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Ruthenacarborane complexes of formula [3-H-3,3-(PPhs),-8-L-closo-3,1,2-RuC;BgH;0)] (L = SMe; (2a), SEt, (2b),
S(CHy)4 (2¢), SEtPh (2d)) and [1-Me-3-H-3,3-(PPhs),-8-L-closo-3,1,2-RuC,BgHg)] (L = SMe; (2e), SEt, (2f)) were
prepared by reaction of the respective monoanionic charge-compensated ligands [10-L-nido-7,8-C;BgH10]~ and
[7-Me-10-L-nido-7,8-C,BgHg] ~ with [RuCl,(PPhs)s]. Similary, complexes [3-H-3,3,8-(PPhs)s-closo-3,1,2-RuC,BgH10)]
(4a) and [3-H-3,3-(PPhs),-8-PPh,Me-closo-3,1,2-RuC,BgH10)] (4b) were prepared from the corresponding phosphonium
ligands. The reaction is done in one pot by reacting the ligand with the Ru(Il) complex in a 1.5:1 ratio. All compounds
have been fully characterized by multinuclear NMR spectroscopy, and the molecular structures for 2a and 4a have
been elucidated by single-crystal X-ray diffraction analysis. The Ru(ll) atom in this complex is on the open face of
the monoanionic charge-compensated ligand adopting a pseudooctahedral coordination. Formally, three positions
are supplied by the C,B3 open face, two PPh; groups occupy two other positions, and a hydride fulfills the remaining
one. The hydride complexes were generated with no special reagent. They result from a dehalogenation in the
presence of ethanol.

Introduction variety of scientific backgrounds have developed this ffeld.

First examples of metallacarboranes were prepared aboufiowever, both type of ligands differ in their charges. To
35 years ago by Hawthorne et al., using the dicarbollide, €Stablish detailed comparisons between analogous cyclopen-
[C:BgH1?, as ligand to formclosoMC;Bs icosahedral  tadienyk-metal and carboraremetal compounds, charge-
clusterst This ligand has been compared tofg] -, as both compensated monoanionic carborane ligands of the type
behave as formal 6-electron dorbts metal atoms viay®- [LC2BoH1o| ™ (L = pyridine, THF, SR PPh, etc) have been

face bonding. Thus, a great number of researchers from adescribed. Many transition metal (Rh, Fe, Pd, Mo, etc)
complexes of these monoanionic carboranes have been
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a awthorne, . F.;young, D. C.0 P. egner, A.AmM. em. . . e .
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L. F., Jr.; Wegner, P. AJ. Am. Chem. Socl968 90, 879. (c) ; i ; _ — 4c¢,59
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have been much less studied. The preparatiorclo$o
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M. F. Pure Appl. Chem1973 33, 475. (e) Callahan K. P.; Hawthorne,
M. F. Adv. Organomet. Cheml976 14, 145.

(2) Mingos, D. M. P.J. Chem. Soc, Dalton Tran&977, 602.

(3) (@ Contemporary Boron Chemistrpavidson, M., Hughes, A. K.,
Marder, T. B., Wade, K., Eds.; Royal Society of Chemistry: Cam-
bridge, U.K., 2000.1§) Advances in Boron Chemistrpiebert, W. E.,
Ed.; Royal Society of Chemistry: Cambridge, U.K. 1993).Boron

(4) (a) Tebbe, F. N.; Garret P. M.; Hawthorne, M.J- Am. Chem. Soc.
1968 90, 869. (b) Young, D. C.; Howe D. V.; Hawthorne, M. F.
Am. Chem. Sod 969 91, 859. (c) Plésk, J.; Zbyn_k, J.; He_hmek,

chemistry at the beginning of the 21st century published by the Russian
Bubnov, Y. N., Ed.; Nauka (Science): Moscow, 2003.Ttg Borane-
Carborane-Carbocatiom ContinuyrCasanova, J., Ed.; Wiley-Inter-
science: New York, 1998. (€jomprehensie Organometallic Chem-
istry Il; Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon
Press: Oxford, England, 1995; Vol 1. (f) Housecroft, CSpecialist
Periodical Reports in Organometallic ChemistAbel, E. W., Stone,

F. G. A, Eds.; Royal Society of Chemistry: London, 1991. (g) Saxena,
A. K.; Maguire J. A.; Hosmane, N. SChem. Re. 1997, 97, 2421.

10.1021/ic049322k CCC: $27.50
Published on Web 08/24/2004

© 2004 American Chemical Society

S. Collect. Czech. Chem. Commur@78 43, 2862. (d) Kang, H. C.;
Lee, S. S.; Knobler C. B.; Hawthorne, M. Fhorg. Chem.1991 30,
2024. (e) Plesk, J.; Jémek, T.; Marés F.; Hemanek, S.Collect.
Czech. Chem. Commut993 58, 1534. (f) Rosair, G. M.; Welch, A.
J.; Weller A. S.; Zahn, S. KJ. Organomet. Chenl997, 536, 299.
(g) Dunn, S.; Garrioch, R. M.; Rosair, G. M.; Smith, L.; Welch, A. J.
Collect. Czech. Chem. Commut99 64, 1013. (h) Tutusaus, O.;
Teixidor, F.; Nuiez, R.; Viras, C.; Sillanpa R.; Kivekss, R.J.
Organomet. Chen002 657, 247.

Inorganic Chemistry, Vol. 43, No. 19, 2004 6067



Tutusaus et al.

Scheme 1.
RUCngHlo]

carborane ligands bearing an S6t PR; group at the B(9) Formation of [1-R-3-H-3,3-(PRjp-8-SRR?*-clos03,1,2-
atom has been accomplished using two methods. The first
one, generally used for [9-SMaido-7,8-R-7,8-GBgHg] ~
ligands, consists of the addition of the thallium salts of the
ligand to a solution of the metalla complex in g&,.% The
second method consists of the deprotonation of the charge-
compensated carborane ligand with KOH or NaH in a solvent

at reflux for several hours, followed by treatment with a

convenient source of met#®> 7= The latter has also been
used to prepare the few known complexes of [1@itle-
7,8-GBgH10] ~ ligands with Co, Mo, and F#:9:59

We describe here the first systematic study of the prepara-
tion of a series of Ru(ll) metallacarborane complexes incor-
porating the monoanionic charge-compensated ligands [10-

L-nido-7-R-7,8-GBgHg] ~ (L = SMe,, SEb, S(CH)4, SEtPh,
PPh, PPhMe; R=H, Me). A new and rapid method involv-

ing a one-pot reaction is described to synthesize the complexe
in pure form. The aim in designing and preparing these com-
plexes was their potential use as catalytic precursors for cyclo-
propanation, controlled radical polymerization, ATRP, and

Kharasch addition reactions. Some results about their catalytic

activity have already been published by?@ystal structures
of [3-H-3,3-(PPh)-8-SMe-closae 3,1,2-RuGBgH; ] and [3-H-
3,3,8-(PPk)s-clon-3,1,2-RuGBgH;q] are also described.

Results

Synthesis and Characterization of [3-H-3,3-(PP¥),-8-
L-closo3,1,2-RuGBgH;)] and [1-Me-3-H-3,3-(PPh).-8-
L-close3,1,2-RuGBgHg)] (L = SMe,, SEt, S(CHy)a,
SEtPh). The reaction of 10-lrido-7,8-GBgH; (L = SMe
(18), SEb (1b), S(CH)4 (1¢), SEtPh (d)) with K[t-BuO]
and [RUC}(PPh)3] in 1.5/1.5/1 ratio in EtOH, at 50C for
1 h, resulted in the formation of yellow solids of general
formula [3-H-3,3-(PP¥),-8-L-close3,1,2-RuGBgH10)] (L =

(5) (a) Wong E. H. S.; Hawthorne, M. forg. Chem 1978 17, 2863.
(b) Teller, R. G.; Wilczynski J. J.; Hawthorne, M. . Chem. Soc.,
Chem. Commuril979 472. (c) Marder, T. B.; Baker, R. T.; Long, J.
A.; Doi, J. A.; Hawthorne, M. FJ. Am. Chem. So&981, 103 2988.
(d) King, R. E., lll; Miller, S. B.; Knobler, C. B.; Hawthorne, M. F.
Inorg. Chem.1983 22, 3548. (e) Kang, H. C.; Do, Y.; Knobler C.
B.; Hawthorne, M. FJ. Am. Chem. S0d.987, 109, 6530. (f) Kang,
H. C.; Do, Y.; Knobler C. B.; Hawthorne, M. Anorg. Chem1988
27, 1716. (g) Plesek, J.; Stibr, B.; Cooke, P. A.; Kennedy, J. D;
McGrath T. D.; Thorton, PActa Crystallogr.1998 C54, 36.

(6) (a) Hamilton E. J. M.; Welch, A. Acta Crystallogr.199Q C46, 1228.
(b) Hamilton E. J. M.; Welch, A. JPolyhedron199], 10, 471. (c)
Douek, N. L.; Welch, A. JJ. Chem. Soc, Dalton Tran$993 1917.
(d) Dunn, S.; Rosair, G. M.; Weller A. S.; Welch, A. Chem.
Commun 1998 1065. (e) Rosair, G. M.; Welch A. J.; Weller, A. S.
Organometallics1998 17, 3227. (f) Boyd, A. S. F.; Rosair, G. M.;
Tiarks, F. B. H.; Weller, A. S.; Zahn, S. K.; Welch, A.Bolyhedron
1998 17 (16), 2627.

(7) (@) Yan, Y.-K.; Mingos, D. M. P.; Mller, T. E.; Williams, M.;
Kurmoo, J.J. Chem. Soc., Dalton Tran$994 1735. (b) Yan, Y.-K,;
Mingos, D. M. P.; Miler, T. E.; Williams, M.; Kurmoo, JJ. Chem.
Soc., Dalton Trans1995 2509. (c) Kudinov, A. R.; Meshcheryakov,
V. |.; Petrovskii, P. V.; Rybinskaya, M. Izv. Akad. Nauk. Ser. Khim.
1999 177 [Russ. Chem. Bull1999 48, 176 (English translation)].
(d) Kudinov, A. R.; Petrovskii, P. V.; Meshcheryakov, V. I;
Rybinskaya, M. l.Izv. Akad. Nauk. Ser. Khinl999 1368 Russ.
Chem. Bull 1999 48, 1356 (English translation)]. (e) Kudinov, A.
R.; Meshcheryakov, V. I.; Petrovskii, P. V.; Rybinskaya, Mlzy.
Akad. Nauk. Ser. Khin1999 1817 Russ. Chem. Bull999 48, 1794
(English translation)]. (f) Kudinov, A. R.; Perekalin, D. S.; Petrovskii,
P. V.; Lyssenko, K. A.; Grintselev-Knyazev, G. V.; Starikova, Z. A.
J. Organomet. Chen?2002 657, 115.
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SMe, (24), SEb (2b), S(CH)4 (20), SEtPh 2d)), in yields
ranging 85-95%. For the asymmetric ligands, 7-Me-10-L-
nido-7,8-GBgHip (L = SMe (le), SEt (1f)), orange

Scompounds of general formula [1-Me-3-H-3,3-(BR#8-L-

closo3,1,2-RuGBgHy)] (L = SMe, (26), SEt (2f)) were
obtained. The reaction is depicted in Scheme 1.

The spectroscopic data and elemental analysezaof
were consistent with the proposed formula. The IR spectra
of these complexes displayed@—H) absorption, between
2522 and 2576 cni. Low-intensity bands were observed
in the region 19662100 cn? attributable tov(Ru—H).5¢
The absorptions at 1433, 1096, 744, and 695'cane typical
of PPh-containing compounds. Th#d NMR spectra for
compounds2a—f showed no resonances attributable to
B—H-—B, near—1 ppm, indicating the formation afloso
species" Resonances assigned to -Rd were found ca.
—10.30 ppm for compound®a—d and near—12.10 ppm
for 2ef. These Ru-H resonances present different coupling
patterns as a function of the symmetry of the molecule
(Figure 1). In the case of symmetric compouids-c, they
appear as a triplet2](P, H) = 33—34 Hz) (Figure 1a);
however, for the asymmetric compoungd—f the signal
appears as a doublet of doublets with two diffeiP, H)
(Figure 1b)¢¢Hydrogen atoms on the sulfonium groups are
given in Table 1 for complexea—f. The Guser—H
resonances for compoungda—c appear as a singlet around
2.17 ppm, while the Gs.e—H proton of the2ef ones is
observed at 2.21 ppm. Compou@d, with nonequivalent
substituents on sulfur, displays twqie—H signals at 2.56
and 1.75 ppm whose average value is comparable to the
Causte—H chemical shift for2a—c. The °C{'H} NMR
spectra for2a—f display resonances corresponding to the
organic groups bonded to the sulfur and/or phosphorus atoms.
The MB{'H} spectra for2a—f was in agreement with the
proposed symmetry; in all complexes the resonance at lower
field was assigned to the sulfur-bearing atom B(8) by
comparison with thé!B NMR spectra. The*P{!H} NMR
spectra for2a—c display singlets in agreement with the

(8) (a) Tutusaus, O.; Delfosse, S.; Demonceau, A.; Noels, A. Figklu
R.; Vifas, C.; Teixidor, F.Tetrahedron Lett.2002 43, 983. (b)
Tutusaus, O.; Delfosse, S.; Simal, F.; Demonceau, A.; Noels, A. F.;
Nifez, R.; Vifas, C.; Teixidor, FInorg. Chem. Commur2002 5,
941-945. (c) Tutusaus, O.; Vas, C.; Nilez, R.; Teixidor, F.;
Demonceau, A.; Delfosse, S.; Noels, A. F.; Mata, I.; Molins,JE.
Am. Chem. So2003 125, 11830. (d) Tutusaus, O.; Delfosse, S.;
Demonceau, A.; Noels, A. F.; Vas, C.; Teixidor, FTetrahedron
Lett. 2003 44, 8421.
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Figure 1. SelectedtH NMR portion corresponding to the hydride region in (a) compoRhd(b) compoundd, and (c) compounda.

Table 1. Chemical Shift of the Protons Corresponding to the Substituent on B(10) for Comdaxés

O(*H) (ppmy
complexes Chl SCH— CH,
2a 2.28 (6H)
2b 1.21 (6H) 2.67 (2H), 3.09 (2H)
2c 2.82 (2H), 3.31 (2H) 1.82 (2H), 2.18 (2H)
2d 0.84 (3H) 2.95 (2H)
2e 1.79 (3H), 2.64 (3H)
2f 0.91 (3H), 1.50 (3H) 2.35 (2H), 2.93 (1H), 3.77 (1H)

aThe number between parentheses corresponds to the protons area.

Table 2. 3P Chemical Shifts Reported in pp&i(P, H) Values, and
J(PP) Values Expressed in Hz for Compourids-f

complexes O(3P) 2)(P, H) 2)(P, P)
2a 55.88 33
2b 55.77 33
2c 55.80 34
2d 58.19/53.01 30/30 31
2e 52.31/46.72 40/30 25
2f 51.98/46.71 40/31 26

Scheme 2. Formation of

[3-H-3,3-(PPh)2-8-PRR'-close3,1,2-RuGBgH1]

1c), the latter splitting being due to coupling to phosphorus
of the phosphonium moiety, BPPh. Resonances due to
the two Ce-H protons are observed as a singlet around 3
ppm. The’'P{H} NMR spectra o#la, at room temperature,
has shown a singlet at 58.6 ppm, attributed to two equivalent
PPh ancillary ligands, and a nonbinominal quartet at 12.70
ppm due to the BPPh group ¢J(B, P) = 126 Hz). The
equivalent resonances fdb are observed at 58.0 ppm, for
PPh, and 2.2 ppm, for the BPPhMe group {J(B, P) =
140 Hz). The resonances at 58.6 ppm4arand 58.0 ppm
for 4b become a doublet withJ(P, H) = 33 Hz in the3'P
NMR spectra. A doublet is observed both in tHB{'H}
and!'B NMR spectra at-5.3 ppm for4daand—7.6 ppm for

4Db, due to the B-P coupling.

X-ray Diffraction Studies of [3-H-3,3-(PPhs),-8-SMe>-
closa3,1,2-RuGBgH0)] (2a). Yellow crystals of2a crystal-
lized from a CHClyyhexane (1/1) solution, under nitrogen,
to give yellow crystals adequate for X-ray diffraction

presence of a symmetry plane in the molecule, which were analysis. The ORTER/iew of 2a:CH,Cl. is represented in

split into doublets in thé'P NMR spectra witfJ(P, H) ca.
30 Hz; a doublet of doublets is found fa@d—f due to the

Figure 2. Crystal data and selected interatomic dimensions
are listed in Tables 3 and 4, respectively. The single-crystal

nonequivalence of the two phosphorus atoms, as indicatedstructure analysis confirmed a Ru(ll) complex in which the

by the2J(P, P), ranging 2530 Hz (Table 2).

Synthesis and Characterization of [3-H-3,3,8-(PP{)s-
closo3,1,2-RuGBgH;¢] and [3-H-3,3-(PPh),-8-PPhMe-
close3,1,2-RuGBgH;q]. Following a similar procedure as
for the preparation oRa—f, the reaction of the potassium
salts of [10-PPknido-7,8-GBgHig] ~ (3a) and [10-PMePhk
nido-7,8-GBgHi1g] ~ (3b) with [RuCl(PPh);] led to the
formation of complexes [3-H-3,3,8-(PRkclosn-3,1,2-
RuGBgHig (4a) and [3-H-3,3-(PP¥)-8-PPhMe-closc
3,1,2-RuGBg¢H;q] (4b), respectively (see Scheme 2).

The IR spectra indicated the presence of the-Ribond
through low-intensity bands in the region 2652100 cn1?.
The 'H NMR spectra forda,b confirmed the Ru-H bond
by the resonance observed neatO ppm, as a doublet of
triplets @J(P, H) = 33 Hz,3J(P, H) = 11-12 Hz) (Figure

metal adopts a pseudooctahedral coordination, with three
formal coordination sites occupied by theBz open face,
two by the PPk ligands, and the remaining site by the
hydride. The present coordination is similar to that observed
in [3-H-3,3-(PPh)2-close3,1,2-RhGBgH14].1° The large P+
Ru3—P2 angle can be due to intramolecular crowding of the
phosphine ligands, as is suggested by the shortCC
distances observed between the C11 to C16 and the C41 to
C46 rings (distance C14+C42= 3.166(13) A and distance
C16--C42 = 3.236(16) A). The distance from Ru3 to the
open face of @By, defined as the mean plane of C1, C2,
B4, B7, and B8, is 1.735(5) A, with coordination distances

(9) Farrugia, L. JJ. Appl. Crystallogr.1999 32, 837.
(10) Hardy, G. E.; Callahan, K. P.; Strouse C. E.; Hawthorne, MAdta
Crystallogr. 1976 B32 264.
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Figure 2. Simplified drawing for2a-CH,Cl,. Phenyl hydrogen atoms are

Tutusaus et al.

Figure 3. Simplified drawing forda. Phenyl hydrogen atoms are omitted

omitted for clarity. Thermal displacement ellipsoids are drawn at the 50% {6 cjarity. Thermal displacement ellipsoids are drawn at the 50% probability

probability level.

Table 3. Crystallographic Data foa-CH,Cl, and4a

2a 4a
chem formula G1H4ngC|2P2RUS GeHseBoPsRuU
fw 905.06 1020.28
T(K) 293(2) 293(2)
(Mo Ko (A) 0.71073 0.71073
cryst syst triclinic monoclinic
space group P1 P2i/c
a(h) 11.483(4) 11.632(2)
b (A) 12.888(2) 11.523(3)
c(A) 15.220(12) 38.514(4)
o (deg) 97.31(3) 90
p (deg) 97.65(4) 92.76(1)
y (deg) 100.65(2) 90
V (A3) 2167(2) 5156.3
z 2 4
cryst size (mrf) 0.80x 0.39x 0.07 0.50x 0.19x 0.10
abs coeff (mm?) 0.638 0.435
reflens collcd 9123 15413
indpndt reflcns 8721 15209
Rint 0.066 0.0612
Omax(deg) 26.24 30.41
GoF 0.96 0.978
R1( > 20(l)) 0.082 0.0852
wR2 (all data) 0.232 0.227

largest diff peak and hole (/&) 1.542 and-1.588

2.073 and-2.434

Table 4. Selected Interatomic Distances (A) and Angles (deg) (Esd’s

in Parentheses) fd2a-CH,Cl,

C(1)-C(2)
Ru(3)-B(4)
Ru(3)-C(2)
Ru(3)-B(8)
Ru(3)-B(7)
Ru(3)-C(1)
P2)-Ru(3)-P(1)

P(2-Ru(3-C(1) 111.3(3)
C(2-Ru(3)-P(2) 152.0(3)

C(2-Ru(3-C(1)

C(1)-Ru(3)-P(1) 106.2(2)

Ru(3yP(1)
Ru(3}P(2)
Ru(3)S
C1%-C42
C16-:C42

C(2Ru(3)-P(1)
B(4)-B(8)-S
B(7-B(8)-S

2.321(3)
2.298(3)
3.435(3)
3.166(13)
3.236(16)

91.5(3)
126.9(8)
119.4(8)

B4-B8—S—S(lone pair) —36.8(1.5)

level.

Table 5. Selected Interatomic Distances (A) and Angles (deg) (Esd’s
in Parentheses) fota

C(1)-C(2) 1.570(7) B(8}-P(3) 1.942(5)
C(1)-Ru(3) 2.318(4) B(8}Ru(3) 2.312(4)
C(2)-Ru(3) 2.285(4) P(HRu(3) 2.3146(12)
B(4)—Ru(3) 2.293(5) P(ZRu(3) 2.3360(13)
B(7)—Ru(3) 2.288(5)

C2-C(1)-Ru(3) 68.9(2) C(JRu(3-P(2) 138.61(13)
B(6)-C(1)-Ru(3) 128.9(4)  P(HRu(B)-P(2)  95.26(4)
B(7)-C(2-Ru(3) 67.9(2)  C(1}Ru(3-P(2) 105.01(14)
C(2-Ru(@B-P(1)  90.25(14) B(AB@B)-P@E) 124.7(3)
C(2-Ru(3-C(1)  39.87(19) B(4yB(8)-P(3)  126.6(3)
P()-Ru(B)-C(1) 119.59(14) B(9YB(8)-P(3)  111.2(3)

interaction S(lone paif)-H4 is not dominating of the
sulfonium group conformation. Like in the case of [3-(Cp*)-
4-SMe-closo3,1,2-RuGBgH;q] and similar compounds,

this conformation can be explained by steric repulsion
between the SMehydrogen and the phosphine groups
of the neighbor molecule, as there are two short-H
distances observed between the hydrogens of these groups:
distance H1@&-H25(1 + x, y, 2) of 2.423 A and distance
H2A--HB4(1+ X, y, 2) of 2.424 A.

X-ray Diffraction Studies of [3-H-3,3,8-(PPh)s-closc
3,1,2-RuGBgH )] (4a). Crystals ofd4a suitable for a single-
crystal X-ray study were obtained by slow evaporation of a
CH.Cly/hexane/PPsolution of the complex. A drawing of
the compound may be seen in Figure 3, with crystal data
and selected interatomic dimensions being listed in Tables
3 and 5, respectively. Compouddis revealed to be elosc
ruthenacarborane in which a PRjroup is bonded to the
B(8) atom of the upper face and the other two PRjands
are coordinated to Ru(ll) placed on theBz open face, in
a way similar to that observed in compl2a However, in
complex4athe distance from Ru3 to the open face gBg

to these atoms ranging from 2.203(11) to 2.307(10) A. These 1.777(2) A, is longer to that found ifa (1.735(5) A); in
distances are larger than those observed in rhuteniumthe same way the distances of Ru3 to the open face atoms
metallacarboranes with pentamethylcyclopentadiéripk
stead of phosphine ligands. Th@aramete?¢ which, in this
case, represents the torsion angle-B8—S—S(lone pair),
is —36.8(1.5}. This large value and the fact that the B4
B8—S angle is larger than B7B8—S suggest that the

6070 Inorganic Chemistry, Vol. 43, No. 19, 2004

C1, C2, B4, B7, and B8 are found in the ranging between
2.285(4) and 2.318(4) A and are slightly longer than those
observed in compleRa. In the latter, the distance RuB8

is 2.239(13) A, shorter than that féa (2.312(4) A), probably

due to the presence of a less crowded sulfonium substituent,
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instead of the phosphonium one. In both compleResand
43, the large P+ Ru(3)-P2 angle, 96.12(10) and 95.26{4)
respectively, and the short GC distances between different
rings have been found (C21C46 = 3.157(7), C22-C16

= 3.266(8), C52-C66 = 3.157(9), C46-C46 = 3.182(9)

A) which evidence again the intramolecular crowding of the
phenyl groups in the PRIigands. In compleXathe angles
B4—B8—P3 and B7~B8—P3 are very close, while the angle
Ru3-B8—P3 is longer than Ru3B8—S in 2a, suggesting

a larger steric repulsion between the phosphonium group and

the PPh ligands. This repulsion may be clearly observed in
the crystal structure, because the orientation of;RfPbups
coordinated to the metal with respect to the substituent on
the B(8) is different for both complexes; ha the PPh

groups are situated as far as possible from the phosphonium

group.
Discussion

To synthesize Ru(ll) complexes of [10+ido-7-R-7,8-
C.,BgH1q]~ ligands, preliminary studies of the reaction of
[RuCl(PPh)3] with 1awere done using a 1/1/1 ratio d&/
K[t-BuO]/Ru(ll). The Kt-BuO] in EtOH removes the open
face proton forming the partially charge-compensated monoan-
ionic carborane ligand [10-SMaido-7,8-GBgH1o]~ that
reacts with [RuGPPh)s]. Pure2ais obtained in 70% vyield
by extraction with ethyl acetate. An improved procedure
consists of increasing the ratio ligandfguO]/[RuCh-
(PPh)4] to 1.5/1.5/1. In this way, complexe®a—f were
obtained as pure solids after 30 min of reaction, in very good
yield (=90%). The excess of ligand might be recovered from
the filtered solution in the neutral form, by protonation and
extraction in organic solvents.

The room-temperaturé'P{*H} NMR of all symmetric
complexes Za—c and4a,b) has shown the equivalency of
both ancillary PPhligands, which is in agreement with the
existence of a mirror plane in the molecule3'®{*H} NMR
dynamic study foRa—c and4ab was carried out so as to
investigate the rotational behavior of these complexes.
Interestingly, thé’P{*H} NMR spectra for compoundza—c
were invariant from 25 to—95 °C indicating very low
rotational barriers. A similar behavior was observed in [3-H-
3,3-(PPh),-closa3,1,2-MGBgH11)] (M = Rh, Ir)5¢ The
equivalence of the two phosphine ligands was removed for
compoundsta,b in lowering temperature (see Figure 4). A
transition from an A spin system to an AB spin system was
observed. If the3'P{*H} NMR spectra of4a at room
temperature is considered, only a singlet at 58.6 ppm is
found. Near—60 °C the decoalescence of this resonance

sec___ . .
-32°C Jk A
-60°C S N W
T4 °C ™ e\ I
_84°C i A~
-95°C AW

&

Figure 4. Variable-temperaturéP{'H} NMR spectra of complexa.

o

Figure 5. Possible conformational isomersiil for 4a,b, depending on
the temperature.

takes place and two different phosphorus resonances (twoTherefore, it is important to remark that even though both

doublets with 2J(P, P)= 38 Hz) were clearly observed at
—95 £ 2 °C. Complexedla,b showed a dynamic behavior
at low temperature, from which the activation energies was
calculated. The\G* values obtained for complexds,b were
8.9+ 0.2 and 8.3+ 0.2 kcal/mol, respectively. These values
are in the range ofAG* values calculated for reported
phosphinometallacarboran®slhis dynamic process is due
to a rotation of the metal fragmefiHP,RuU} upon the open
C,Bs face of the cage, which breaks down at low temperature.

complexesdab are symmetrical molecules, the AB spin
system at low temperature implies the absence of a mirror
plane bisecting both the carborane ligand and the metal
fragment. This unusual feature can be rationalized in terms
of conformational isomers (see Figure 5). The NMR data
could indicate that (i) all three conformations coexist at room
temperature due to the continuous fast rotation of the
{HP,RU} fragment, which gives an average signal in tHe
spectrum, or (ii) rotamer | is disfavored due to the steric
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MeZS\ o Phsp\ MW/\WMM"
B—/BH Bﬂ\——B
fa=ri \ [ b
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C PPh,
Figure 6. Conformational disposition gfHP,RuU} moieties with respect

to pentagona}®--bonding GB3 face in2aand4a, respectively, from X-ray
data.

10°C

-10¢C
hindrance between PRRyroup and HP,Ru} fragment that

librates between mirror images of Ill passing through II.

However, rotamer lll, for which two phosphorus resonances

have to be observed, is favored at low temperature for

complexesdab.5¢ The fact that the two phosphine groups

nonequivalence is not observed for complegas-c with

sulfonium group is a clear consequence of the larger steric = Tt T T O ET o E o meme

hindrance for the moiety PRRversus SKR?. Figure 6 shows  Figure 7. Variable-temperaturéP{*H} NMR spectra of complex.

the actual disposition ofHP,Ru} moieties in solid state,

according to X-ray diffraction. The conformation of complex RUGBgH1d (5) was achieved by addition of C{db a CDCh

2ais reminiscent of rotamer Ill; however, complda is solution of [3-H-3,3-(PP¥),-8-SMe-closo-3,1,2-RuGBgH1q]

better described as rotamer Il. The difference in solid state (28). Formation of §) was evidenced by the vanishing of

and solution may originate in the crystal packing forces. the Ru-H resonance in théH NMR spectrum and the
The characterization of the ruthenacarborane complexesformation of a broad new resonance at 26.3 ppm in the

unambiguously indicated that a hydride ligand was present*'P{*H} NMR spectrum instead of the earliest narrow

in the molecule. This was unexpected since the starting Ru-resonance at 58.6 ppm f@a. The broadness of the signal

(1) complex contained chloride ligands and the bridging at 26.3 ppm suggests a fast exchange between different

B—H—B had been removed on purpose. However, it is rotamers. A dynamié'P{*H} NMR study down to—20 °C

known that some chloride Ru systems are converted into has shown that the original resonance at 26.3 ppm splits into

hydride or deuteride in alcoholic solutions in the presence two doublets centered at= 28.9 and 24.5 ppm witRJ(P,

of a basé!'? For instance, [RuCpCH] and [RuCp*ClLy] P) = 45 Hz (Figure 7). The resonance decoalesces at 18

are easily converted into [RuCp(DjLand [RuCp*(D)Lg], 2 °C producing a calculatedG* = 12.8 & 0.2 kcal/mol.

in methanolds/sodium methoxidel; at reflux and at room  The nonequivalency of the two phosphorusSirat 18 °C

temperature, respectively. The latter occurs at room temper-implies that rotamer Il in Figure 5 (Cl instead of H) is the

ature, apparently due to the better electron-donating proper-most stable. This is also the most stable Zarin the solid

ties of Cp* vs Cpi! The monoanionic charge-compensated state; however, the small volume of H does not prevent fast

carboranes are also electron-donating ligands, although les&xchange even at95 °C.

than the Cp* and Cp, as has been demonstrated by the CO A|| these ruthenium complexes have been already tested
stretching frequenciésand Ey; values® of related com- a5 catalytic precursors in radical reactions such as Kharasch
plexes. Thus, tentatively, we propose the formation of an aqgition of CC} to olefins and cyclopropanation, where they

initial species containing a Clligand that quickly reacts  haye shown to be very efficient catalyéts.
under mild conditions to give the corresponding hydride

complex. The reaction is fast, which prevented the isolation Conclusion

of the chloride species. _ ) These results demonstrate the preparation of ruthenacar-
Attempts to prepare the chloride complex by regqtlon of porane complexes from 7-R-104i€lo-7,8-GBgH:1 charge-

[10-L-nid0-7,8-GBoHuo ™ and [RuCk(PPh):] avoiding -5 nnensated ligands, through a very simple one-pot reaction

glcohol were unsuccessful. Thls proves that the latter of the ligands with [RUG(PPh)4] after deprotonation with

is necessary for the complexation to occur although [3-H- K[t-BuO]. The newclosocomplexes were shown, after full

3,3-(PPB)2>-8-L-close:3,1,2-RuGBgH1] is ultimately form- characterization. to bossess two PBIouns and a hvdride
ed. Generation of [3-CI-3,3-(PBh-8-SMe-closc3,1,2- ligand in ;f]eilr m,olecpulzs ss two FBroups ydr

-20<C

(11) (a) Davies, S. G.; Moon, S. D.; Simpson, SJ.JChem. Soc., Chem.
Commun1983 1278. (b) Chinn, M. S.; Heinekey, D. M. Am. Chem.

(12) %a?)cAlrg?golsles-lggj'ernyik G.: Szabl. J.: Basjvall, J.-E.Chem General Comments.Unless otherwise noted, all manipulations

Commun.1999 351 and references therein. (b) van der Schaaf, P. Were carried out under a dinitrogen atmosphere using standard
A.; Kolly, R.; Hafner, A.Chem Commur200Q 1045. vacuum line techniques. Solvents were purified by distillation from

(13) \S/V'v?e??]\i/go";csenctl)éfaur;d] Eﬂﬁc%ﬁ’gf:;é?'(l‘\ﬁ“&? "CfSaEgW,Lﬁ,ﬁ [E/Iglo- appropriate drying agents before use. Deuterated solvents for NMR
- =(,0-\2b9l"10)2 ) ’ ) — U .
1) are more anodic than the respectively ones of Cp. Unpublished (Fluorochem) were freezeoump-thawed three times underlénd

results. transferred to the NMR tube using standard vacuum line techniques.

Experimental Section
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The reagentda—c,*¢ 1d—f,* 33,54 3b,14 and [RuC}(PPh)3] 15> were

NMR (CDCL): 6 —10.29 [t,2J(P, H)= 33 Hz, 1H, Ru-H], 1.21

prepared according to literature methods. Microanalyses were[t, J(H, H) = 7.4 Hz, 6H, CH), 2.17 (br s, 2H, &-H), 2.67 [dq,
performed in our analytical laboratory using a Carlo Erba EA1108 2J(H, H) = 13.4 Hz,3J(H, H) = 7.4 Hz, 2H, S-CH,], 3.09 [dq,
microanalyzer. IR spectra were recorded with KBr pellets on a 2J(H, H) = 13.4 Hz,3J(H, H) = 7.4 Hz, 2H, S-CHj], 7.73-7.00

Shimadzu FTIR-8300 spectrophotometer. TheNMR (300.13
MHz), 3C{'H} NMR (75.47 MHz),1!B andB{ *H} NMR (96.29
MHz), 3P and3'P{*H} NMR (121.5 MHz) spectra were recorded

(m, 30H, GHs). 31P{1H} NMR (CDCl): 6 55.8 (s)31P{H} NMR
(CDCl): ¢ 55.8 [d,2)(P, H) 33 Hz].11B NMR (CDCL): 6 0.5
(1B), —8.0 [d, X(B, H) = 132 Hz, 1B,],—11.9 (1B),—14.4 [d,

on a Bruker ARX 300 instrument equipped with the appropriate 1J(B, H) = 134 Hz, 3B,],—23.0 (3B).13C NMR (CDCk): 6 13.30
decoupling accessories at room temperature. All NMR measure- (s, CH), 35.90 (s, SCH,), 127.16-138.74 (GHs).

ments were performed in deuterated solvents at@2Chemical
shift data for'H and 3C{*H} NMR spectra were referenced to
SiMey, those for'’B{1H} and B NMR spectra were referenced
to external BR-Et,0, and those foBP{*H} NMR spectra were
referenced to external 85%xPIO, (minus values upfield). Chemical
shifts were reported in ppm, followed by a description of the
multiplet (e.g. d= doublet), its relative intensity, and observed
coupling constants (in Hz).

Synthesis of [3-H-3,3-(PPk),-8-SMe>-close3,1,2-RuGBgH o]
(2a). Method I. To a deoxygenated solution of ethanol (10 mL)
containingla (100 mg, 0.514 mmol) was addedtkBuO] (58 mg,
0.514 mmol). The mixture was heated at®&) and [RuC}(PPh)]

Synthesis of [3-H-3,3-(PP§),-8-S(CH;),-close3,1,2-RuGBgH 1]
(2c). The process was the same as for compa2endsing 100 mg
(0.452 mmol) oflc, 61 mg (0.452 mmol) of KfBuQ], and 289
mg (0.300 mmol) of [RuG(PPh)3] in 10 mL of deoxygenated
ethanol. The mixture was stirredrfe h at 50°C to form a yellow
solid. The solid was filtered out and washed as described above to
give 2¢ (230 mg, 91%). Anal. Calcd for gH40BoP-SRu: C, 59.61;
H, 5.84; S, 3.79. Found: C, 58.83; H, 5.77; S, 3.61. IR (KBr):
2576, 2551, 2522 (BH), 2052 cn! (Ru—H). IH NMR (CDCly):

0 —10.29 [t,2)(P, H) = 34 Hz, 1H, Ru-H], 1.82 (m, 2H, CH),
2.18 (m, 2H, CH), 2.21 (br s, 2H, 6-H), 2.82 (m, 2H, S-.CH,),
3.31 (m, 2H, S-CH;), 7.00-7.73 (m, 30H, GHs). 31P{1H} NMR

(493 mg, 0.514 mmol) was added. The mixture was stirred for 1 h (CDCly):  55.8 (s).3*P NMR (CDCE): ¢ 55.8 [d,2)(P, H)= 34

at 50°C, to observe a brown-yellow precipitant. At this point 50%
more of Kft-BuO] was added to obtain a yellow solid after 30 min
stirring. The solid was filtered off and washed with two 10 mL
portions of water, 10 mL of cold ethanol, and two 10 mL portions

Hz]. 1B NMR (CDCl): 6 —1.5 (1B), —9.3 [d, (B, H) =129
Hz, 1B], —14.1 (1B),—16.1 [d,J(B, H) = 126 Hz, 3B),—25.1
(3B). 3C{H} NMR (CDCL): ¢ 30.30 (s, CH), 44.25 (s, SCHy),
127.16-138.72 (GHs).

of warm hexane. The resulted solid was treated with ethyl acetate Synthesis of [3-H-3,3-(PP§)»-8-SEtPh<lose 3,1,2-RUGBgH 1]
to separate a white solid and a yellow solution. The solution was (2d). The process was the same as for compdedsing 100 mg

evaporated in vacuo to give a yellow soligg]. Yield: 337 mg,
70% respect to the ligand.

Method II. The procedure was similar to that before using a
1.5/1 ligand/Ru(ll) complex ratio:1a (100 mg, 0.514 mmol),
K[t-BuQO] (58 mg, 0.514 mmol), and [RusiPPh)3] (329 mg, 0.342
mmol). The mixture was stirred fd. h atthis temperature to form
a yellow solid. The solid was filtered off and washed with two 10
mL portions of water, 10 mL of cold ethanol, and two 10 mL

portions of warm hexane. Finally, the solid was dried in vacuo.

Compound2a was obtained as a yellow solid (252 mg, 90% with
respect to the metal). Anal. Calcd fogdH47BoP.SRu: C, 58.58;
H, 5.77; S, 3.91. Found: C, 58.16; H, 5.50; S, 3. 70. IR (KBr):
2555 (B-H), 1963 cm! (Ru—H). *H NMR (CDClg): 6 —10.37

[t, 2J(P, H) = 33 Hz, 1H, Ru-H], 2.17 (s, 2H, G—H), 2.28 (s,
6H, S-CHg), 6.98-7.92 (m, 30H, GHs). 31P{*H} NMR (CDCly):

0 55.9 (s).3'P NMR (CDCE): ¢ 55.9 [d,2J(P, H) = 33 Hz]. B
NMR (CDCl): 6 —2.3 (1B),—10.1 [d,%J(B,H) = 128 Hz, 1B],
—14.2 (1B), —16.5 [d, ¥)(B, H) = 147 Hz, 3B,),—25.1(3B).
13C{*H} NMR (CDClg): 6 26.04 (s, SCHs), 127.25-138.67
(CeHs).

Synthesis of [3-H-3,3-(PPk),-8-SEt-close3,1,2-RuGBgH o]
(2b). The process was the same as for compa2adsing 100 mg
(0.448 mmol) oflb, 50 mg (0.448 mmol) of KfBuO], and 286
mg (0.299 mmol) of [RuG(PPh);] in 10 mL of deoxygenated
ethanol (method Il). The mixture was stirredr fd h at 50°C

(0.369 mmol) ofld, 41 mg (0.369 mmol) of KfBuUO], and 236
mg (0.246 mmol) of [RuG(PPh)3] in 10 mL of deoxygenated
ethanol. The mixture was stirredrft h at 50°C to obtain a yellow
solid. The solid was filtered out and washed as described above to
give 2d (194 mg, 88%). Anal. Calcd for fgHs:BoP,SRu: C, 61.66;
H, 5.69; S, 3.57. Found: C, 61.12; H, 5.54; S, 3.60. IR (KBr):
2576, 2524 (B-H), 2064 cm?® (Ru—H). *H NMR (CDCL): ¢
—10.38 [dd,2)(P, H) = 30.5 Hz,2)(P, H)= 30.4 Hz, 1H, Ru-H],
0.84 [t,3J(H, H) = 7.4 Hz, 3H, CH], 2.56 (s, 1H, G—H), 1.75 (s,
1H, G—H), 2.95 (m, 2H, S CH,), 6.98-7.77 (m, 35H, GHs).
31P{1H} NMR (CDCl): ¢ 58.2 [d,2J(P, P) 31 Hz], 53.0 [d2J(P,

P) 31 Hz].1*B{H} NMR (CDCly): 6 0.02 (1B),—9.8 (1B),—12.2
(3B), —21.1(3B),—26.2 (1B).13C{H} NMR (CDCl): 6 12.93
(s, CHs), 38.15 (s, SCHy), 127.70-139.90 (GHs).

Synthesis of [1-Me-3-H-3,3-(PP$)-8-SMe>-closa3,1,2-RuG-
BgoHg] (2€). The process was the same as for compoRadsing
100 mg (0.479 mmol) ofle, 54 mg (0.479 mmol) of KfBuQ],
and 306 mg (0.320 mmol) of [RugPPh)s] in 10 mL of
deoxygenated ethanol. The mixture was stirredlftn at 50°C to
give orange solid. The solid was filtered out and washed as
described above to givee (227 mg, 85%). Anal. Calcd for
CaHa9BoP>SRuU: C, 59.05; H, 5.88; S, 3.84. Found: C, 59.80; H,
5.54; S, 3.60. IR (KBr): 2551, 2517 (BH), 2029 cn! (Ru—H).

H NMR (CDCly): ¢ —12.16 [dd,2)(P, H) = 40 Hz,2J(P, H) =
30 Hz, 1H, Ru-H], 1.79 (s, 3H, S'CHg), 2.00 (br s, 1H, GH),

obtaining yellow suspension. The solid was filtered out and washed 2.21 (s, 3H, Cc-Ch), 2.64 (s, 3H, SCHjz), 7.00-7.73 (m, 30H,

as described above to gi&b (238 mg, 94%). Anal. Calcd for
CsHs1BoP,SRu: C, 59.47; H, 6.06; S, 3.78. Found: C, 59.02; H,
5.84; S, 3.43. IR (KBr): 2536 (BH), 2029 cnt! (Ru—H). *H

(14) Zakharkin, L. I.; Ol'shevskaya, V. A.; Zhigareva, G. G.; Antonovich,
V. A.; Petrovskii, P. V.; Yanovskii, A. |.; Polyakov, A. V.; Struchkov,
Yu. T. Metalloorg. Khim.1989 2, 1274.

(15) (a) Hallman, P. S.; Stephenson, T. A.; Wilkinson, I@org. Synth
197Q XIl, 237. p) Chappel, S. D.; Hamilton, D. J.; Galeas, A. M. R,;
Hursthouse, M. BJ. Chem. Soc., Dalton Tran$982 1867.

CeHs). 3'P{*H} NMR (CDCl): ¢ 52.3 [d,2)(P, P)= 25 Hz], 46.7
[d, 2J(P, P)= 25 Hz]. 1B NMR (CDCl): 6 —1.5 (1B),—10.5
(2B), —13.2 [d,%J(B, H) = 141 Hz, 1B],—16.3 (3B),—19.7 [d,
1J(B, H) = 126 Hz, 1B],—26.1 (1B).*3C{*H} NMR (CDCl): ¢
24.86 (s, G—CHs), 28.53 (s, SCHg), 127.86-140.03 (GHb5).
Synthesis of [1-Me-3-H-3,3-(PP¥),-8-SEt-closo3,1,2-RuG-
BgHg] (2f). The process was the same as for compo2adsing
100 mg (0.423 mmol) ofif, 48 mg (0.423 mmol) of KfBuQ],
and 270 mg (0.282 mmol) of [RugPPh)s] in 10 mL of
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H) = 11 Hz, 1H, Ru-H], 1.39 [d,3J (P, H) = 11 Hz, 3H, CH],

obtain a orange solid. The solid was filtered out and washed as 3.14 (br, 2H, G—H), 6.98-7.48 (m, 40H, GHs). 3P{1H} NMR

described above to givef (214 mg, 88%). Anal. Calcd for
CuHssBoSPRu: C, 59.91; H, 6.15; S, 3.72. Found: C, 60.11; H,
5.94; S, 3.77. IR (KBr): 2557, 2522 (BH), 2042 cn1! (Ru—H).
IH NMR (CDCl): ¢ —12.04 [dd,2)(P, H) = 40 Hz,2J(P, H) =
31 Hz, 1H, Ru-H], 0.91 [t,3J(H, H) = 7.4 Hz, 3H, CH], 1.50 [t,
3J(H, H) = 7.4 Hz, 3H, CH], 2.01 (br s, 1H, G-H), 2.23 (s, 3H,
C.—CHa), 2.35 (m, 2H, S-CHj), 2.93 [dq,2J(H, H) = 13.4 Hz,
3J(H, H) = 7.4 Hz, 1H, S-CH], 3.77 [dg,2J(H, H) = 13.4 Hz,
3J(H, H) = 7.4 Hz, 1H, S-CHy], 7.00~7.73 (m, 30H, GHs). 3'P-
{*H} NMR (CDCl): ¢ 52.0 [d,2)(P, P)= 26 Hz], 46.7 [d,2J(P,
P)= 26 Hz]. 1B NMR (CDCl): 6 —1.5 (1B),—10.4(2B),—12.8
(1B), —16.7 (3B),—20.4 [d,*J(B, H) = 136 Hz, 1B],—26.1 (1B).
13C{*H} NMR (CDCly): 0 13.74 (s, CH)), 22.42 (s, G—CHy),
34.23 (s, SCHy), 127.85-139.72 (GHs).

Synthesis of [3-H-3,3,8-(PP$)s-close3,1,2-RuGBoH (] (4a).
The process was the same as for compdanasing 204 mg (0.516
mmol) of 3a, 64 mg (0.516 mmol) of KfBuO], and 330 mg (0.344
mmol) of [RuCL(PPh)s] in 10 mL of deoxygenated ethanol
(method I1). The mixture was stirred for 2 days at%®Dobtaining

(CD,Clp): o 58.0 (s), 2.2 [tp,"3J(P, B) = 140 Hz]. 3P NMR
(CD,Cly): 658.0[d,2)(P, H)= 33 Hz], 2.2 [br tp,"J(P, B)= 140
Hz]. 1B NMR (CD,Cly): 6 —7.6 [d,%J(P, B)= 140 Hz],—15.1,
—21.7,—26.4.

X-ray Crystallography. Single-crystal data collection was
performed on an Enraf-Nonius CAD4 diffractemeter using Mo K
radiation. Cell parameters were from 16 reflections witfi ¥06
< 13° randomly searched f&aé and 25 reflections with 1< 0
<13 for 4a. Data were collected using/20 scans. The WinGX
prograni was used for applying Lorentzolarization corrections.
Absorption was corrected using-scan® for 2a. However, forda
this correction was not satisfactory and DIFAB®as finally used.
For4athe structure was solved by direct methods using SIRF002
and refined by the full-matrix, least-squares methodF8nusing
the SHELX97 program& All the hydrogen atoms were situated
in calculated positions and refined riding on their bonded atom,
except both hydride ligands, which were located in the Fourier
difference maps. Non-hydrogen atoms were anisotropically refined.
Isotropic thermal vibration for the hydrogen atoms was fixed to

a yellow suspension. The solid was filtered out and washed as1.2-1.5 timesUj, of the bonded atom. The final refinement

described above to givda (333 mg, 95%). Anal. Calcd for
C56H56|39P3RU: C, 65.92; H, 5.53. Found: C, 65.78; H, 5.73. IR
(KBr): 2543, 2575 (B-H), 2102 cm?! (Ru—H). 'H NMR
(CDCl): 6 —9.61 [dt,2J(P, H) = 33 Hz,3)(P, H)= 12 Hz, 1H,
Ru—H], 3.17 (br, 2H, G—H), 6.91—7.36 (m, 45H, GHs). 3P{1H}
NMR (CD,Cly): 6 58.6 (s), 12.7 [tplJ(P, B)= 126 Hz].3'P NMR
(CD.Clp): o 58.6 [d,2J(P, H) = 33 Hz], 12.7 [br tp,)J(P, B) =
126 Hz].11B NMR (CD,Cly): 6 —5.3 [d,%J(P, B)= 126 Hz],—9.3,
—14.9,-20.9,—25.5.

Synthesis of [3-H-3,3-(PP¥),-8-PPhMe-close3,1,2-RuGBgH ]
(4b). The process was the same as for compodmdsing 50 mg
(0.150 mmol) of3b, 18 mg (0.169 mmol) of KfBuO], and 96 mg
(0.100 mmol) of [RuCGY(PPHh);z] in 10 mL of deoxygenated ethanol.
The mixture was stirred overnight at 3C to give a yellow solid
which was filtered out and washed as described above to4five
(85 mg, 89%). Anal. Calcd for £Hs,BgPsRu: C, 63.92; H, 5.68.
Found: C, 63.34; H, 5.66. IR (KBr): 2543 (BH), 2056 cnt?!
(Ru—H). IH NMR (CD,Cly): ¢ —9.97 [dt,2)(P, H)= 33 Hz,3J(P,
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statistics and crystallographic information are shown in Table 3.
This material is available free of charge via the Internet at http://
pubs.acs.org. CCDC reference no. 211870.
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