Inorg. Chem.1999, 38, 253—-259 253
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Contrarily to its palladium analogue, the platinum(ll) dihydride #PBBU,)(H)(PBU,H)]. (3) does not reductively
eliminate molecular hydrogen to the corresponding Pt(l) dinuclear derivative. The transformation can, however,
be achieved in a two-step procedure, i.e., by oxidant-induced hydride abstractior,fiehich produces the
cationic monohydride [Rfu-PBu»)2(H)(PBU2H),]PFs, (4)PFs, and deprotonation of the latter with a strong base,
which produces the desired [R{PBU,)(PBU,H)] (5). Complex5 can be used as the precursor of other neutral
bis-phosphido bridged platinum(l) derivatives. For example, carbon monoxide substitutes in mild conditions one
of the terminally bonded secondary phosphines and yields quantitatively the monocarbgnyPRt,),(PBu,H)-

(CO)], (6), whose crystal and molecular structure was determined by X-ray diffraction. Crystal data: monoclinic,
space group2;/n (No. 14),Z = 4,a = 9.0910(12) Ab = 30.527(4) A,c = 11.903(2) A8 = 93.78(2}, R(Fo)

= 0.0378, RWF,?) = 0.0826 [ > 20(l)]. Complex6 reacts cleanly with carbon disulfide to give the product of

CO substitution [P{u-PBU,)2(PBU.H)(7>-CS)] (9). Further modifications of comples can be achieved by
deprotonating witm-BuLi/TMEN one of its secondary phosphines, which produces the lithiated derivatire [Pt
(u-PBUy)2(PBU,H)(PBU,LI)] (10). The latter has been alkylated withkbtomoheptane to the soluble derivative
[Pto(u-PBuy)2(PBU,H)(PBU.R)] (12) (R = n-heptyl).

Introduction We have been involved in recent years in the investigation

Platinum chemistry of the oxidation statel is much less ~ ©Of palladium(l) di- or trinuclear complexes with bridging
developed than that of even-numbered oxidation states. It dealsPhosphido ligands$! The precursor of this class of derivatives
mainly with ligand-bridged dinuclear systems, relevant excep- was [Pd{-PBu.)(PBuU.H)]2 (1),*2 which was prepared by the
tions being the unsupported isonitrile derivatives(ENR)- reaction of CpPdf3-C3Hs) with PBU,H and is formed through
(X)27" (X = Cl, z= 01 X = CNR!}2 PPh,2 z = 2) and the elusive Pd(ll) intermediate [RdPBU,)(H)(PBU.H)]2 (2)
[Pt(CNR)(R')2(PPh),],* the cyclopentadienyl {-CsRs)Pt- (Chart 1). The platinum analogue of comp2x{Pt(u-PBu>)-
(CO)L,® and [P§(CO)Cly]?~ SaPprepared first in the 1970s with  (H)(PBU,H)]», (3),13was instead found to be a stable compound
its derivatives [P{(CO)CI(PR)]2 *and [PH(COR(AN2(PPR)I.*  \which does not eliminate molecular-hydrogen even under
Bis(diphenylphosphino)methane (dppm)-bridgear related
complexe$ constitute the most deeply investigated class of
platinum(l) dinuclear derivatives. In other complexes, D
or one of a heterogeneous inventory of ligaffdsinforces the
bond between the metal centers.
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forcing conditions. However it gives the cationic monohydride
[Pto(u-PBUy)2(H)(PBUH),)PFs, (4)PFs,1* by oxidant-induced

hydride abstraction in the presence of a proton scavenger. We

now report that 4PF can be deprotonated to the desired
platinum(l) system [Pi(-PBu,)(PBu;H)], (5). The carbonyla-
tion of the latter complex to [Rfu-PBu,)(PBU,H)(CO)] (6),
whose crystal and molecular structure was determined by X-ray
diffraction, the transformation of compleg into the C$
derivative [P$(u-PBu,)2(PBU.H)(7%-CS)] (9), and the alky-
lation of complex5, yielding [Pi(u-PBU,)2(PBU,H)(PBU2R)]

(12) (R = n-heptyl), are also described.

Results and Discussion

The 30 e cation @)* 14 (eq 1) can be formally described as
being constituted by a tetracoordinated I6amd a tricoordi-
nated 14 e platinum(ll) centers. Although some degree of
metal-metal bondindf could partially alleviate the unsaturation
of the 14 e center, an interesting reactivity could have

reasonably been predicted for the complex. Nevertheless the

cation is also greatly encumbered, the metal centers are
embedded in the envelope of eigtdrt-butyl groups, and,
eventually, this feature dominates the chemistry of the species.
A symptom of this behavior was given b§)¢ TCNE™, a stable
salt that shows no tendency of TCNIo saturate the vacancy
at the metal, or insert into the PH bond*

In fact, up to now we have found only a single profitable
method for the transformation of comple®PF;: the reaction
with strong bases.

Although @)PFs is prepared in the presence ofsEtand is
stable when exposed to an excess of this base, it reacts witl
stronger bases. For example, by react#)éF with an excess
of n-BuLi (see Experimental Section), we isolated a yellow,
highly stable, and unsoluble powder, which has been identifie
as the platinum(l) derivative [RI{PBU,)(PBu.H)]2 (5) (eq 1).

Complex5, which does not form by direct reductive elimina-
tion of molecular hydrogen from [Rt{PBu,)(H)(PBu.H)]2 (3),
can therefore be achieved by removing the two hydride3 of
in two separate steps, the first hydridefasmally removed as
H~ 14 and the second as™Heq 1).

We cannot furnish a complete solution characterizatiof of
due to its very low solubility in all the common organic solvents
(this is a common feature of threeutral Pd or Pt bis-phosphido-

d
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bridged derivative4, 3, and5).1213Elemental analyses and the
IR spectrum of complexs (nearly superimposable to the
corresponding spectrum of the palladium analofjyeas well
as all the subsequent results of the reactions given by the
complex, agree well with the structure suggested in eq 1,
analogous to that of the formerly structurally characterized

[Pt(u-PPh)(PPh)], 102
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To check the reversiblity of the acitbase reaction of eq 1,

a toluene suspension &f was reacted with HRJ- the solid
rapidly dissolved and the orange solution was shown to contain
only (4)PFs by 3'P{*H} NMR spectroscopy? The salt was then
recovered as an orange microcrystalline solid in high yields.

Carbonylation of 5. Complex5 was suspended in toluene
under 1 Atm of carbon monoxide (Scheme 1). After warming
the suspensio4 h at 50°C, we obtained a yellow solution which
contained {'P{*H} NMR) equimolar amounts of [Riu-PBu,),-
(PBU,H)(CO)], (6), and free PBYH. After workup, complex
6 (Scheme 1) was isolated in good yield and characterized by
IR and multinuclear NMR spectroscopy and (see below) by
single-crystal X-ray diffraction.

ThelH NMR spectrum of comples (C¢Ds, 298 K) consists
of a doublet of triplets for the P-H proton at 6.22 ppm, with the
usual largetdyp (328 Hz}t and a small coupling with the two
equivalentu-P nuclei 8Jup = 16.5 Hz);19Pt satellites overlap-
ping the central lines are observabf4e; = 27 Hz). Two
distinct signals for theert-butyl protons are found at 1.26 (d,
3Jup = 14.2 Hz, BuU,H) and 1.43 ppm; the latter is a virtual
triplet 16 due to the simultaneous couplings of the same order
of magnitude with the two bridging P atom&Jp + 3Jup =
6.8 Hz,u-PBUy). The signals are in the expected 1/18/36 integral
ratio.

The 31P{1H} NMR spectrum (GDs, 298 K), with the atom
numbering scheme and the isotopomer’s composition, is shown
in Figure 1. The spectrum consists of two signals, each given
by the sum of the four subspectra due to isotopomfer®d.

(15) Garrou, P. EChem. Re. 1985 85, 171 and references therein.
(16) Crabtree, R. HThe Organometallic Chemistry of the Transition Metals
2nd ed.; J. Wiley & Sons: New York, 1994; Chapter 10, p 237.
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Figure 1. SP{*H} NMR spectrum (GDs, 298 K) of complex5, with
the numbering scheme and table of isotopomer ratios.
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Figure 3. Perspective view of the molecular structureGofThermal
ellipsoids are at 50% probability.

Table 1. NMR Parameters for Complex&s 9, 10, and12®

Pt,
N
0
R b
P PrMrMsL, @ ®¢ 10y 4 ax:
mas . KR
5400 -5500 -5600 //\F
dp, 295.8d 255.1dd 268.6 br 272.1 br
Pt dp, 295.8d 302.2 dd 268.6 br 272.1 br
2 3p, 60.7¢ 64.9 dd 66.6 dt 60.5 di
dp, 832 br 71.9 dt
8py, - 5483 dt £ £ £
dpy, - 5220 dt £ £ f
-5160 -5220 ~5080
] . K dy, 6.22dt 5.58 f 6.64
Figure 2. ¥%P{*H} NMR spectrum (€De, 298 K) of complex6. 5
Jp,p, g 250 g g
2
The former, found at 60.7 ppm and assigned to the secondary Teips 3# & 3 42
phosphine (B), consists of a central tripletJp,r, , = 38 Hz) Tpipy h 45
for the isotopomerA; the isotopomerdB and C give two Yp,p, 38 9.6 53 42
doublets of triplets withtJp,p, = 4660 and?Jp,p, = 31 Hz, pyp, h 45
respectively. Isotopoméd gives a weak ddt, most of these lines *Jpp, 31 77
can be observed biit do not carry significant additional informa- Up,py, 2623 2207 ca 2570 ca 2670
tion. The two equivalent-P nuclei resonate at 295.8 ppm, Up,pr, 2431 2175 a 2570 ca 2550
suggesting a short PPt distancéd? with a central doublet 1 2623 1106 2570 2670
(isotopomerA) flanked by two different dd for isotopomeBs 1JP2P“ “ “
andC (Mp, py, = 2623,1p, py, = 2431 Hz, assignment facilitated M 201 87 ca 2370 ca 2350
by comparison with thé®P{ 1H} NMR spectrum); a weak ddd, Toypy 4660 2866 4964 4570
due to isotopomeD, completes the signal. In the corresponding Vpyp, 31 97 64 27
proton-coupled spectrum, the low field signal is slightly Xp,py h h
broadened by long-range couplings, while thesRnal splits Yp,pt ca 2270 4927

for the largelJp,n, = 328 Hz; a small long-range coupling to
the tert-butyl protons (13.9 Hz) is also observed.

Two signals are observed in tA&PH{H} NMR spectrum
(CsDe, 298 K, Figure 2): Btgives a triplet of doublets at5220
ppm (isotopomelC, pyp, , = 2431, 2Jpyp, = 31 Hz) whose

ad in ppm,Jin Hz.°Ls = CO.¢Ls = #*>CS. 9Ls = PyBuLi.
€L, = PyButx(heptyl). ' Not measured? Not observed due to chemical
and magnetic equivalenceLess than line width.

lines are flanked by the weak tdd of isotoponi2r(*Jppt =
185 Hz). Pf resonates at-5483 ppm as a triplet of doublets
(isotopomeB, Wpyp, , = 2623,2Jpp, = 4660 Hz) with the weak
satellites due to isotopomé. Significant absorptions in the
IR spectrum (Nujol) were found at 2277p{) and 1956 1co)
cm L,

Molecular Structure of [Pt y(u-PButy)2(PBut,H)(CO)] (6).
Complex6 crystallizes in the monoclinic space gro®2;/n
(No. 14) with 4 molecules in the unit cell. An ORTEP projection
of the molecule is shown in Figure 3, and significant bond

distances and angles are given in Table 2. The structure has th

known main features reported for other [MPR,)(L)]> (M =

Ni,17 Pd 221809 complexes, with a planar ##%C core and
two tightly bonded Pt centers which, neglecting the Ptbond,
exhibit a trigonal planar arrangement of the ligands. The
Pt(1)-Pt(2) bond distance was found at 2.613(1) A, close to
the PPt shortest distance (2.774*R)n platinum metal and
within the range of the reported metahetal bond distances

(17) Jones, R. A.; Stuart, A. L.; Atwood, J. L.; Hunter, W. E.; Rogers, R.
D. Organometallics1982 1, 1721.

(18) Arif, A. M.; Heaton, D. E.; Jones, R. A.; Nunn, C. NMhorg. Chem.
1987, 26, 4228.

élg) Calculated from data reported on card 4-802 of the Powder Diffraction

File of JCPDS-ICDD, International Center of Diffraction Data, 1992,
12 Campus Boulevard, Newton Square, PA 19073-3273.
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Table 2. Significant Bond Lengths (A) and Angles (deg) for

Pi(1)-C(1) 1.841(11) PYBP(2) 2.311(3) PuBP(1) 2.322(3) i | k

Pi(1)-Pt(2) 2.6127(6) PYDP(3) 2.256(3) Pt(2}P(1) 2.300(3)

Pt(2-P(2) 2.315(3) P(1YC(15) 1.876(11) P(BC(11) 1.908(11)

P(2)-C(21) 1.892(11) P(2)C(25) 1.895(11) P(3)C(35) 1.878(11) of

P(3-C(31) 1.885(11) C(HO  1.167(13) A SR ,.J.uJ_._

C(-PY1)-P(2)  1182(4) C(BPY1)P1)  130.9(4) W1 M0 M8 ma B0 M

C(1)-Pt(1)-Pt(2)  173.1(4)  P(ZPt(1)-P(1) 110.88(9)

P(2)-Pt(1)-Pt(2) 55.69(6)  P(3)Pt(2)-P(1) 117.18(10) Pa |

P(1)-Pt(1)-Pt(2) 55.19(7)  P(3)Pt(2)-P(2) 131.31(9) ‘

P(1)-Pt(2)-P(2) 111.51(9) P(3Pt2-Pi(l)  173.15(7) |

P(1)-Pt(2)-Pt(1) 55.98(6) P(2}Pt(2-Pt(1) 55.54(6) | T T

C(15-P(1-C(11) 112.6(5) O-C(1)-Pt(1) 174.5(11) @ he . M0 w0 i

C(11)-P(1)-Pt(2)  114.8(3) C@AACA5-P1) 113.2(8)

C(15-P(1)-Pt(1)  115.4(4)  C(18)C(15-P(1) 104.7(8) P, |

C(11-P(1-Pt(1)  118.9(3)  C(14)C(11»-P(1) 110.7(8)

Pt(2)-P(1)-Pt(1) 68.83(8) C(2AC(25-P(2) 106.1(8)

C(21y-P(2-C(25) 112.3(5)  C(28}C(25)-P(2)  113.5(9) e LA L 1 N —

C(21-P(2-Pt(1)  112.0(4)  C(26)C(25)-P(2)  111.0(9) R o o

C(25-P(2-Pt(1)  113.7(4)  C(13}C(11)-P(1) 112.4(8 _

CEZl);PEZ);Pigzg 122'324; Cglgcgls);Pglg 112.1%8; Figure 4. 31P{*H} NMR spectrum (GDs, 298 K) of complex9.

C(25-P(2-Pt(2)  119.5(4)  C(23}C(21)-P(2) 113.3(8)

Pt(1)-P(2)-Pt(2) 68.77(7) C(24)C(21-P(2)  105.0(8) Chart 2

C(35-P(3)-C(31) 112.2(5) C(22)C(21)-P(2) 112.6(9)

C(35-P(3-Pt(2)  116.0(4)  C(34)C(31-P(3) 113.5(9) \V>L >4 |

C(31-P(3-Pt(2)  114.8(4)  C(15}P(1)-Pt(2)  119.8(4) HO L >f‘ ! PhyP
! P " Pd

(A) in unsupported or ligand-bridged Pt(l) dinuclear deriva- s"'P‘Pd —\/Pd’ = \ \"'/y"Fl’d/Pj<

tives: 2.642(1) in [Pu-dppmy(COY]2+ 20 2.6354(8) in the J>cls b P ~clp

dimetallacylobutenyl [B{CO)(PPh){ C,(COOMe)}],2 PhgP \s -\

2.599(1) in [Pt(CO)(PPH(CsFs)]222 2.716(1) in [Pi(u-H)- — |

(u-CO)(dppej] " 2, 2.643(3) in [Pi(u-CO)Ch(PPhy)3],2* @)

2.636(1) in [Cp*Pt(COY,% and 2.604(1) A in [Py-PPh)- , .

(PPh)]».1%2 Other factors suggesting a strong metaetal (/A-PBUz)(QS(PPfg)]z(CSZ) (8) with a hexacoordinate carbon atom

interaction are the low-field resonance of the bridging P-nuclei (Chart 2): i

in the31P{1H} NMR spectrum §py = 295.8 ppm) and the sharp The platinum(l) monocarbonyd reacts at room temperature

Pt—Pu-Pt angles (68.83(8) and 68.77{) with an excess of carbon disulfide and is quantitatively
As generally found in bis-phosphido-bridged derivatives of transformed into [Ru-PBU2)o(PBU-H)(*-CS,)], (9, Scheme

the group 10 metals, the PB, bond distances are longer than  1)- Igluelto the unsymmetrical coordination of the;@®lecule,

the Pt-P; ones (Pt(2)-P(3)= 2.265(3) and PtP,(average)= the 3'P{*H} NMR (Figure 4) signals of the phosphido ligands

2.312 A). Distances pertaining to the carbonyl ligand (P(1) 0S€ the equivalence observed in the corresponding spectrum

C(1) = 1.841(11) and C(BO(1) = 1.167(3) A) are, respec- of the carbonyl precursor. Therefore they appear as separate

tively, at the lower and higher limits of the corresponding range doublets of doublets at 302.2Fand 255.1 (i) ppm. For the

of distances observed in the rare examples known of Pt(l)-CO- S@8me reason the signal assigned to the terminally bonded
(terminal) derivatived®-2225which, together with the relatively phosphine (dd at 64.9 ppm) couples with different constants to

low value ofveo (1956 cntl, compared to 20601968 cnt P1and B (3p,p, & 75,23p,p, ~ 9.6 Hz). All signals are flanked
in refs 20-22 and 25), suggests some degree of back-bonding by the19%Pt satellites that provide the coupling constants reported
from the Pi(u-PRy)2(PRs) fragment to the carbonyl ligand. in Table 1.

Reaction of 6 with CS. We have previously shown thatthe ~ 1he labeled derivative [EU“'PBUZ)Z(PEUZH)(’?U%SQ)] (9%)
mono-phosphido bridged palladium(l) dinuclear fragments{Pd Was prepared analogously,_ and #P{'H} NMR spectrum
(u-PBU,)(L),]* manifest a good affinity for the carbon disulfide changes as expected: the signal assigned apfears now as
moleculel??26Both cationic dinuclear and neutral tetranuclear @ doublet of triplets due to the (;ommdence of two out of the
new complexes were prepared, with the;@®lecule presenting ~ three coupling constant$lec = 2Jpp, = 9 Hz). The signal
unprecedented coordination modes: a plana(/R8S,) core assigned to Pis only slightly broadened due to the small
in [Pob(u-PBU) (172:1~CS)(PPh):]BF 4, (7)BFs,1with a planar coupling of this nucleus with the pseudo-cis &arbon, while

tetracoordinate carbon atom, and a butterfly structure in-[Pd P2 @Ppears as a ddd, for the larger valtid¢ = 46 Hz) of the
coupling with the pseudo-trans g8arbon.

(20) Fisher, R. J.; Mills, A. J.; Sumner, S.; Brown, M. P.; Thomson, M. Lit_hiation and Alkylation Of_ 5. In addition to thg termir_‘a_l
A.; Puddephatt, R. J.; Frew, A. A.; Manojlovic-Muir, L.; Muir, K. hydride, complex4)PFs contains two further potentially acidic
W. Organometallics1982 1, 1421. ; _
(21) Koie, Y.; Shinoda, S.; Saito, Y.; Fitzgerald, B. J.; Pierpont, C. G. protons on the secondary phOSphmeS.' .AS seen ab(.)ve’ a 5-fold
Inorg. Chem.198Q 19, 770. excess of such a strong base raBuLi is not sufficient to
(22) Uson, R.; Fornies, J.; Espinet, P.; F6au@.; Toria, M.; Welch, A. abstract these protons whgiis prepared from4)PFs; however,
23) JM J. (r?‘h?tm-GSOBC-. 3?'?02 Tl_rafgi%gtlﬁ% Bonati. F.- Szostak R when the reaction was performed with a still higher excess of
Ingnettl, G.; Bandinli, A. L.; Banditelll, &.; bonatl, F.; Szostak, R.; _ H . : .

Strouse, C.. Knobler, C. B.. Kaesz, H. Diorg. Chem.1983 22, n-BuLi (20:1, or more) a f_urther reactlon_takes place: only a
2332. small amount of5 precipitated out, while the supernatant
(24) Bender, R.; Braunstein, P.; Tiripicchio, A.; Tiripicchio-Camellini, M. solution assumed a deep red color. The solution was analyzed
J. Chem. Soc., Chem. Commus84 42. by means ofP{*H} NMR spectroscopy which revealed the

(25) Boag, N. M.Organometallics1988 7, 1446. .
(26) Leoni, P.; Pasquali, M.; Fadini, L.; Albinati, A.; Hofmann, P.; Metz, Presence of [Rfu-PBu2)2(PBUH)(PBULI{ SOM )] (10, Scheme
M. J. Am. Chem. S0d.997, 119, 8625. 2).
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Scheme 2

Al P

Figure 5. High-field region of the®!P NMR spectrum (toluene, 298
K) of complex10; (a) proton coupled, (b) proton decoupled.

100 80 60 40
Three resonances were in fgct observed in' the speptrum alcioure 6. 3PIIHY NMR spectrum (toluen 208 K) of complex
66.6, 83.2, and 268.6 ppm (Figure 5). The first one is well 13 joy.fieid régign 1 293 K (a) and 383 KdEb) and h)igh-field Fegion
resolved and appears (central multiplet, isotoporgras a at 293 K (c). Marked peaks have been tentatively assigned to two
doublet Jp,p, = 31 Hz) of triplets {Jpp, = 2Jpp, = 53 Hz). different rotamers of [Pi-PBuy){ PBUy)(n-heptyl} 2.
195t satellites were clearly observable owing to the isotopomers
B (M{Jppy, = 4964 Hz),C (3Jpp, = 64 Hz), andD. In the PBU,)(PBU,Li{Solv} y)]2 (11), where both the secondary phos-
corresponding proton-coupled spectrum the signal split due to phines have been lithiated.
a large \Jpq (310 Hz) and was therefore assigned to the  The lithiated derivative40and11were not isolated, but the
terminally bonded secondary phosphing Phe resonances at  mixture was reacted with an excess of 1-bromoheptane, with
83.2 and 268.6 ppm are broadened and considerably weakethe intent to obtain a soluble analogue of compkxim-
than the first in the proton decoupled spectrum; in the proton- mediately after the addition of the bromoalkane the color of
coupled spectrum these signals are only slightly broadened andhe solution turned orange from deep red, ##&{'H} NMR
their intensity is comparable to that of the first. Both these spectrum (Figure 6) was analogous to the preceding one, with
evidences indicate clearly the absence efHPbonds on the four groups of resonaces assigned ta{RPBU,)(PBU.H)-
associated P nuclei, and the resonances are assigned, respefPBu,(n-heptyl}] (12).
tively, to the lithiated nucleussRnd to the equivalent-P nuclei The high-field resonances at 60.5 (secondary phosphiye, P
P1 and B. The line-broadening of these resonances allowed us and 71.9 (tertiary phosphineg)Pare well resolved and appear
to evaluate only the largest couplings, which were found at ca. much similar: both of them have a central doublet (mutual
2270 {Jpp,) and ca. 2570%0p, py, = Jp, py). The reasons of  coupling,®Jp,p, = 77 Hz) of triplets (coupling with the twa-P
this line broadening were not investigated further, although it nuclei, respectivel)?.lpbpl,2 =42 andZ.Jp4pL2 = 45 Hz) flanked
seems reasonable that species differing in the solvation of theby 9Pt satellites due to a large coupling with the adjacent metal
P-bonded lithium are in mutual equilibrium; species where ({ppy, = 4750 andiJp,p, = 4927 Hz, respectively) and a small
lithium interacts simultaneously withyRnd one of the adjacent  coupling to the distant one (respectivéllp,p, = 27 Hz and
bridging nuclei R or P, could also be involved in such equilibria.  2Jp,ey, less than line width (3 Hz)). Significant differences are
As expected, the same reaction was observed when complexhe following: the signal at 71.9 ppm is weaker and is only
5, instead of 4)PF;, was reacted with a large excessneBuLi; slightly broadened in the corresponding proton-coupled spec-
the reaction was also performed by adding a 1/1 mixture of trum, while the greater resonance at 60.5 ppm split in a broad
n-BuLi and TMEN, in which case 2 equiv of the base is doublet {Jpy = 310 Hz).
sufficient to lithiate one of the secondary phosphines. tRe The bridging phosphides;RRnd B are unequivalent at room
{H} NMR spectrum of the resulting deep red solution was temperature, and give broad resonances at 269.3 and 274.9 ppm;
identical to the one described above, except small differencesonly the larger 1Jpp; couplings (ca. 2670 and 2550 Hz,
in the chemical shift values. New weak broad resonances wererespectively) can be appreciated because of line-broadening
observed at ca. 74 and 255 ppm and were assigned - [Pt( (half-height width 200 Hz). The two signals coalesce afC0
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in a single broad resonance centered at 272.1 ppm. TheTable 3. Crystal Data and Structure Refinement or

nonequivalence of Pand B at room temperature should
probably be assigned to a slow rotation of the tertiary phosphine
around the Bt-P; bond. The complex is in fact severely
crowded for the presence of eigktt-butyl substituents. Steric
crowding is probably also the main obstacle to the direct
substitution of the secondary phosphines containe#; ithe

latter remains in fact unchanged after 10 days in the presence

of a large excess of trimethylphosphine.

Conclusions

A convenient access to the bis-phosphido-bridged platinum-
(I) dinuclear derivative [Pi(-PBu,)(PBU;H)], (5) has been
presented. Bottb and its platinum(ll) conjugate acid [Rik-
PBu,)2(H)(PBU,H),]PFs, (4)PFs, proved much less reactive than
expected, being inert to even the substitution of the {MBu
molecules with phosphines with a small cone angle as#£Me
The low reactivity is probably due to a high steric congestion
around the metal centers wrapped by the eitgrt-butyl

empirical formula GsHssOPsPt fw 854.78
a=19.0910(12) A space group,/n (No. 14)
b=30.527(4) A T=293(2) K
c=11.903(2) A 4 =0.71073 A

B =93.78(2) deg Pobs= 1.722 g cm®
V=3296.1(8) R u = 86.38 cn?

Z=4 R, = 0.0378

Rw(F?) = 0.0826

2R(Fo) = JIlIFol — IFcll/YIFol; RwW(Fo?) = [3[wW(Fo’Fc?)?/
SIW(FAAY% w = 1/[o¥(F) + (0.024F)? + 0.5MQ] where P =
[Max(F:2,0) + 2F/3.

Preparation of [Pt(u-PBut;),(PBu',H)(CO)] (6). Complex5 (214
mg, 0.22 mmol) was suspended in toluene (20 mL). The colorless
suspension was stirred 1h at 80 under 1 atm of carbon monoxide:
the solid disappeared slowly leaving an orange-red clear solution. Most
of the solvent was evaporated, the residue was dissolved in MeCN (10
mL) and complexs, which precipitated out slowly as a red crystalline
solid, was filtered, washed with MeCN, and vacuum-dried (130 mg,
0.152 mmol, 69%). Anal. Calcd for £HssOPsPt: C, 35.1; H, 6.49.

substituents on the phosphorus atoms. This is also suggestedound: C, 34.8; H, 6.62. IR (Nujol, KBr): 2277 (mjd), 1956 (s)

by the behavior of comple%2 (related to5 by the substitution

of a PBU;H with a PBUl,(n-heptyl) molecule), where a slight
increase of the cone angle of one of the phosphines imposes
significant kinetic barrier to even the rotation around the Pt

(vco) cm™L. See Table 1 fotH, 3P, and'®*Pt NMR spectra.
Preparation of [Pta(u-PButy),(PBULH)(7%-CS;)] (9). Carbon dis-
ulfide (2 mL, 33 mmol) was added to a DME (5 mL) solution of

%omplexG (240 mg, 0.28 mmol). After 12 h at room temperature the

orange solution turned deep-red. The solution was concentrated to ca.

of 5 was found, as its reaction with CO affords the monocar-
bonyl [Pt(u-PBuy)2(PBU,H)(CO)] (6). This is one of the rare
examples of platinum(l) terminally bonded carbonyls and is
much less encumbered than is precusddn its own,6 is the
precursor of the CScomplex [Pi(u-PBUy)>(PBU,H)(7?-CS)]

(9), which could have been, but is not, formed by the reaction
of 5 with carbon disulfide.

The structure of compleg deserves a final comment. We
have recently shown that monophosphido-bridged dipalladium-
(I) fragments exhibit cooperation of the metal centers when
binding carbon disulfidé!® as well as other polyunsaturated
molecules:!2on the contrary, the GSnolecule isy? coordinated
to a single platinum center in compl&x with the rest of the
molecule formally behaving as a single Ptiidentate large
ligand to the same metal center. This type of behavior could be
interesting in itself, but it seems clear that if one wants the two
metal centers to concur in the coordination and, possibly, the
activation of small polyfunctional molecules, one of the phos-
phido ligands must be removed. A possible approach to this
target will be reported in future articles.

Experimental Section

General Data. All reactions were carried out under a nitrogen
atmosphere, by using standard Schlenk techniquegufPBu,)(H)-
(PBU;H),]PFs; was prepared as previously descriBéd.

Solvents were dried by conventional methods and distilled under
nitrogen prior to use. IR spectra (Nujol mulls, KBr) were recorded on
a Perkin-Elmer FT-IR 1725X spectrophotometer. NMR spectra were
recorded on a Varian Gemini 200 BB instrument; frequencies are
referenced to MSi (*H), 85% HPO, (3P), and HPtCl (*°Pt).

Preparation of [Pt(u-PBu')(PBuU;H)]. (5). A 1.6 M n-hexane
solution ofn-BuLi (0.625 mL, 1.0 mmol) was dropped into a THF (20
mL) solution of [P(u-PBuy),(H)(PBu.H),]PFs [(4)PFR;, 223 mg, 0.195
mmol]. After 15 min the yellow color of the solution had discharged
and the pale yellow solid which precipitated out was filtered, washed
with n-hexane, and vacuum-dried, yielding 121 mg (64%%.0Anal.
Calcd for GH74PsPt: C, 39.5; H, 7.67. Found: C, 38.8; H, 7.52. IR
(Nujol, KBr): 2259 (s) ¢rr) cm™. Being nearly insoluble in all the
common organic solvents the solid was used for the following reaction
without further purification.

out and was filtered, washed with acetone, and vacuum-dried (175 mg,
69%). Anal. Calcd for GHssPsPtS;: C, 33.3; H, 6.14. Found: C,
33.2; H, 6.09. IR (Nujol, KBr): 22581p) cm L. IH NMR (CeDs, 293
K) 0 (ppm) 5.58 (ddd2Jpy = 339 Hz,3Jpy = 12, 21 Hz, PH), 1.47
(d, 3\]PH =16 HZ, cHs), 1.39 (d,3JpH =15 HZ, O‘|3), 1.16 (d,3JpH B
15 Hz, (H3). See Table 1 fof!P NMR parameters.

Preparation of [Pt,(u-PBul;)(PBul.H){ PBu'z(n-heptyl)}] (12). A
1.6 M n-hexane solution ofn-BuLi (1.92 mL, 3.07 mmol) and
tetramethylethylenediamine (0.47 mL, 3.11 mmol) were added to a
toluene (20 mL) suspension of complgx150 mg, 0.154 mmol). After
being stirred at room temperature for 12 h the yellow solid disappeared
completely, leaving a deep red solution, which was shote{{H}
NMR, see results and discussion) to contain the monolithiate@:fPt
PBU,)2(PBU.H){ PBU.Li(solv)}]. The color of the solution turned
quickly yellow after the addition ofi-bromoheptane (0.48 mL, 3.07
mmol). The solution was stirred ifol h at room temperature and
concentrated to ca. 2 mL, and complEXwas precipitated by adding
acetone (15 mL) and then filtered and vacuum-dried (120 mg, 0.112
mmol, 73%). Anal. Calcd for gHssPsPt: C, 43.7; H, 8.28. Found:
C, 43.2; H, 8.19. IR (Nujol, KBr): 2250v64) cm1. NMR data in
Table 1.

Crystal Structure Determination. A red prismatic crystal of [Bt
(u-PBuU,)2(PBU,H)(CO)] obtained from a MeCN solution was glued
at the end of a glass fiber and was mounted on a Siemens P4 automatic
single-crystal X-ray diffractometer equipped with graphite monochro-
matized Mo ku radiation, obtaining the crystal parameters listed in
Table 3. A redundant set of intensities was collected by testing the
crystal stability and alignment with three standard reflections measured
every 97 measurements. The collected intensities were corrected for
Lorentz and polarization effects and for absorption by using a Gaussian
method based on the crystal shape and ZiZéne internal reliability
factor R(int) = S|F?2 — F(mean)/y|F? after the corrections,
calculated on the equivalent reflections, was obtained refining 299
parameters on 4746 intensity data with 20(1) and is shown in Table
3. The space group was univocally established on the basis of systematic
extinctions and the structure was solved by using the automatic
Patterson method contained in the SHELXThrogram. All the heavy
atoms were located in the next Fourier map. The hydrogen atoms were
in part located on the difference Fourier map and in part placed in
calculated positions. The final refinement cycle was performed by using

(27) Sheldrick, G. MSHELXTL, Release 5.03; Siemens Analytical X-ray
Instruments Inc.: Madison, WI, 1992.
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anisotropic thermal factors for the heavy atoms and imposing to  Supporting Information Available: An X-ray crystallographic file,
hydrogen atoms coordinates to “ride” on the heavy atoms they were in CIF format, for the structure determination ®fs available free of
connected. The reliability factors of the refinement, listed at the bottom charge via the Internet at http://pubs.acs.org.

of Table 3, were obtained by using 299 parameters and 4746 intensity

data withl > 20(l).
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