hexane
(15 ml) and the resulting mixture was left overnight in
a fridge at —20°C to give orange crystals of 3a. The
mother liquor was decanted and the product dried in
vacuo. Yield, 1.53 g; 83%. Anal. Calc. for C,(H,,-

Fig. 1. Perspective view (EucLID package) [21] of the structure of
[Mo,(n3-C;H4),(CO),{S, P(OED,},(u-NH,NH )] (4a), showing the
atom numbering. Primed atoms are related to the corresponding
unprimed ones by the inversion centre placed at the midpoint of the
N-N’ bond.

Table 5 .
Bond lengths (A) and angles (°) for [Mo,(n™-C3H;)(CO){S,P-
(OEt)Z}Z(M'NH ZNH ) )] (48)

Mo(1)-S(1) 2.551(1)  Mo(D)-S(2) 2.642(1)
Mo(1)-N(1) 2.3113)  Mo(1)-C(1) 1.957(3)
Mo(1)-C(2) 1.926(3)  Mo(1)-C(@3) 2.317(3)
Mo(1)-C(4) 2.2093)  Mo(1)-C(5) 2.3314)
S(1)-P(1) 1.991(1)  S(2)-P(D) 1.988(1)
N(1)-N(1") 1.456(5)  C(1)-0O(1) 1.143(4)
C(2)-0(2) 1.152(4)  C(3)-C4) 1.401(5)
C(4)-C(5) 1.404(5)  P(D-O(11) 1.574(2)
P(1)-0(12) 1.5733) Oo(D-CaD 1.458(4)
C(1-C(13) 1.497(5)  O(12)-C(12) 1.463(5)
C(12)-C(14) 1.355(6)  N(D-H(D) 0.77(4)

N(1)-H(2) 0.93(4)

S(2)-Mo(1)-S(1) 77.32(5)
N(D-Mo(1)-S(2) 81.6(1)
C(1)-Mo(1)-S(2) 98.1(1)
C(2)-Mo(1)-S(1) 90.7(1)
C(2-Mo(1)-N(1)  97.9(D

N(1)-Mo(1)-S8(1) 80.0(1)
C(1)~-Mo(1)-S(1) 88.4(1)
C(1)-Mo(D-N(1)  168.2(1)
C2)-Mo(D)-S(2)  167.9(1)
C(2)-Mo(1)-C(1) 79.9(2)

C(3)-Mo(1)-S(1)  148.8(1) C(3)-Mo(1)-S(2) 83.6(1)
C(3)-Mo(D)-N(1)  121.5(1) C(3)-Mo(D)-C(1) 70.0(1)
C(3)-Mo(1)-C(2)  106.6(1) C(4)-Mo(D)-S(1)  161.8(1)

C(4)-Mo(1)-5(2) 88.1(1)
C(4)-Mo(1)-C(1)  104.6(1)
C(4)-Mo(1)-C(3)  36.0(1)
C(5)-Mo(D)-S(2)  120.7(1)
C(5)-Mo(D-C(1)  110.9%(1)
C(5)-Mo(1)-C(3)  61.7(1)
P(1)-S(1)-Mo(1) 87.61(6)
O(D-C(1D-Mo(1)  176.4(3)
C(4)-C(3)-Mo(1)  67.8(2)

C(4)-Mo(D-N(1)  87.2()
C(4)-Mo(1)-C(2)  103.9(1)
C(5)-Mo(D)-S(1)  149.4(1)
C(5)-Mo(1)-N(D 78.9(1)
C(5)-Mo(1)-C(2) 70.7(2)
C(5)-Mo(1)-C(4) 35.9(1)
P(1)-S(2)-Mo(1) 85.18(7)
0(2)-C(2)-Mo(1)  177.3(3)
C(3)-C(4)-Mo(1) 76.2(2)

C(5)-C(4)-Mo(1) 76.8(2) C(5)-C(4)-C(3) 116.4(4)
C(4)-C(5)-Mo(1) 67.3(2) S()-P(1)-S(D) 109.3(1)
O(11)-P(1)-S(1) 107.5(1) O(11)-P(1)-S(2) 113.4(1)
O(12)-P(1)-S(1)  112.%1) O(12)-P(1)-S(2) 112.0(1)

O(12)~-P(1)-0(11) 101.8(1)
C(13)-C(1D-0(11) 109.7(3)
C(149)-Q(12)-0(12) 112.6(4)
H(1)-N(1)-Mo(1)  108(3)
H(D-N(D-N(1)  108(3)
H(2)-N(1)-H(1) 102(3)

COD-O(11)-P(1)  121.6(2)
C(12)-0(12)-P(1)  119.3(3)
Mo(1)-N(1)-N(1)  117.6(2)
H(2)-N(1)-Mo(1)  116(2)
HQ2)-N(D-N(1)  104(2)

MoNO,PS,: C, 39.59; H, 4.98; N, 2.89%. Found: C,
39.30; H, 4.91; N, 2.66%.

3.4. [Mo(n?-C;H )(CO),(S,PPh,)(4-NH,C 4 H Me)]
(3b)

Compound 3b was prepared as described above for
3a, from 2b (0.914 g, 1.89 mmol) and 4-NH,C.H ,Me
(0.203 g, 1.89 mmol). Yield, 0.64 g; 62%. Anal. Calc.
for C,,H,,MoNO,PS,: C, 52.46; H, 4.40; N, 2.55%.
Found: C, 52.27; H, 4.29; N, 2.54%.

3.5. [Mo(n?-C;H)(CO),{S,P(OEt), }(py)] (3c)
To a solution of 2a (0.3 g, 0.7 mmol) in CH,CI, (20

ml) was added pyridine (60 wl, 0.7 mmol) and the
mixture stirred for 10 min and then evaporated to
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dryness. The residue was extracted with a mixture of
Et,O/hexane (1:1, v:v; 3 x 10 ml). The filtered ex-
tract was concentrated in vacuo to ca. 10 ml and cooled
overnight to —20°C to give orange crystals of 3c. The
mother liquor was decanted and the product dried in
vacuo. Yield, 0.25 g; 78%. Anal. Calc. for C;;H -
MoNO,PS,: C, 36.77; H, 4.41; N, 3.06%. Found: C,
36.55; H, 4.41; N, 3.17%.

3.6. [Mo(n>-C;H,)(CO),(S,PPh,)(py)] (3d)

Compound 3d was prepared as described above for
3¢, from 2b (0.1 g, 0.2 mmol) and pyridine (17 ul, 0.2
mmol). Yield, 0.074 g; 71%. Anal. Calc. for
C,,H,,MoNO,PS,: C, 50.68, H, 3.87; N, 2.69%.
Found: C, 50.99; H, 3.91; N, 2.57%.

3.7. [Mo,(n3-C;H,),(CO) {S,P(OEt),},(u-NH,NH,)]
(4a)

To a solution of 2a (0.3 g, 0.72 mmol) in CH,Cl, (15
ml) was added hydrazine monohydrate (36 wl, 0.72
mmol). The mixture was stirred for 4 h and then
evaporated to dryness. The residue was extracted with
CH,Cl, (2 x 10 ml). The filtered extract was concen-
trated in vacuo to ca. 10 ml. Addition of hexane and
overnight cooling at —20°C afforded orange crystals of
4a. The mother liquor was decanted and the product
dried in vacuo. Yield, 0.19 g; 67%. Anal. Calc. for
C,sH3,Mo,N,O4P,S,: C, 27.41; H, 4.35; N, 3.55%.
Found: C, 27.54; H, 4.12; N, 3.61%.

3.7.1. Structure determination of 4a

Crystals suitable for X-ray determination were grown
by slow diffusion of hexane into a concentrated solu-
tion of compound 4a in CH,Cl,. Relevant crystallo-
graphic details are given in Table 3. Unit cell parame-
ters were determined from the least-squares refine-
ment of a set of 25 centred reflections. Three reflec-
tions were measured every hour as orientation and
intensity control. Significant decay of the intensity was
not observed. Heavy atoms were located from a Patter-
son synthesis and the remaining non-hydrogen atoms
by pirpiF [18]. Full matrix least-squares refinement
was made with sHELX-76 [19]. After isotropic refine-
ment, an absorption correction was applied with pi-
FaBs [20]. All non-hydrogen atoms were refined
anisotropically. The hydrogen atoms of the hydrazine
ligand were found in a difference map and were
isotropically refined (x, y, z, U,,). The remaining hy-
drogen atoms were geometrically positioned with a
common isotropic temperature factor which was re-
fined. After the final cycles of refinement 0the maxi-
mum difference electron density was 0.61 ¢ A~? in the
proximity of atom S(1). Full tables of bond lengths and
angles, atomic coordinates and thermal parameters

have been deposited at the Cambridge Crystallographic
Data Centre.

3.8.) [Mo,(n*-C;H;),(CO) {S,P(OEt),}(u-N,C,H,)]
(4b

Compound 4b was prepared as described above for
4a, from 1a (0.3 g, 0.72 mmol) and pyrazine (0.029 g,
0.36 mmol). The stirring time was 0.5 h. Yield, 0.25 g;
83%. Anal. Calc. for C,,H;,Mo,N,O.P,S,: C, 31.59;
H, 4.10; N, 3.35%. Found: C, 31.43; H, 3.81; N, 3.33%.
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