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Summary

The new heterobimetallic phosphido-bridged compounds [AgL{p-PR,)M(CO),],
(L = 1,10-phenanthroline or tricyclohexylphosphine; M = Cr, Mo, W) have been
prepared from AgO,SCF,, M(CO);PR,H and the ligand L in the presence of
Et,NH or MeO ™ as base, and characterized by *'P NMR spectroscopy.

There appear to be no previous reports of silver(l) phosphido complexes, al-
though there are numerous examples of Ag—P-bonded species in coordination
complexes of silver(I) with neutral phosphorus ligands (e.g. t-phosphines [1]), as well
as with anionic (e.g. phosphito [2] or phosphinito [2]) ligands. We describe here a
series of phosphido-bridged silver(1)-Group VIB metal complexes of the type [Ag(p-
PR ,)M(CO),] with M = Cr, Mo and W.

Experimental

NMR spectra were recorded on a multinuclear Bruker WP-80 spectrometer
operating in the FT mode. Chemical analyses were performed on a Heraeus EA 415.
The phosphine complexes M(CO);PR,H, R = Cy, Cy = cyclohexyl, M = Cr: R = Ph,
M = Cr, Mo, W were made as previously described [3] and the other reagents were
obtained commercially. The experiments described below were all carried out under
nitrogen.

Preparation of [Ag(phen)(u-PPh,)Mo(COs] (phen = 1,10-phenanthroline)

A solution of AgO,SCF, (103 mg. 0.4 mmol) in a mixture of 0.5 cm® of Et,NH
and 1 cm’® of toluene was cooled to 273 K and Mo(CO);PPh,H (169 mg, 0.4 mmol)
was added. The resulting solution was filtered into a solution of 79 mg (0.4 mmol) of
1,10-phenanthroline in 1 cm® of CH,Cl,. The product crystallized out as yellow

needles (81%) upon standing. It decomposes above 130°C.
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Found: C. 49.6: H. 2.6: N. 4.1, C.yH cAgMoN-O.P caled.: 9.1 H. 2.6
3.9. The following were prepared analogously:
[Agiphenpp-PPhCr(COy- /. dee. 120°C. Found: . 521 H. 290 No 4.2
CooH cAgCINL OGP caled.: €524, H 270 N, 4.2%.
/Al&’/])/wn)(,LL—PI"h;)H"',/CO‘ .odec. 133°C. Found: C. 439; H. 2.40: N, 3.5
C.oH NOPW culed: € 4370 H. 2.3 N 35%

Preparation of [Ag(phen)(p-PCy,)CriCOj, ]

A solution containing equivalent amounts of AgOQ,SCH, and Cr(COY.PCv-H in
diethylamine /toluene = 1,72 was set aside overnight. Altu addition of one cquiv-
alent of NaOMe the rest of the procedure was as deseribed and gave pale vellow
crystals of the product in 40% vield. It decompo\‘es above 1337C Found: C. 5110 HL

4.5: N, 4.6, CooH  AgCrN O P caled.: 14 Ho45 N4

Preparation of [Ag(PCyoip-PPh,iMo(CO)s )}

A solution of AgOSCF, (103 mg. 0.4 mmol) in a mixture of 0.3 et of Fi -NH
and 1 em’® of toluene was cooled to 273 K and Mo(CO). PPh-H (169 my. 6.4 mmol)
was added. The resulting solution was filtered onto 112 mg (0.4 mmol) ml' sohd PCyv,.
The volume of the resulting solution was reduced 1n vacuo to ca. 6.3 em’and 1eny’
of methanol added. The product separated as vellowish white ervstals, vield 39%. It
decomposes above 120°C, Found: ¢ 51.5: H, 5.1 CuH  AeMoOLP, caled: €
51.9: H. 5.4%.

The following were prepared analogously:

[Agt POy j(u-PPh)Cr(CO). ] dee. 129°C, Found: €. 34.6: H. 6.4, O H, . AgCrO.P
caled.: C.54.9: H. 5.7%.
(A POy (u-PPhW(CO). | dec. 110°C. Found: C. 4770 H, 5.7 CLH L AgO P W
caled.: €. 46.8: H. 48%.

Results and discussion

Pentacarbonvldiphenylphosphinechromium Cr(CO) . PPh-.H is readilv deproto-
nated in the presence of sitver(Drifluoromethanesulfonate in diethvliamine /toluene
solution to vield the new dinuclear phosphido-bridged compound L as ineq. 1

Cr(CO)PPh H + AgOSCE, + Et.NH — AgPPh.Cr{CO) + NEL H.OSCEH, (1)
(h

The coordination sphere of Ag is thought to be completed by Et ., NH molecules.
Mo(CO)PPh-H and W(CO),PPh-H recact similarly. to give [Ag(u-PPhyM(CO).]
(M = Mo. W). The reactions are complete within a few minutes at ambient tempera-
ture. The analogous reaction involving Cr(CO)Y. PCv- H takes one week. und by-prod-
ucts are formed. This reaction complete within 1 d if one equivalent of sodium
methoxide 1s present.

The structures of [Ag(p-PR,IM(CO).] are revealed by 'P{TH! NMR spec-
tm\wp\ which shows the plunphmus atoms to be coupled to "Ag (325, 7 = 1) and
"IAg (48%. 1= ). The Ag- P bonds are kinetically stable on the NMR time scale at
temperatures below 273 K. The *'P resonance of phosphido groups is particutarly
senstiive to the presence of a metal-metal interaction between the bridged metal
atoms [4]. The position of the 'P chemical shift indicates the absence of a Ag-Group



TABLE 1
NMR PARAMETERS FOR [Ag(p-PR ;)M(CO), ] “

R M 5CTP) J(07ag 3Py (1w 3py
Ph Cr 1.6 503 -
Ph Mo -21.1 477 -
Ph w —40.3 496 155
Cy Cr 19.6 485 -

“ 0.3 mmol /cm?® diethylamine /toluene (2,/1), 273 K, chemical shifts in ppm to high frequency of 85%
H,PO,. coupling constants in Hz.

VIB metal interaction in the present compounds. The *'P chemical shifts of the
complexes appear at lower frequencies than those for M(CO);PR,H, but at higher
frequencies than those for M(CO)<PR, " (e.g. Cr(CO)sPPh,Li: §(*'P) —30.0 ppm
in THF.) The one-bond silver phosphorus coupling constants are smaller than those
for the corresponding phosphito, phosphino or phosphine complexes. Electronega-
tive substitution at the phosphorus atom causes an increase in 'J(Ag.P), as reported
for J(Pt,P) in platinum complexes [5]. The magnitudes of the Ag—P coupling
constants of [Ag(u-PPh,)YM(CO),] decrease in the order M = Cr > W > Mo, whereas
an order of Mo > Cr> W was observed [6] for J(Sn,P) in the series [Me,Sn(p-
Bu.P)M(CO);]. The Hg-P couplings in [Hg{(p-PPh,)M(CO);s},] and
[Hg(phen){(u-PPh,)M(CO)s },] are known to decrease in the order W > Cr > Mo
[7.8].

Substitution of the P-bound proton in M(CO);PR,H by silver drastically lowers
(W P (from 229 to 155 Hz), as observed for Sn and Hg [6-8].

The NMR data for the compounds in diethylamine/toluene solution are sum-
marized in Table 1. No diethylamine complexes could be isolated in the solid state.
The 1,10-phenanthroline complexes II were obtained as stable pale yellow crystals
upon addition of one equivalent 1,10-phenanthroline .

AgPR,M(CO),

(Im)

The addition of one equivalent tricyclohexylphosphine to a solution of I in diethyl-
amine /toluene gave the isolable phosphine coordination products I11. The nature of
these compounds was determined by *'P NMR spectroscopy (see in Table 2).

Cy,PAgPR ,M(CO);
(T11)
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TABLE 2
NMR PARAMETERS FOR [Ag(PCv ) p-PPhyM(COY. ] 7

M S(PCyy S(PPh-) i Ag POy SN PPhL) g PRy

Cr 36.4(28.3) 1408 47003991 43903621 ENTTE
Mo 36.6(28.1) 1830 - 2409 455(396) 429¢3553 [ENTRRRE

W 36.327.6) = 3720430 463(396 440 335, PR

< 0.3 mmol/em’ CHLCly, (EGNH  MePh = 1,0, 213 Ko chemical shifts in ppm to high frequenay of

RS% H PO, coupling constants in Ho.
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