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The addition of [NBua]Br or [NBu4][BH,] to solutions of [Pty(u-PPh,)4(CsFs)a(CO),] (3) yields the complexes [NBug],-
[Pta(ee-PPhy)s(u-X)2(CsFs)a] (X = Br, 4; H, 5) in which the two CO groups have been replaced by two anionic,
bridging X ligands. The total valence electron counts are 64 and 60, respectively; thus, complex 4 does not require
Pt—Pt bonds, while two metal—metal bonds are present in 5, as their NMR spectra confirm. Also, the NMR spectra
indicate a nonsymmetrical “Pt(zc-PPhy),Pt(u-PPhy)(ue-X)Pt(u-PPhy)(u-X)Pt" disposition for 4 and 5. Treatment of 5
with HX (X = Cl, Br) yields the complexes [NBug]o[Pta(t-PPhy)s(e-H)2(CsFs)sX] (X = Cl, 6; Br, 7). These complexes
react with [Ag(OCIO3)PPhs] with displacement of the halide and formation of [NBus][Pta(ee-PPhy)s(ue-H)(CeFs)s-
PPh;] (8). Complexes 6—8 maintain the same basic skeleton as 5, with two Pt—Pt bonds. Complex 4 is, however,
an isomer of the symmetric [NBugJ[{ (CeFs)2Pt(u-PPh),Pt(«-Br)} 2] (9), which has been prepared by a metathetical
process from the well-known [NBug]y[{ (C¢Fs)2Pt(«e-PPhy),Pt(u-Cl)} 2] (1). The comparison of the X-ray structures of
4 and 9 confirms the different disposition of the bridging ligands, and their main structural differences seem to be
related to the size of Br~ and its position in the skeleton.

Introduction thought that the flexibility and stability of the MP bonds
allowed the polynuclear complexes to be maintained, several

The known ability of the phosphido ligands to form transformation¥~17 and peculiar coordination modé&s* of

polynuclear metal complexes in which the metal centers are
supported by these bridging ligands has produced a very rich
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the phosphido ligands have been described, making this field
more attractive.

Earlier we studied the reaction of the tetranuclear complex
[NBuaJ2[{ (CeFs)2Pt{u-PPh)Ptu-Cl)} 2] (1), with L (PPh,
CO) in a 1:2 molar ratio, which results in the bridge cleavage
of the Pt(-Cl),Pt moiety, producing the dinuclear anionic
derivative [(GFs).Ptu-PPh),PtCIL]". However, the elimi-
nation of the terminal chloride with AgClOsurprisingly
results in very different complexes because when BPh,
the dinuclear derivative [(§Fs).Pt(u-PPh).PtPPR] (2), with
a 30 valence electron count and hence aMtbond, is
obtainec’® When L = CO, the tetranuclear cluster [at-
PPh)4(CsFs)4(CO),] (3; 60 valence electron count), with two
Pt—Pt bonds and two terminal CO ligands, is obtained
(Scheme 1¥°

In this paper, we study the reaction of compExwhich
contains two labile CO ligands with Hand Br. These
ligands displace CO and, although both can act as terminal
or bridging ligands, hydride is exclusively a two-electron
donor while bromide can potentially provide a higher number
of electrons. This fact is clearly reflected in the nature of
the resulting complexes, the reactivity of which is also

(Scheme 1). The total valence electron counts are 64 and
60, respectively; thus, complek does not require PtPt
bonds, while two metatmetal bonds have to be present in
the tetranucleab, as is depicted in Scheme 1. The three-
center two-electron interaction (3@e) in a “PtHPt” unit
may also be described as a protonated metedtal bonc’28

The most significant data in the IR spectra of these
tetranuclear derivatives are the presence of an absorption to
ca. 880 cm? due to the counterion [NBli along with the
absence of absorptions due to the CO ligands. It is well-
known that thev(Pt—Hiemina) Stretching mode is usually
observed in the range 1972250 cm!, while for the
bridging hydride, such absorptions (ca. 1600 &mare
usually weak and often difficult to assigA® 3 In complex
5, we have not been able to locate any absorption either in
the terminal region or in the bridging region.

TheH NMR spectra of4 and5 show signals due to the
hydrogen atoms of the phenyl groups along with those due
to the counterion [NB}*. Their relative intensities are in
agreement with the proposed dianionic nature of the com-
plexes. In5, two signals due to hydride ligands are observed.

studied.

Results and Discussion

The addition of [NBy]|Br or [NBug][BH 4] to solutions of
3 (2:1 molar ratio) yields the dianionic complexes [Nt
[Pta(u-PPh)4(u-X)2(CsFs)a] (X = Br, 4; H, 5) in which the
two CO groups have been replaced by two bridging X ligands
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Figure 1. Atom-numbering scheme for NMR discussion purposes.

The signal due to H(see Figure 1 for atom numbering)
appears at-4.0 ppm as a broad triplet (57 Hz), indicating
the same coupling value betweeh &hd the two P atoms in
trans positions, Pand P* The signal due to His a doublet
[2J(P?,H?) = 54 Hz] centered at-6.6 ppm. Both signals are
flanked by platinum satellites from whickh)(P£,HY) ~
J(PE,HY ~ 408 Hz andJ(Pt,H) = 450 and 504 Hz can
be measured. THS(Pyans 0 1H) values for the hydride ligand
are an indication of the bonding mode. Usually Py
stoH,H) values for the hydride ligand are ca.-580 Hz for
bridged hydrides, while this coupling is much larger for
terminal hydride$:30:31.3436 Moreover, although there are
some exceptiond, usually platinum hydride complexes,
bridging hydrides displajJ(Pt,H) values in the range 360
600 Hz, while the terminal hydrides give signals with
1J(Pt,H) values in the range 880400 Hz?30:31.3436 A[| of

Forniés et al.

without a metat-metal bond-53° Nevertheless, the signals
due to P and P atoms in5 are observed at lower field, 96.0
and 95.4 ppm, respectively. These values are in the range
found in our complexes with short PPt distances in the
“Pt(u-PPh)Pt” and “Ptg-PPh)(u-H)Pt” fragmentg> 183141
The P and F signals are broad, as we have usually found
in all of our complexes with the “(§s).Ptu-PPh).Pt”
fragment, probably because of the poorly resolved couplings
with the F atoms of the &s groups!® In both complexes,
the P signal appears as a doublet of doublets (306 and 167
Hz, 4; 249 and 122 Hz5) due to the coupling with Pand

P! (see Table I) and the3Psignal as a doublet. It is
noteworthy that the splitting of the'Rand P signals is
different for4 and5. In complex4, Pt appears as a doublet
(coupled with P, 167 Hz) and Pis a singlet. In comple,

P! appears as a doublet of doublets (122 and ca. 43 Hz) and
P* as a doublet (43 Hz). The coupling betweehaad P
observed in the hydrido derivativg (60 valence electron
count) but not in the bromo derivativie(64 valence electron
count) is in agreemeht!® with the existence or not of a
metal-metal bond between#®4nd Pt in 5 or 4, respectively.

these data are in good agreement with the proposed structurea|| of the signals show platinum satellites from which

The %F NMR spectrum (a deuterioacetone solutionfof
shows in theo-F atom region four signals with platinum

1J(Pt,P) values can be extracted (see Table 1). The platinum
satellites in the Psignal appear overlapped (separated by

satellites in a 2:2:2:2 intensity ratio. Some signals appear ca. 1640 Hz4, and ca. 1745 HZ); thus, the two coupling

overlapped, and all of the values &j(Pt,F) cannot be
measured unambiguously. In the high-field regiom énd
p-F atoms), four signals for th&-F atoms (a 2:2:2:2 intensity
ratio) and four signals for thp-F atoms (a 1:1:1:1 intensity
ratio) are observed. This pattern is in full agreement with
the inequivalence of the foursEs groups ind. The spectrum

of 5in a deuterioacetone solution shows, in thE region,

a pattern that is analogous #) while in them and p-F

values with Pt or with P€ have to be very similar in both
complexes. The Patom is bridging two Pt centers not
bonded to the €5 groups, and hence thé Bignal is sharp

in both cases. It is noteworthy that in complexhis signal
shows closed platinum satellites (143 Hz) assignable to the
coupling with Pt, and this coupling is not observed in
complex4, as expected. For our unsaturated complexes with
short intermetallic distances, for which metahetal bonds

atoms region, the signals appear overlapped (see the Exare proposed, we have observed that the coupling between

perimental Section).

The 3P NMR spectra of4 and 5 in a deuterioacetone
solution show four signals, and the different values of the
chemical shifts of the four inequivalent P atoms are
conclusive in establishing their structural disposition. All data
are given in Table 1. The signals due foad P (see Figure
1 for atom numbering) appear at high field (frori26.8 to
—142.0 ppm), as is expected for P atoms of the Rjpbups
in the “(GsFs)Ptu-PPh),Pt” fragment without a metal
metal bond-326:3840 For complex4, the signals due toP
and P atoms appear at32.0 and—47.9 ppm, respectively,
in the range observed for all of our derivatives that display
the bridged system “M{(-PPh)(u-X)M” (X = ClI, Br, I, OH)
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Pt and P atoms in a PM—P system [Pt(u-PPh).M—
P, 1518264 py(y-PPh)M —P", 121831and ‘Pt(u-PPh) (u-H)Pt—
P”3L42fragments) can be measured, while this Ptcoupling
cannot be observed for saturated complexes with longer
Pt---M distances. The values of the&lPt,P) couplings are
in agreement with the assignment of the 143-Hz splitting in
5 to 2J(Pt4,P°). Although attempts to obtain a crystal bf
suitable for X-ray study have been unsuccessful, the 60
valence electron count for a tetranuclear complex along with
the3!P NMR data p(P?), 6(P%), 2J(PL,P%), and2J(Pt,P%)] and
the comparison with the trinuclea (CsFs)(PPh)Pt(u-
PPh)(u-H)},Pt**42 are in agreement with those of the
proposed structure with two PPt bonds in5. All of these
observations point out that, because of the small size of the
hydrido ligand, the PtPt—Pt angles inb are smaller than
180, as in [ (CsFs)(PPh)Pt-PPh)(u-H)} .Pt], 146.84(19.3
Treatment of comple® with a methanol solution of HX
(X = CI, Br) in a 1:1 molar ratio yields the complexes
[NBug]2[Pty(u-PPh)4(u-H)2(CsFs)sX] (X = ClI, 6; Br, 7) as
yellow solids (Scheme 1). The process that giGesr 7

(41) Alonso, E.; Forrig, J.; Fortln, C.; Martn, A.; Orpen, A. GChem.
Commun.1996 231—-232.

(42) Ara, |.; Chaouche, N.; ForfseJ.; Fort(n, C.; Kribii, A.; Tsipis, A.
C.; Tsipis, C. A.lnorg. Chim. Acta2005 358 1377-1385.
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Table 1. 'H and3'P{*H} NMR Data for Complexed—8 (J/Hz)

4 5 6 7 8
S(HY) —4.0 (t) —4.4 (1) —4.3(t) —3.7(t)
5(H?) —6.6 (d) —6.1 (d) —6.2(d) —5.9(d)
J(PLOr4 HY) 57 63 60 61
J(P3 H?) 54 42 45 40
J(PR O3 HY) 408 520 b 530
J(PBor4H?) 450 388 b 480
504 582 b 480
5(PY ~131.7 (d) —126.8 (dd) —114.2 (dd) —115.5(br d) —123.1(dd)
3(P) —142.0(dd) —136.6 (dd) —124.1 (dd) —125.6(dd) —135.6(dd)
3(P9) —32.0(d) 96.0 (d) 93.8 (d) 93.7(d) 96.6(d)
3(PY) —47.9(s) 95.4 (d) 93.1 (d) 97.6(d) 104.8(dd)
J(PLP?) 167 122 115 105 126
J(PLPY) 43 40 41 41
J(P2,P2) 306 249 259 255 262
J(PEor2pry 1965 1974 1924 2000 1920
2882 2610 2478 2500 2520
J(PE22) ~1640 ~1745 ~1800 b ~1615
J(PRO3PB) 1779 1611 1680 1675 1649
3234 3114 2970 2950 2988
J(PBOr4 P 2116 2021 3170 3162 1869
3248 3044 3170 3162 3139
J(PE.FB) 143 134 134 128

a J(PE,PY = 46, 6(PPhs) = 20.2,J(P%F5) = 299, J(Pt,F5) = 2688, J(PE,P) = 54.b See text.

consists of the breaking of one R€sFs bond and the  signals are observed for theF atoms (a 2:2:2 intensity
elimination of GFsH with the formation of a PtX bond. ratio), three signals (a 1:1:1 intensity ratio) are observed for
This straightforward process has been largely used in ourthe p-F atoms, and the signals due to theF atoms appear
pentafluorophenyl derivatives, and it has been suggested thabverlapped. Thé'P{*H} NMR spectra o6—8 show the four

it takes place through an oxidative addition of HX to an signals due to the four inequivalent P atoms of phosphido
anionic metal center followed by reductive elimination of ligands. The values of the chemical shifts as well as the
CeFsH.****We have obtained crystals @ffor X-ray studies.  corresponding coupling constants (see Table 1) are similar
Unfortunately, the crystal decomposed before the datato those observed for compléx For complex?, the signal
collection could be completed, but the incomplete set of data due to the P atom shows overlapped platinum satellites,
confirms the connectivity depicted in Scheme 1. The terminal which unambiguously preclude calculation of #iePt1%?)
halide ligand is expected to be easily displaced by neutral yalues. The spectrum of compl@&shows a doublet (299

ligands. In fact, treatment of the bromo derivativevith Hz) centered at 20.2 ppm due to the P atom of thesPPh
[Ag(OCIO;)PPhy results in the formation of [NBiJ[Pta(u- ligand, P, and the Psignals appears as a doublet of doublets
PPR)4(u-H)2(CeFs)sPPh] (8; Scheme 1). (299 and 41 Hz), while the“signal in5—7 is a doublet.

.The ™H NMR spectra of6—8 (a CDC} solution) show  This value ofJ(P*F) = 299 Hz observed in compleXis
signals due to the hydrogen atoms of the phenyl groups alongin full agreement with the trans arrangement of both atoms,
with those due to the counterion [Nﬂ[fl Their relative asis depic[ed in Scheme 1. Moreover, in Comrﬂeme P
intensities are in agreement with the proposed dianidhic ( and P signals show very closed platinum satellites because

and 7) or monoanionic § nature of the complexes. of the coupling with Ptand P%, respectively2J(P2,PY) =
Moreover, the expected signals in the hydride region are 46 Hz and?J(P#,P) = 54 Hz.

observed. Their relevant data are given in Table 1. For
complex7, the 1J(Pt,H) values cannot be calculated unam- X
biguously because of overlapped platinum satellites, but the
patterns of the signals are like those5in6, and8. The 1%F

Thus, although we have not been able to carry out a full
-ray study of some of these hydrido derivatives with a 60
valence electron count, their structures have been clearly
. established from their NMR data. The valuesd¢P®) and
NM4stpetctrafB a?d7 sh&W’lfclr theo-F a:tc;lrrt'ls, t\/\_/rc;]&gn?:s 3J(PLPY in all hydride derivatives5—8 as well as the

(a 4:2 intensity ratio) with platinum satellites. The pattern observed value ofJ(P£,P") in 8 are in agreement with the

of the most intense signal is characteristic of two different 3 2
overlapped signals. In the high-field region, two broad signals presence of a PtPP bond. The values af(P’) and*)(Pt,F)

(a 4:2 intensity ratio) due to+F atoms and three signals (a n 5-8 as well ;f‘]gpts’l:ﬁ) in 8 are in agreement with the

1:1:1 intensity ratio) due tp-F atoms are observed. These presence of a' Pt bond. ] ]

spectra unambiguously indicate the inequivalence of the three The synthesis of the asymmetn_c compleis worthy of

CeFs groups. In the spectrum @, three well-separated comment. Complexd was synthesized (Scheme 1) by the
addition of CO to the symmetric tetranuclear [NfB{X -

(43) Fornies, J.; Martn, A.; Marfin, L. F.; Menja, B.; Kalamarides, H. (CeFs)2Pt(u-PPh)-Ptu-Cl)} o] and the elimination of the Cl

ﬁgzggggi, L. F.; Day, C. S.; Day, V. WChem—Eur. J. 2002 8, groups, through the intermediate §f&).Pt{«-PPh),PtCICOJ .
(44) Usan, R.: Fornis, J.; Toa, M. Fandos, RJ. Organomet. Chem. The whoI.e process was formally the result Qf the substitution
1984 263 253-260. of two bridging chloro ligands by two terminal CO groups.
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Table 2. Crystal Data and Structure Refinement #83CH,Cl, and 9-1.4CHCl,

Forniés et al.

4-CHCl,

9-1.4CHCl,

empirical formula

GodH112F20N2BroPsPl CHoCl»

CiroaH112F20N2BroPsP 1.4CHCl,

formula weight 2918.94 2952.91

TIK 150(1) 150(1)

A 0.71073 0.71073

cryst syst triclinic monoclinic
space group P1 P2:/m

alA 11.1142(9) 12.334(3)

b/A 20.549(3) 22.413(2)

c/lA 25.464(3) 19.9737(15)
o/deg 106.30(2) 90

pldeg 99.595(13) 97.706(11)
yldeg 101.547(14) 90

VIA3 5313.0(10) 5471.6(14)

z 2 2

Dd/(g cn3) 1.825 1.792

UMo ke/MM1 6.194 6.034
diffractometer Enraf Nonius CAD4 Enraf Nonius CAD4
6 range/deg 2.625.0 2.6-25.0

data collected 19671 2403
independent datdR(,) 18615 (0.0278) 10366 (0.0788)
iata/restraints/parameters 18528/8/1264 9876/30/601
GOF onF?2a 1.069 1.053

final R1 (I > 20(1))P 0.0393 0.0715

final wR2 (all data) 0.0988 0.1783

A GOF = [SW(F? — F)2(Nobs — Nparan)]®S. P RL = S (|Fo| — [Fel)/¥|Fol. SWR2 = [SW(Fs2 — Fe? )}y W(F)?°S.

It is noteworthy that in this process the tetranuclear starting .

material shows one “RifX),Pt” and two “Ptu-PPh),Pt”
fragments while comple8 shows one “Py-PPh).Pt” and
two “Pt(u-PPh)Pt” fragments. Complex is formally the

result of the reverse process: the substitution of two terminal

CO ligands in3 by two Br- groups, which act as bridging
ligands. Howewer4 shows one “Pi{-PPh),Pt" and two “Pt-
(u-PPh)(u-X)Pt” fragments, unlike the tetranuclear chloro
derivativel (Scheme 1); i.e., the halide bridging ligands are
in different structural positions in complet (a very
symmetric structure) and in compldxBoth complexes (64
valence electron count) do not require any-Pt bond. To
compare the two types of symmetric and asymmetric
structures, we have prepared the isomerdpfi.e., the
symmetric bromo derivative [NBiy[{ (CsFs)2Pt(u-PPh).Pt-
(u-Br)} 2] (9), by a metathetical process from the well-known
[NBu]2[{ (CsFs)Pt(u-PPh),Ptu-Cl)} 5].%8 All data of 9 are

given in the Experimental Section, and they are analogous

to those of the starting chloro derivati¥The study of the
solid-state structure of both isomefsand9, has been carried

out by X-ray studies.

Cl23) o—=CCl22)

Crystal Structures of [NBu]2[{(CsFs)2Pt(r-PPhy),Pt- Figure 2. Two views of the molecular structure of the anion of complex
(ﬂ-Br)}z]'l.4CHzc|2 (9-1.4CH.CI,) and [NBU4]2[Pt4([l- 9-1.4CHCl.
PPhy)4(-Br) 2(CsFs)4]-CH.CI, (4-CH.Cl,). Crystal data and  together by two Br atoms. The Pt atoms lie in the center of
refinement parameters are given in Table 2. Structures ofa square-planar environment. The intermetallic distances
the complex ions 09 and4 together with the atom-labeling  clearly indicate that there is not any metahetal bond in
scheme are shown in Figures 2 and 3, respectively. Selectedhe complex, in accordance with the overall electron count
bond distances and angles are listed in Tables 3 and 4. Theof 64. The Pt(2)-Pt(3) distance, 3.682(1) A, is longer than
anions in bot and4 are tetrametallic complexes in which  the other two [Pt(1)-Pt(2) = 3.564(1) A and Pt(3}Pt(4)
the Pt atoms are bridged by diphenylphosphide and bromine= 3.542(1) A] probably because of the fact that the bridging
ligands and the pentafluorophenyl groups are the terminal bromine ligand is bulkier than the P atom of the diphosphido
ligands. Nevertheless, while Bithe anion is symmetric, in  ligands, as reflected in the PBr and Pt+P bond distances
4 it has a nonsymmetric arrangement. The Pt atoms lie in a(see Table 3). Because of the long intermetallic separation,
crystallographic mirror plane i@, and this symmetry  the Pt-P—Pt angles are quite broad [Pt@AR(1)-Pt(2) =
operator generates half of the molecule. The structure can103.5(1) and Pt(3)-P(2)—Pt(4)= 102.2(2Y] and the inner
be regarded as two “@Es).Pt(u-PPh),Pt” subunits held P—Pt—P ones quite narrow (around %/6ee Table 3), as

9538 Inorganic Chemistry, Vol. 44, No. 25, 2005



Tetranuclear Platinum Phosphido Complexes

Cl64lnc(63) Table 4. Selected Bond Lengths (A) and Angles (deg) 4e€H,Cl,

\ /. OC62) % Pt(1)-C(7) 1.983(9) Pt(2}Br(1) 2.583(1)
o N QKT L C(1F(14) Pt(1)-Br(1) 2.539(1) Pt(3)P(2) 2.325(2)
N BENGC8" Fino! S PL(2)-Br(2) 2546(1)  Pt(4yC(13) 2.063(8)
ENT O L & oy e e g
" Pt(4)-P(4) 2302(2)  Pt3)P(3) 2.264(2)

PH(1)-C(1) 2.075(8)  Pt(3)Br(2) 2.606(1)

Pt(2)-P(1) 2239(2)  PH{&PER) 2.295(2)

b2 C-PtA-C(1)  90.0@)  C(APHL-PQ)  94.1@2)

C()-Pt(1)-P(1) 175.8(3)  C(HPHL-Br(l)  174.2(2)

C(-Pt1)y-Br(l)  956(3)  P(1}Pt(l}-Br(l)  80.35(6)

P(1)-Pt(2)-P(2) 10431(8) P(DPt2)y-Br(2)  172.34(6)

P(2-Pt(2-Br(2)  83.03(6)  P(L}Pt(2)-Br(l)  80.48(6)
P(2-Pt(2-Br(1)  169.09(6) Br(2-Pt(2-Br(l) 91.92(3)

P(1)-Pt(2)-Pt(3) 131.55(6) P(JPH2)-Pt3)  46.65(6)

Br(2)-Pt2)-Pt(3)  52.50(2)  Br(1}Pt2-Pt3)  122.98(3)
P(3)-Pt(3)-P(4) 76.81(7)  P(3}Pt(3)-P(2) 106.72(7)
P(4)-Pt(3)-P(2) 173.03(7) P(3)PY3)-Br(2)  167.58(6)

P(4)-Pt(3)-Br(2) 97.42(6)  P(2¥Pt(3-Br(2)  80.25(6)
C(19)-Pt(4y-C(13)  89.0(3) C(19yPt(4)-P(3)  97.4(2)
C(13)-Pt(4y-P(3) 173.3(2)  C(A9Pi4y-P(4)  172.7(2)
C(13)-Pt(4y-P(4)  97.2(2) P(3yPt(4)-P(4) 76.47(7)
Pt(1}-Br(1)-Pt(2)  84.59(3)  P{(Br(2)-Pt(3)  76.68(3)
Pt(2-P(1)-Pt(1) 98.93(8)  P{P(2-Py3)  88.69(7)
Pt(3)-P(3)-Pt(4) 103.02(8)  Pt(4YP(4)y-Pt(3) 101.23(8)
[Pt(3) and Pt(4)], whereas Pt@Pt(2) and Pt(2)-Pt(3) are
bridged by a phosphide group and a bromine group each.
The intermetallic distances range from 3.197(1) to 3.569(1)
A, which again excludes any PPt bonds, as is expected
for a valence electron count of 64. The replacement of the

Figure 3. Two views of the molecular structure of the anion of complex CO groups in the starting material (valence electron count

4 CHCl. of 60) with bromine ligands i@ increases the overall number
Table 3. Selected Bond Lengths (A) and Angles (deg) for of electrons. by 4. Each I?t atom lies in the cen_ter of a square-
9:1.4CHCI? planar environment, with that of Pt(3) being the most
P(1)-C(1) 2.138(13) PL(3)P(2) 2.255(4) di'storted one (see'TabIe 4). Never.theless, as can bg seen in
Pt(2)-Br 2.554(2) Pt(4)-P(2) 2.296(4) Figure 3b, the anion complex &f is not planar, mainly
Et(‘l‘)—gq) %-ggé(}le) Et(ag(l) ;-5258(;‘) because of the-Br bridging groups. The dihedral angles
P -289(4) (B 54002) between the best planes around the Pt atoms are thus Pt-
C(I)—Pt(1-C(1) 87.8(7) C(1¥Pt(1-P(r)  173.8(3) (1)—Pt(2) = 36.9, Pt(2-Pt(3) = 61.6°, and Pt(3)}-Pt(4)
g((i);;’tt((zl);g((llg ?;3-22?629) Eéflb;;t((zlg—gl) 177556;37(%%) = 19.9. The larger the value of the dihedral angle, the
P(1)-Pt(2)-Br 98.97(10)  BI—Pt(2)-Br 84.79(7) shorter the PPt distance: Pt(BPt(2)= 3.447(1) A, Pt-
PQ)-Pt(3-P(2)  78.4(2) P(2)-Pt(3)-Br 98.11(11) (2)—Pt(3)=3.197(1) A, and Pt(3)Pt(4)= 3.569(1) A. As
P(2)-Pt(3)-Br 176.44(11)  BrPY(@3)-Br 85.38(7) was previously observed in other phosphido-bridging plati-
C(7)—-Pt(4)-C(7)  92.2(9) C(7¥Pt(4-P(2)  955(5) P I y th . lati b h'p bet 9 thg X ter-
C7)-Pt@)y-P(2)  171.8(5) POYPUA-PZ)  76.7(2) num complexes, there is a relationship between the inter
Pt(3)-Br—Pt(2) 92.56(5) Pt(2}P(1)-Pt(1)  103.49(14) metallic distance and the PP—Pt angle>13.1518193L4Thys,
PI3-P(2-Pt(4)  102.22(16) the shorter Pt(2)Pt(3) distance is accompanied by the
aThe symmetry transformation used to generate equivalent primed atoms harrowest angle [Pt(2)P(2)—Pt(3)= 88.7(1f], whereas the
isx, 05—y, z longer Pt(3)-Pt(4) distance is observed with the broadest

was previously observed in other phosphido-bridging plati- angles [Pt(3)-P(3)-Pt(4)= 103.0(1y and Pt(3)-P(4)—Pt-
num complexeg131518.19.3L4¢ach Pt atom and the atoms (4) = 101.2(2)]. Like the Pt(1)}-Pt(2) distance, the Pt(%)
bonded to it lie essentially in the same plane. The environ- P(1)-Pt(2) angle has an intermediate value of 98.9(1)
ments of the Pt atoms bridged by the diphenylphosphido Nevertheless, the PP, Pt-Br, and Pt+C distances are very
ligands are almost coplanar [the dihedral angle between thesimilar in the two isomer8 and4, as can be seen in Tables
best Pt(1) and Pt(2) least-squares planes i§, 28d that 3 and 4.
between the best Pt(3) and Pt(4) least-squares planes]is 8.5 To compare the reactivity of both types of isomers of{Pt
The whole anion is bent at the Br atoms (see Figure 2b), (u-PPh)4(u-X)2(CeFs)4]>~ (X = halogen) stoichiometry
with the dihedral angle between the best least-squares Pt(2)symmetric 9 and asymmetric4), we have studied the
and Pt(3) planes being 24.8The Pt+P, Pt-Br, and P+C reactions of the asymmetri¢ with [Ag(OCIO3)PPh] and
distances are in the range commonly found for these kindswith AgCIO, (a 1:2 molar ratio). In the first case, the bromo
of complexe$;1315.18,19,31,40 ligands are eliminated as AgBr, and after workup of the
In 4, however, there are two kinds of phosphido ligands; mixture, the resulting red solid is identified (IR and NMR
P(3) and P(4) are simultaneously bridging the same Pt atomsspectroscopy) as the dinuclear {&).Ptu-PPh),PtPPh]

Inorganic Chemistry, Vol. 44, No. 25, 2005 9539



Forniés et al.

(2), with a 30 valence electron count (Scheme 1). The mmol) in CHCl, (25 mL) was added [NBjBr (0.143 g, 0.446

reaction of4 with AgCIO, renders the tetranuclear |-
PPh)4(CsFs)4 (10), with a 62 valence electron count

mmol). After 12 h of stirring at room temperature, the solution
was evaporated to dryned8rOH (5 mL) was added to the residue,

(Scheme 1). Earlier we reported that the symmetric complex and the resulting suspension was stirred for 1 h. The yellow solid

1 reacts with [Ag(OCIQ)PPHh], yielding the dinuclea?, and
when the elimination of the CI ligands is achieved with
AgCIlQ,, the tetranuclear clustédis obtained®2?¢Moreover,
the addition of PPhto 10 does not yield the dinuclear
derivative 2, but rather the tetranuclear complex JRt
PPh)4(CeFs)sPPh] is formed?®

Thus, the elimination of the halo ligands as AgX from

was then filtered off, washed with-hexane, and finally air-dried
(0.449 g, 71% yield). Anal. Calcd for1gH11F20NBroP,PY: C,
44.03; H, 3.95; N, 0.98. Found: C, 44.04; H, 3.76; N, 1.33.
NMR (room temperature, acetowg)y: 6 from 7.8 to 6.6 (40 H,
CeHs), 3.4 (m, 16 H, CH), 1.8 (m, 16 H, CH), 1.4 (m, 16 H,
CHy), 0.95 (t, 24 H, CH). 1F NMR (room temperature, acetone-
de): 0 —114.9 [20-F, 3J(19%Pt,F)= 262 Hz],—115.4 [20-F, 3J(15-
Pt,F) cannot be measured},116.3 [2o-F, 3J(*%5Pt,F) cannot be

the two types of isomers yields the same derivatives. All of measured];-116.7 [20-F, 3)(*%%Pt,F)= 523 Hz],—167.5 (2m-F),
these results indicate that transformation between the “Pt-—167.6 (2m-F), —168.0 (2m-F), —168.3 (2m-F), —169.0 (1p-F),

(u-PPh).Pt", “Pt(u-PPh)(u-X)Pt’, and “Ptu-PPh)Pt” frag-

ment types can be carried out easily. This fact can be

understood if the possibility of the PPgroups to act as a

bridging ligand between three metal centers is con-

sidered® 2025414546 \oreover, it is noteworthy that the

nuclearity and structure of the phosphido derivatives are more

—169.2 (1p-F), —169.5 (1p-F), —169.9 (1p-F).

Preparation of [NBug]2[Pta(u-PPhy)4(CsFs)a(u-H)2] (5). To an
orange solution oB (0.500 g, 0.223 mmol) in CKCl, (25 mL)
was added [NB4][BH /] (0.172 g, 0.668 mmol). The solution was
stirred at room temperature for 12 h and then evaporated to dryness.
The residue was treated with CH@b mL), and after a few minutes
of stirring, a yellow precipitate appears. It was filtered off, washed

dependent on the anCi”‘_iry Iigand; than th? structu_ral with n-hexane, and finally air-dried (0.400 g, 67% yield). Anal.
arrangement of the phosphido groups in the starting materials.calcd for GoH114F20N-PaPt: C, 46.67; H, 4.26: N, 1.04. Found:

Concluding Remarks

C, 46.26; H, 4.26; N, 1.05H NMR (room temperature, acetone-
dg): O from 7.7 to 6.6 (40 H, €Hs), 3.4 (m, 16 H, CH), 1.8 (m,

The tetranuclear derivatives described in this paper show16 H, CH), 1.4 (m, 16 H, CH), 0.95 (t, 24 H, CH). **F NMR

typical square-planar metal environments with a bent a

rangement of the molecular skeleton. The bending of the
skeleton is strongly dependent on the bridging ligands {PPh

or Br).
The total valence electron count of 64 or 60 for the

r. (room temperature, acetouig): 0 —112.7 [20-F, 3J(*°%Pt,F) =

365 Hz],—113.1 [20-F, 3J(*%%Pt,F) cannot be measured}113.4
[2 0-F, 3)(1%Pt,F) = 467 Hz], —113.6 [20-F, 3J(*9%Pt,F) = 349
Hz], —166.4 (7m- + p-F), —167.2 (1p-F), —167.4 (1p-F), —167.9
B m + p-F).

Preparation of [NBug]o[Pt4(u-PPhy)4(CsFs)s(u-H)X] [X = Cl,

tetranuclear complexes implies the absence or presence 0§; Br, 7]. To a yellow solution o6 (0.200 g, 0.075 mmol) in CH

meta-metal bonds.
It is interesting to point out that the elimination of two
bridging halides (4e each) and coordination of two CO

Cl, (20 mL) kept at 0°C was added HCIQ) or HBr (7) (0.075
mmol, MeOH/HO solutions). Afte 1 h of stirring at 0°C, the
solution was evaporated to dryness. To the residue was ddded

ligands is a stoichiometrically reversible process, but the PrOH (10 mL), and the resulting solid was filtered off, washed
starting and final resulting complexes are not the same butWith n-hexane, and finally air-dried (yield: 0.141 g, 74),(0.171

rather isomers; i.e., complek can be transformed int8,
but the addition of Br to 3 yields a complex of stoichiometry
similar to that ofl (9) but with a different structure.

The main structural differences in both isom8rand 4
seem to be related to the size of the Bind its position in
the skeleton.

Experimental Section

General Comments.Literature methods were used to prepare
the starting materials [I{u-PPh)4(CsFs)s(CO)],*> [NBug],[{-
(CeFs)2Pt(u-PPh),Ptu-Cl)} ,],38 and [Ag(OCIQ)PPh].4” C, H, and

g, 88% (7).

6. Anal. Calcd for GgH11415N.CIPsPt: C, 46.26; H, 4.52; N,
1.10. Found: C, 45.87; H, 4.90; N, 1.09. IR (ch »(Pt=ClI) 271.
IH NMR (room temperature, CDgt ¢ from 8.0 to 6.6 (40 H,
CeHs), 2.9 (m, 16 H, CH), 1.3 (m, 16 H, CH), 1.2 (m, 16 H,
CH,), 0.8 (t, 24 H, CH). 1°F NMR (room temperature, CDgl ¢
—115.8 [40-F, 3J(*%%Pt,F) ~ 385 Hz], —117.3 [20-F, 3J(1%%Pt,F)
= 437 Hz], —165.8 (1p-F), —166.3 (4m-F), —166.7 (2m-F)
—167.5 (1p-F), —167.7 (1p-F).

7. Anal. Calcd for GgH114715N2BrP,Pt: C, 45.46; H, 4.44; N,
1.08. Found: C, 44.98; H, 4.79; N, 1.12H NMR (room
temperature, CDG): 6 from 8.0 to 6.6 (40 H, gHs), 2.9 (m, 16

N analysis and IR and NMR spectra were performed as describedH: CH), 1.3 (m, 16 H, CH), 1.2 (m, 16 H, CH), 0.8 (t, 24 H,

elsewheré.Relevant'H and3P NMR data are given in Table 1.
Safety Note!Perchlorate salts of metal complexes with organic
ligands are potentially exploge. Only small amounts of materials

CHg). 1%F NMR (room temperature, CDg)l ¢ —115.7 [40-F,
3)(19%t,F)~ 344 Hz],—116.8 [D-F, 3)(19%Pt,F)= 433 Hz],—165.7
(1 p-F), —166.3 (4m+F) —166.6 (2m-F), —167.3 (1p-F), —167.5

should be prepared, and these should be handled with great caution.(1 p-F).

Preparation of [NBu][Pta(u-PPhy)4(CsFs)a(u-Br) 2] (4). To an
orange solution of [R{u-PPh)4(CsFs)4(CO),] (3; 0.500 g, 0.223

(45) Eichhofer, A.; Fenske, D.; Holstein, \Wngew. Chem., Int. Ed. Engl.
1993 32, 242—245.

(46) Corrigan, J. F.; Doherty, S.; Taylor, N. J. Am. Chem. Sod.992
114, 7557-7558.

(47) Cotton, F. A.; Falvello, L. R.; Usg R.; Fornis, J.; Toma, M.; Casas,
J. M.; Ara, I.Inorg. Chem.1987, 26, 1366-1370.

9540 Inorganic Chemistry, Vol. 44, No. 25, 2005

Preparation of [NBU4][Pt4([l-PPh2)4(C6F5)3([l-H)2PPh3] (8).To
a yellow solution of7 (0.300 g, 0.116 mmol) in C¥Cl, (15 mL)
was added [Ag(OCIg)PPh] (0.054 g, 0.116 mmol). After 30 min
of stirring in the darkness, the resulting suspension was filtered
through Celite in order to eliminate the AgBr formed. The solution
was then concentrated until approximately 1 mL &RDH (10
mL) was added, causing the formation of a solid, which was filtered
off, washed withn-hexane, and finally air-dried (0.208 g, 71%
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yield). Anal. Calcd for GooHoesF1sNPsPy: C, 47.49; H, 3.71; N,
0.55. Found: C, 47.80; H, 4.17; N, 0.83H NMR (room
temperature, CDG): ¢ from 7.7 to 6.6 (55 H, €Hs), 3.0 (m, 8 H,
CHy), 1.5 (m, 8 H, CH), 1.3 (m, 8 H, CH), 0.9 (t, 12 H, CH).
1 NMR (room temperature, CDgl 6 —114.9 [20-F, 3J(*%>-
Pt,F)= 326 Hz],—115.4 [20-F, 3J(*%%Pt,F)= 328 Hz],—117.3 [2
o-F, 3J(*%Pt,F)= 376 Hz],—165.3 (1p-F), —166.4 (6m-F), —167.6
(1 p-F), —167.7 (1p-F).

Preparation of [NBu][{ (CeFs)Pt(r-PPhy),Pt(u-Br)} ] (9). To
a yellow solution ofl (0.151 g, 0.055 mmol) in M€£O (20 mL)
was added AgCl®(0.034 g, 0.110 mmaol). After 30 min of stirring
in the darkness, the resulting suspension is filtered through Celite
in order to eliminate the AgCI formed. To the resulting solution
was added [NBy]Br (0.035 g, 0.110 mmol), and after 10 min of
stirring, the solution was concentrated until approximately 1 mL
and'PrOH (10 mL) was added, causing the formation of a solid,
which was filtered off, washed with-hexane, and finally dried in
air (0.072 g, 46% yield). Anal. Calcd for&H11F20N,BrPyPt:
C, 44.03; H, 3.95; N, 0.98. Found: C, 43.97; H, 3.99; N, 1.18. IR
(cm): CgFs X-sensitive modé® 780, 773.1H NMR (room
temperature, acetorg): 6 7.7 (m, 160-H, CgHs), 7.1 (m, 24m-
+ p-H, C¢Hs), 3.4 (m, 16 H, CH), 1.8 (m, 16 H, CH), 1.4 (m, 16
H, CHy), 1.0 (t, 24 H, CH). %F NMR (room temperature, acetone-
dg): 0 —110.8 [80-F, 3J(*°%Pt,F) = 300 Hz], —161.2 (8 m-F),
—161.6 (4 p-F). 3P NMR (room temperature, acetodg: o
—138.6 [J(*°%Pt,P)= 2626 and 1926 Hz].

Reaction of 4 with AgCIO,. To a yellow solution of4 (0.100
g, 0.035 mmol) in CHCI, (20 mL) was added AgClg(0.145 g,
0.070 mmol). After 10 min of stirring at room temperature, the
resulting suspension was filtered through Celite in order to eliminate
the AgBr formed. The solution was then evaporated to dryness.
To the residue was added Q25 mL), and the insoluble [NB{
[CIO,4] was filtered off. The solution was again evaporated to
dryness, and the residue was treated wittexane (20 mL), filtered
off, and finally air-dried. This solid was identified for its spectro-
scopic dat¥ as10 (0. 035 g, 46% yield).

Reaction of 4 with [Ag(OCIO3)(PPhg)]. To a yellow solution
of 4 (0.100 g, 0.035 mmol) in C¥Cl, (20 mL) was added [Ag-
(OCIOs)(PPH)] (0.033 g, 0.070 mmol), and immediately the
solution turned red. After 15 min of stirring at room temperature,
the resulting suspension was filtered through Celite in order to
eliminate the AgBr formed. The solution was then evaporated to
dryness. To the residue was added % mL), and the insoluble
[NBug][CIO 4] was filtered off. The solution was again evaporated
to dryness, and the red residue was treated witlexane (20 mL),
filtered off, and finally dried in air. This solid was identified for
its spectroscopic dataas?2 (0.031 g, 32% vyield).

X-ray Structure Determinations of 4-CH,Cl, and 9-1.4CH,Cl..

The structures were solved by Patterson and Fourier methods
and refined using the progra®HELXL-97*° All non-hydrogen
atoms were assigned anisotropic displacement parameters. All
hydrogen atoms were placed at calculated positions and constrained
to ride on their parent atoms with a constrained isotropic displace-
ment parameter. Fof-CH,Cl,, two methyl groups of one of the
[NBu,] " cations are disordered over two sets of positions and were
refined with occupancies 0.3/0.7 [C(92)/C(9and 0.5/0.5 [C(96)/
C(98)], and their distances to the methylene carbon bonded to them
were constrained to idealized values. One molecule of aQGH
solvent is present in the structure, showing a disorder of the ClI
atoms over two positions (0.65/0.35 occupancy) and sharing the
same C atom. For the disordered &, the C-Cl distances were
constrained to idealized geometries and all of the atoms were refined
with a common anisotropic thermal parameter. Eorsevere
disorder was encountered for the C atoms of the [l§Buations,
especially for the one containing the atom N(2). The possibility of
a lower symmetnP2; space group was investigated but discarded
on the basis of the least-squares refinement results. Because of the
symmetry, the four Pt atoms, both N atoms, and two of the butyl
branches of each [NB}" lie in a mirror plane. C(39), which is a
y-C atom of one butyl group in the N(1) [NB} cation and should
lie in this plane, is in fact disordered over two positions with partial
occupancy 0.25/0.25. The C atoms of the butyl branch C(49)/C(52),
belonging to the N(2) [NByg* cation and which should also lie in
the mirror plane, are also disordered over two positions with partial
occupancy 0.25/0.25. Finally, in this same [NBucation, C(57)
and C(58) are disordered over two positions with partial occupancy
0.5/0.5. For the disordered C atoms, a common isotropic thermal
parameter was used for each pair of congeners. Except for one butyl
branch of the N(1) [NBk]* cation, the N-C and C-C distances
of the cations were restrained to idealized values. Also, th€IC
distances were restrained for the £H solvent molecule, in which
the atoms were assigned a partial occupancy of 0.7. No attempts
were made to include the hydrogen attached to the C atoms of the
cations and solvent moieties. Full-matrix least-squares refinement
on F2 of these models converged to final residual indices given in
Table 2.
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Supporting Information Available: Further details of the
structure determinations @fCH,Cl, and 9:1.4CH_ClI; including

Crystal data and other details of the structure analyses are presentedtomic coordinates, bond distances and angles, and thermal

in Table 2. Crystals suitable for X-ray diffraction studies were
obtained by slow diffusion ofi-hexane into solutions of 0.020 g
of the complexes in 3 mL of CiLl,. Absorption corrections were
applied for all structures based on azimuthal scan data.

parameters (CIF). This material is available free of charge via the
Internet at http://pubs.acs.org.
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