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Reaction of [(triphos)Re(CO),(OTf)] (1) [triphos = MeC(CH,PPh,)s; OTf = OSO,CFs] with P,S; and P,Se; yields
pairs of coordination isomers, namely, [(triphos)Re(CO)x{ 1 -Papica-PaXs}]* (X = S, 2; Se, 5) and [(triphos)Re-
(CO)A{ *-PoasarPaX3s}]" (X = S, 3; Se, 6). The latter represent the first examples of the #7'-Ppasar COOrdination
achieved by the P,X3 molecular cage. Further reaction of 2/3 and 5/6 mixtures with 1 affords the dinuclear species
[{ (triphos)Re(CO)a} o 4,1 **-Papical,Poasa-PaXa} 2* (X =S, 4; Se, 7) in which the unprecedented M—#'-Ppasaln’
Panica—M' bridging coordination of the P4Xs molecule is accomplished. A theoretical analysis of the bonding properties
of the two coordination isomers is also presented. The directionality of apical vs basal phosphorus lone pairs is
also discussed in terms of MO arguments.

Introduction co co
. ocl €0 oc_/| _co s
The neutral mixed-cage molecules®& (E = P, As; X= oc” | ~co OC/“l"\P/‘\p
S, Se) exhibit a unique and fascinating structure formed by x//E\X S//P\S S//P\S L /\’J,
a tetrahedral array of pnicogen atoms with a homocyclic-E VX VS ] \s | ~F
unit connected via three bridging chalcogen atoms to a single E<\E7E P<\P—/P P<=P
pnicogen atom in apical positioh)(* The behavior of these
molecules as ligands toward transition metal species has been 1 1 1]
widely studied, and a variety of modular pathways approach- P
ing the disruptive fragmentation of the heptatomic cages, s/s_\,\P P
particularly RS; and AsS;, have been documentéd® co Jv/\ S/\F’, NN
The primary complexation of these molecules has also oc—n” s ¢
: - : oc” | SplP Py~
been accomplished, but the known compounds in which an Y M
intact, not activated, X3 molecule behaves as a two-electron s1 s s—g-P ,'3\
b T
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(1) Riess, J. G. IrRings, Cluster, and Polymer€owley, A. H., Ed.; ligand toward a transition metal fragment are still scarce.

ACS Symposium Series 232; American Chemical Society: Washing- i i i i
ton DC. 1083: p 17 Such a topology, which requires a Lewis acid metal center,

(2) DiVaira M.; Stoppioni P.; Peruzzini MComments Inorg. Chert99Q has been accomplished in octahedral complexes, e.g.,
@) El.'\}-. M.: Stoppioni PCoord. Chem. Re 1992 120, 259 [M(CO)s-x(17"-PsS3)1 [M = Mo, W, x =0 (I );* M = Cr,

| Valra Wl.; oppioni PLoord. em. . — . — —
(4) Wachter, JAngew. Chem., Int. EA99§ 37, 751. Mo, W, x =1 (ll )i’ M = Cr, Mo,x= 2 (IV)] as well as
(5) Goh, L. Y.Coord. Chem. Re 1999 185/186 257. in tetrahedral ones, e.g., [((NRI(71-PsX3)] (V) [NP; =
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N(CH,CH,PPh)3; M = Ni, Pd; X =S, Selt® In all of the
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dissociates triflate in the presence of a variety of two-

latter compounds, characterized by either X-ray diffraction electron-donor ligands to yield the adducts [(triphos)RegcO)

analysi&® 19 or 3'P NMR spectroscopythe cage molecule

(L)]™ [n=1, L=H,®¥COMCNRP®HCCR} carbeng/®

is bonded to the organometallic fragment through the lone vinylidene}”'8allenylidenel’ '8 THF 2 CH;CHO2° RSH?2°

pair of the apical phosphorus atonil V). Also, 1:2
inclusion complexes{|PsX3}{Ni(TMTAA) },] [TMTAA =
5,7,12,14-tetramethyldibenzm|]-[1,4,8,11]tetrazacyclotet-

H,S2 P;??2 n = 0, L = H,'8 halide!5® pseudohalidé®
o-organyl~19). Particularly interesting for the present study
is the reaction ofl with white phosphorus, which yields the

radecinenickel(ll)] have been recently characterized by stable #*-P, complex [(triphos)Re(CQfp*-P,)](OTf) in

crystallographic method$:'? In keeping with the observed
reactivity, the apical P-donor of the® molecule assimilates

excellent yielc?? In view of the latter result, the reactivity
of 1 has been tested also toward the{cages (X= S,

to a tertiary phosphine whereas the basal P atoms behavese).

like the triangularcyclo-P; unit of one R molecule®® Also,

Synthesis and Characterization of the Coordination

the chalcogen atoms could have coordination capabilities |somers of P,S;. At room temperaturel readily reacts in

toward thiophilic and selenophilic organometallic frag-
mentst* Therefore, it is surprising thatRz;—transition metal
complexes featuring either metal-t@sRi (V1) or metal-to-
chalcogen coordination mode¥I() have not yet been
described.

Lnl\lll Ln'\lﬂ
X
E ~
/ \x / ﬁ
1 \ "Xy
Vi vil

CH_CI, with 1 molar equiv of BS, producing a pale yellow
solution. Upon concentration of the solution under vacuum,
a microcrystalline solid may be isolated in fairly good yield.
The elemental analysis of the reaction crude confirms the
formation of the expected 1:1 adduct between the [(triphos)-
Re(CO}]* synthon and the /% molecule (Scheme 1).

31P{1H} NMR spectroscopy of the reaction product in £D
Cl; indicates the presence of two species in the approximate
ratio 1:7. The latter are interpreted as a pair of coordination
isomers differing for the bonding mode of thgRligand,
namely, [(triphos)Re(C)n*-PapicarPsSe}]* (2) and [(tri-
phos)Re(COY 17 -PhasarPsSa} 1™ (3) (Scheme 1). The relevant

In this paper we report on the synthesis and characteriza-NMR parameters are listed in Table 1 together with the

tion of some rhenium(l) derivatives of,& and RSe which
in solution exist as a mixture of R@y-Papica and Re-7l-

labeling scheme adopted to identify the different phosphorus
nuclei. A comparison of the NMR properties of the coordi-

Puasaicoordination isomers. Remarkably, the latter coordina- nated and uncoordinated>® cage molecules is provided
tion mode is unprecedented. Moreover, we provide the first in Table 2 and highlights the similarities and the differences
and clear-cut evidence of dinuclear compounds which in the two series of complexes.

combine the M-7'-Pyasa and M—#%-Papicar cOOrdination
modes. In the latter compounds, an intagkfmolecule is
sandwiched between two organometallic fragments.

The less abundant isomer displays an XVZ splitting
pattern consistent with the formulation [(triphos)Re(&O)
{7*-PapicarP4S3} 1" (2) in which the cage, responsible for the

~ The electronic nature of the two possible monometallic x.7 part of the spin system, is coordinated to the metal via
isomers has been analyzed, and the most significant resultshe apical phosphorus atom. This has usually been found

have been discussed.

Results and Discussion

The octahedral complex [(triphos)Re(G@TH)] (1)*°
[triphos = MeC(CHPPh);; OTf = OSQCH;] readily

(6) Cordes, A. W.; Joyner, R. D.; Shores, R. D.; Dill, E.IBorg. Chem.
1974 13, 132.

(7) Jefferson, R.; Klein, H. F.; Nixon, J. B. Chem. Soc., Chem. Commun.
1969 536.

(8) Di Vaira, M.; Peruzzini, M.; Stoppioni, Anorg. Chem.1983 22,
2196.

(9) DiVaira, M.; Peruzzini M.; Stoppioni, Bl. Organomet. Chen1983
258 373.

(10) The existence of [Cr(C@)'-AssS3)] has also been briefly mentioned.
See footnote 92 in ref 4.

(11) Andrews, P. C.; Atwood, J. L.; Barbour, L. J.; Nichols, P. J.; Raston,
C. L. Chem. Eur. J1998 4, 1384.

(12) Andrews, P. C.; Atwood, J. L.; Barbour, L. J.; Croucher, P. D.; Nichols,
P. J.; Smith, N. O.; Skelton, B. W.; White, A. H.; Raston, C.J..
Chem. Soc., Dalton Tran4999 2927.

(13) Head, J. D.; Mitchell, K. A. R.; Noodleman, L.; Paddock, NQan.

J. Chem.1977, 55, 669.

(14) Sulfur coordination of 53 has been postulated by Riess in the reaction
of the cage molecule with [M(C@(thf)] in THF on the basis of in
situ NMR analysis (see ref 1). However, in our hands, this result could
not be confirmed at least in the case of [Mo(G@)f)].

(15) Bergamini, P.; Fabrizi De Biani, F.; Marvelli, L.; Mascellani, N.;
Peruzzini, M.; Rossi, R.; Zanello, Rew J. Chem1999 207.
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for the few known coordination compounds containing an
intact molecule of tetraphosphorus trisulfide as a ligarid.
Noticeably, the rhenium-bonded Btom falls atd 91.52 as

a slightly broadened doublet of pseudosextuplets. The large
separation between the two components of the multiplet is
due to the strong coupling of,Rwith the trans-disposed
triphos phosphorus atom,nR2Jxz 147.5 Hz), while the
observed pseudosextuplet multiplicity arises from similar
values of the geminal couplings involving the cis-disposed
triphos Ry atoms {Jyz 25.5 Hz) and the three equivalent P

(16) Bianchini, C.; Marchi, A.; Marvelli, L.; Peruzzini, M.; Romerosa, A.;
Rossi, R.; Vacca, AOrganometallics1995 14, 3203.

(17) Bianchini, C.; Marchi, A.; Marvelli, L.; Peruzzini, M.; Romerosa, A.;
Rossi, R.Organometallics1996 15, 3804.

(18) Bianchini, C.; Mantovani, N.; Marchi, A.; Marvelli, L.; Masi, D.;
Peruzzini, M.; Rossi, R.; Romerosa, @rganometallics1999 18,
4501.

(19) Bianchini, C.; Mantovani, N.; Marvelli, L.; Peruzzini, M.; Rossi, R.;
Romerosa, AJ. Organomet. Chen2001, 617/618 233.

(20) Peruzzini, M.; Rossi, R. Unpublished results.

(21) Peruzzini, M.; de los Rios, |.; Romerosa,*og. Inorg. Chem2001,
49, 169.

(22) Peruzzini, M.; Marvelli, L.; Romerosa, A.; Rossi, R.; Vizza, F;
Zanobini, F.Eur. J. Inorg. Chem1999 931.



111-Ppasal Coordination of B,S; and P,Se Molecules

Scheme 1
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atoms of the BS; basal unit {Jxz 23.4 Hz). An inset This is caused by a combination of strong one-bond coupling
expanding this multiplet is provided as trace a in Figure 1. to the metalated & (*Jox 235.8 Hz), sensible coupling to

In keeping with the proposed structure, the three bagal P the phosphorus sulfidezRapex {Jx; 70.3 Hz), and small
atoms give a broad doublet with only a discernible coupling coupling to the apical triphosPatom €Jxa 8.3 Hz). No
to the apical P phosphorus atom (trace d in Figure 1). The coupling to the two equatorial triphos,Ritoms is recogniz-
triphos resonances, which for third-row transition metal able. Inset c in Figure 1 highlights the metalateglefom
complexe®1922fa|| slightly upfield with respect to the H which displays a remarkable 36 line multiplet easily com-
PQ, reference, exhibit multiplicities and coupling constants puted as a tddt pattern. This is due to large couplings to both
consistent with the presence of theP.yicarPsS; ligand. The  Px and the trans-disposed triphos &oms {Joa 148.9 Hz)
broadness of the resonances due to the phosphorus atoms @nd to minor couplings toA*Joz 41.6 Hz) and the two ¥
the n’-PapicarPsSz ligand is not easily explained. Remarkably, atoms tJom 24.0 Hz). The apical Patom of the cage, no
the line widths of these signals do not change appreciably longer coordinated to the metal, resonates at 85.20 ppm (trace
on lowering the temperature of the @Ll, solution down b in Figure 1) thus moving significantly downfield from the
to —60 °C.23 Accordingly, the only dynamic process must free ligand valueA = 6(P;)s — d(Pz)e,s, = 20.1 ppm]. The
be a fast rotation of the cage about its symmetry axis which corresponding value fa2 is somewhat larger = 6(P;).
cannot be blocked even at the lowest accessible temperature— d(Pz)r,s, = 26.4 ppm] as it could be expected in view of
The major component of the reaction mixture exhibits an the coordination of Pto the transition metal. Indirectly, the
AM,QX,Z spin system which agrees with the formation of gomparisqn of the results f@and2 suggests that coordin_a-
the coordination isomer [(triphos)Re(GO) -PoasarPsSe} |+ tion of P, is not the only cause for the downfield chemlcal
(3). Namely, the heptatomic cage is coordinated to rhenium Shift. The triphos R and R, atoms fall in the expected region
atom trough one basal phosphorus atom. The breaking of2nd exhibit dtt (?) and dd (ki) multiplicities, respectively.
the 3-fold symmetry in the /% molecule determines the Compounds2 and 3 represent the first documented
most intriguing feature in the NMR spectrum &fi.e., the ~ example of coordination isomers of thgS? molecule and
appearance in the high-field part of the spectrum of two well- are probably obtained through independent reaction pathways
separated resonances with an intensity ratio of 1:2. The lesswhich do not share any common intermediate. Remarkably,
intense signal, trace c in Figure 1,&t-44.16, is assigned  the composition of the reaction mixture does not change on
to the unique phosphorus atom bonded to the metgl (P Vvarying the temperature from60 to +50 °C (P NMR
while the other resonance &t—134.17, trace e in Figure 1, experiment in sealed NMR tube, GO, solution), ruling
corresponds to the two nonmetalated basal phosphorus atomeut the existence of any exchanging process betesmd
Px. The latter signal is moderately shielded with respect to 3. Moreover, the final composition of the product mixture
the three equivalent basal P atom&ifA = 6(Py)s — o(P.)2 from the reaction betweeh and RS; does not depend on
= 15.6 ppm)] as well as to free,82* [A = (P)3z — d(P)p,s, the temperature. In fact, the approximate product ratio 1:7
= 6.8 ppm] and is characterized by an eight-line multiplet. is unchanged when four sampleslcind BS; thermostated
in CD,Cl, were allowed to react completely at different
(23) Below this temperature unspecific broadening of each resonance occurssemperatures betweenl0 and+30 °C. At lower temper-
likely as a consequence of the increased solution viscosity and atyre, no reaction occurs as the dissociation of the relatively
magnetic field inhomogeneity. . . . o
(24) The®!P NMR spectrum of free £ in CD,Cl, at room temperature ~ Weak coordinated triflate ligand ih is prevented. Such an
consists of a ZX spin system with the following parameter§(Pz) experimental finding indicates that the two isomers are not
= 65.08,0(P) = 127.33, b 70.0 Hz). For comparison see also: o aad 1o each other but are independently formed during

Di Vaira M.; Peruzzini M.; Stoppioni Rl. Chem. Soc., Dalton Trans. . ’ .
1984 359 and references therein. the reaction via two independent processes.
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Table 1. H, 13C{H}, and3'P{*H} NMR Spectral Data and IR Absorptions for thgSPand RSe; Rhenium(l) Complexés

1 131y @ 31pgl
Complexes H C{'H} P{'H} & @pm),J @2’
S pm), J H») S ppm), J (Hz) IR (KB, em?)
p 1% 181G /ur=32 3H, CHi vie) c 8x—118.61 (d, Jxz = 23.4)
(A co 248 (m2H CHPyw B —16.92 (dd, Jz = 25.5, Jux = 23 4)
MP>Re] 2.81 (d, Jup = 9.1, 2H, CH;P,) 8a—13.93 (dt, Jag = 147.5, Jaw = 25.3)
Py | YCO  298(m, (m 2H, CH:Py) 82 91.52 (dtq, Jza = 147.5, Jo = 25.5 Jpx = 234
P ——
s/ s c
| S\ |
xP<\;=Px
Px
2

+
Pa - 1.74 (q, Jip = 3.1, 3H, CH uipnos) 1933 (m, CO)

p_"_CO 268292 (m, 4H, CH:Py) 40.1 (m, CH3 wighos)
M /Re\ 2.72 (d, Jup, = 10.5, 4H, CHPy)  39-1 (M, CH-C wriphos)
PM ' cO 36.1 (m, CHz-P4 triphos)
P 34.3 (m, CH2-PM uiphos)
p= Ip
xP— X
85 |
S
3

193.8 (m, CO)

39.2-41.0 (my CH;, triphos +
CHs'C |riphos)

30.3-36.8 (m, CH, wiphos)

_I 2+ 1.68 (brs, 3H, CH; lriphos)
B 1.79 (br s, 3H, CH, lriphos)
DP\ I°_CO 2.50-3.00 (m, 12H, CH> riphos)
e

5 | >co

1.77(q, Jur = 3.1, 3H, CH; lriphos) <
P 2.60-2.90 (m, 6H, CHz lriphns)
I \\\CO
Prre

Pu | ~CO

Se\gefz\/Se

P<\-—P
X \PX/ X

4 169@ Jir=32,3H, Chiugua) 1937 (m, CO)

2.62-2.90 (m, 4H, CH,Pwy)

2.66 (d, Jup = 9.0, 2H, CH;P4) 39.7 (M, CH3-C tiphos)

34.7 (brt, Jepw = 14.3,
CHz-Pm wiphos)

32.3(dt, Jeps =274, Jopu =
4.1, CHy-Pa yiphos)

Pa

I”..CO
WE-Re_
Pu | ~CO

662 Inorganic Chemistry, Vol. 41, No. 4, 2002

39.9 (q, Jer = 9.8, CH3 wriphos)

5x —134.17 (ddd, Jxq= 235.8 Jxz = 70.3 Jxa = 8.3)

8o —44.16 (tddt, Jox = 235.8 Joa = 148.9 Joz = 41.6 § Jom = 24.0)
8y —16.02 (dd, Jug = 24.0 Jya = 20.2)

84 —10.66 (dft, Jag = 148.9 Jay = 20.2 Jax = 8.3)

828520 (td, Jzx = 70.3 Jag = 41.6 Jax = 8.3)

w(C0) 1973, 1916
wOTf) 1267

8x ~126.50 (dd, Jxo = 209.0, Jxz = 54.1)
8o —47.60 (tddt, Jox = 209.0 Jo = 151.9 Joz = 21.9 Jgp = 16.2)
8¢ ~16.20 (dd, Jez = 43.0 Jea = 25.7)

84 —15.00 (dt, Jaz = 150.8 Jac = 25.7)

85 —15.00 (dd, Jps = 23.3 Jog = 16.2)

85 -12.80 (dt, Jaq = 151.9 Jap = 23.3)

8z 93.10 (dttd, Jza = 150.8 Jzx = 54.1 Jzc = 43.0 Joq = 21.9)

wC0)1975, 1921
wOTf) 1267

8x—108.74 (d, Jxo=28.1)

8w —15.27 (dd, Jug = 24.4 Jux = 23.2)
8a—1331 (dt, Jag = 141.6 Jay = 23.2)
80 91.52 (dq, Joa = 141.6 Jox = 28.1)

c

3x —117.60 (ddd, Jxo = 238.2 Jxz = 69.5 Jxa = 7.3)
8o —42.43 (tddt, Jox = 238.2 Joa = 145.9 Joz = 48.8 & Jop = 25.0)
84 —10.80 (d1t, Jag = 145.9 Jay = 23.2 Jax = 7.3)

8n-16.20 (dd, Jyq = 25.0 Jya = 23.2)

82 57.56 (td, Jzx = 69.5.9 Jzq = 48.8)

v(CO) 1973, 1916
wOTf) 1267



111-Ppasal Coordination of B,S; and P,Se Molecules

Table 1 (Continued)

1 13 lgyy a SMpeliy J Hz?
,J @
Complexes H C{'H} (H} S om0t
S pm), J (Hz) S (ppm), J (Ho) IR (xBr, em™)
_] ot 1.68 (brs, 3H, CH; uiphos) 193.3 (m, CO) 8x —110.78 (dd, Jxo=210.0, Jxz=45.2)
PB 1:81 (br s, 3H, CHs cym) 38.9-40.0 (m, CH wiphos + o —42.48 (tddt, Jox = 210.0 Jo = 148.3 Jop = 17.2 Jgz = 15.6)
"_CO 2.41-3.10 (m, 12H, CH3 wiphos) CH3-C wiphos) 8¢—12.03 (dd, Jez = 31.2 Jea = 24.4)
DP 36.7 (tm, Jep = 13.3, 8p—11.92 (dd, Jpa = 22.5 Jpg = 17.2)
6 | ~co CHz-Pcor b wiphos) 84 —11.88 (dt, Jaz = 152.6 Jac =24.4)
_Pa. 34.8 (tm, Jep=12.1, 85 -10.00 (dt, Jpg = 148.3 Jpp = 22.5)
xﬁg‘ﬁ’x CHyPpor ¢ uiphos) 87 51.58 (dttd, Jza = 152.6 Jzx = 45.2 Jpc = 31.2Jp0 = 15.6)
Se\\P _Se 37 (g;{m_ l{cr = 2?6’) v(C0) 1970, 1916
oc. [ _p 307 (@t Jupe = 231, vOTh 1267
\Reip c CHZ'PAor B triphos)
oCc” | \j\
c
P
A
7

aConfirmed by DEPT-135 experimertAll 31P{'H} NMR were confirmed by?'P{H}-COSY. Key: s, singlet; d, doublet; t, triplet; g, quartet; m,
multiplet; br, broad¢ The 3¢ 1H} NMR resonances & and5 could not be safely assigned as both these complexes are formed in very minor concentration
and their resonances are likely masked by the most abundant species, and their IR bands could not be assigned for the shBeer&ation similarities
of Jzw and Jzx the multiplet appears as a doublet of pseudosextuplets, seé Tdwd. NMR spectra were recorded in @C), at room temperature using
Bruker AC200, Varian VXR300, and Bruker Avance DRX500 instruments.

Table 2. Comparison of thé'P{*H} NMR Data for the BS; and RSe; Ligands and the Rhenium(l) Complexes

chemical shift, ppm J, Hz
compound Bhical (Pz) Phasal(Paix) Ixz Joz Jox
PsSs 65.1 —127.3 70
PsSe; 30.7 —-114.1 72
chemical shift, ppm J, Hz
compound Boical (P2) Px Po Ixz Joz Jox

[(triphos)Re(COX 7*-Papicar PaSa} (O TH) (2-OT¥) 91.52 —118.61 234
[(triphos)Re(COY 1%-PyasarP4Sa} |(OTH) (3-OTf) 85.20 —134.17 —44.16 70.3 41.6 235.8
[{ (triphos)Re(CO} o 14,17%-PapicalPoasarPaSa} |(OTf) 2 (4-OTf) 93.10 —126.50 —47.60 54.1 21.9 209.0
[(triphos)Re(COX #*-PapicarP4Ses} J(OT) (5-OTf) 42.76 —108.74 28.1
[(triphos)Re(COX 171-PoasarPaSes} |(OTT) (6-OTf) 57.56 —117.60 —42.43 69.5 48.8 238.2
[{ (triphos)Re(COY o{ 4,7~ Papical PoasarPaS&s} (O TH) 2 (7-OTF) 51.58 —110.78 —42.48 452 15.6 210.0

P4)](OTf),?? suggesting similar electron donor capabilities
c bl toward rhenium(l) for white phosphorus and tetraphosphorus

M 0 L trisulfide.

"9 o1 ;;‘a; oy 8 179 133154138 Compound-OTf and 3-OTf are air stable in the solid
state and, for a short exposure time, in solution of haloge-
nated solvents, THF, and acetone. They do not dissolve in

° apolar solvents, diethyl ether, and alcohols. Column chro-

*| o lt matography using C#€l,/n-hexane (3:1) as eluent enables

‘ very close to those reported for the [(triphos)Re (&G

)

* o,/
- tr%ﬁ)s—k a separation of the major componé&ritom 2. A pure sample
, . . : : . : : of compound 3-OTf can also be obtained by careful
ppm 75 5 25 0 25 50 75 100 125 crystallization from a dilute CkCI./EtOH (5:1) solution.
Eig_ureplés}fii{zl)% :mﬁ(tsr?ehcéfsl;gei&gx@k;f [(tg@;})]sfg)((co?x{ﬁé Nevertheless, pure samplesa0DTf could not be obtained
siﬁ'n“?fof‘v denotes a small ;moum of the ’éimgarsar ¢ ' either through chromatographic methods or through fractional

crystallization. Solutions o8 in CH,Cl, under nitrogen are

The IR spectrum (Nujol mull) is scarcely informative and quite stable and do not re-forhover weeks.
points out the presence of two broad and intense absorptions Synthesis and Characterization of the Dinuclear BS;
due to the two equatorial carbonyl ligands of the [(triphos)- Sandwich Complex [ (triphos)Re(CO).} A ¢, " -Papical-
Re(CO)]* moiety in complex3. The absorptions of the  PoasarPsSs}](OTH) 2 (4-OTf). Depending on the stoichiometric
minor abundant isomer?, were not distinguished. As a ratio betweerl and BS;, the formation of the two isomers
matter of fact, the two CO stretching absorptions3dall 2 and 3 may be accompanied by that of a third rhenium

Inorganic Chemistry, Vol. 41, No. 4, 2002 663
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a in Figure 2). The latter has been computed as a dttd pattern
T which arises from the coupling ofRo Pa, Px, and R atoms,
I M with P, being the trans triphos atorfJgz 150.8 Hz), R the
Ma \r b }k’ I ¢ two equivalent, nonmetalated, basal atofisA 54.1 Hz),
) J\Mf VL and R the triphos P atoms lying trans to the CO ligands
(?Jcz 43.0 Hz). A final doubling of moderate magnitude with
the opposite metalatedsfhucleus halves each component
M of the multiplet 3oz 21.9 Hz). The B resonance appears

« as a tddt multiplet in which comparable values of the two
iriphos smaller coupling constantdlz 21.9 Hz,2Jcq 16.2 Hz) are
P o P T Y responsible for the gross appearance of this signal as a triplet

Figure 2. 3IP(1H) NMR spectrum in CBCly of [{ (triphos)Re(CO} » of b.rogq qua.rt(.ets (see trace b in Flgure 2). The ftriplet
{14.77"PapicalPrasarPsSs} 12 (4) (O). The asterisk (*) denotes a smallamount  Multiplicity originates from large coupling to the two
of 3. uncoordinated Ratoms {Jxqo = 209.0 Hz), which, in turn,
are responsible for the very high field shifted doublet of
derivative,4 (see Figure 1). The concentration of this latter doublets §x —126.50) presented as trace c in Figure 2.

species increases when the reaction is carried out in less than ) . - ,
stoichiometric amount of /%, and4 forms quantitatively Although bimetallic { Ir(CO)CI(PPR)(u-P2Sg)}2]* or tri-

when 1 equiv ofL is purposefully added to a solution af ~ Metallic [ Pt(PPR)(u-PiS5)}a]*® clusters containing two or
and3 (Scheme 1). A reasonable explanation is that the addedthree bridging ES; molecules, respectively, resulting from
rhenium triflate complex reacts with each of the two the P-P bond activation, are knowa,is, to the best of our
coordination isomer® or 3 forming the same binuclear knowledge, the first authenticated complex containing an
species of formula{[(triphos)Re(COy} o{ 14,17 *-Papical Poasar intact RS; molecule bridging two transition metal frag-
PsS3}1? (4). The dimer is therefore quantitatively produced ments?? The tetramer [(€Hs)4Cra(COX(PsSs)], 2 where the
irrespective of the apical or basal coordination mode adoptedskeleton of the original /S; cage is no longer evident due

by the RS; ligand in the educt species and may be considered i, the numerous-PP and P-S bond cleavages, has also been
as a sandwich complex in which @33 molecule is tethering described

two rhenium(l) fragments. Addition df, equiv of RSz to a
CH,Cl, solution of1 generated in almost quantitative yield. Synthesis and Characterization of Rhenium-P,Se;

The two coordination isomers of,& do not react with Derivatives. The reaction ofl. with P,Se; was accomplished
additionall with the same speed notwithstanding they both using the same protocol as forS3, the only significant
lead to4. Thus, when a solution ¢t and3 (1:7) is treated difference being due to the use of a£l&H,Cl, mixture as
with 0.2 equiv of1 in CD,Cl, at room temperature, the- a solvent in order to increase the solubilty of the phosphorus
Papicarisomer, 2, disappears faster thahto yield 4. The  ggjenide. The results completely parallel those obtained for

d!merlzanon rgacuon is irreversible, and once forme_d the P,Ss, which is not surprising in view of the similar chemistry
dinuclear specie4 does not re-forni after prolonged staying o e g .
S : - of the two chalcogen derivativés®2® Thus, by treatingl
in dichloromethane solution. Conversely, addition of a 10- . . LT
with P,Se;, a mixture of the two coordination isomers

fold excess of 53 to a solution of4 in the same solvent i N N .
(NMR tube experiment) does not give back any of the two L(I1PNOS)Re(CON " -PapicarP:Se}]™ (5) and [(triphos)Re-

monomers. (COXA{17*-PoasarPsSes} ]t (6) in approximately a 1:8 ratio is
In the 3P{*H} NMR spectrum of4, the complicated  formed. As found for the JS; system, the shortage of&e;

{AC}{BD2}{QX,Z} spin system reflects the double meta- favors the formation of the dimeric specigdtfiphos)Re-

lation of the BRS; molecule{ QX»Z spin systerh which holds (COX} A 7 *Papica Poasar PaSs} 127 (7). The latter can be

together two nonequivalent triphos subuni&C.,}{BD2}

spin system]. The absence of any discernible long-range

coupling between the two triphos subunits and the inspection (25 gnhé'larl‘gég'z’;'?7“é'(i)d°"i”i’ S.; Orlandini, AAngew. Chem., Int. Ed.

of the3'P{'H} ,3*P{*H}-COSY 2D-NMR spectrum helped Us  (26) Di Vaira M.: Peruzzini M.; Stoppioni F. Chem. Soc., Dalton Trans.

to unravel the’®P NMR spectrum shown in Figure 2. The 1985 291. .

lvsis of th k of lati ks i Vi h (27) Although the present NMR analysis does not leave doubts to the
analysis of the network of correlation peaks involving the solution structure of compleX—4, our several attempts to grow good
two metalated § and B atoms as well as the triphos P quality crystals suitable for an X-ray analysis were frustrated by

intrinsic difficulties because fibrous or twinned crystals were regularly

and_ R aplcal resonances_ in the COSY_ spectrum Was obtained. When transparent and well-formed crystals were apparently
particularly useful to assign the two triphos subunits grown (from diluted CHCI/EtOH mixtures), a fast evaporation of
which fall in a very narrow region betweer9.5 and—12.8 dichloromethane from the selected crystal hampered our attempts to
get a crystallographic analysis.

ppm. (28) Goh, L.'Y.; Chen, W.; Wong, R. C. S.; Kararghiosoff, ®rgano-

The examination of the three multiplets due to the* 29 getelgllics|_1|935ll¢h383g- <ty of Oraanic Seleni 4 Telluri

. : sling H. J. InThe Chemistry of Organic Selenium and Tellurium

1-PapicalPoasar P4Ss ligand reveals that t[he apical cage atom Cgmpc?undsPatai, S, Rappagort, Z.,gEds.; John Wiley: New York,
P; appears as a broadly resolved multipled at 93.10 (trace 1986; Vol. 1., Chapter 18, pp 75458.
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prepared straightforwardly by reactidgvith a half propor-

tion of P,Se or by treating a mixture ob and 6 with 1.
Complexess—7 share with the sulfido analogues most of
their chemical and physical properties. However, the three
selenido complexes are only moderately air stable and, within
1 h, decompose to an intractable tanned material in a solution
of dichloromethane, acetone, or THF unless a protective
nitrogen atmosphere is provided. TH® NMR properties

of 5—7 are similar to those of2—4 with the notable
difference due to th€Se nucleus’{Se: | = /,; 7.2% natural

B 229

B —‘+ P /;
7 L, ! “,
S ED ’\2.16 213
2.14/ py | 214 216/ M P

Mo 27
S ¢ R !
E . Sy ~A Q.13 7l 230
: 5
2IINA 215 S LA p
PN T ¥226 5

S S,
W p/ Py
N
;\ng r\ Los S 0

E o 1.15 N -
2.49
/ R \{ s .49
2.44 X / 2.42]

abundance). The occurrence of ffi8e-isotopomer*Sq- ;\\ /K
P,Se"” causes each signal of;®g to be flanked by broad )
bumps due to théJpse coupling®® NMR features of5—7 ’m 3m

worth mentioning are (i) the almost identical values of the
metalated B atoms in bott6 and7; (ii) the closeness of the
Px and Ry, chemical shifts for'5—7 with those of the I5;
analogue®, 3, and4; and (iii) the larger deviation of the
0Pz values on passing from the sulfido complexes4 to
the selenido speciés-7. The latter finding reflects the large
difference of the P chemical shift for BS; in comparison
to RSg[A = 6(Pz)p453 - 6(PZ)P4583 = 34.4 ppm] (Table 2).
The coordination chemistry of,Be is still less studied
than that of BS;, the only well-documented compounds
containing the intact 5e; molecule being the complexes
[(NP3)M(%1-P,Ses)] (M = Ni, Pd)? A more or less complete
fragmentation of the /g cage takes place in all the other

B~ 238023

B e P

- 3
/ G S

\/Sz

2.14
(2.08)

S \ 2.15(2.10)

PsS;

Figure 3. Optimized structures of model complex&® and3m as well
as that of the free /3 cage. Distances are given in angstroms (A); the
values in parentheses are the experimental ones from ref 32.

reactions combining this cage molecule and a transition metalTable 3. Relevant Angles (deg) fa2m, 3m, and the Free Cage,;8?

fragment 529 Ir; ) the case of Goh's tetramer [{&)4- 2m (CY) 3m(Cy free cage Ca,)
Cry(COX(PsSe)], the original topology is no longer evident P—S—P5 101 100 103 (103)
as a result of multiple breakages of both P and P-Se P1—S4—Ps 101 103 103 (103)
bonds. Ps—Ps—P; 60 61 60 (60)
. : : . L —P— 101 99 99 (100
Theoretical Calculations In this section we will discuss 324,.{,2; 101 100 99 ((99))
some aspects of the electronic structure of the iso@arsl S—Ps—Ps 103 106 104 (103)
3 and the directional features of the basal lone pairs at the ?;P;;ng o 102 104 (103)
P4Ss cage. The simplified modeBm and3m, which consist Re-P:—S, 118
of three individual PH molecules in place of the tripodal Re—Ps—Ps 128
Ilga_nd triphos, have been (_)pt_|m|zed using the DFT method. Po—Ro-Pio 90 ol
Figure 3 reports the optimized structures2oh and 3m C—Re-C 91 91

as well as that of the free;8; cage Cs, symmetry). Both
complexes hav€s symmetry with one PS vector projecting
over the bisector of the-PRe—P equatorial angle. Since the
X-ray structures of two complex&sand3 are not available,

aThe values in parentheses refer to the experimental X-ray structure of

the cage molecul&

Concerning the free cage, it may be seen that the calculated

the computed geometric details are particularly important in P—P and P-S distances are systematically longer (by ca.

this case. Thus, the bond distances are directly reported inz%) than the experimental onésgiven in parentheses. On
thel dra\_/vmgs oQ_m_Ia_mSI:sn;, and a selection of the angular the other hand, the shape of the cage, when coordinated to
values Is given in fable 5. the metal, is barely affected in any case. Only a minor
compression is calculated for the apical bonding mode (the
(30) The widths of the multiplets of/and R in 6 as well as of Bin 7 P—SIiP les irp 9 ”p ith 9 tt th(
do not allow a correct estimation of the relatélfP,Se) couplings. angles inem are ca. 2 smaller with respect to the
Howevelr, the observati;)nﬁgf two featureless bu_mpﬁ, represenlting the 103° value of free BS;). This is verified also from the
external components of theP NMR resonance in those complexes ; P .
incorporating on€’Se-nucleus, close to the signal of P 6 and of available crystal structures qﬂ Pap'ca' metal cqmplexes of
both B and R in 7, suggests the occurrence &f(P,Se) values PsSs, e.g., [Mo(CO¥(n*-PsS3)16 and [(NR)Ni(#71-PsSs)]®
comprised between 480 and 585 Hz. These values broadly match with i i imilari i
the wide unpredictability otJ(P,Se), which is reported to vary between which Clonf;:‘m the Closg Slml(ljagty Olf the f(rfe apd Cgordlnatedh
200 and 1100 Hz; see: Verkade, J. G.; Quin, L. DPhosphorus-31 cages. In the unprecedented basal coordination, however, the
NMR Spectroscopy in Stereochemical Analysigrlag Chemie: cage appears slightly asymmetric. For instance, the angle
P;—S,—P; closes up to 100whereas the other two+5—P

Weinheim, Germany, 1987; p 453. The solubility of the complexes
was not enough to allow us to run reliabSe NMR spectra.

Goh, L. Y.; Chen, W.; Wong, R. C. ®hosphorus, Sulfur Silicon
Relat. Elem1994 93/94 209. Goh, L. Y.; Chen, W.; Wong, R. C. S.
Organometallics1999 18, 306.

(31

(32) Leung, Y. C.; van Houten, S.; Vos, A.; Wiegers, G. A.; Wiebenga, E.
H. Acta Crystallogr.1958 10, 574.
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angles remain as open as 10Rlso the R—P; bond,
opposite to the metal-coordinated &om, is clearly more
elongated than its analogues (2.30 A vs 2.26 A).

The Re-P bond involving the cage is somewhat longer
in 3m than in2m (2.44 A vs 2.41 A) thus suggesting a
stronger donor power of the apical P atom with respect to
the basal one. Whether coordinated or not, thgdatom
of P+S; does not change its pyramidality as the Bpica—S
angle is equal to 100in both 2m and3m (and 99 in the
free cage). Finally, the ReP—S angles are 126n 2m while
the Re-P;—S; one is 118 in 3m. The difference is minimum
although the latter angle is significantly related to the
direction of the lone pair donated to the metal (vide infra).

Also from the energetic point of view, the alternative
coordination modes ofB; are quite similar. As a matter of
fact, the isomer with thg*-Papica coordination is calculated
to be only 2.0 kcal mot* more stable than the!-Pyasaone.
Single-point MP2 calculations, performed by using DFT
optimized geometries, double thdE value (4.0 kcal mol?)
thus confirming the greater thermodynamic stability2af.
This is likely attributable to the shorter, hence stronger-Re
Pcage COOrdination bond (2.41 vs 2.44 A, i2m and 3m,
respectively). In contrast, the experimental observation, that
complex3 is experimentally 7 times more abundant tfzan
can be justified on the basis of pure statistics (3:1 the ratio
of existing basal vs apical P donors). After all, the difference
in thermodynamic stability of the two species is relatively
small and additional MP2 single-point calculations, which
include the effect of the dichloromethane solvent, reduce the
gap AE = 2.1 kcal mot?).

While the direction of thdone pairat the apical P atom
coincides with the 3-fold axis of the cage, it is interesting to
comment on the directionality of the badahe pairs.By
adopting the natural hybrid orbital technique (NHO), as
implemented in the package Gaussiaf8ge calculated that,
for the free RS; cage, the direction of maximum electron
density pointing out from any basal P atom forms an angle
7 of 130" with the B plane. In3m, the angle formed by
Re—P coordination bond is only slightly larger (133
Qualitative MO arguments are helpful in framing the nature
of the dative bond departing from one atom of theriRg
and its directionality.

The frontier MO region of the free 48; molecule is
characterized by 10 filled levels, which identify with six
sulfur and four phosphorusne pairs(see Figure 4).

The three highest 3e and, devels are uninvolved
combinations of the porbitals of the sulfur atoms with

(33) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A;;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone,
V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C,;
Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.;
Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.;
Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.; Martin, R.
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara,
A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B. G.;
Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.; Replogle,
E. S.; Pople, J. A. Gaussian 98, revision A.9; Gaussian, Inc.:
Pittsburgh, PA, 1998.
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tangential
sulfur MOs

Figure 4. Frontier MO region of the free /8 molecule.

tangential character with respect to thgti@angle3* Among
the remaining combinations (two of e type and three ;of a
type), it is not straightforward to distinguish between three
sulfur and four phosphorus radiaine pairsas the MOs are
distributed quasi homogeneously over the seven atoms
(exceptionally, 3g receives minimum contribution from the
basal atoms). Thus, at least four MOs (the symmetric
components of the two e sets and those of the two lower a
levels) are engaged in the bonding between one basal P atom
and the externab acceptor.

The important lobes of the four,8 MOs involved in
donation are not equally oriented on the basablBne (see
T angles in Figure 4). Eventually, the direction of the denor
acceptor bond is a resultant of four weighted components,
the prevailing one being 2evhich, on account of its highest
energy, interacts most with tleacceptor. Interestingly, the
corresponding angle of 130 matches the value of the NHO.
The two lower orbital components are more biased and
should contribute to reduce the angular value which is on
the contrary greater (1338 In actuality, the potential energy
curve for reorienting the (PH5(CO)LRe(l) fragment in the
7 range 125-140 is quite flat AE = 1.4 kcal mot™ at the
DFT level). Also, the P-Re overlap population is practically
unchanged. These results are quite intuitive for slightly
misaligning ac orbital about an sp hybrid pointing in its
direction3®

Along the same lines, the somewhat wider range of the
angles between thezRing and one M-P bond departing
from it could be discussed for relatable systems. We refer
in particular to [(NB)Ni(7'-P4)]%¢ [NPs = N(CH,CH,)-
PPh)s], where then'-coordinated Pring is part of a B
molecule, or to [(triphos)Goy3-Ps(W(CO)),}1,°%” where the
same ring is capped by a metal fragment. In the two latter
species, the experimental angles are 161and 143,
respectively. A quantitative and qualitative MO analysis of
these compounds (to be reported elsewlégeiggests that

(34) If we consider that each sulfur atom carries also an outpointing
lone pair, it may not be excluded that an appropriate transition metal
fragment which combines and d, acceptor capabilities can achieve
the as yet unknown S-coordination of the cage. Possible candidates
to the purpose are®eML, and ¢-ML 4 transition metal fragments.

(35) Gimarc, B. M.Molecular Structure and BondingAcademic Press:
New York, 1979.

(36) Dapporto, P.; Midollini, S., Sacconi lAngew. Chem., Int. Ed. Engl.
1979 18, 469.

(37) DiVaira, M.; Ehses, M. P.; Peruzzini, M.; Stoppioni JPOrganomet.
Chem.200Q 593 127.

(38) Mealli, C.; lenco, A.; Peruzzini, M. Unpublished results.
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the RasaiSp hybrids are significantly more bent with respect

Synthesis of {(triphos)Re(CO)} oA p,17**-Papical PoasarPaSs} |-

to the RS; analogues. On the other hand, the donor power (OTf)2 (4-OTf). Method A (from 1 and P,S;). A degassed solution

of each P atom remains almost unchanged.

Concluding Remarks

of 1 (0.50 g, 0.49 mmol) in dichloromethane (30 mL) was brought
to reflux, and 0.05 g of f&; (0.23 mmol) dissolved in 20 mL of
dichloromethane was added. The addition was completed in 20 min
while the solution was refluxed for 30 min under vigorous stirring.

This study provides sound experimental evidence that not Concentration of the solution to ca. 5 mL and additiomdfexane

only the formation of they-Pyasa coordination of the 553
and BSe cages is possible but, at least for the [(triphos)-
Re(CO}]* system under investigation, it exceeds tjte
Papical iSOmer by a factor of 7 (8 for /3e). The DFT
calculations have permitted detailed description of the
structural features of the two isomers, which could not be
determined by X-ray diffraction in the lack of suitable
diffracting crystals. Moreover, the calculated energy differ-

(10 mL) precipitatedt-OTf as a yellowish green microcrystalline
product. The compound was filtered under nitrogen and washed
with light-petroleum ether (2% 5 mL) before being dried under
nitrogen. Yield: 0.42 g, 0.19 mmol (81%).

Method B (from 2/3 and 1). A solution of 2/3 (0.40 g, 0.33
mmol) in dichloromethane (25 mL) was treated with 1 equiv of
solid 1 (0.33 g, 0.32 mmol) and refluxed for 30 min. Workup as
above gave4-OTf in ca. 75% vyield (0.55 g, 0.24 mmol).
CagH7aF6010P10R&Ss: caled C 46.93, H 3.49, S 7.12; found C 46.5,

ences between the coordination isomers are rather small, thugy 3.7, s 7.3.

suggesting that the prevalence of the basal coordination mode Metathetical reaction o#-OTf with NaBPh, in CH,Cl,/EtOH
may be simply attributable to statistics. The strength of the yielded the tetraphenylborate salf(tfiphos)Re(COp} of u, %
basal vs apical lone pair does not seem to be a discriminatingPapica PoasarPsSs} [(BPhy)2 (4-BPhy). CradH118B204P10Re:S;: caled

factor also in view of the ease by which the contributing
donor orbitals can rehybridize, hence change direction.

Experimental Section

General Information. Dichloromethane was purified by distil-
lation under nitrogen over,Ps. Carbon disulfide was reagent grade
and was used as received. Complewas prepared as described
in the literature!® and BRS; was obtained from Fluka AG and was
recrystallized from benzene prior to usqSE was prepared from
red phosphorus and black selenium as described in the lite¥ature
and purified by Soxhlet extraction with benzene. Deuterated
dichloromethane for NMR measurements (Aldrich) was dried over
molecular sieves (4 AXH, 13C{1H}, and3P{IH} NMR spectra
were recorded on Bruker AC200 or Bruker AVANCE DRX 500
spectrometers operating at 200.13 or 500.13 MH#),(50.32 or
125.80 MHz {C), and 81.01 or 202.45 MHZP), respectively.
Peak positions are relative to tetramethylsilatt¢ gnd*3C) or Hs-

PO, 85% with downfield values taken as positivéR). The3lP 31p-
2D COSY NMR experiments were conducted on the AVANCE

C 62.03, H 4.59, S 3.70; found C 61.6, H 4.6, S 3.4.

Reaction of [(triphos)Re(CO)(OTf)] (1) with P 4Se;. A solution
of 1 (0.50 g, 0.49 mmol) in dichloromethane (50 mL) was dropwise
added to a well-stirred solution of;g (0.18 g, 0.49 mmol) in
carbon disulfide (20 mL). The resulting yellowish red solution was
gently refluxed for 90 min before being concentrated to ca.10 mL
while hot. Cooling down to room temperature and addition of
n-hexane (10 mL) gave an orange solid, which was filtered under
nitrogen and washed with diethyl ether {25 mL) before being
dried under nitrogen. The NMR analysis indicates the formation
of a 1:8 mixture of the two coordination isomessand6. Yield:
0.57 g, 0.42 mmol (75%). FABMS: 867 (M— P,Se); 839, 811
(M — PsSes — nCO, n = 1-2). CyyH39F:0sP;SSgRe: calcd C
38.39, H 2.86, S 2.33; found C 38.8, H 3.0, S 2.0.

Synthesis of { (triphos)Re(CO)2} o ¢, 71-Papical PoasarPaSes} -
(OTf), (7-OTf). On replacing Sz with P,Se; in the preparation
of 4-OTf, the corresponding dinuclear compl&OTf was obtained
as yellow microcrystals after similar workup. The use of a,CH
Cl,/CS; (1:1) solution was necessary in method A to efficiently
dissolve RBSe. Yield: 76% (method A); 70% (method B).

DRX 500 Bruker spectrometer in the absolute magnitude mode CggH,gFs010P10Re:S,Se;: caled C 44.17, H 3.29, S 2.68; found C

using a 90 pulse after the incremental delay. Infrared spectra were
recorded as Nujol mulls on a Perkin-Elmer 1600 series FT-IR

44.3,H 3.0, S 2.5.
Computational Details. The DFT calculations were performed

spectrometer between KBr plates. Mass spectra were recorded orpy using the Gaussian98 pack&§&tructural optimizations were

a Hewlett Packard MS Engine HP 5989A. Elemental analyses (C,

carried out at the hybrid density functional theory (DFT) using the

H, S) were performed using a Carlo Erba model 1106 elemental Becke'’s three-parameter hybrid exchange-correlation functional

analyzer.

Reaction of [(triphos)Re(CO)(OTf)] (1) with P 4S;. A dichlo-
romethane solution (30 mL) df (0.50 g, 0.49 mmol) was treated
under nitrogen at room temperature with a solution £8;K0.11
g, 0.49 mmol) in dichloromethane (20 mL) and stirred at room
temperature for 1 h. Concentration of the resulting yellow solution
under vacuum to ca. 15 mL and additionnefiexane (20 mL) gave
pale yellow-colored microcrystals, which were filtered under
nitrogen and washed with light-petroleum ether(® mL) before
being dried under a brisk current of nitrogen. The NMR analysis
indicates the formation of a 1:7 mixture of the two coordination
isomers2 and3. Yield: 0.52 g, 0.42 mmol (86%). FABMS: 867
(Mt — P,S); 839, 811 (M — P,S3 — nCO, n 1-2).
Cu4H3gF30sP/ReS;: calcd C 42.76, H 3.18, S 10.37; found C 42.4,
H 3.3, S 10.5.

(39) Stoppioni P.; Peruzzini MGazz. Chim. Ital1988 118 581.

containing the nonlocal gradient correction of Lee, Yang, and Parr
(B3LYP).*L All optimized structures were confirmed as minima by
calculation of numerical vibrational frequencies. A collection of
Cartesian coordinates and total energies for all of the optimized
molecules are available from the authors upon request. The basis
set for the Rh atom utilized the effective core potentials of Hay
and Wadt? with the associated doublevalence basis functions.
The basis set used for the remaining atomic species was the 6-31G
one with the important addition of the polarization functions (d, p)
for all atoms, including hydrogens.

The starting geometry for optimization was derived from known
structure¥ 18 containing the [(triphos)Re(Cgl)fragment or the

(40) Becke, A. D.Phys. Re. A 1988 38, 3098.

(41) Lee, C.; Yang, W.; Parr, R. ®hys. Re. B 1998 37, 785.

(42) (a) Dunning T. H.; Hay P. Modern Theoretical Chemistr$chaefer,
H. F., Ill., Ed.; Plenum: New York, 1976; Vol. 3, p 1. (b) Hay, P. J.;
Wadt, W. R.J. Chem. Phys1985 82, 299.
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uncoordinated cage;8;.32 Frequency calculations ensured that the tion of White Phosphorus”) and EC (INCO ERB-
obtained points were minima on the potential surfaces. The zero-|C15CT960746). 1.d.l.R. thanks “Ministerio de Ciencia y

point energies for the two isomers are essentially equal (0.111 Tecnologia” (Spain) for a postdoctoral grant.
hartree) and were neglected for the comparisons of total energy.

Also, single-point MP2 ab initio calculatioffswere performed at

the optimized geometries of the mod&im and3m. The effect of P‘Ote dAdded in PLC:Of.hWhlle_ tr:|s pdﬁlpe:c ‘a’as lbelng_
the chloroform solvent was calculated using the Isodensity PCM refereed, a comparable theoretical study of the alternative

model* The qualitative perturbation theory arguments used to Ponding modes between theXd unit (X = S, Se) andy

assess the lone pair directionality were developed through the usagéicceptor molecules such aszBind NbCi appeared in
of the EHMO methotf and its graphics representatiofis. Inorganic Chemistry’ Some of these results were somewhat

earlier reported in thdournal of Molecular Modeling® In
agreement with our findings, the energy differences between
the apical and basal coordination modes are evaluated to be
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