4228 Organometallics 1993, 12, 4228-4233

Seven-Coordinate Hydride Complexes of Molybdenum and
Tungsten. Crystal and Molecular Structures of
WH(C1)(CO)2(PMes)s

Leopoldo Contreras,'® Angeles Monge,"'® Antonio Pizzano,!* Caridad Ruiz,!P
Luis Sénchez,*!2 and Ernesto Carmona™!2

Departamento de Quimica Inorgénica-Instituto de Ciencia de Materiales, Universidad de
Sevilla-CSIC, 41071 Sevilla, Spain, Instituto de Ciencia de Materiales, Sede D, CSIC, Serrano
113, 28006 Madrid, Spain, and Facultad de Ciencias Quimicas, Universidad Complutense,
28040 Madrid, Spain

Received April 20, 1993®

Summary: Addition of the hydride reagent LiBEts;H to
solutions of the chlorocarbonyls MCly(CO)3(PMes); (M =
Mo, W) furnishes the seven-coordinate hydrides MH-
(C)(CO)2(PMesz); (M = Mo (2a), W (2b)). Further
substitution of chloride by hydride does not occur, but
upon treatment of 2with appropriate salts of the anionic
bidentate groups (X-X) S;CNMe,, SeCO-i-Pr, SeCOMe,
and acac, the corresponding derivatives MH(X-X)(CO),-
(PMe3s); (3-6) are formed. The tungsten complex 2b has
been characterized by X-ray crystallography. Crystals
of 2b are monoclinic, of space group P2;/c with unit cell
parametersof a = 14.514(1) A, b =8.471(7) A, c = 16.458-
(3 A, 8 = 91.64(1)°, Z = 4, and V = 2022.6(4) A3,

Introduction

Recent work has shown that the 18-electron chlorocar-
bonyl complexes MCly(CO)2(PMes)s (M = Mo, W) readily
undergo alkylation at the metal center to afford the seven-
coordinate species MR(C1)(CO):(PMeg);. In the large
majority of the cases investigated, these alkyls have
transient existence and experience a fast migratory
insertion reaction with formation of the corresponding
n2-acyls M(5%-C(O)R)CI(CO)(PMe3)3.2 In view of the
current interest in hydride complexes of the transition
metals,3¢ and with the expectation that the well-known
reduced migratory ability of H groups, as compared to
alkyl functionalities, would allow the isolation of the
primary hydride products, we have carried out the
reactions of the above chloro complexes with the hydride
reagent LIBEt;H. Inthiscontribution we report the results
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of this study, that includes the synthesis and structural
characterization by spectroscopic techniques of the new
compounds MH(C1)(CO)2(PMes)s (M = Mo (2a), W (2b))
as well as that of the related species MH(X-X)(CO).-
(PMej)2 (X~X = anionic bidentate ligand). The molecular
structure of the tungsten derivative 2b has been deter-
mined by X-ray crystallography and is also reported.

Results and Discussion

The yellow compounds MCly(CO)2(PMes)s (Mo (1a),
W (1b)) undergo metathetical replacement of one of the
chloride ligands by hydride upon reaction with LiBEt;H.
This transformation is best effected in Et20 suspensions,
in the presence of added PMes, and provides good yields
of the novel, seven-coordinate hydride complexes MH-
(CDH(CO)z(PMes)s (M = Mo (2a), W (2b)), according to eq
1. Further metathesis to dihydride species does not take

LiBEtsH
MCI2(CO)2(PMG3)3 .
1a,b (PMey)

MHCI(CO),(PMe;); + LiCl + BEt; (1)
M = Mo (2a), W (2b)

place, and in fact the use of more than 1 molar equiv of
LiBEtsH causes an observable decrease in the yield of
compounds 2. Reaction 1 is very sensitive to the exact
conditions and reagents used. For example NaBH, or Hs
does not furnish the desired compounds and employing
tetrahydrofuran as the reaction solvent leads only to
decomposition products. These observations are in com-
mon with those found in other hydride preparations.?

Compounds 2 are yellow, crystalline, air-sensitive solids.
The presence of the hydride ligand confers them greater
solubility in organic solvents, as compared to the parent
dichlorides, but inferior thermal stability; their solutions
decompose slowly at room temperature even under anaer-
obic and anhydrous conditions. Thus a solution of 2b in
CsDg evolves Hy completely at room temperature, over a
period of 24 h, to give 1b along with other unidentified
species. This decomposition process must involve loss of
PMe; at some stage since a considerable enhancement in
the thermal stability of solutions of 2 is observed in the
presence of added PMes;.

Analytical and spectroscopic data for compounds 2 are
in agreement with the proposed formulation. Their Nujol
mull IR spectra display two strong bands in the range
1900-1800 cm™ (vc_0), together with a medium intensity
absorption at ca. 1875-1850 cm™! attributable to the
stretching of the M-H bond. In the IR solution spectra
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Figure 1. High field low-temperature 'H NMR of the WH(C])(CO);(PMes); complex: (a) simulated; (b) actual spectrum in

CD;COCD; (200 MHz).

this latter band can be found at 1830 and 1875 ¢cm™! for
2a and 2b, respectively.

NMR studies show the existence of only one species in
the solutions of compounds 2 that undergoes a dynamic
rearrangement involving mutual exchange of the phos-
phine groups as well as of the CO ligands. The presence
of a M—H moiety is convincingly demonstrated by the
observation, at room temperature, of a high field 'H quartet
centered at ca. -6 ppm. Figure 1 shows the appearance
of the hydride resonance for 2b in the temperature range
from -90 to —50 °C. The low-temperature spectrum may
be interpreted in terms of a doublet of triplets (or as a
partially superimposed quartet of doublets) with the outer
lines of the multiplet being appreciably sharper than the
inner ones. Upon warming, the inner lines broaden but
the outer ones remain sharp, with a constant separation
of 2Jup + 2Jup + 2Jypr = 92 Hz. At-40°C, the phosphine
exchange process becomes fast and a binomial quartet
with an average coupling of 1/3(2Jup + 2Jup + 2Jup) is
observed. Similar behavior has been reported for com-
plexes undergoing related exchange phenomena.’ The
values of the ZJyp couplings computed from the —90 °C
spectrum (ca. 47, 22, and 22 Hz) clearly indicate a transoid
disposition of the hydride ligand with respect to one of
the PMe;3 groups and cisoid to the other two. The hydride
ligand is additionally coupled to 8W (*{Jwy ca. 20 Hz).
This is a relatively small coupling since the one-bond Jwu
constants are usually of the order of 35 Hz or higher.®
Somewhat lower values have nevertheless been reported
(e.g. between 25 and 30 Hz for WH(CO):NO(PR3),
compounds,” 27 Hz for WHg(PMes); and WH,(PMes)48),
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and extremely low couplings (of between 4 and 9 Hz) have
been found recently by Templeton and co-workers in
tris(pyrazolyl)borate complexes of tungsten®® and attrib-
uted to a low s-character of the W-H bond.

In agreement with the proposed 3!P site exchange, a
relatively sharp singlet is observed in the 3P{{H} NMR
spectra of 2a and 2b at § -11.8 and -24.5, respectively.
The 3'P-183W coupling is retained in the fast-exchange
limit, and this clearly demonstrates that the exchange
process responsible for the equilibration of the PMe;
ligands is intramolecular. As noted earlier, PMe; disso-
ciation seems to be responsible for the low thermal stability
of compounds 2, but while this process may be of
significance in the laboratory time scale it escapes unde-
tected in the NMR time scale. Lowering the temperature
to -90 °C (CD3COCDs3) causes transformation of the
31P{1H]} signal of 2b into a triplet at ca. 5; —29.6 (2Jpps =
20 Hz; 1Jp,w = 194 Hz) and a split AB quartet (55 —16.6;
88 —21.7; 2JaB = 131 Hz; 2Jax = 2Jpx = 20 Hz; lJpw = 209
and 216 Hz, respectively).

The room-temperature 3C{!H} NMR spectrum of 2a
shows a low field resonance at § 218.1 assigned to the
coordinated CO groups, that appears as a quartet due to
coupling to the three 3'P nuclei. Interestingly, the
corresponding signal of 2b is a singlet flanked by tungsten
satellites (!Jcw = 131 Hz), that becomes a doublet (2Jcu
= 10 Hz) in the selective gated-decoupled spectrum. Itis
worth mentioning in this respect that the sign and
magnitude of the two-bond X-X -coupling constant
depends markedly upon the X-M-X bond angle, with cis
couplings being usually negative and of low absolute value
and trans couplings generally positive and of higher
magnitude.®? Accordingly, the lack of observation of 13C—
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Figure 2. ORTEP drawing of 2b.

81P coupling at room temperature is likely due to a
fortuitous cancelation of the coupling constants and, in
accord with this assumption, there is appreciable line-
broadening at lower temperatures and at =90 °C a doublet
of triplets (5 214.8, 2Jcp = +45 and -22 Hz) and a quartet
(6 216.1, 2Jcp = 6 Hz) are clearly discerned.

All these observations taken together unambiguously
establish the presence in the molecules of compounds 2
of (i) a hydride ligand transoid with respect to one
phosphine and cisoid to the others; (ii) three nonequivalent
PMejs groups, two of them being mutually transoid, and
(iii) two nonequivalent CO groups, one of them being
transoid with respect to the unique PMes. If one ignores,
for the time being, the hydride functionality, the octahedral
distribution A can be proposed for the remaining ligands,

P P
CI>JV/P ‘ N
P l \co l \
co co
A B

and this has been confirmed by a single crystal X-ray
analysis, carried out with 2b. These studies have allowed
the location of the hydride ligand (see below) on one of
the CO-P edges, as shown in B. The geometry of 2 can
be approximately described as pentagonal bipyramidal.
This is shown in Figure 2, which illustrates an ORTEP
view of the molecules of this complex.

The coordination geometry of 2b is similar to that found
in other structurally characterized hydride complexes of
Mo(I) and W(II), e.g. MoH(BH,)(PMes)4,'% MoH(O,-
CH)(PMe3)4,1°b MoH(0,CCF3) (P(OMe)s)4,!'* and WH-
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der Sluys, L. S.; Kubat Martin, K. A.; Kubas, G. J.; Caulton,K G. Inorg.
Chem. 1991, 30 306.

Notes

(FBF3)(CO)3(PCys)2.1't It consists of PMezand CO groups
in the axial positions (C2-W-P3 angle of 176.9(5)°) and
of two mutually transoid phosphines (P1-W-P2 =
158.5(1)°), one carbonyl, and the chloride and hydride
ligands in the equatorial girdle. The equatorial donor
atoms give an almost planar distribution (the W, Cl, C1
and H1 atoms are coplanar, while P1 and P2 deviate
gsomewhat (0.18 and 0.15 A, respectively) from this plane).
The P1-W-H(1) angle of 57.3(1)° is similar to that
encountered in MoHz(PMes)s and MoH(O.CH)(PMey) 4,10
while the larger P2-W-H1 angle of 142.7(1)° clearly
corresponds to a transoid distribution of the phosphorus
and hydrogen atoms, hence in excellent agreement with
the conclusions of the NMR study discussed above. The
two carbonyl-tungsten distances have normal values (W-
C1=1.84(1), W-C2=1.89(1) A), but the one corresponding
to the CO ligand trans to the unique phosphine, i.e. W-C2,
is appreciably longer than the other, in accord with the
higher trans influence of the PMe; group as compared to
the chloride ligand. Other bond distances and angles
appear normal and compare well with those reported for
related hydride complexes.!%1!

In an attempt to obtain other analogous hydrides, the
reaction of MoCly(CN-£-Bu)CO(PMej)s with LIBEtsH has
been effected. A more complex transformation ensues in
this case, the only isolable material being the Mo(0) species
Mo(CO)(CN-t-Bu)(PMe3);. Its IR spectrum shows two
strong IR absorptions at 1780 and 1850 cm™, due respec-
tively to »(CO) and »(CNR), while in its 3:P{H} NMR
three resonances of relative intensity 1:1:2 are distin-
guishable. From this and other data collected in the
Experimental Section, structure C can be proposed for
this complex.

Although the second chloride ligand of compounds 2
cannot be replaced by a hydride, a facile metathesis
reaction, which in addition entails the substitution of one
of the PMe; ligands, takes place in the presence of anionic
bidentate groups, with formation of the new hydrides 3—6
(eq 2). Compounds 3-6 are yellow crystalline solids that

-M'Cl, -PMeg
MHCI(CO),(PMe,); + M (X-X) —
2a,2b
MH (X-X)(CO),(PMe,), (2)

M=Mo, W
M’ = Na, K, or Tl

X-X = S,CNMe, (3a, 3b), S,CO-i-Pr (41, 4b),
S,COMe (5b), acac (6b)
can be handled in air for short periods of time but

decompose readily upon longer exposures. They exhibit
two strong IR absorptions due to the C-0 stretching of
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the coordinated CO groups, but no bands attributable to
the hydride ligand can, in general, be found either in the
Nujol mull or in the solution spectra. Unequivocal
evidence for the presence of the M-H functionality can
however be gathered by NMR spectroscopy.

The 'H NMR spectra of 3—6 shows a high field triplet
(8 ca. -5, 2Jup ~ 40 Hz) fringed by tungsten satellites in
the case of 3b—6b (!Juw ~ 16-25 Hz). At ~90 °C, the
central line of the triplet splits into two, still somewhat
broad, singlets, so that the overall pattern resembles a
doublet of doublets (2Jup = 64 and 18 Hz, data for 3b).
The dynamic behavior exhibited by these complexes is
also in accord with a mutual exchange process that
interconverts the PMessites. The 31P{*H} NMR recorded
at —90 °C is an AB quartet (2Jap ~ 140 Hz) that becomes
a singlet at room temperature. From these data (see
Experimental Section for some additional spectroscopic
information) and by similarity with the geometry found
for the parent hydrides 2, structure D can be proposed for

X P A~
\Jq g ! RO__C\L'S
P/ l \CO 1\"1
CcO
D E

these complexes. It is worth noting in this respect that
the 13C resonance of the CS; group in the xanthates 4 and
5 displays coupling to the phosphorus atom (2Jcp ~ 11
Hz) and to the hydride ligand (23Jcu ~ 9 Hz). This can
be taken in support of a trihapto, S, §’, C coordination
mode for this ligand (structure E) as found recently in
related Mo and W complexes.!? In closing, it should also
be mentioned that the acac derivative 6b presents poor
thermal stability and decomposes in solution with loss.of
the hydride ligand and formation of ared solid of analytical
composition “W(acac)(CO)2(PMes)2”. The structural char-
acteristics of this compound have not been investigated
any further.

Experimental Section

Microanalyses were carried out by Pascher Microanalytical
Laboratory, Remagen (Germany), and by the Analytical Service
of the University of Sevilla. MCl:(CO)2(PMes)s complexes (M
= Mo, W) were synthesized as described previously.!? Exper-
imental conditions for manipulation of solvents and reagents
and for preparative reactions can be found elsewhere.?

IR spectra were recorded as Nujol mulls, or in an appropriate
solvent, on a Perkin-Elmer 684 instrument. 'H, 3C, and %P
NMR spectra were run on a Varian XL-200. 3P NMR shifts
were referenced to external 85% H3;POQ,, while 'H and '%C shifts
were referenced respectively to the residual protio signal and 1*C
resonance of the deuterated solvents employed.

(12) (a) Carmona, E.; Galindo, A.; Gutiérrez-Puebla, E.; Monge, A.;
Puerta, C. Inorg. Chem. 1986, 25, 3804. (b) Carmona, E.; Galindo, A;
Guille-Photin, C.; Lai, R.; Monge, A.; Ruiz, C.; Sénchez, L. Inorg. Chem.
1988, 27, 488.

(13) Carmona, E.; Doppert, K.; Marin, J. M.; Poveda, M. L.; Sénchez,
L.; Sanchez-Delgado, R. Inorg. Chem. 1984, 23, 530.

(14) International Tables for X-Ray Crystallography; Kynoch Press:
Birmingham, UK., 1974; Vol. IV, pp 72-98.

(15) Walker, N.; Stuart, D. Acta Crystallogr. 1983, A39, 158.

(16) Stewart, J. M. The XRAY 80 System. Computer Science Center,
University of Maryland, College Park, 1985.

Organometallics, Vol. 12, No. 10, 1993 4231

The proton NMR spectrum in the high field region of 2b was
simulated by use of the DNMR4 program.!”

Preparation of MH(C1)(CO),(PMe;)s (M = Mo (2a), W
(2b)). LiBEt;H (6 mL of a 1 M THF solution, ca. 6 mmol) was
placed viasyringe into a 500-mL Schlenk flask filled with nitrogen
and equipped with a magnetic stirring bar. The THF solvent
was removed under vacuum before the addition of 200 mL of
Et,0, 3.24 g (ca. 6 mmol) of WClx(CO)2(PMes)s, and 0.5 mL of
PMes. The resulting suspension was stirred for 3-5 h at room
temperature and then centrifuged and evaporated to dryness.
Crystallization of the residue from 200 mL of hexane at —25 °C
afforded 1.22 g of yellow crystalline 2b. A second crop of 0.46
g was obtained, giving a combined yield of ca. 55%. Starting
with MoCly(CO)o(PMes)s the complex MoH (CH(CO)o(PMes)s was
obtained in 45% yield by an analogous procedure.

MOH(CI)(CO)z(PMea)a (28.). Anal. Caled for Cqust-
ClMo: C, 32.63; H, 6.92. Found: C, 32.69; H, 6.98. IR (Nujol
mull, cm-!): 1905 (s), 1812 (s) (»(CO)), 1855 (w) (v(MoH)). 'H
NMR (20 °C, C¢Ds): 6 1.55 (m, PMes), —6.43 (q, 2Jup = 30.0 Hz,
Mo-H). #P{{H} NMR (20 °C, C¢Dg): 6 ~11.8 (br 8). B3C{'H}
NMR (20 °C, CgDg): & 18.7 (m, PMey), 218.1 (m, CO).

WH(C1)(CO):(PMes); (2b). Anal. Caled for Ci1H20,CIW:
C, 26.81; H, 5.96. Found: C, 26.75; H, 5.64. IR (Nujol mull,
cm): 1902 (s), 1806 (s) (»(CO)), 1875 (w) (»(WH)). 'H NMR
(20 °C, C¢Dg): 8-5.75 (q, 2Jup = 32.0 Hz, Juw = 18.9 Hz, W-H),
1.27 (m, PMej;). 'HNMR (-90 °C, CD3;COCDs): 5-5.92 (dt, 2Jup
= 49.6, 22.3 Hz, 'Juw = 19.5 Hz, W-H), 1.38 (d, %Jup = 6.8 Hz,
1 PMey), 1.57 (filled-in doublet, 2Jup = 7.9 Hz, 2 PMey). $'P{'H}
NMR (20 °C, C¢Dg): 6-30.3 (brs, lJpw = 207 Hz). $'P{{H} NMR
(-90°C, CD;COCD3): 8 ABX spin system v, = -16.6, vg = -21.7,
X = 29.6 (ZJpApB =131 HZ, 2JPABPx =21 HZ, lJpAw =209 HZ, 1Jpl;w
= 216 Hz, lJp,w = 194 Hz). BC{1H} NMR (20 °C, C¢Dg): 4 19.2
(m, PMey), 214.7 (s, *Jcw = 131 Hz, CO). BC{'H} NMR (-90 °C,
CD3;COCDs): 6 17.3 (d, 'Jep = 24 Hz, 1 PMes), 19.8 (d, 'Jep =
24 Hz, 2 PMey), 214.8 (dt, 2Jcp = 45, 22 Hz, CO), 2186.1 (q, 2Jcp
= ¢ Hz, CO).

Attempted Reaction of MoCl;(CN-¢-Bu)CO(PMe;)s and
LiBEt;H: Formation of Mo(CO)(CNBu‘)(PMej),. Toaflask
containing MoCla(CN-t-Bu)(CO)(PMeg); (0.25 g, 0.5 mmol) in
35mL of Et;0 at room temperature was added LiBEt;H (0.5 mL
of a 1 M THEF solution, 0.5 mmol). The reaction mixture was
stirred for 6 h before removal of the solvent in vacuum. The
resulting yellow-orange solid was extracted and washed several
times with petroleum ether, and the combined extracts were
concentrated to ca. 10 mL. Centrifuging and cooling to —20 °C
afforded Mo(CO)(CN-t-Bu)(PMes)4 as yellow crystals in 256%
yield.

Mo(CO)(CN-t-Bu)(PMej3), (7). Anal. Caled for
Ci1sHiNOPMo: C, 42.27; H, 8.80; N, 2.73. Found: C, 41.8; H,
9.2; N, 3.5. IR (Nujol mull, em-): 1790 (s) (»(CO)), 1870 (s)
w(CN)). 'H NMR (20 °C, CgDg): 6 1.12 (d, 2J.ppm> =4.3Hz1
PMes), 1.24 (d, %Jappp = 4.3 Hz, 1 PMe;), 1.48 (t, %/appup = 2.1
Hz, 2 PMes), 1.29 (s, CMe;). 3P{H} NMR (20 °C, C¢Dg): 6 -5.4
(dd, 2Jep = 26, 21 Hz, 2 PMes), —-12.0 (dt, 2Jpp = 29, 21 Hz, 1
PMes), -16.6 (dt, 2Jpp = 29, 26 Hz, 1 PMe;). *C{!H} NMR (20
°C, CgDe): 6 23.7 (d, 'Jagpcr = 13 Hz, 1 PMes), 25.2 (1, 1appcp =
7 Hz, 2 PMey), 25.9 (d, 2Jappcp = 14 Hz, 1 PMes), 31.9 (s, CMey),
57.9 (s, CMe3).

Preparation of MoH(X-X)(CO):(PMe;). Complexes. These
complexes were prepared by treating the parent hydrides
MH(CD(CO)2(PMes)s (2) with appropriate salts of the corre-
sponding bidentate ligands. The experimental procedure using
the MoH(S:CNMe;3)(CO)2(PMes): complex as a representative
example, was as follows.

MoH(S:CNMe.)(CO),(PMes): (3a). The salt NaS;CNMe;
(0.34 g, 2 mmol) was added to a yellow solution of WH(C1)(CO).-
(PMey); (0.50 g, 1 mmol) in THF (50 mL). The reaction mixture
was stirred at room temperature for 24 h, during which time a
pale orange color developed. The volume was then reduced in

(17) Quantum Chemical Program Exchange, Indiana University, QCPE
Program No. 466.
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vacuo and the residue extracted with 15-20 mL of Et,0. After
centrifugation and cooling at —20 °C complex 3a was obtained
as yellow-orange crystals in 80% yield.

Starting with the suitable MH(C1)(CO)s(PMe;); complexes
and the required bidentate ligand NaS;CNMe;, KS;COR, or
Tl(acac) led to the following compounds obtained by the above
procedure: WH(S,.CNMey)(CO):(PMes): (3b) (70%), MoH(S;CO-
i-Pr)(CO)2(PMe3): (4a) (40% ), WH(S:CO-i-Pr)(CO)2(PMe;), (4b)
(90%), WH(S;COMe)(CO)2(PMey): (8b) (25% ), and WH (acac)-
(CO)2(PMe3); (6b) (42%).

Shorter reaction times (ca. 7 h) were however required for
complexes 4a and 6b. They were all isolated as yellow-orange
crystalline solids by cooling their concentrated petroleum ether
solutions at temperatures of about —20 °C. The less soluble 3b
and 5b complexes were crystallized from (1:1) petroleum ether—
Et20 solutions.

MoH(S;:CNMe;)(CO)2(PMe;): (3a). Anal. Caled for
CqusNOzSszMO: C, 31.06; H, 5.88; N, 3.29. Found: C, 31.73;
H,6.01; N, 3.34. IR (Nujol mull, cm): 1897 (s), 1788 (s) (»(CO)),
1834 (m) (»(MoH)), 1497 (w) (#(CN)). 'H NMR (20 °C, C¢De):
8-5.11 (t,2Jup = 39.4 Hz, Mo~H), 1.30 (1, %/ ppup = 3.3 Hz, PMesy),
2.68 (s, NMey). 3P{{H} NMR (20 °C, CsDg): 6 -3.7 (8). *C{'H}
NMR (20 °C, CgDs): 6 16.8 (t, Wappce = 12 Hz, PMes), 39.1 (s,
NMey), 212.1 (s, S;C), 226.0 (t, %Jcp = 14 Hz, CO).

WH(S:CNMe:)(CO)z(PMes): (3b). Anal. Calcd for
C1iHsNO:S,P.W: C, 25.73; H, 4.87; N, 2.72. Found: C, 26.03;
H,5.41; N, 2.66. IR (Nujol mull, cm-): 1893 (s), 1784 (s) (»(CO)),
1508 (w) (#(CN)). TH NMR (20 °C, C¢Dg): 6—4.90 (t, %Jyp = 41.8
Hz, W-H), 1.39 (, 2Jappup = 3.7 Hz, PMey), 2.56 (s, NMe,). H
NMR (-90 °C, CD3COCD3): & -5.43 (dd, 2Jup = 64.1, 17.7 Hz,
W-H), 1.42 d, 2Jup = 7.9 Hz, 1 PMe3), 1.51 (d, 2Jup = 8.5 Hz,
1 PMey), 1.60, 1.65 (br s, NMez). S'P§{H} NMR (20 °C, CsDq):
5 -21.4 (s, WJpw = 202 Hz). 3'P{{H} NMR (-90 °C, CD3COCD3):
5 AB spin system vy = -9.7, vp = -17.4 (ZJPAPB = 139 Hz, lJp,w
= 183 Hz, WJpyw = 203 Hz). 3C{'H} NMR (20 °C, CD3;COCD3):
8 17.1 (t, *appce = 15 Hz, PMey), 89.7 (s, NMey), 213.6 (8, S:C),
2923.3 (t, 2Jcp = 11 Hz, 'Jcw = 138 Hz, CO). ¥*C{'H} NMR (-90
°C, CD3;COCD3): 6 14.7 (d, 'Jcp = 26 Hz, PMe;), 17.3 (d, 'Jep =
31 Hz, PMejy), 39.9 (s, NMe,), 212.4 (s, S:C), 222.9 (t, %Jcp = 11
Hz, WJcw = 142 Hz, CO).

MoH(S,C0-i-Pr)(CO)(PMes): (4a). Anal. Caled for
C12H2503SzP2M0: C, 32.73; H, 5.91. Found: C, 32.98; H, 5.72.
IR (Nujol mull, cm-t): 1916 (s), 1810 (s) (»(CO)). H NMR (20
°C, CeD): 6 —5.23 (t, %Jup = 38.7 Hz, Mo—H), 1.20 (t, %Juppsrp =
3.6 Hz, PMe3), 1.45 (d, *Jyun = 6.1 Hz, CHMe,), 5.37 (h, CHMey).
$1P{IH} NMR (20 °C, C¢Dg): 6§ -2.4 (s). *C{!H} NMR (20 °C,
CDsCOCDs): §17.4 (t, Wappce = 13 Hz, PMey), 21.8 (s, CHMey),
76.2 (s, CHMey), 225.4 (t, 2Jcp = 14 Hz, CO), 227.1 (br s, S;0).

WH(S:CO-i-Pr)(CO):(PMe;); (4b). Anal. Caled for
C12H20:8:P.W: C, 27.27; H, 4.92. Found: C, 28.05; H, 5.15. IR
(Nujol mull, cm-1): 1914 (s), 1806 (s) (»(CO)). 1850 (w) (»(WH)).
1H NMR (20 °C, C¢Dg): 8 —5.12 (t, %Jup = 41.3 Hz, 'Juw = 25.5
Hz, W-H), 1.05 (d, 3Jun = 6.1 Hz, CHMe»), 1.29 (t, %/appur = 3.9
Hz, PMes), 5.28 (h, CHMe;). 3'P{IH} NMR (20 °C, Ce¢Dg¢): &
-19.9 (s, lJpw = 202 Hz). 2C{tH} NMR (20 °C, C:De): 6 16.9 (t,
1J,ppcp = 15 Hz, PMes), 21.2 (s, CHMe,), 74.7 (s, CHMey), 219.6
(t, 2Jop = 11 Hz, CO), 228.0 (t, 2Jcp = 7 Hz, S;C).

WH(S;COMe)(CO):(PMe;): (5b). Anal. Caled for
Ci1oH22038:P:W: C, 24.00; H, 4.40. Found: C, 24.71; H, 4.63. IR
(Nujol mull, cm): 1905 (s), 1804 (s) (»(C0)). *H NMR (20 °C,
CeDg): 6 —5.15 (t, 2Jup = 42.4 Hz, 'Jyw = 23.8 Hz, W-H), 1.24
(t, 2Japprir = 3.7 Hz, PMes), 3.46 (s, OMe). *'P{tH} NMR (20 °C,
CeDg): 6-20.3 (s, lJpw = 202 Hz). ®C{!H} NMR (20 °C, THF):
6 16.3 (t, Jappcp = 15 Hz, PMey), 56.8 (s, OMe), 219.0 (t, 2Jcp =
11 Hz, C0O), 229.0 (t, 2Jcp = 7 Hz, S;C). 13C gated (20 °C, THF):
8 219.0 (td, 2Jcu = 9 Hz, CO), 229.0 (td, 2Jou = 11 Hz, S;0).

WH(acac)(CO):(PMe;); (6b). Anal. Caled for CisHos-
O.P,W: C, 31.70; H, 5.28. Found: C, 31.87; H, 5.11. IR (Nujol
mull, em-1): 1890 (s), 1862 (s), 1781 (s) (»(CO)), 1568 (m), 1516
(m) (»(CO) acac). IR (petroleum ether solution, cm-): 1912 (s),
1838 (s) (»(CO)), 1817 (w) (v(WH)), 1578 (»(CO) acac). 'HNMR
(20 °C, CsDe): 6-3.27 (t, 2Jgp = 33.1 Hz, 'Juw = 16.2 Hz, W-H),

Notes
Table I. Crystallographic Data for 2b
formula WCIP;O;C 1 1H23 z 4
fw 504.6 Degic, g cm™3 1.66
space group P2i/c u(Mo Ka) 62.0
a, A 14.514(1) T,°C 22
b, A 8.471(7) A, cm™! 0.710 69
oA 16.458(3) R 0.039
B, deg 91.64(1) Ry 0.041
Vv, A3 2022.6(4)
Table II. Final Atomic Parameters of 2b
atom x/a y/b z/c Ueg,? A2
w 0.77933(3) 0.43136(6) 0.83694(3) 510(1)
Cl 0.66996(22) 0.20896(37) 0.80467(22) 786(12)
P1 0.64921(25) 0.58205(42) 0.77540(21) 734(12)
P2 0.88138(25) 0.19926(52) 0.86897(21) 793(14)
P3 0.72175(24) 0.44000(54) 0.97987(19) 796(13)
Ol  0.94421(91)  0.64562(163) 0.87974(79)  1410(45)
02  0.85508(81)  0.44573(163) 0.66440(74)  1312(39)
Cl  0.87622(89)  0.56409(208)  0.86279(81) 940(58)
C2 0.82539(98) 0.43569(206)  0.73059(78) 967(59)
Cl1 0.61550(109) 0.52375(202) 0.67260(97) 1099(52)
Cl2  0.66592(144) 0.79213(273) 0.76216(127)  1556(78)
C13  0.53856(122) 0.57433(246) 0.82079(107) 1314(61)
C21  0.84165(115) 0.04711(228) 0.93857(103) 1214(56)
C22  0.99541(128) 0.24359(236) 0.90730(112) 1329(64)
C23  0.90430(101) 0.08441(203) 0.78096(89) 1020(46)
C31 0.80440(121) 0.40809(233) 1.06214(106)  1279(60)
C32  0.62996(132) 0.30608(251) 1.00730(117)  1396(68)
C33  0.67269(134) 0.62560(244)  1.01358(118)  1411(71)

2 Ueq = 1/35:0Uyai*as*ara;.

Table ITI.  Selected Bond Distances (A) and Angles (deg) for
2b

W-H1 178 W-Cl1 1.84(1)
w-Cl 2.510(3) w-C2 1.89(1)
W-Pi 2.472(4) 01-Cl1 1.23(2)
W-P2 2.509(4) 02-C2 1.19(2)
W-P3 2.520(3)

C1l-W-C2 85.1(6) Cl-W-P3 89.7(1)

P3-W-C2 176.9(5) Cl-W-P2 79.8(1)

P3-W-C1 92.1(4) Cl-W-P1 80.2(1)

P2-W-C2 89.3(5) W-C1-01 176(1)

P2-W-Cl 89.3(4) W-C2-02 177(2)

P2-W-P3 92.0(1) H1-W-C2 86.0(4)

P1-W-C2 84.1(4) H1-W-C1 53.5(5)

P1-W-Cl 110.5(6) H1-W-P3 91.27(8)

P1-W-P3 95.6(1) H1-W-P2 142.70(9)

P1-W-P2 158.5(1) H1-W-P1 57.32(9)

Cl-W-C2 93.3(4) H1-W-Cl 137.41(8)

Cl-W-Cl 168.9(5)

1.06 (t, 2Juppup = 3.5 Hz, PMe;) 1.68 (s, OCCH3), 5.05 (s, CH).
31P{IH} NMR (20 °C, C¢De): 6 7.8 (s, lJpw = 247 Hz). 3C{!H}
NMR (20 °C, C¢Dg): 6 15.8 (t, ‘Jappcr = 13 Hz, PMey), 26.9 (s,
OCCHy),100.9 (s,CH), 187.1 (s, OCCHjy), 226.7 (brs, CO). 3C{*H}
NMR (-90 °C, CD3COCDs): 6 15.6 (t, *Jcpapp = 13 Hz, PMes),
27.6 (s, OCCHy), 102.5 (s, CH), 188.7 (s, OCCHj), 227.8 (t, ZJcp
= 10 Hz, CO).

X-ray Structure Determinations. A summary of the crystal
data is given in Table I. Final atomic parameters and selected
bond distances and angles are given in Tables II and III,
respectively. A yellow prism of approximate dimensions 0.08 X
0.12 X 0.06 mm was coated with an Epoxy resin and mounted
on a Enraf-Nonius CAD 4 diffractometer. The cell dimensions
were refined by least-squares fitting the values of 25 reflections.
The intensities were corrected for Lorentz and polarization effects.
Scattering factors for neutral atoms and anomalous dispersion
corrections for W, P, and Cl were taken fromref 14. Thestructure
was solved by Patterson and Fourier methods. An empirical
absorption correction was applied at the end of the isotropic
refinement.!5 The C atoms of the methyl groups were refined
isotropically because of some unresolvable disorder from the
thermal motion. After several cycles of mizxed refinement the
H1 atom was located in a difference synthesis as the highest peak
of the map with 0.7 e A-3. No trend in AF versus F, or (sin §)/A



Notes

was observed. Final refinement was fixed isotropic factors and
coordinates for H atoms led to R = 3.9 and Ry, = 4.1.

Most of the calculations were carried out with the XRAY 80
system.16
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