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Abstract

The heteronuclear clusters [Os,,C(CO),,(MPR ), ]" " (n=1, m=1; 2: M = Au,
3 M=Ag; &: M=Cu; 5: n=2, m=0, M= Au; 6: M = Ag) have been prepared.
These clusters undergo molecular rearrangements in solution, and two isomeric
forms of 2, 3, 4, 5 and 6 have been identified. This interconversion is thought to
involve a cap 2 edge bridge 2 cap pathway.

The mechanisms by which framework reorganisation in clusters occurs are
currently under active consideration [1,2]. In order to obtain a clearer understanding
of the various coordination/bonding modes of MPR ; units (M = Cu, Ag or Au),
we have synthesised a series of mixed metal custers of osmium containing either one
or two MPR; units. The structures of these species have been established from
spectroscopic data.

The reaction of the dianion [N(PPh;),],[0s,,C(CO),,] (1) with one equivalent of
AuPR;CIO, (prepared from AuPR,Cl and AgClO,) produces the known gold
osmium cluster formulated as [N(PPh;),][0s,,C(CO),, AuPR,] (2), (PR ; = PMe, Ph
(2a + 2b), PPh, (2¢), and PEt, (2d)), see Scheme 1 [3]. In the monoanion 2c¢ the gold
atom bridges the outer edge of a capping tetrahedron [3].

The '"H NMR spectrum of 2a (PR, = PMe,Ph) in CD,Cl, at room temperature
shows a doublet at § +1.90 for a freshly prepared solution, on standing for ca. 0.5 h
a new doublet appears at § +1.92. At equilibrium, ca. 1 h, the two peaks are in a
ratio of 15/1 and at 280 K 12/1 with 2b being the minor isomer [4*]. The *'P{'H}
NMR spectrum of 2a in CD,Cl, at room temperature exhibits two broad reso-
nances in the ratio of 10/1, which on cooling to 280 K changes to 9/1 [4*]. On
further cooling to 273 K, the cluster precipitates from solution.

The spectroscopic data can be accounted for in terms of the existence in solution
of two isomeric species that undergo rapid interconversion at room temperature, via
an intramolecular rearrangement of the metal skeleton. One possible mechanism for
the interconversion between the two isomers 2a and 2b is shown in Scheme 2. It is

* This and other references marked with asterisks indicate notes occurring in the list of references.
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Scheme 1. The formation of mixed metal clusters of [Os,,((CO) 41" (20 M= Au. 3 M= Ag 4:
M=Cu 5 M=M= Au, 6: M= Ag).

(2a)

Scheme 2. Proposed mechanism of interconversion of isomers of |Os,,C(COY 44 (AaPR 3] (2) (where a:
PR, = PMe, Ph: ¢: PR, = PPh, and d: PR; = PEt;).
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considered that the [AuPPhMe,]* moiety moves across the surface of the cluster via
a us-intermediate. An alternative mechanism could involve interconversion between
K, and p4 isomers.

The monoanions [Os,;C(CO),,MPR;]™ (3: M = Ag; 4: M = Cu) can be obtained
as crystalline solids as outlined for 2 in Scheme 1. The "H NMR spectra of 3 and 4
also show related behaviour. At room temperature the '"H NMR spectrum of 3
(PR, = PPh;) has a complex multiplet (8 +7.38-7.76) which becomes more com-
plex on cooling [5*]. For 4 (PR ; = PMe,Ph) the '"H NMR, spectrum displays two
doublets in the ratio of 7/1 at 293 K, and on further cooling to 280 K the ratio of
peaks changes to 5.5/1 [6*]. On cooling further (ca. 272 K) both compounds
separate from the solution.

The *'P{'H} NMR spectrum of 3 in CD,Cl, at room temperature exhibits two
singlets in the ratio of 1/11 [5*]. The *'P{'H} NMR spectra of compounds
containing AgPPh, fragments are broadened at room temperature by extra flux-
ional processes involving dissociation of PPh; groups and fluxionality of the metal
framework [7-11]. On cooling a CD,Cl,/freon solution of 3 to 250 K, two pairs of
doublets are observed in a 1/6 ratio, consistent with the presence of two invercon-
verting isomers.

The *'P{'H} NMR spectrum of 4 in CD,Cl, at room temperature (PR, =
PMe, Ph) exhibits two broad resonances in a 7/1 ratio, that on cooling to 278 K
changes to 6/1 [6]. On further cooling of a CD,Cl, solution of 4 to 265 K the
monoanion separates from the solution. Temperature-dependent line broadening
has been observed previously for phosphorus atoms bonded directly to copper, and
is attributed to quadrupolar effects arising from the copper [7,9,11].

The IR spectra of all three monoanions 2, 3 and 4 are very similar, suggesting
that they possibly contain similar metal frameworks with the [M(PPh,)]" moieties
(2: M=Au; 3: M=Ag or 4: M=Cu) in a p,-edge bridging position (Scheme 2).

Treatment of the monoanion [Os,C(CO),, AuPR ;] (2) with one equivalent of
[AuPR;]CIO, gives a high yield of the neutral mixed-metal cluster [Os,,C(CO) -
(AuPR,),] (5) (5a + 5b: PR, = PMe,Ph; 5c: PR;=PPh,; 5d: PR; = PEt;) [12*].

The 'H NMR spectrum of 5 (PR, =PMe,Ph) in CD,Cl, consists of a single
doublet resonance at § +1.91 (at room temperature), which is inconsistent with an
unsymmetrical gold—gold bonded species [12*]. However in solution at ambient
temperature, some heterometallic clusters with similar arrangements of AuPR ; units
as found in 5a are known to undergo fluxional behaviour involving coinage metal
site exchange, [7,9]. When a CD,Cl,/freon solution of 5a is cooled to 230 K, the
doublet splits into two doublets of equal intensity at § +1.88 and § +1.93. For 5b,
one doublet at § +2.01 is observed, consistent with a symmetric gold arrangement.
On gradual cooling of a CD,Cl, solution of 5, the peak intensities for the two
isomers hardly change (see Scheme 3).

The 3'P{'H} NMR spectrum of 5 in CD,Cl, at room temperature exhibits two
broad resonances in a 5/1 ratio [12*]. The singlet resonances observed for both 5a
and 5b in the *P{'H} spectra of these species implies extra fluxional processes
occurring as outlined above. When a CD,Cl,/freon solution is cooled to 230 K, the
peak ratio changes to 3/1 and a pair of singlets and a singlet resonance are
observed. The resonances observed at 230 K may be assigned to two isomers of 5
that undergo slow interconversion at this temperature; this behaviour is similar to
that recorded for [RusWC(CO),;(AuPR,),] [13]. The coalescence temperature for
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Scheme 3. Proposed structures of the isomeric forms of [Os,,({COY s {AuPMe, Phy . Sa amd 5b and a
possible mechanism for their interconversion.

the isomers could not be obtained, since above 318 K in toluene-d, the isomers 5a
and 5b break down to give the monoanion [05,,C(COY,, AuPMe, Ph.} " (25

We propose that in one isomer the gold moieties are arranged as shown in
Scheme 3. 5a with a gold—gold bond between the two gold atoms, whereas the other
isomer, 5b, may have a structure with no gold--gold bond. A process involving
Os—Au polyhedral edge breaking,/ making is possible. Such a process is consistent
with the observation that weak tangential gold-gold bonds in gold clusters aliow
facial skeletal rearrangements {14]. Simple exchange with PPh. does not occur.
instead there is irreversible extrusion of [AuPR .}7 and generation of the monoanion
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[08,0C(CO),,(AuPR ;)] ™ (2). The interconversion of isomers 5a and 5b is probably
the result of an intramolecular rearrangement of gold metal atoms with AuPR,
moieties moving across the surface of the cluster.

The neutral disilver cluster [Os,,C(CO),,(AgPPhy),] (6) is prepared in an
analogous manner to 5. The IR spectrum of this cluster is identical in band pattern
to that of 5a—5d except that all the bands are 1-2 cm ™' lower in wave number
[15*].

The *'P{"H} NMR spectrum of 6 in CD,Cl, at room temperature exhibits two
doublets in a 1/9.5 ratio [15*]. No “Ag-P or Ag—P couplings are resolved at
room temperature because of the dynamic behaviour involving exchange of PPh,
groups as observed by Stone et al. [7,9,11]. The doublets observed for 6 in the
'P{TH} NMR spectra of these species imply extra fluxional processes occurring as
explained previously [7-9]. When a CD,Cl,/freon solution of 6 is cooled to 230 K,
the peak ratio changes to 1/6, and three pairs of doublet resonances with 1°"1%Ag_P
couplings are observed. A process whereby a ‘AgPR,’ moiety moves across the
surface of the cluster can be envisaged, as for the Au species 5a and 5b. We suggest
that in one isomer there is a silver—silver bond and that the other isomer has a
structure similar to Sb, as in Scheme 3. A process involving Os—Ag polyhedral edge
breaking / making may be invoked, such a process is consistent with the observation
cited for Sa and 5b.

The mechanism by which large heterometallic carbonylosmium clusters undergo
framework reorganisation appears to be a Cap @ Edge bridge 2 Cap (CEC) path-
way. Such a process minimizes the breaking of M—M contacts in coinage metal site
exchange in dynamic fluxional processes.

Acknowledgements. We thank the S.E.R.C. for financial support and St. John’s
College Cambridge for the award of a Research Fellowship (to S.R.D.).

References

—

B.F.G. Johnson, J. Chem. Soc., Chem. Commun., (1986) 27.

2 B.G. Gimarc and J.J. Ott, Inorg. Chem., 25 (1986) 83, and ref. therein.

3 B.F.G. Johnson, J. Lewis, W.J.H. Nelson, M.D. Vargas, D. Braga, K. Henrick and M. McPartlin, J.
Organomet. Chem., 246 (1983) C69; B.F.G. Johnson, J. Lewis, W.J.H. Nelson, M.D. Vargas, D.
Braga, K. Henrick and M. McPartlin, J. Chem. Soc., Dalton Trans., (1986) 975.

4 Spectroscopic data for 2: IR »(CO), (cm ™'y in CH,Cl,, 2082w, 2052s, 2038m, 2002s, (isomer a),
2090w, 2054s, 2038m, 2000s, (isomer b); 'H NMR in CD,Cl, at 400 MHz, 6 1.90 (d, 3H, 2J(PH) 10.7
Hz (isomer a), & 1.92 (d, 3H, %/(PH) 9.7 Hz (isomer b), § 7.81-7.40 (m, 20H); *'P{'H} NMR in
CD,Cl, 8 —4798 (s, br), 8§ —50.04 (s, br) ratio of 10/1 at 293 K.

5 Spectroscopic data for 3: IR (»(CO), cm 1) in CH,Cl,, 2082w, 2052vs, 2038m, 2000s; 'H NMR in
CD,Cl,, 6 2.32 (s, 3H), 8 7.83-7.44 (m,30H); *'P{'H} NMR in CD,Cl, 8 —37.62 (s, br), § —48.51
(s, br) ratio of 1/11 at 293 K; 8 —35.16 (2xd, J("*Ag-P) 653, 'J('""Ag-P) 576 Hz (a)), 8 —52.33
(2xd, V(*°Ag-P) 521, L (17Ag-P) 440 Hz (b)), ratio of 5a/5b at 230 K is 1/6 in CD,Cl, /freon.

6 Spectroscopic data for 4: IR (¢(CO), cm ™'y in CH,Cl,, 2082w, 2052vs, 2038m, 2000s; 'H NMR in
CD,Cl,, §1.89 (d, 2J(PH) 10.5 Hz), 8 1.91 (d, “J(PH) 10 Hz), 8 7.76-7.37 (m, 35H); *'P{'H} NMR
in CD,Cl, § —48.14 (s, br), § —50.26 (s, br) ratio of 7/1 at 293 K.

7 M.J. Freeman, M. Green, A.G. Orpen, L.D. Salter and F.G.A. Stone, J. Chem. Soc., Chem. Commun.,
(1983) 1332.

8 E.L. Muetterties and C.W. Alegranti, J. Am. Chem. Soc., 94 (1972) 6386.

9 M.J. Freeman, A.G. Orpen and 1.D. Salter, J. Chem. Soc., Dalton Trans., (1987) 379.

10 S.S.D. Brown, LJ. Colquhoun, W. McFarlane, M. Murray, I.D. Salter and V. Sik, J. Chem. Soc.
Chem. Commun., (1986) 53.



36

11
12

R.A. Brice, S.C. Pearse, [.ID. Salter and K. Henrick, J. Chem. Soc., Dalton Trans., (1986) 2181,
Spectroscopic data for 5a and 5b: IR (»(CO), em 1) in CHLCT,. 2092w, 2068vs, 2054m. 2016s.
2006msh, 1995w, 1940vw: 'H NMR in CD,CH,. 293 K, § 1.91 (d. “J(PH) 10.9 Hz isomer Sa). 8§ 1.88.
1.93 (2xd. 2J(PH) 9.7, 11.6 Hz 1somer 5a at 230 K) CD-Cl. /freon: & 201, (d. “J(PH) ¥.1 Hz 1somer
5b) at 293 K. § 7.88-7.40 (m, 10Hy; "P{'H} NMR in CD,Cl,, 8§ —47.78 {s. hry. & - 4873 (s, by
ratio of 571 at 293 K, § —46.06, § —48.37 (2s. isomer Sap, 8 - 3047 (< 1somer Sby at 230 K| ratio
Sa,/5b at 230 K is 3,/1 in CD.CY. Areon.

S.R. Bunkhall, H.D. Holden, B.F.GG. Johnson, J. Lewis. G.N. Pain. P.R. Raithby and MU§ Tavior, 1.
Chem. Soc.. Chem. Commun,, {1984) 25.

K.P. Hall, B.R.C. Theobald. D.i. Gilmour, D.M.P. Mingos and A.J. Welch, J. Chem. Sec.. Chem.
Commun.. (1982) 528; D.G. Evans and D.M.P. Mingos, J. Organomet. Chern., 232 (1982 171,
Spectroscopic data for 6: TR (#{CO), cm ') in CH5Cl,. 2092w, 2067vs, 2053m. 2016s. 2008msh,
1995w, 1940vw: '"H NMR in CD-Cly, § 7.82-7.39 (m. 30H): 'PUTH) NMR in CD.CH,. 8~ 37.54
(d), 8 ~49.21 (dy ratio of 1,/9.5 at 293 K. no ""Ag or 'Ag couplings seen at 263 K0 § - 34.62 (2xd.
APy 612, U(1Ag-P) S40 Fz) and 8 - 37.83 (2xd. V(" Ag- Py 640, T Ag-P)y 79 Hz)
isomer 6a, 8§ —33.19 (2xd, V('"Ag-P) 512, (" Ag- Py 443 Hy) isomer 6b. ratio 6a6b ar 240 K ix
1,76 in CD,CL, Afreon.




