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Summary

Addition of phosphines to the coordinatively unsaturated species (Cp),M,(CO),
(M = Mo, W) and H,0s,(CO),, yield a series of products incorporating terminal
phosphine along with bridging and capping phosphido ligands formed via insertion
into P-H bonds. The complexes were characterised by 'H and *'P NMR spec-
troscopy and mass spectrometry.

We reported recently the addition of phosphine, PH,, to coordinatively un-
saturated monometallic centres to yield a series of PH,-containing hydrido com-
plexes [1]. Extension of this work to the addition of phosphine to coordinatively
unsaturated bi- and tri-nuclear metal species represents a potential route to phos-
phido ligands which are structurally stabilised by bridging between two or more
metal centres [2,3], and should lead to a range of new p-hydrido-p-phosphido
clusters [4]. We describe herein the addition of phosphine and alkylphosphines to
(Cp),M,(CO), (M =Mo, W) and H,0s;(CO),,.

Reaction of (Cp),Mo,(CO), with PHR'R? (a: R! = R* = H; b: R! = CH,, R> = H;
¢: R'=R?>=CH;) in CD,Cl, up to 223 K yields the adducts (Cp),Mo,(CO),-
(PHR'R?), (1a-1c) [5]; 1a is stable only up to 233 K whereas 1b and 1e¢ are stable
up to 293 K [6]. Heating these adducts in CD,Cl, for a or in toluene for b and ¢
gives (Cp),Mo,(CO),(p,-H)(1,-PR'R?) (2a-2c) via elimination of one equivalent
of PHR'R? from la-1c). 2a is formed at 273 K, whereas 2b and 2c are formed at
353 and 373 K, respectively [7]. The synthesis of 2¢ by reaction of P(CH,),Cl with
Na(Cp)Mo(CO); has been reported previously [8]. (Cp),W,(CO), reacts similarly
with PH; to yield at 223 K (Cp),W,(CO),(PH;), (3a) [9], which on warming to
room temperature rearranges to the hydridophosphido species (Cp),W,(CO), (gt ,-
H)(g,-PH,) (4a) [10] (Scheme 1).

H,0s,(CO),, reacts with PHR'R’ at room temperature to give (H)(p,-
H)Os;(CO),,(PHR'R?) (5a-5c¢) [11], incorporating terminally bound phosphine and
hydride ligands and a bridging hydride [12). Warming solutions of 5a—Sc leads to
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{(Cp){CO)M=M(CO),(Cp)

+ — > (CPNCO),(PHR'R?)M—M(PHR'R?)(CO)2(Cp)
12
PHR'R 1a-1¢c : M = Mo
a:R'=R°z H 3a M = W
b: R'= H, R?= CH3
c: R'= RZ= CH3 /H\
(CP)CO)M M(C0),(Cp)
/N
R’ R?
2a-2c : = Mo
4a M= W

SCHEME 1.

the formation of the corresponding bridging phosphidohydrido species, (p,-
H)O0s,(CO),o(1,-PR'R?) (6a—6¢) [13], presumably by coupling involving elimina-
tion of H,. 6a is formed at 323 K, 6b at 343 K, and 6c at 353 K. 6a has been
reported [14] previously as the product from decomposition of Os;(CO),o(PH3),.
6a and 6b react further on heating to give the 3-phosphido-capped hydrido clusters
(1,-H),055(CO)4(p5-PR") (7a-7b) [15] by loss of CO (Scheme 2). 5a reacts at 313
K directly to give significant amounts of 7a and small amounts of 6a. 5b is
converted more readily into 7b if the complex is refluxed in p-xylene under N, to
drive off the excess of CO.

To our knowledge 7a is one of the first examples of a (u;-PH) complex, although
related p;-PPh and p,-PR, species have been reported {3). The reactions of this new
range of (p,-PH,) and (p,-PH) compounds are being investigated.
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3p NMR (CD,Cl,, 200 MHz, 223K): 1a: 3(P) —82 ppm (q), J(PH) 342 Hz; 1b: 8(P) —34 ppm
(,9), Y(PH) 340 Hz; (1c): 8(P) 5 ppm (d,m), J(PH) 337 Hz.

2a: >'P NMR (CD,Cl,, 200 MHz, 303K): 8(P) 34 ppm (t,d), Y(PH) 355, 2/(PH) 40 Hz. '"H NMR
(CD,Cl,, 80 MHz, 303K): §(H) —12.8 (d, hydride), 4.82 ppm (d, PH,). Mass spectrum: parent ion
peak for 2a m /e = 466.

2b: 3'P NMR (toluene-dg, 200 MHz, 303 K) 8(P) 100 ppm (d, m), J(PH) 340, 2J(PH)(,,yd,.ide) 38 Hz.
TH NMR (toluene-dy, 360 MHz, 303 K) §(H) —12.5 (d, hydride), 5.59 (d, q, PMeH), 1.57 ppm (d, d,
CH,), 2 (PH) (neunyty 10.9 Hz. Mass spectrum: parent ion peak for 2b m /e = 482.

2¢: *'P NMR (toluene-dg, 200 MHz, 303 K): 8(P) 147 ppm (d, septet), “J(PH) nyariaey 37> T PH) (mernysy
9.5 Hz. 'H NMR (toluene-dg, 360 MHz, 303 K) §(H) —12.1 (d, hydride), 1.5 ppm (d, CH,), J(PH)
9.9 Hz. Mass spectrum: parent ion peak for 2¢ m /e = 496. )
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(1965) 2576.

3a: 3'P NMR (CD,Cl,, 200 MHz, 223 K): 8(P) —118 ppm (q), V(PH) 352 Hz.

4a: *'P NMR (CD,Cl,, 200 MHz, 303 K) 8(P) —40 ppm (1,d), J(PH) 375, 2/(PH) 28, J(PW) 200
Hz. 'H NMR (CD,Cl,, 80 MHz, 303K): 8(H) —15.5 (d, hydride), 4.94 ppm (d, PH,). Mass
spectrum; parent ion peak for 4a m /e = 645.

5a: 3'P NMR (toluene-dg, 200 MHz, 213 K): 8(P) — 184 ppm (q, d), 'V(PH) 384, 2J(PH) 14 Hz. 'H
NMR (toluene-dy) 360 MHz, 213 K): 8(H) —20.8 (d, d, bridging hydride), —10 ppm (d, terminal
hydride), 2Jyy = 3.9 Hz.

5b: 3'P NMR (toluene-dg, 200 MHz, 213 K): 8(P) —130 ppm (t, m), 'J(PH) 386, 2/(PH) 14 Hz. 'H
NMR (toluene-dg) 360 MHz, 213 K): 8(H) —21 (d, d, bridging hydride), —10 ppm (d, terminal
hydride), 27(HH) 3.8 Hz.

5¢: 3P NMR (toluene-dg, 200 MHz, 213 K): 8(P) —86 ppm (d, m), 'J(PH) 390, J(PH) 13 Hz. 'H
NMR (toluene-dg) 360 MHz, 213 K) 8§(H) —21 (d, d, bridging hydride), —10 ppm (d, terminal
hydride), 2/(HH) 3.8 Hz.
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6a: >'P NMR (CD,Cl,, 200 MHz, 303 K): §(P) —276 ppm (d, d, d) U(PH) 421, 397. 2/(PH) 16 Hz.
TH NMR (CDCl;, 360 MHz, 303 K): 8(H) thyariaey —19:92 ppm (d, d, d), 2J(PH) 16 Hz, J(HH) 5.0
Hz. §(H)py,, 4.96 (d, d, d), 5.24 ppm (d, d, d) [14].

6b: *'P NMR (toluene-dg, 200 MHz, 303 K): 8(P) —70 ppm (d, d, q), V(PH) 412, 2J(PH)(,,yd,.ide)
16.7, 2J(PH)(me,hy,) 11.7 Hz. '"H NMR (toluene-dg, 80 MHz, 303 K): §(H) —19.6 (d, d, hydride), 0.95
(d, d, CHj;), 5.6 ppm (d, q, PH). Mass spectrum: parent ion peak m /e = 899.

6c: *'P NMR (toluene-dg, 200 MHz, 303 K): 8(P) —29.8 ppm (d, q, @), “(PH)(yariaey 174
%I (PH) (methyt1y 11.5, 2J(PH) (einyi2 10.4 Hz. 'H NMR (toluene-dg, 80 MHz, 303 K): 8(H) —18.8(d,
hydride), 1.16 (d, CH,), 1.64 ppm (d, CH;). Mass spectrum: parent ion peak m /e = 912.
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7a: 3P NMR (toluene-dg, 200 MHz, 303 K): 8(P) 15 ppm (d, t), 'J(PH) 435, 2/(PH) 10.2 Hz. 'H
NMR (toluene-dg) 360 MHz, 303 K) §(H) —22 (d, hydride), 3.1 ppm (d, PH), 2/(PH) 10.2, >J(HH)
0.54 Hz. :
7h: 3P NMR (toluene-dg, 200 MHz, 303 K): 8(P) 105 ppm (q, t), ZJ(PH)(methy,) 13.7, U (PH) nydridey
10.2 Hz. '"H NMR (toluene-dg, 80 MHz, 303 K): 8(H) —21.5 (d, hydride), 1.95 ppm (d, CH,). Mass
spectrum: parent ion peak m /e = 870.



