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Abstract

Deprotonation of Ir,(CO);,PPh,H (1) in the presence of [AuPPh,][PF;] yields
the novel species 1r,(CQO),,(PPh, AuPPh,) (2), which possesses a tetrahedral frame-
work bearing a terminally bound PPh, AuPPh, ligand. When heated in toluene, 2 is
converted into the phosphido species Ir,(CO),,(g#-PPh, ) u-AuPPh,).

The synthesis and structural characterization of heteronuclear carbonyl clusters
containing the AuPR; (R = alkyl, aryl) fragment linked to the metal core have been
extensively investigated [1]. The main force behind the development of this area is
the recognition that since this fragment and hydrogen are isolobal, they can often
separately occupy the same coordination site when bound to transition metal
clusters [2]. There are, however, only a few examples of H/AuPPh, replacement
without structural change in main group elements or main-group-containing ligands
linked to metal carbonyl clusters, e.g. HFe,(CO),,CH/ HFe,(CO),,CAuPPh, [3],
and there have been no comparative studies of the properties of such analogous
species. We report here the synthesis of Ir,(CO),;(PPh,AuPPh,) from
Ir,(CO),,(PPh,H), which represents the first example of a H/AuPPh; replacement
at the phosphorus of a coordinated secondary phosphine. We have also found that
both species are converted into the corresponding phosphido-bridged complexes,
viz. Ir,(CO),o(p-PPh, Y p-AuPPh,) and (u-H)Ir,(CO),o(-PPh,).

Addition of a CH,Cl, solution of Ir,(CO),,(PPh,H) (1) [4] to a suspension of
AuPPh,I and TIPF, that had been stirred for 1 h, followed by deprotonation in situ
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with 1,8-diazabicyclo-{5.4.0Jundec-7-ene (DBU) affords [ca. in 90% yield after TLC
(1:1 CH,Cl,-hexane)] a bright yellow crystalline compound, which is formulated
as Ir,(CO),,(PPh,AuPPh,) (2) on the basis of its spectroscopic data *. The out-
come of this reaction depends critically on the order of addition of the reagents.
Thus deprotonation of 1 in the absence of AuPPh,", even in a CO-saturated
solution, yields [Ir,(CO),o(u-PPh,)]~ (4), which can then be treated with AuPPh,*
to give Ir,(CO),o(p-PPh, )}(p-AuPPh;) (3) * in quantitative yield (see Scheme 1).

Complexes 1 and 2 exhibit similar behaviour when heated in toluene (10™* M,
0.5 h, 100°C and 80°C, respectively). Carbonyl loss and quantitative conversion
into S or 3, respectively, are observed. Bright red crystals of 3 where obtained from
CH,Cl,/hexane at room temperature.

Irh(CO)"PthH i,44 > Irh(CO)"PPhZAuPPh}
1 (2)

iv iii

[Irh(C0)10(’;—PPh 2)]'

CAN

HIrh(CO)10(r~PPh2) Irh(CO)10({J—PPh2)(rl-AuPPh5)
(5) (3

Scheme 1. Reagents and conditions: i, AuPPh;I, TIPF,, CH,Cl,; ii DBU, CH,Cl,, iii toluene, 80°C; iv
toluene, 100° C; v HBF,, CH,Cl,.

* Spectroscopic data: 2: yoo(hexane): 2082 m, 2052 vs, 2045 vs, 2015 m, 2003 m, 1998 msh, 1988 wsh,
1967 vwsh, 1880 vwsh, 1848 m, 1832 w, 1813 m cm™; 31P(‘H} NMR (CD,Cl,): 8 42.6 (d, PPh,),
20.8 (d, PPh,) [Jp_p 287.5 Hz, H;PO, standard; 3; rco(hexane): 2070 s, 2042 vs, 2028 vs, 2015 vs,
1995 ssh, 2008 msh, 1996 wsh, 1845 wbd cm™?; 31E'(‘I-I} NMR(CD,Cl,): 6 229.7 (d, PPh,), 67.9 (d,
PPh,) [Jp_p 5.0 Hz]; NMR instrument: 400 MHz; fast atom bombardment MS with p-nitrobenzyl
alcohol as matrix [calc '*Ir, 1697 [MH]* ).

** Crystal data for 2: C,H,5Aulr,0,,P,, monoclinic, space group P2,/n, a 9.336(6), b 16.308(4), ¢
28.862(7) A, B=93.06(3)°, U 4387.8 A%, Z=4, F(000) 3103, u(Mo-K,)=149.7 cm~!, 6-range
2.0-20°, final R value 0.028 (R, = 0.027) for 2130 of 4372 independent reflections [ < 2a(1,)]; for
3: CyeH,sAulr O,,P,, monoclinic, space group P2,/n, a 11.836(5), b 27.581(5), ¢ 14.532(2) A,
B =11327(2)°, U 43580 A%, Z =4, F(000) = 3048, u(Mo-K,) =150.7 cn ™!, §-range 2.0-25°, final
R value 0.052 (R,, = 0.046) for 2576 of 8145 independent reflections [, > 20( f;)]. Common to both
data sets: diffraction intensities were collected at room-temperature by the w-28 scan method on an
Enraf-Nonius CAD4 diffractometer. Fast decay under X-ray exposure and poor diffraction of the
crystal prevented extension of the data collection of 2 beyond 28 = 40°. Absorption correction was
applied by the Walker and Stuart method [8]. Ir and P atoms in both 2 and 3, and C and O atoms in
2, were treated anisotropically. The H-atoms of the phenyl groups were placed in calculated positions
(C-H 1.08 A) and refined riding on their respective C-atoms. The phenyl groups were constrained to
ideal geometry (C—C—~C 120°, C-C 1.395 A). The sHELX76 package of programs [9] was used for all
calculations.
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Fig. 1. The molecular structure of Iry(CO),;(PPh, AuPPh;). The C-atoms of the CO groups bear the
same numbering as the corresponding O-atoms. H-atoms are omitted for clarity. Relevant bond distances
(A) and angles (°) are: Ir(1)-Ir(2) 2.732(1), In(2)-Ir(3) 2.706(1), Ir(3)-Ir(4) 2.701(1), Ir(1)-Er(3) 2.745(L),
Ir(2)-Ir(4) 2.713(1), In(1)-In(4) 2.722(1), In(1)-P(1) 2.36(1), Au-P(1) 2.34(1), Au-P(2) 2.30(1), Ir(1)-
P(1)-Au 113.4(2), P(1)-Au-P(2) 177.9(2).

The crystal structures of 2 and 3 were established by an X-ray diffraction
study **, and the molecules are shown in Figs. 1 and 2, respectively. Relevant bond
distances and angles are listed in the captions. Both species possess a tetrahedral
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Fig. 2. The molecular structure of Ir,(CO),o(p-PPh, X p-AuPPh;). The C-atoms of the CO-groups bear
the same numbering as the corresponding O-atoms. H-atoms are omitted for clarity. Relevant bond
distances (A) and angles (°) include: Ir(1)-In2) 2.778(2) In1)-Ir(3), 2.736(2), Irn(2)-Ir(3) 2.832(2),
Ir(1)-Ir(d) 2.68%(2), In(2)-Ir(d) 2.739(2), Ir(3)-Ir(4) 2.719(2), Ir(1)-Au 2.788(2), Ir(3)-Au 2.731(2),
Ir(2)-P(1) 2.36(2), I(3)-P(1) 2.29(1), Au~-P(2) 2.27(1), Ir(1)-Au-Ir(3) 59.4(1) Ir(2)-P(1)-Ir(3) 75.2(3).
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Ir-framework with Ir-Ir bond lengths ranging from 2.701(1) to 2. 745(1) A in 2
[mean 2.720(1) A] and from 2.689(2) to 2.832(2) A in 3 [mean 2.749(2) A]. In 2 one
basal CO-ligand is formally replaced by the PPh, AuPPh, unit which is attached to
the cluster through the P of the PPh, group. The P-Au-P axis is linear [177.9(2)°],
as it is in [Au(PR3)2]+ from which 2 is formally derived by introduction of the
[Ir,(CO),,]” fragment in place of a phenyl group. The Ir-P distance [2.36(1) Alis
comparable with those in many mono- and di-substituted Ir,-species [5], implying
that the ligand acts as a “normal” monodentate phosphine. As expected [6], the
CO-bridged Ir-Ir basal bonds [mean 2.728(1) A] are larger than the unbridged ones
[mean 2.712(1) Al.

Far more interesting is the behaviour of 2 when heated. Loss of a CO ligand and
oxidative addition of the coordinated PPh, AuPPh, group results in a substantial
ligand redistribution over the metal framework with cleavage of the PPh,—AuPPh,
bond. As shown from Fig. 2, the cluster base in 3 is now bridged by the AuPPh,
and PPh, groups. This ligand arrangement is similar to that in S [7], providing a
nice additional example of the isolobal analogy between the H and AuPPh; ligands.
In both 2 and 3 the phosphido bridged bond is the longest [2.832(2) and 2.796(2) A,
respectively], while the Au-bridged bond in 3 appears to be shorter than the
H-bridged one in 5 [2.736(2) compared will 2.769(2) Al [7].

It should be emphasized that the similarity in the behaviour of the PPh,H and
PPh, AuPPh, ligands in 1 and 2 suggests that the isolobal analogy between the H
and AuPPh, ligands may also be of value in predicting the reactions of a given
monohydrido or mono-AuPPh,-containing cluster, simply on the basis of the
behaviour of its analogues.

Care should be taken in extrapolating these ideas to compounds containing more
than one AuPR," fragment, for which Au—Au interactions are common, whereas
H-H interactions in the corresponding hydrido derivatives are unusual [1h,10]. We
are currently studying the kinetics of the thermolysis of 1 and 2 and comparing the
reactivities of 3 and 5.
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