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Reactivity of Co-ordinated S.CPR; Ligands. Crystal and
Molecular Structure of [Mo{yn3*-SC(SMe)PMe,}(CO).(PMe,).]I
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Treatment of [Mo(S,CPMe,) (CO),(PMe,),] 1 with HBF, or Rl affords respectively [Mo{S,C(H)PMe,}-
(C0O),(PMe,),]BF, 2 and [Mo{n*-SC(SR)PMe,}(C0O),(PMe,),]I (R = Me 3a or Et 3b); an X-ray study
of 3a shows that alkylation takes place at sulfur and that the resulting phosphoniodithioester

ligand is trihapto (S,S’,C) bonded to molybdenum.

Complexes containing zwitterionic, trialkylphosphonium di-
thiocarboxylate ligands, S,CPR;, have attracted considerable
attention in recent years and a variety of co-ordination modes
for these ligands has been demonstrated by X-ray crystal-
lography in both mono- and bi-nuclear complexes.! The
chemistry of these compounds, in particular the reactivity of the
co-ordinated S,CPR; group, remains less understood, although
there is ample evidence indicating electrophilic character of the
central carbon atom.? In this contribution we report on the
behaviour of the recently prepared® [Mo(S,CPMe;)(CO),-
(PMe;),] 1 towards electrophiles X* (X = H, Me or Et). This
has allowed the isolation of two types of products, a complex
of composition [Mo{S,C(H)PMe,}(CO),(PMe,),]BF, 2 and
two closely related derivatives [Mo{n?>-5,C,S’-SC(SR)PMe,}-
(CO),(PMe;), ]I (R = Me 3a or Et 3b). Compounds 3 con-
stitute a rare example* of complexes of S-alkyl phosphoniodi-
thioester ligands, S=C(SR)PMe;.

Treatment of 1 with HBF, affords red crystalst of the
cationic complex 2 [equation (1)]. Characterization of the
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Me,PC(H)S,™ ligand is straightforward on the basis of
the available spectroscopic data. In particular, the C-bound
hydrogen atom gives a '"H NMR doublet at & 6.34 [2J(HP) 4.5
Hz], while the central carbon provides a '*C resonance centred
at § 64.9 ['J(CH) 156, 'J(CP) 46, 3J(CP) 4 Hz].

The reaction of 1 with RI (R = Me or Et) yields orange or
red crystals] of the corresponding derivatives 3a (R = Me)
or 3b (R = Et). Similarly to 2, compounds 3 behave as 1:1
electrolytes. Their 3! P-{'H} NMR spectra display typical AMX
spin systems in accord with the presence of two non-equivalent
co-ordinated PMe; ligands and a quaternary phosphorus atom
(data for 3a: 8, 44.1, 8y 3.3, §x —10.1 [3Jy 6, *Jax 2, Vux
50 Hz]). NMR data seem to be in accord with a formulation
for 3 similar to that proposed for 2, ie. as derivatives of a
trimethylphosphonium dithiocarboxylate ligand, Me;PC(R)S,.
Although compounds of this type are already known,>*® a
closer examination of the !3C NMR spectra of 3 and 3a* (ca.
33% enriched} in '3CS,) reveals some discrepancies with a

structure of this type, and further suggests that alkylation takes
place at one of the sulfurs rather than at the carbon atom
[equation (2)]. Such a proposal is based on the following pieces
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of information: (i) the '*C-{'H} NMR spectra of 3a and 3b
exhibit singlets at § 11.9 and 28.2, respectively, due to the carbon
atom of the R group supposedly bound to the CS, carbon. The
lack of coupling with the 3'P nucleus contrasts with the
observation of a doublet [2J(PC) 14.7 Hz] for the analogous
resonance of [W(n-CsH;){S,C(Me)PMe,;}(CO),];° (ii) more
importantly, the above !3C signal at 8 11.9, coriesponding to
the Me group in 3a appears also as a singlet in the !*C-{'H}
NMR spectrum of 3a*. This clearly demonstrates that the R
group is not bonded to the CS, carbon.

I~ (2

1 An excess of HBF, (0.9 mmol) was added to a stirred solution of 1
(0.29 g, ca. 0.65 mmol) in Et,0 (100 cm?) to produce a red solid. After
stirring for 30 min at room temperature the solid was filtered off, washed
with Et,O (2 x 20 cm?) and recrystallized from acetone. Red crystals of
2 (0.17 g) were collected in 489 yield (Found: C, 26.7; H, 5.0.
C,,H,sBF,M00,P,S, requires C, 26.5; H, 5.15%). Selected spectro-
scopic data for 2: v, /cm™ (CO) 1950 and 1840 (Nujol); 8,4(CD,Cl,)
6.34[d, J(HP) 4.5 Hz, S,CH(PMe,)]; '*C-{'"H} NMR (CD,Cl,), § 64.9
[dt, *J(CP) 46, 3J(CP) 4 Hz, S,CH(PMe,)].

1 A solution of 1 (0.4 g, 0.9 mmol) in Et,O (30 cm?®) was treated with
Mel (1.8 cm? of a ca. 1 mol dm~3 solution in toluene). A yellow-orange
solid slowly precipitated and was collected after 4 h of stirring, washed
with Et,O and recrystallized from acetone-Et,O. Yield of 3a: 0.24 g,
45% (Found: C, 26.4; H, 4.9. C,3H;,IMoO,P,S, requires C, 26.1; H,
5.0%). Selected spectroscopic data for 3a: v, /cm™ (CO) 1925 and
1850 (Nujol); 34(CD,Cl,) 2.06 [br d, J(HP) 1.3 Hz, SCH,]; 3(CD,Cl,)
—10.1 [dd, 2J(PP) 50, 3J(PP) 2, PMe,], 3.3 [dd, 2J(PP) 50, 3J(PP) 6,
PMe,] and 44.1 [dd, 3J(PP) 6, 3J(PP) 2 Hz, SC(SMe)PMe,];
13C-{*H} NMR (CD,Cl,), 8 11.9 (s, SCH,). A sample of 3a, ca. 33%
enriched in 13CS, (3a*) was prepared similarly starting from 1* (see ref.
3). 13C-{'H} NMR (CD,Cl,):  11.9 (s, SCH,) and 66.6 [d, *J(CP) 87
Hz, SC(SMe)PMe, ].


http://dx.doi.org/10.1039/DT9920002307

2308

Fig. 1 structure  of the  cation

Molecular
SC(SMe)PMe;}(CO),(PMe;),1* of complex 3a showing the atom
numbering scheme. Selected bond distances (A) and angles (°): Mo-S(1)
2.567(8), Mo-S(2) 2.506(2), Mo-C(3) 2.125(6), S(1)-C(3) 1.793(6),
S2y-C(3) 1.727(7), S(1)-C(4) 1.791(5), S(1)-C(3)-S(2) 117.3(3),
S(2)~-C(3)-P(3) 119.3(4), S(1)-C(3)-P(3) 117.5(5), C(3)-S(1)-C(4)
106.1(3)

[Mo{n?-

In order to confirm the site of attack of the alkyl group and
to ascertain the co-ordination mode of the methylated ligand
an X-ray study of 3a has been undertaken. An ORTEP®
perspective view of the molecules of 3a is shown in Fig. 1,
which includes also some relevant bond distances and angles.t
As can be seen, alkylation of the Me;PCS, group takes place
at one of the sulfur atoms to yield a trimethylphosphonium
dithioester ligand, trihapto bonded to molybdenum through
the carbon and the two sulfur atoms of the CS, group. This is
an unprecedented co-ordination mode for this type of ligand,
of which only two related examples are, to our knowledge,

known: the nickel complex [Ni{SC(SMe)PPh,CH,CH,N(CH,-
CH,PPh,),}], having an (S,C)-R;PC(SMe)S group*® and
the recently reported binuclear species [Mn,(CO)q(p-H){p-
SC(SR’)PR;}] which contains a bridging (S,8),(S",C)-
dithioester ligand.*® S,S’,C Co-ordination of the CS, group of
other related ligands is known.!-10-13

A possible, and otherwise useful, representation of the
molecules of 3a is as a severely distorted square pyramid, with
the sulfur-containing ligand in the apical position [the dihedral
angle between the S,S’,C plane and the best mean-square plane

t Crystal data. C{3H;,IM0O,P,S,, M = 598.3, triclinic, space group
P1, a = 11.193(2), b = 12.988(7), ¢ = 8.791(4) A, « = 99.81(4), B =
94.54(5), y = 78.11(4)°, U = 1231.009) A3, Z = 2, D, = 1.61 g cm™?,
F(000) = 592, u(Mo-Ka) = 21.2cm !, A(Mo-Kz) = 0.710 69 A, 295K,
Enraf-Nonius CAD4 diffractometer, ®-20 scan technique. The cell
dimensions were refined by least-squares fitting of the values of 25
reflections. The intensities were corrected for Lorentz and polarization
effects, 4780 reflections measured, 3909 [/ > 20()] used in the
refinement. Scattering factors for neutral atoms and anomalous
dispersion corrections for Mo, S, P and I were taken from ref. 7. The
structure was solved by Patterson and Fourier methods. Empirical
absorption corrections® were applied at the end of the isotropic
refinement. Final refinements were fixed isotropic factors and
coordinates for H atoms. Most of the calculations were carried out with
the XRAY 80 system.® Final R 0.034 and R’ 0.038 (unit weights). Atomic
coordinates, thermal parameters and bond lengths and angles have been
deposited at the Cambridge Crystallographic Data Centre. See
Instructions for Authors, J. Chem. Soc., Dalton Trans., 1992, Issue 1, pp.
XX—XXV.
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containing atoms P(1), P(2), C(1) and C(2) is 165°]. The
Mo-C(3) distance of 2.125(6) A compares well with that found
in complexes of n3-dithioester ligands {e.g. 2.154(8) A in [W{n?3-
SC(Me)(SMe)}(CO),(PPr';)]}.12¢ Other structural parameters
are also normal and require no additional comments at this
preliminary stage.

In view of literature precedents it seems likely that complex 2
forms by protonation at the electron-rich molybdenum centre
of 1 followed by hydride transfer to the CS, carbon.? As for 3,
alkylation may occur directly at sulfur and in fact unstable
[SC(SR)PR,;]* X~ species can be obtained by alkylation of
the corresponding S,CPR; adducts.'* The extension of these
results to other related systems is now in progress.
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