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Summary

The preparations of bimetallic carbonyl clusters having the general formula
[NigPt3(CO), Hon 1™ (n = 4, 3, 2) are described. X-ray studies on
[NEt,]3[NigPt;(CO),,H] show that it is isostructural with [Ni;,(CO),,H]>",
with the platinum atoms occupying the inner triangle of the central Ni,;Pt,
planar triangulated array. The interstitial coordination of the hydride atoms
in these compounds is inferred from 'H and !*Pt NMR and X-ray data,

During the synthesis of the clusters [NizsPts(CO)4sHe-n1™ (n =6, 5, 4, 3),
by reaction of [Nig(CO),;, 1> with K,PtCl, in a ca. 1/1 molar ratio, we also
obtained analytical and spectroscopic evidence for formation of a series of
bimetallic Ni—Pt clusters of the general formula [Ni,, Pty (CO), Hsn]™
(x=2,3,6;n=4, 3, 2) as side products [1,2]. We now report the synthesis
and 'H and !°’Pt NMR studies of the [NiyPt;(CO),; Hsn1™ (n =4, 3, 2)
clusters and the crystal structure of the trianion. These derivatives were
selectively synthesized through the route shown in Scheme 1 and equation 1.
As shown in Scheme 1 the reaction of [Nig(CO),,]1* with K,PtCl; in ca. 2/1
molar ratio gives uncharacterized brown anion(s) and small amounts of
[NigPt;(CO),, H]* ; subsequent controlled degradation of the former with
carbon monoxide (25°C, 1 atm) selectively affords [NiyPt;(CO),; 1% in
60—T70% yield (based on platinum).
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SCHEME 1

2 [Ni,(CO);,]> + K.PtCl,
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Brown anion(s) + [Ni Pt (CO),, H}*
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[Ni,Pt;(COY,, 1% + Ni(CO),

The [NigPt;(CO),, |]* tetra-anion is readily and reversibly protonated by
acids to the corresponding mono- and di-hydride {eq. 1).

H", acetone

Ni,Pt,(COY,, |& == = [NisPt2(COY,, HI> acetone
[NLPE(CON ™ <= myge (NP (CONHIT ssm==rmm
NP (OO, H, (1)

A comparison of the chemical behavior of these clusters with that of the
corresponding homometailic [N1,,(CO),;H, ., 1" (n = 4, 3. 2) derivatives
[3] reveals a few significant differences. Thus, while | Ni, Pt {CO},, H}™ is
readily deprotonated to [ NiyPt;(CO),, |* by several alkaline reagents, such as
alkali hydroxides and t-butylates, a correspondingly clean and ready depro-
tonation of [Ni;,(CO),, H]™ was not observed [3]. Furthermore,
[NigPt;(CO),, H, 1% slowly decomposes in solution at room temperature,
whereas [ Ni;,(CO),,H,1* is reported to decompose oniy above 60°C [3.,4].

The tetrasubstituted ammonium salts of the tetra-anion are soluble in aceto-
nitrile, sparingly soluble in acetone, and insoluble in tetrabydrofuran (THF).
The corresponding salts of the di- and tri-anion are more soluble in acetone
and THF. Crystals of [NEt,];[NiyPt;(CO}., H} were grown from acetone by
precipitation with isopropy! alcohol.

Crystal data for [NEt. ;[ NiyPt,{CO), H]: CusHyy Ny NI O, Pty M = 2093.7,
monoclinic, Space group PZ /c (No. 14}, a 13.620(5). b 17.5058(6), ¢ 25.780(9) A}
£ 93.49(3)°, V6134(7) A*, D, 2.26Tgem™ for Z = 4, p(Mao-K, 1 96.63 em™,
F(000) = 4024. The structure was solved by Patterson and Fourier methods
and refined by full matrix least squares on the basis of 3121 independent
absorption-corrected reflections having 7 > 3o(71. Current K and Ry are
0.050 and 0.058, respectively*

An ORTEP drawing of the [NiyPt,(CO),,H]" is shown in Fig. 1. The
overall stereochemistry is related to that of | Ni,,(CO), H}™ [5], with the
three platinum atoms occupying the inner triangle of the central hexametallic
layer. The preference of platinum for the highest metal-connected sites |
been previously observed in bimetallic (Fe—Pt and Rh~-Ft} carbonyl ¢!
[6,7]1. The most significant interatomic separations ave Hsted in the legend to

*The atomic coordinates for this work are available on request from the Director of the Cambridge
Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, Cambridge CRB2 1EW
(Great Britain}. Any request should be accompanied by 4 full Hterature citation Tor this con-
munication.
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Fig. 1. ORTEP drawing of the [NigPts(CO)“H]S" trianion (interlayer bonds are omitted for clarity).
Average bonding distances (A): Ni—Nljp jayer 2.451; Ni—Nijpterjayer 2.886 (lower half), 2.950 (upper
half); Ni—Ptjn.layer 2.541; Ni—Ptinterdayer 2.922 (lower half), 2.944 (upper half); Pt—Pt 2.845;
Ni—Cterminal 1.684: Ni—Cpyridging 1896 Pt—Cryridging 1.922: C—Oterminal 1.168: C—Opridging
1.194. Typical esd’s on single distances are Pt—Pt 0.003, Pt—Ni 0.004, Ni—Ni 0.004, Pt—C and

Ni—C 0.03.

Fig. 1. The unique hydride atom could not be directly located; but compar-
ison of the interlayer bond distances in the two halves of [Ni,Pt;(CO), H]*"
reveals that the average Ni—Pt and Ni—Ni contacts are longer (by 0.022 and
0.064 A, respectively) in the upper half of the metallic skeleton. A similar
lengthening was found in [Ni;,(CO),; H]*", but was absent in [Ni,,(CO),, }*~
and [Ni,(CO),;H,1% [5,8]; a subsequent neutron diffraction study showed
the hydride to occupy the expanded trigonal-antiprismatic cavity of this
hexagonal closed packed fragment [5]. A similar stereochemistry of the hydride
is suggested by analogy for [Niy,Pt;(CO),,H]? .

The interstitial location of the hydride atoms in these hydride clusters is
confirmed by the 'H and !°°Pt NMR spectra (see Table 1). Thus, the '°°*Pt
spectrum of [NiyPt,(CO),,H,_,]1" consists of a singlet (n = 4), a doublet
(n = 3), and a triplet (n = 2), and the latter two resonances become singlets
on broad-band proton-decoupling. The 'H NMR spectra of
[NigPt;(CO),; Han]™ (n = 3, 2), at room and low temperature (—90°C),
consist of five lines arising from 'H—!?*Pt coupling from the different iso-
topomers within the inner Pt; triangle; seven lines with relative intensities of
0.08/1/4.3/7.3/4.3/1/0.08 would be expected but the two outer lines are
probably to weak to be observed. Of particular significance is the very small
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TABLE 1

INFRARED AND NMR SPECTRA (25°C) OF [Ni,Pt,(CO), H, 51" (n = 4.3, 2)

Compound 2(CO) §("H) H (PP J(P1—H)
(em™) (ppm) (ppm) (Hz

[Ni,Pt,(C0O),, 177 @ 1970, 1790 — +185(s) -

[Ni Pt,(CO),, H]*~ b 1997,1828 —20.04 ~222(d) 260.4

[Ni Pt,(CO),, H, 1?7 ? 2030, 1860  ~—17.8 ¢  —323(1; 201.1

[Ni,Pt,(CO),, '"H?H]*™ b 2030, 1860  — ~-325.5 ¢

@ In acetonitrile, ¥ In acetone. ¢ 0 ppm = 21.4 MHz at such a magnetic field that the protons in TMS
resonance at exactly 100 MHz: high frequency shifts are positive, s, singlet: d. doublet; t, triplet.
4 Non-binomial quintet, with average relative intensities of 1/5,6/7.4/5.8/1.3. € J¢!"SPt—*H) 27.3 Hz.

value of J(!H—'Pt). Such a small value is unlikely to be due to a one-bond
coupling constant expected for a static structure but could arise from a fast
H-migration involving trigonal antiprismatic/tetrahedral hole jumps within
the metallic skeleton, similar to that already established for
[Rh,3(CO),.H 1™ (x = 1, 2, 8, 4) [9,10] and [Rh,4(CO),sH]* [11].

It should also be noted that the hydrogen interchange is slow on the NMR
time scale, as evidenced by the reaction of [Ni,Pt;(CO),, H}®" with
CF3;CO,°H to give [NiyPt:(CO), *H*H]? . The "**Pt- 'H ' NMR spectrum
of the latter consists of 3 equally intense lines due to J{*”
in addition there is a singlet at higher frequency due to a small amount of
[NisPt;(CO),; 'H, ] ?~ (isotope shift 2.5 ppm).
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