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The First Platinum Formyl, a Member of a
Series of Hexanuclear Clusters Exhibiting a
Rare Structure**

Piero Leoni,* Fabio Marchetti, Lorella Marchetti,
Marco Pasquali, and Silvia Quaglierini

A large number of platinum clusters have been reported in
the past decades.!! Nevertheless, only two hexanuclear
structures have been authenticated by X-ray crystallography:
the trigonal-prismatic [Pts(u-CO)s(CO)¢]> ¥ and the octa-
hedral [Pts(CO)¢(u-dppm);]** (dppm = bis(diphenylphos-
phanyl)methane).”?®!  In  addition, the decanuclear
[Fe,Pts(CO),)*~ B arising from the orthogonal dimerization
of two [Pt;(CO),{u,-Fe(CO),},] triangles, contains a tetrahe-
dral Pt core, two opposite edges of which are each bridged by
another platinum atom. We have discovered a facile route to
platinum clusters having this unusual structure.! The pre-
cursor [Pty(CO)¢(u-PBu,),](CF;S0O5), (2) was prepared by
treating the trinuclear hydrido cluster [Pt;(H)(CO),(u-
PBu,);] (1P with an excess of triflic acid under a CO
atmosphere (Scheme 1).

Figure 1 shows an ORTEP view of the cation 2?*, which
exhibits overall D,; symmetry.’) Complex 2 is air-stable,
thermally robust (decomp 228°C), and remains unchanged,
even under forcing conditions, in the presence of CO (100°C,
100 atm, 12 h) or H, (80°C, 90 atm, 6 h). Interestingly, 2 reacts
with BCO to give [Pty(CO),(*CO),(u-PrBu,),](CF;SO;), (2%),
the product of selective substitution of the carbonyl ligands
attached to the two “apical” atoms Pt2 and Pt5. A similar
remarkable regioselectivity was also observed in the reactions
of 2 with PMe; or NaBH, to give [Pts(CO),(PMe;),(u-
PiBu,),](CF;S03), (3), and [Pty(CO),(CHO),(u-PrBu,),] (4),
respectively. The structures of 2*, 3, and 4 can be clearly
assigned on the basis of elemental analyses and IR and NMR
spectra. For example, the four bridging P nuclei are still

[*] Prof. P. Leoni, Dr. L. Marchetti, Prof. M. Pasquali, Dr. S. Quaglierini
Dipartimento di Chimica e Chimica Industriale
Via Risorgimento 35, 56126 Pisa (Italy)
Fax: (+390) 50-20237
E-mail: leoni@dcci.unipi.it
Prof. F. Marchetti
Dipartimento di Ingegneria Chimica dei Materiali
delle Materie Prime e Metallurgia
Via del Castro Laurenziano 7, 00161 Roma (Italy)

[**] We thank the Ministero dell’Universita e della Ricerca Scientifica e
Tecnologica (MURST), Programmi di Interesse Nazionale, 2000 -
2001, for financial support.

Supporting information for this article is available on the WWW under
http://www.angewandte.com or from the author.

Angew. Chem. 2001, 113, Nr. 19

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

.
H (xs) ® 2+
OC _@_ CO cox OC
Tosr " ®
e¢@® ~05H @ AL
b - [PtBu,H,] ® Co
22+
1
L

BH, l
OHC ® L ® 2+
CHO M%@?
4 ® ® *
2+
- co - - 2* 7 L =%co
l ®-=PtBu, 52

®.

L = PMe 3

H
® ®
H
®
5

Scheme 1. Synthesis and further reactions of 2.

Figure 1. Molecular structure of 22+ Methyl groups are omitted for
clarity (thermal ellipsoids at 30 % probability; symmetry code:’ =x, —y, z).
Selected bond lengths [A] and angles [°]: Pt1-Pt2 2.758(1), Pt1-Pt3 2.667(1),
Pt1-Pt4 2.841(1), Pt2-Pt3 2.762(1), Pt3-Pt4 2.841(1), Pt4-Pt4’ 2.666(1), Pt4-
Pt5 2.756(1); Pt3-Ptl-Pt2 61.17(3), Pt1-Pt2-Pt3 57.79(3), Pt1-Pt3-Pt2
61.04(3), Pt3-Pt1-Pt4 62.00 (3), Pt1-Pt3-Pt4 62.00(3), Pt1-Pt4-Pt3 56.00(3),
Pt1-Pt4-Pt4' 62.01(2), Pt3-Pt4-Pt4’ 62.01(2), Pt4-Pt4-Pt5 61.071(15), Pt4-
Pt5-Pt4’ 57.86(3).

isochronous and in the ¥P{'H} NMR spectrum they give rise
to a central singlet (doublet in 3, 2J(P, P\, = 13 Hz) flanked
by a complex set of Pt satellites, very similar to those
observed for 2. Strong similarities were also observed in the
main features of the *Pt{!H} NMR spectra, which still show
only two signals and hence rule out all other possible isomers.

Complex 4 is of particular interest, being the first platinum
formyl, and its structure was unequivocally confirmed by
comparison of its spectra with those of the labeled
[Pts(CO),(*CHO),(u-PtBu,),] (4*). In particular, the triplet
for the formyl group at 6 =18.9 (*J(H,P)=14 Hz) in the
'H NMR spectrum of 4 splits as expected in 4% (brdt,
1J(C,H) =152 Hz) for coupling with the adjacent '*C nucleus
(Figure 2 a, b). The same coupling is exhibited by a doublet at
0=244.6 for the formyl C atom in the proton-coupled
13C NMR spectrum of 4* (Figure 2¢, d).[ Furthermore, a
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Figure 2. Formyl signals in the 'H NMR spectra of 4 (a) and 4* (b), and in
the proton-decoupled (c) and -coupled (d) *C NMR spectra of 4*.

Ve—o band at 1604 cm~' in the IR spectrum of 4 shifts to
1574 cm~! in the spectrum of 4*.[%

Metal formyls are suggested to be important intermediates
in the metal-catalyzed reduction of carbon monoxide.["
Complex 4 exhibits relatively high thermal stability (decar-
bonylation in toluene to give the dihydrido cluster
[Pts(H),(CO)4(u-PtBu,),] (5) occurs in Sh at 60°C and in
36 h at room temperature). Finally, to the best of our
knowledge, metal diformyls were previously unknown.

Experimental Section

2: CF;SO;H (0.4 mL, 4.5 mmol) was added to a red solution of 1 (614 mg,
0.57 mmol; prepared as previously described®!) in CHCl; (20 mL). After

4: NaBH, (44 mg, 1.16 mmol) was added to a solution of 2 (152 mg,
0.0685 mmol) in MeOH (15 mL). Complex 4 precipitated as a violet solid
(84 mg, 64 %). Elemental analysis (%) calcd for C3H,,OP,Pts: C 23.7, H
3.88; found: C 23.5, H 3.90. 4* was prepared as above, starting from 2*.
Selected spectroscopic data for 4 [4*]: 3'P{'"H} NMR (80.9 MHz, CD,Cl,,
25°C): 6=316.3 (s, with satellites); 'H NMR (200 MHz, CD,Cl,, 25°C):
5=18.9 (t, J(H,P) = 14 Hz, with satellites, 2/(H,Pt) =332 Hz, CHO [brdt,
J(H,C)=152 Hz, with satellites]), 1.31 (vt, J(H,P)+J/(H,P)=7 Hz,
CCH,); “C{'H} NMR (50.3 MHz, CD,Cl,, 25°C): 6=[244.6 (s) (H
coupled: d, J(CH)=152Hz) with satellites, J(CPt)=1062 Hz,
2J(C,Pt) =68 Hz]; "Pt{'H} NMR (42.8 MHz, CiDq, 25°C): 6= —4642
(m, 2Pt), —2570 (m, 4Pt). IR (CD,ClL,): #=2006 (C=0), 1608 [1574]
(C=0) cm™.

5: A violet solution of complex 4 (50 mg, 0.026 mmol) in toluene (2 mL)
was heated at 70°C; the solution became red. After 6 h the solvent was
evaporated and the red cluster 5 was suspended in acetone and collected by
filtration (27 mg, 56 % ). Elemental analysis (% ) calcd for C;H7,0,P,Pts: C
23.2, H 4.00; found: C 23.3, H 3.98; *'P{'H} NMR (80.9 MHz, C,Dy, 25°C):
0 =342.0 (s, with satellites); "H NMR (200 MHz, C,Dg, 25°C): 6 = 1.41 (vt,
3J(H,P) +°J(H,P) =7 Hz, CCH;), —0.09 (m, with satellites, 'J(H,Pt)=
1385 Hz, PtH); 'Pt{'H} NMR (42.8 MHz, C,D,, 25°C): d=—5146
(m, 2Pt [dm, 'J(Pt,H)=1384 Hz, in the H-coupled spectrum]), —2822
(m, 4Pt).
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