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Reaction of the dinuclear complex [Rh-HBzimt),(cod)] with [Rhy(u-Cl)2(cod)] (cod = 1,5-cyclooctadiene)

gives the neutral tetranuclear complex jRRHBzimt),Cly(cod)] (2) in dichloromethane and the trinuclear cationic
complex [Rh(u-HBzimt)y(cod)]Cl (3) in methanol, respectively. The ionization ability of the solvent seems to

be the driving force to giv8, while the ability to coordinate a further RhCl(cod) fragment lead? to poorer

ionizing media. The complexes [{l-HBzimt),Cly(diolefin),] (M = Rh, diolefin = tetrafluorobenzobarrelene

(tfbb) (5); M = Ir, diolefin = cod )), formally analogous t@, were isolated from the reactions of the appropriate
complexes [MCI(HBzimt)(diolefin)] and [M(acac)(diolefin)] in acetone. A X-ray diffraction study 2rshows

the HBzimt ligands to bridge two rhodium atoms through the sulfurs, forming a basic four-membesgd Rh
(1:2¢S)-HBzimt), ring along with two RhCl(cod) moieties bonded to the nitrogen atoms. Two intramolecular
hydrogen bonds between the chloro ligands and the acidic NH protons should stabilize the syn-endo disposition
of the thiolate type bridging ligands. Replacement of the olefin lay carbon monoxide gives [R{u-HBzimt),-
Cly(cod)(CO}] and [Rhy(«-HBzimt),Cly(CO)g] (7) depending on the reaction conditions. The X-ray structure of

7 shows the HBzimt ligands in a HT-RR(u«-(1xN,2«S)-HBzimt), disposition with two RhCI(CQ)fragments
coordinated to the sulfur atoms. In addition, two tetranuclear uhiise associated in a dimer through four
intermolecular hydrogen bonds. This association occurs even in solution, where the two species are observed.
The equilibrium constant for the dissociation fits a linear plot oKlg versus 1T, which givesAH = 43.3 kJ
mol~tandAS= 114.7 J K1 mol~1. Deprotonation o with [Rhy(u-OMe)(cod)] gives the hexanuclear complex
[Rhg(u-Bzimt)o(u-Cl)z(codp(CO)] (10). Complexe¥ and10show identical conformations of the eight-membered
HT-Rhp(u-(1xN,2¢S)-Bzimt), metallacycle and identical configurations of the sulfur atoms.

Introduction

As part of our current investigatiohinto the chemistry of
polynuclear complexes containing anionic ligands of theQN-X

(X

N, O, S) type, we recently reported the stepwise

construction of a new family of di-, tri-, and tetranuclear

complexes using the deprotonated forms of 2-mercaptobenz-
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imidazole (HBzimt) as backbones to hold M(cod) moieties (M
= Rh, Ir; cod= 1,5-cyclooctadiene) in close proximity. All
these polynuclear complexes, and most of those reported with
pyridine-2-thiolate (Pyt), benzothiazole-2-thiolate (Bztzt), and
related ligands, show a basic eight-membere(liM1«N,2«S),)

ring with the two bridging ligands arranged in HT (head-to-
tail) or HH (head-to-head) dispositions, as found for rhodium
and iridium dinuclear complex&$A, Figure 1). This binucle-
ating mode, through the N and the S atoms, seems to be the
most usual for these and other relatee-GHS type ligands
bridging transition metals such as Pd®t?> Ruf and O]
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Figure 1. Coordination modes of benzimidazole-2-thionate (HBzjmt

in dinuclear complexes.
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probably due to a delocalization of the negative charge in the \( \r v x'\' >‘\ B

N—C—S bonds. A localization of the charge in both bridging i\z \\ + i (b) }a\s SN
ligands on the sulfur atoms would lead to the formation of a

four-membered M(u-(1:2¢S)) ring similar to that found for 9
dinuclear organothiolate comple®e@, Figure 1). Although akey: (i) [Mz(,u-CI)z(dlolefln)g], (ii) [M(acac)(diolefin)]; (iii) HCI;

the ligands of the NC—S type could allow this type of  (iv) KOH; (a) methanol; (b) acetone; (c) dichloromethane. Shaded
coordination, a search on the Cambridge Data Base for the M represents the M(cod) moiety. Simple skeletal views of the complexes
(S), metallacycle, formed from the NC—S ligands and metals, ~ are shown.
revealed that only two similar trinuclear compleX&€sof Ru
and Os with pyridine-2-thiolate show a “pure” organothiolato
coordination. The structures showing-Il8—S ligands bridging
through the sulfur atoms are systematically associated with a
chelate ring NCSM involving both the sulfur and nitrogen
atoms, which results in @ (1«N,1:2S) coordination mode (C,
Figure 1)10

We describe in this paper the first tetranuclear complex with
two bridging N-C—S ligands showing a-(1:2S) coordination
mode, which undergoes a change in thelxN,2«S) coordina-
tion mode by replacement of the ancillary ligands. We also
give evidence of conformational changes of thex (4
(1«N,2«¢S),) dimetallacycle and migrations of the metal centers
in these complexes.

(cod = 1,5-cyclooctadiene) in acetone gives an air-stable red
solid characterized as the unexpected tetranuclear complex
[Rha(u-HBzimt),Cly(cod)] (2). Thus, the IR andH NMR
spectra show the(N—H) band and a low-field resonance for
the NH protons, respectively, and the analytical data, including
the molecular weight in chloroform, are consistent with the
proposed formula. More surprisingly, an X-ray diffraction study
on 2 (vide infra) shows the HBzimt ligands to bridge two
rhodium atoms through the sulfurs, forming a basic four-
membered Rifu-(1:2¢S)-HBzimt), ring along with two RhCI-
(cod) moieties bonded to the nitrogen atoms. When the reaction
betweenl and [Ri(u-Cl)2(cod))] is carried out under identical
conditions but in methanol, the trinuclear ionic complex {Rh
(u-HBzimt)y(cod)]Cl (3) crystallizes out as a purple solid
(Scheme 1). Unreacted [Ra-Cl)2(cod)] remains in solution.
Complex3 exists as a static single isomer in DD solution.
Syntheses and Transformations of the Tetranuclear Com-  The structure, determined B4, *°3C{'H}, and H-H COSY
plexes [Mu(u-HBzimt) o.Cly(diolefin)4] (M = Rh, diolefin = NMR spectra, contains the basic eight-membered HIxRh
cod, tfbb; M = Ir, diolefin = cod). Reaction of [Rh(u- (1xN,2¢S)-HBzimt), ring of the dinuclear complek to which
HBzimt)y(cod)y] (1) with [Rhx(u-Cl)>(cod)] (1:1 molar ratio) the third Rh(cod) moiety is chelated through the two sulfur
atoms, as previously describéd.
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Figure 2. ORTEP view of the structure of the complex R+
HBzimt),Clx(cod)] (2). The ellipsoids for the atoms are drawn at the
30% probability level.

1 to give a trinuclear intermediate [Rla-HBzimt),Cl(cod}],

where the RhCl(cod) group is bonded to a sulfur atom. An

interaction of this Rh with the second sulfur atom to form the

Tejel et al.

Table 1. Selected Bond Distances (A) and Angles (deg) for
Complex2

Rh(1)-Cl(1) 2.393(2) S(1}Rh(2) 2.394(2)
Rh(1)-N(1) 2.102(4) S(1yC(1) 1.753(5)
Rh(1)-C(8) 2.115(6) N(1)-C(1) 1.323(7)
Rh(1)-C(11) 2.123(8) N(1-C(3) 1.394(7)
Rh(1)-C(12) 2.101(8) N(2)}-C(1) 1.354(7)
Rh(1)-C(15) 2.139(7) N(2}C(2) 1.390(7)
Rh(2)-S(1) 2.405(2) Cc(2C(3) 1.398(8)
Rh(2)-C(16) 2.155(6) C(8¥C(15) 1.369(12)
Rh(2)-C(17) 2.148(7) c(1BC(12) 1.397(11)
Rh(2)-C(20) 2.124(7) c(16yC(17) 1.375(9)
Rh(2)-C(21) 2.129(7) C(20yC(21) 1.375(9)

C(12-Rh(1)-C(15) 81.8(3) S(BRh(2-C(17)  87.4(2)

C(11)-Rh(1)-C(15) 90.9(3) S(LyRh(2-C(16)  98.1(2)

C(8)-Rh(1-C(12)" 96.9(3) Rh(2S(1-Rh(2)  75.3(1)

C(8)-Rh(1)-C(11)  81.7(3) Rh(2S(1)-C(1)  110.5(2)

N(1)-Rh(1-C(12)  93.3(3) C(I}S(1>-Rh(2) 112.0(2)

N(1)-Rh(1}-C(11)  90.1(2) C(1}N(1)-C(@3) 106.5(4)

Cl(1)-Rh(1-C(15) 93.3(3) C(1}N(2)-C(2) 107.7(5)

Cl(1)-Rh(1)-C(8)  91.9(2) N(1}C(1)-N(2) 111.7(5)

CI(1)-Rh(1}-N(1)  88.3(1) S(1}3C(1)-N(2) 124.5(4)

C(17)-Rh(2)-C(21) 96.9(3) S(HC(1)-N(1) 123.5(4)

C(17-Rh(2)-C(20) 81.9(3) N(2}C(2)-C(3) 105.5(5)

C(16)-Rh(2)-C(21) 81.6(3) N(1}C(3)-C(2) 108.6(5)

C(16)-Rh(2)-C(20)  90.1(3)

apPrime=1-xYy, Y% —z

chelate ring, along with the ionization of the chloro ligand, gives completes its coordination through two S atoms from two

3 in methanol. ComplexX could also be formed in dichlo-

HBzimt™ anions; the latter, through the chlorine and N atoms.

romethane or acetone, but either association of the ionic chlorideThe complex can be descrided as consisting of a dimerie Rh
in 3 to one of the Rh atoms coordinated through S and N or the (u-(1:2kS)-HBzimt) fragment in which the deprotonated N

transfer of the chloro ligand to a close metal in the intermediate atoms are bound to a RhCl(cod) moiety.

breaks the RR'S bond, allowing the coordination of a second
RhCl(cod) moiety to this terminal sulfur. A further transfer of
chloride repeating the above step renders complaith the
observed structure in the solid state.

The high ionization ability of the solvent seems to be the
driving force to give3 independently of the molar ratio, while
the ability to coordinate a further RhCl(cod) lead2to poorer
ionizing media. Thus, the alternative synthesis2abr 3 by
condensation between the mononuclear complexes [RRCI(H
Bzimt)(cod)] @) and [Rh(acac)(cod)] (1:1 molar ratio) (Scheme
1) gives complex and unreacted [Rh(acac)(cod)] from metha-
nolic solutions, but comple® from acetone solutions. Using
this method, the complexes [@-HBzimt),Cl(diolefin),] (M
= Rh, diolefin= tetrafluorobenzobarrelene (tfblH)(M = Ir,
diolefin = cod ()) were isolated from the reactions of the
appropriate complexes [MCl@Bzimt)(diolefin)] and [M(acac)-
(diolefin)] in acetone. Complexeésand6 are green air-stable
solids, but remarkablyg spontaneously loses HCI upon solution
in CDCls to give the already known red complexi[l-Bzimt),-
(cod)].

Crystal Structure of the Complex [Rha(u-HBzimt),Cl,-
(cod)y] (2). The structure of compleg is shown in Figure 2

In the dimeric
fragment a four-membered R ring is present displaying a
butterfly conformation (the dihedral angle between the two SRhS
wings is 116.71(4). Noteworthy are the short RhiRh and
S-S separations, 2.931(1) and 3.343(2) A, respectively, indica-
tive of weak interactions. The two HBzimtanions show a
syn-endo conformation and are practically parallel, as the
dihedral angle between them is 2.58(4Pue to this diposition

of the two anions, relevant stacking interactions can be
envisaged: six separations, shorter than 3.50 A, are present,
the shortest one being 3.130(7) A. The two S-bridges are
symmetric, the Rk'S bond distances being 2.405(2) and 2.394-
(2) A; the Rh—N bond distances are quite normal, 2.102(4) A.
The C(1)>-N(1) and C(1)-N(2) bond distances, 1.323(7) and
1.354(7) A, respectively, are in agreement with-aNCdouble-
bond delocalization.

The syn-endo isomer, even if less favored on steric grounds
with respect to the syn-exo and anti isomers as detected by
molecular models, is probably stabilized by two strong intramo-
lecular hydrogen bonds involving the Cl atom and theH\
groups [N:-Cl = 3.235(5) A and H-Cl = 2.33(7) A; N-H-
+«Cl = 171(7¥ ] (Figure 3). The HBzintt ligands are planar
with the N-bound Rh atom almost coplanar.

together with the atom-numbering scheme. Selected bond The Linkage Isomerization Occurring in the Formation
distances and angles are given in Table 1. In the tetranuclearof the Tetranuclear Complex [Rhu(uz-HBzimt) ,Cl>(CO)g] (7).

complex2, having a crystallographic imposeégh symmetry,

Bubbling carbon monoxide through a dichloromethane solution

each Rh atom is bound to a cod molecule through the two of [Rhs(u-HBzimt),Clx(cod)] (2) gives a wine-red solution of

olefinic double bonds. The four metal atoms are connected the complex [Ri(u-HBzimt),Cl,(CO)g] (7).

through two monodeprotonated HBzinanions, each of which

Isolation of 7
requires its crystallization under an atmosphere of carbon

acts as bidentate ligand, bridging two Rh atoms through the Smonoxide. Otherwise, a partial substitution of two carbonyl
atom and being bound to a third Rh atom through the groups by the replaced cod occurs under an inert atmosphere
deprotonated N atom. If the midpoints of the two double bonds to give pink needles of [Rifu-HBzimt),Cly(cod)(CO}] (8).

of each cod molecule are considered as coordination sites, eaclfComplex7 was characterized by spectroscopical means and by
Rh atom displays a distorted square planar coordination. Thea single-crystal X-ray diffraction study as tetranuclear, contain-
four Rh complexes can be considered of two types: the formering a basic eight-membered HT-Rh-(1«N,2S)-HBzimt),
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Table 2. Selected Bond Distances (A) and Angles (deg) for
M COmpIeX?
~=

H‘E”\ _ \Cm Rh(1)-CI(1) 2.354(2) Rh(4)-CI(2) 2.348(2)

Rh(1)-S(2) 2.380(2)  Rh(4)S(1) 2.375(2)
Rh(1)-C(101) 1.862(7)  Rh(4)C(401) 1.868(7)

Ahi2) Rh(1)-C(102) 1.843(6) Rh(4}C(402) 1.844(7)
Rh(2)-S(2) 2.392(1) Rh(3)S(1) 2.401(2)

Rh(2)-N(2) 2.086(5) Rh(3}N(4) 2.088(5)

\ Rh(2)-C(201) 1.866(7) Rh(3)C(301) 1.875(7)

Rh(2)-C(202) 1.875(7) Rh(3)C(302) 1.859(7)

o g S(1)-C(1) 1.748(6) S(2¥C(2) 1.748(6)

= N(1)—C(1) 1.345(8)  N(3}C(2) 1.346(8)

M N(1)-C(11) 1.370(8) N(3)}C(21) 1.391(8)

Figure 3. View of the bridging framework ir2 showing the hydrogen mg;:ggé) igggg)) N((gggé) iigggg
bonding. C(11)-C(16) 1395(9)  C(2BC(26) 1.378(9)
C(101)-0(101) 1.132(8) C(30BH0(301) 1.121(9)

C(102)-0(102) 1.133(8) C(302)0(302) 1.127(9)

C(201)-0(201) 1.129(9) C(40H0(401) 1.123(9)

C(2021-0(202)  1.127(9)  C(402)0(402) 1.139(9)
C(101)-Rh(1)-C(102) 90.6(3) C(40BHRh(4)-C(402) 90.6(3)
0102 S(2-Rh(1)-C(102) 96.4(2) S(HRh(4)-C(402) 97.4(2)
LI S(2-Rh(1)-C(101)  172.8(2) S(BRh(4-C(401) 171.7(2)
; D Cl(1)-Rh(1)-C(102) 174.0(2) Cl(2rRh(4)-C(402) 177.8(2)
c1021Yy " &) 01400 CI(1)-Rh(1)-C(101)  86.1(2) CI(2rRh(4)-C(401)  88.1(2)

3 CI(1)—-Rh(1)-S(2) 86.7(1) ClI(2yRh(4)-S(1) 83.9(1)

C(201)-Rh(2)-C(202) 90.9(3) C(30BRh(3)-C(302) 91.2(3)
N(2)-Rh(2-C(202)  92.1(3) N(4yRh(3)-C(301) = 90.2(3)
Cl402) N(2)-Rh(2)-C(201)  176.9(3) N(4YRh(3)-C(302)  178.5(3)

S )

(302
%0(302)

S(2-Rh(2)-C(202)  175.7(2) S(BRh(3-C(301) 175.3(2)
{0102 S(2-Rh(2-C(201)  91.9(2) S(HYRh(3)-C(302)  90.9(2)
& S(2-Rh(2)-N(2) 85.1(1) S(1¥Rh(3)-N(4) 87.7(1)

Rh(3)-Rh(2)-C(202) 100.5(2) Rh(2)Rh(3)-C(301) 100.7(2)
Rh(3)-Rh(2)-C(201)  94.8(2) Rh(Z}Rh(3)-C(302)  94.1(2)
Rh(3)-Rh(2)-N(2) 85.8(1) Rh(2-Rh(3)-N(4) 85.3(1)
Rh(3)-Rh(2)-S(2) 82.5(1) Rh(ZyRh(3)-S(1) 83.3(1)
Rh(3-S(1)-Rh(4)  103.5(1) Rh(HS(2)-Rh(2) 99.7(1)

_ , Rh(4)-S(1)-C(1) 113.3(2) Rh(1yS(2)-C(2) 113.2(2)
Figure 4. ORTEP view of t_he structure of the complex [Rir Rh(3)-S(1)-C(1) 107.3(2) Rh(2}S(2)-C(2) 105.6(2)
HBZImt)zCIz(QO)g] (7). The ellipsoids for the atoms are drawn at the C(1)-N(1)-C(11) 108.6(5) C(2YN(3)-C(21) 108.9(5)
30% probability level. Rh(2-N(2-C(16)  125.5(4) Rh(3)N(4)—C(26) 127.8(4)

Rh(2)-N(2)—C(1) 126.8(4) Rh(3yN(4)—C(2) 126.2(4)
ring. However, complex8 still seems to maintain the four- C(1)-N(2)—C(16) 106.4(5) C(2rN(4)-C(26) 105.9(5)
membered Rifu-(1:2¢S)-HBzimt) ring present in the starting o . )
material, the cod ligand being coordinated to one of the bridged Membered RiS,C:N, ring is present in which a short RRRh
rhodium atoms (see below). Therefore, a change of the bridging SeParation, 2.984(1) A can be envisaged. This ring shows two
mode of the HBzimt ligands occurs just at the final step of Planar SCNRh moieties and can be described as formed by two
the carbonylation reaction. An extraordinary change of the ‘envelope” five-membered rings sharing the-RRh side. The
skeletal core also occurs on a deprotonation reactich(eke four Rh—S bond distances, in the range 2.375(2}401(2) A,
Scheme 1). Thus, addition of 2 molar equiv of NEb an and the two RhN ones, 2.086(5) and 2.088(5) A, are
acetone suspension 2fgives the known tetranuclear complex comparable to those found in complex An extensive double
[Rha(u-Bzimt)(cod)] (9), having a basic eight-membered HT- bond delocalization on the NC—N moiety is observed as in
Rhp(u-(1xN,2¢S)-Bzimt) ring. The reaction can be reversed 2.

on addition of 2 molar equiv of HCI t® in acetone, which The mean coordination planes of the two central Rh atoms
regenerate® in quantitative yield. are almost parallel (the dihedral angle is 16.5463)d are almost
Crystal Structure of the Complex [Rha(u-HBzimt);Cl,- perpendicular to those of the two external Rh atoms (the dihedral

(CO)g] (7). The structure of the complekis shown in Figure ~ angles between adjacent complexes are 87.40(7) and 86)92(7)
4 together with the atom-numbering scheme. Selected bond The tetranuclear complexes are associated in dimeric
distances and angles are given in Table 2. Comjflskows complexes, havin@, symmetry, through four NH-CI hydro-

an approximateC, symmetry. The four metal atoms are gen bonds [N(3)-CI(1') = 3.1342(6) A and H-CI(1') = 2.41-
connected through two monodeprotonated HBziawtions, each  (7) A; N(3)—H---CI(1') = 173(8; [N(1)---Cl (2') = 3.205(5)

of which acts as a bidentate ligand, bridging two Rh atoms A and H--CI(2') = 2.47(6) A; N(1)-H---CI(2') = 158(5} (the
through the S atom and being bound to a third Rh atom through apex refers to the transformatiorx, ¥,—y, 2)] and two very
the deprotonated N atom. The complex can be described asweak Rh--Rh interactions [Rh(})-Rh(1) = 3.556(1) and Rh-
consisting of a dimeric Riu-(1«N,2«S)-HBzimty fragment in (4)--*Rh(4) = 3.619(1) A]. The octanuclear complex is shown
which two HBzimt™ ligands bridge the two Rh atoms in a head- in Figure 5.

to-tail (HT) disposition. These Rh atoms complete their square  Synthesis and X-ray Structure of the Hexanuclear Com-
planar coordination with two carbonyl ligands. Moreover, two plex [Rhe(u-Bzimt),(u-Cl)2(cod),(CO)g] (10). Complex7 still
RhCI(CO) fragments are bound to the sulfur atoms, to form has two acidic hydrogens that are abstracted by({RDMe),-

the tetranuclear Rh complex. In the dimeric fragment an eight- (cod)] in dichloromethane, leading to a red solid characterized



3958 Inorganic Chemistry, Vol. 37, No. 16, 1998

Figure 5. A pair of complexes7 associated in dimers through four
NH---CI hydrogen bonds and two weak RiRh interactions.

Chart 1. Possible Structures for the Complex
[Rhg(u-Bzimt)y(u-Cl)2(cod)(CO)] (10)2

C}}: ..... le\ /% ...... 01
S __

" . N
~ey” T —@\—s\/L \
10a 10b

a ShadedO< represents the Rh(C@inoiety.

as the hexanuclear complex [iir-Bzimt),(u-Cl)2(codp(CO)g]
(10). The reaction takes place cleanly to give one single isomer.
As the addition of two new fragments Rh(cod) occurs along
with the deprotonation, one can think that they bihthrough

the deprotonated nitrogen and an additional chloro ligand to
give 10a as shown in Chart 1. However, the X-ray diffraction
study onlOrevealed the formation of the related isomer (labeled
10bin Chart 1). The structure of the complég is shown in
Figure 6 together with the atom-numbering scheme. Selecte
bond distances and angles are given in Table 3. The hexanucle
complex10 shows a pseud@, symmetry (in the Figure 6 the

Tejel et al.

Figure 6. ORTEP view of the structure of the complex fghBzimt),-
(u-Cl)2(cod)(CO)g] (10). The ellipsoids for the atoms are drawn at the
30% probability level.

another Rh(CQLI fragment in order to obtain the hexanuclear
complex in which the Cl atoms bridge two Rh atoms with
formation of six-membered RhCIRhSCN rings.

In the dimeric fragment an eight-membered,8IC;N; ring,
very similar to that found ir7, is present in which a comparable
short Rh+--Rh separation, 2.998(1) A, is found.

For complex10, the structure found in the solid state is
maintained in solution according to analytical and spectroscopic
data. Thus, the molecular weight in chloroform solution
corresponds to the hexanuclear complex. Tiée NMR
spectrum in CDGlis consistent with a nonfluxional molecule
showing one type of Bzirft ligand and 12 resonances for the
protons of the two equivalent cod ligands (confirmed by the
H—H COSY spectrum), in accordance with te symmetry
of 10. This symmetry is again observed from #€{'H} NMR
spectrum, which shows four doubletlk-c = 62—80 Hz) for
the CO groups and four doubletif-c = 11—16 Hz) and four
singlets for the olefinic and methylenic carbons of the cod
ligands, respectively, together with six resonances in the
aromatic region for the two equivalent Bzitntligands. Both
spectra are static, which should be attributed to an ensemble of

dfactors working together: the lack of acidic hydrogen, the
aFridging nature of the chloro ligands, and the system of three

used rings that provides a conformational rigidity.

primed atoms indicate the approximately related ones), and three  Structures and Behaviors of the Tetranuclear Complexes
different square planar Rh complexes are present. The six meta, 5, 7, and 8 in Solution. Intra- and Intermolecular

atoms are connected through two bideprotonated Bzimt
anions, each of which acts as a tridentate ligand, bridging two

Hydrogen Bonding. Complexe2 and7 give red solutions in
CDCl; whose IH NMR spectra show the presence of two

Rh atoms through the S atom and being bound to two Rh atomscompounds Za/2b and 7a/7b), while complexes$ and8 each

through both deprotonated N atoms. The complex is very
similar to complex7 with a dimeric Rh(u-(1«N,2«S)-Bzimt),
fragment in which two HBzimt ligands bridge the two Rh
atoms in a head-to-tail (HT) disposition through the S(1) and

exist as a single isomer in solution. The representative signals
in theH NMR spectrum of complexeza/2b (ca. in 9:1 molar
ratio) are one broad singlet for the HN protons, four resonances
due to the H—H® protons of the HBzimt ligands, and eight

N(2) atoms. These Rh atoms complete their square planarmultiplets for the olefinic protons of the cod ligands, which

coordination with two carbonyl ligands. Moreover, two RhCI-
(cod) fragments are bound to the sulfur atoms, to form a

slightly broaden at room temperature. Analysis of theHH
COSY spectrum o2aand2b at low temperature indicates that

tetranuclear Rh complex. The mean coordination planes of thethe bridging ligands are equivalent and there are two pairs of

two central Rh atoms are almost parallel agifthe dihedral
angle is 17.17(8). The deprotonated N(1) atom interacts with

equivalent cod ligands in both complexes. ThRa,and 2b
(Scheme 2) possessG symmetry axis, which excludes HH
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Table 3. Selected Bond Distances (A) and Angles (deg) for Scheme 2. Proposed Species in Solution 2%
Complex10

Rh(1-S(1) 2.388(1) Rh(1—S(1) 2.398(1) cl >

Rh(1)-C(8) 1.869(8) Rh(73—C(8) 1.886(7) —7¢ N N\I/ C' «\. C'

Rh(1)-C(9) 1.857(5) Rh(3—C(9) 1.870(5) \( %

Rh(1)-N(2) 2.083(4) Rh(D—N(2) 2.083(3)

Rh(2)-CI(1) 2.386(2) Rh(9—CI(1") 2.395(1) ~ "*

Rh(2)-N(1) 2.055(3) Rh(3—N(1) 2.070(4) 2a 2b

Rh(2)-C(10) 1.834(7) Rh(3—C(10) 1.814(7) +iii () ||+ iv (b)

Rh(2-C(11) 1.836(8) Rh(2—C(11) 1.832(7)

Rh(3)-CI(1) 2.406(1) Rh(3—CI(1") 2.427(1) ,

Rh(3-S(1) 2.360(1) Rh(3—S(1) 2.348(1) N Ny

Rh(3)-C(12) 2.137(7) Rh(3—C(12) 2.141(5) N-—/ N\,./@\

Rh(3)-C(13) 2.168(5) Rh(3—C(13) 2.177(6) { \ f\;

Rh(3)-C(16) 2.130(4) Rh(3—C(16) 2.114(6) ?‘S SN

Rh(3)-C(17) 2.137(4) Rh(3—C(17) 2.136(5)

S(1)-C(1) 1.761(4) S(—C(1) 1.759(4) 9

0O(1)—-C(8) 1.116(10) o(1—-C(8) 1.112(9) aKey: (iii) HCI; (iv) KOH; (b) acetone. Shade@< represents the

0O(2)-C(9) 1.144(6) 0(9—-C(9) 1.117(6) Rh(cod) moiety. Simplified skeletal views of the complexes are shown.

0O(3)—-C(10) 1.139(10) O(3—C(10) 1.140(10)

0O(4)-C(11) 1.132(12) 0(3—C(11) 1.146(9)

N(1)—C(1) 1.331(5) N(D—C(1) 1.326(5)

N(1)—C(2) 1.385(5) N(D—C(2) 1.402(6)

N(2)—C(1) 1.350(5) N(2—C(1) 1.350(7)

N(2)—C(3) 1.393(5) N(9—C(3) 1.398(5)

c(2)-C(3) 1.394(6) c(@-C@3) 1.406(7)

C(12-C(13)  1.349(11)  C(I3-C(13)  1.388(9)

C(16)-C(17)  1.388(9) C(1-C(17)  1.411(8)

C(B)-Rh(1)-N(2)  91.2(2) N(2)-Rh(I)-C(8) 90.3(2)

C(8)-Rh(1)-C(9) 90.8(3) N(2-Rh(1)—S(1) 87.1(1)

S(1-Rh(1-N(2)  86.9(1) C(8—Rh(1)—C(9) 90.0(3) -

- ®

S(1)-Rh(1)-C(9) 91.4(2) S()—Rh(1)—C(9) 92.8(2)
C(10)-Rh(2)-C(11) 88.5(4) C(10—Rh(2)-C(11) 88.2(3)
N(1)-Rh(2-C(10)  92.5(2) N()-Rh(2)-C(10)  94.1(2)
Cl(1)-Rh(2-C(11) 92.9(3) CI()—Rh(2)-C(1T) 91.3(2)
Cl(1)-Rh(2-N(1)  86.4(1) CI(1)-Rh(2)-N(1')  86.3(1)
C(16)-Rh(3)-C(17) 38.0(2) C(1§—Rh(3)-C(17) 38.8(2)
C(13)-Rh(3)-C(17) 90.4(2) C(13—Rh(3)-C(17) 89.0(2)
C(13)-Rh(3)-C(16) 81.2(2) C(13—Rh(3)-C(16) 80.7(2)
C(12)-Rh(3)-C(17) 81.6(2) C(13—-Rh(3)-C(17) 81.8(2)
C(12)-Rh(3)-C(16) 95.6(2) C(13-Rh(3)-C(16) 97.7(2)

T
w
[ TG 2 B - TN © » BN oo JERNN & o SENNY e JENNL & 5 B e NN 2]

£ ppm

C(12-Rh(3-C(13) 36.5(2) C(13—Rh(3)—C(13) 37.5(2) .
S(1)-Rh(3)-C(17) 88.6(1) S()-Rh(3)-C(17) 87.1(1) m, .................. ]6 ,,,,,,,,,,,,,,,,,,, Ll r
S(1)-Rh(3)-C(16) 91.9(1) S(3—Rh(3)—C(16) 90.8(2) ep

Cl(1)-Rh(3-C(13) 88.5(1) CI(D)—Rh(3)—C(13) 89.6(2) Figure 7. NOESY spectrum at 293 K for the complex [Rir

CI(1)-Rh(3)-C(12)  90.8(2) CI()—Rh(3)—C(12) 92.5(2) HBzimt),Clx(cod)] (2).
CI(1)—-Rh(3)-S(1) 94.4(0) CI()—Rh(3)—S(1) 95.4(1)
Sﬂg)):gz(ll))_—RRh?S) gg;gg Eﬂg_gz(xl)')_;ﬁ%‘qi) ggg%g sites in both complexes, which should occur indeed. Thus, an
RhG3)-S(1)-C(1) 114.1(1) Rh(3-S(1)—C(1) 112.4(2) Ea_l;tltempé to fsé)yt:]thebsze the _rmxe(:-h%ak?d_(ﬁénplem[}?gingmQﬁ
Rh(1)-S(1)-C(1)  105.7(2) Rh(I-S(1)—C(¥)  106.3(1) 2(cod)(tfbb)y] by reaction of [ Rh{u-HBzimt)(tfbb} ] wit
Rh(2-N(1)-C(2)  130.4(3) Rh(3-N(I)-C(2)  129.4(3) [Rha(u-Cl)2(cod)] in 1:1 molar ratio gives a mixture of
Rh(2-N(1)-C(1)  123.6(3) Rh(3—-N(1)-C(1)  123.9(3) complexes showing up to 12 resonances for the NH protons in
C(3-N(2)—Rh(2)  128.5(3) Rh(1}N(2)—C(3) 130.0(3) theH NMR spectrum. Up to four symmetrical isomers could
C(1)-N(2)—-Rh()  126.7(3) Rh(1)N(2)—C(1) 126.1(3) be obtained if this synthesis took place in a controlled way,
even if an interconversion of the typ2a/2b takes place.
arrangements of the bridging ligands and agrees with the However, the above-mentioned 12 signals for the NH protons
frameworks found in the solid state f@rand for7. arise from a mixture of eight isomers having the frameworks
NOE experiments to elucidate each particular structure are of 2aand2b, in which two Rh(tfbb) and two Rh(cod) moieties
inoperative because the NOESY spectrum reveals an intercon-occupy bridged and terminal cordination positions. The small
version betwee@aand2b, as detected by negative cross-peaks signals, also observed, should correspond to compounds having
between the aromatic protons of both isomers (Figure 7). three identical Rh(diolefin) fragments. Therefore, a random
Moreover, this is an equilibrium between tetranuclear species exchange of Rh(diolefin) fragments occurs, which involves an
since a 10-fold dilution shows no changes in the relative easy pathway for the migration of the metals in both complexes
proportions oRa/2b, which is in accordance with the molecular and their interconversion.
weight measurements @fin CHCl; at different concentrations. Keys to understanding this behavior are the presence of acidic
Therefore, assuming th&a possesses the structure found in  hydrogens in the tetranuclear complexes, the conformational
the solid state2b should be the HTe-(1«N,2«S) isomer. The nonrigidity of the eight-membered ring HT-Rh-(1xN,2«S)-
NOESY spectrum also evidences the exchange between all theHBzimt),, and the presence of potentially bridging donor atoms
sites for the olefinic cod protons, as deduced from the negative such as chlorine and sulfur. The former should give rise to the
cross-peaks between them. This involves a process in which aspontaneous extrusion of hydrogen chlorideé,jbut a simple
particular Rh(cod) moiety moves between the two coordination migration to the close sulfur can easily break the-8hbond
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and leave an uncoordinated N-donor atom, which can interactaccessible temperatures. These protons belong te@ labnd,
easily with the close rhodium centers. It should be noted that since the H-H COSY spectrum indicates that they are coupled.

the chemical deprotonation of compl@xs associated with a

Hence, the halves of the cod ligand are equivalent through a

tremendous change in the bridging framework. Thus, complex plane of symmetry of the molecule. Thre€CO) bands are

2 gives the neutral complex [Rfu-Bzimt)(cod)] (9) by

observed in the IR spectrum in the solid state and in@CH

addition of a base (Scheme 2). The connectivity shown by These data would be consistent with a structure similar to that

complex 9 is easily achieved from2b, since the Rk(u.-
(1N, 2¢S),) dimetallacycle is already preformed, and chelation
of two Rh(cod) moieties, already coordinated to sulfur, involves
only a change of the conformation of this ring. However, a
complicated process is required starting fr@en In addition,

the opposite reaction &with HCI can easily be understood to
give 2a, assuming that the protonation occurs initially on the
sulfur atoms. Therefore, the mobility of the metal fragments
occurring in complex, maintaining the two extreme structures
in the exchange, can be explained by a mobility of the acidic
proton. The conformational nonrigidity is quenched on forma-
tion of fused cycles involving the sulfur atoms, as observed for
complexes9 and 10, which have no acidic protons. Finally,
the potentially bridging donor atoms, in particular sulfur, should
facilitate the migration of the rhodium centers, and dissociation
of a RhCl(diolefin) fragment to give a trinuclear complex cannot
be excluded.

found for 2a but with two eclipsed aromatic rings and the cod
ligand attached to one rhodium bridged by the sulfur atoms.
Complex7 exists as a mixture of two compound&a( 7b)
whose relative proportion is temperature dependent. Dilution
experiments indicate a noticeable variation of the molar ratio
between the two species. Thus, a 4-fold dilution of a solution
containing 20 mg o7 in 0.5 mL of CDC} produces an increase
in 7b of 270%. This strongly supports a dissociatiorvafinto
7b, and therefore, the species in solution are in a chemical
equilibrium. Variable-temperaturéH NMR studies for a
solution of 24 mg of7 in 0.6 mL of CDCk show a7a:7b ratio
of 2.7:1 at 238 K. As the temperature is raised, the relative
proportion of7b increases rapidly and predominates at 308 K.
The equilibrium constanteg) over the range 238308 K fits
a linear plot of InKeq versus 1T, which givesAH = 43.3 kJ
mol~t andAS = 114.7 J K1 mol~L. The large positive value
observed foAS again agreédwith the presence of a dissocia-

On these bases, the surprising preparation of the hexanucleaVe Process in solution.

complex 10 (vide supra) can be now understood and again
provides evidence for the mobility of the metal fragments
associated to the complexes with an acidic proton.

conformation of the HT-R#{u-(1«N,2«S)-HBzimt), ring in 10

To establish the nuclearity of the species involved in this
equilibrium, three independent measurements of the molecular

The Weight for a solution of 20 mg of in 2 mL of CHCk give an

averaged value of 121% 10. For this concentration, thiéd

does not change in the reaction relative to that of the parent NMR spectrum in CDGIshows 80% o¥b at room temperature,

tetranuclear complexb. Therefore, the deprotonation @b

by [{Rhu-OMe)(cod},] leads to the migration of the Rh-
(CO)CI fragment bonded to the sulfur to the close nitrogen in
a first step, and this sulfur coordinates the Rh(cod)(MeOH)
fragment formed in the deprotonation. A further replacement

which gives an averaged molecular weight of 1206, assuming
that 7a and 7b are octanuclear and tetranuclear complexes,
respectively. Therefore, an equilibrium between a possible
dinuclear, [Rh(u-HBzimt)(u-Cl)(CO)], and tetranuclear species

is ruled out. Moreover, comparison of tHéC{!H} NMR

of the cordinated methanol by the chloro ligand renders the final SPectra of the mixtur@a/7b with those of [Ri(u-HBzimt),-

product10. This process is consistent with the pathway for
the deprotonation o2b proposed above.

Complex5 shows a broad band for the olefinic protons in
the 'H NMR spectrum at room temperature but well-defined

resonances at low temperature. In this way, the behaviors of

complexes5 and 2 are different. The spectrum in the low-

exchange region corresponds to a species having two equivalen

HBzimt™ ligands and two types of tfbb ligands, each type giving
rise to four inequivalent olefinic protons. Analysis of the-H
COSY spectrum indicates the presence @,aymmetry axis

in the molecule, which is confirmed by the four signals for the

(COX]BF4 (1)) and [Rhy(u-Cl)2(CO)] revealed that the latter
compounds are not involved in this equilibrium. Furthermore,
the IR spectra for very diluted solutions 8fin hexane, where

the low-nuclearity species is dominant, show fiv§CO)
absorptions as expected for the tetranuclear complex. Thus,
these data support the following equilibrium:

fR h,(u-HBzimt),Cl(CO)], == 2[Rh,(u-HBzimt),Cl,(CO)]
7a 7b

Complexes7a and 7b show equivalent bridging ligands in
thelH and13C{!H} NMR spectra, the latter displaying two sets

tertiary protons of the tfbb ligands, since any isomer possessinggf four doublets for the CO groups at low temperature. These

a plane of symmetry would show six signals for these tertiary
protons. Thus, comple% could possess a framework of the
metals and bridging ligands as found eitherZar for 7 in the
solid state. Comparison of the chemical shifts of the HBzimt
ligands of2a, 2b, 5, and7 shows two distinct patterns, one for
2b, 5, and7 and the other foRa and 8, where the two high-

spectral data agree with those expected for the equilibrium
between the dimera and the tetranuclear speciéls. There-
fore, the thermodynamic and spectral data support that the
tetranuclear complexXb associates, even in solution, to give
the dimer7a and vice versa. The small value found for the
dissociation enthalpyAH = 43.3 kJ mot?) is in agreement

field resonances overlap. This should be due to the distinct yith the breaking of four hydrogen bonds.

disposition of the aromatic ring in complexes of tyf#sand

The lack of an gaxis for the HTu»-(1kN,2kS) disposition

7, either close and face to face or further away, respectively. A of the HBzimt" ligands in the tetranuclear speci@sgives rise
mutual influence of ring currents between the two aromatic rings g two enantiomers resulting from the eight-membereg(Rk
should be expected in the first case, producing the distinct c—s), ring (labeled A and B, Chart 2). In addition, each
patterns observed and thus providing information about the anantiomer could show two different conformations having

structures of the complexes. Hence, com@estould have a
framework similar to that of.

Complex8 decomposes in solution in a few hours. The
NMR spectrum shows equivalent bridging ligands and two well-
defined signals for the olefinic protons over the range of

(11) C{H} NMR (CDCls, 293 K) for [Rhs(u-HBzimt)(CO)]BFa, o
182.9 (d,JCRh =62 HZ), 180.1 (dJCRh = 68 HZ), 179.7 (dy]CRh =
75 Hz) (CO); 146.9 (CS), 140.7 (CN), 133.7 (EM), 125.2, 124.6,
115.4, 111.5 (HC) (HBzimi). 13C{1H} NMR (CDCls, 293 K) for [Rhy-
(u-Cl)2(COW], o: 177.6 (d,Jorn = 76 Hz) (CO).
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Chart 2. Enantiomers Resulting from the Lack of a Plane  plexes, which give rise to a dimer stable even in solution,
of Symmetry in the R(N—C—S), Ring (HT-A, HT-B) and accounting for the difference witka. However, a dimer like
from the Different Helicities 4, A) this is not possible for the diolefin complexes because the steric
bulk of the olefin ligands prevents the close contacts required
to form the intermolecular hydrogen bonding. There is no clear
reason for the observed differences between the cod and the
tfbb complexes, which should be attributed to the higher
swr-acidity of the latter ligand.

Experimental Section

Starting Materials and Physical Methods. The benzimidazole-
2-thiolate complexes were prepared as previously desctilgt@dndard

co literature procedures were used to prepare(fivCl)(diolefin),],*?
oc_ | ©°¢ oc. 0 [M(acac)(diolefin)]23 and [Rh(u-OMe)(cod)].* All solvents were
0C~25:Q dried and distilled before use by standard methods, and the new
s N ‘N\<S / NS_) f s'b complexes were prepared under an argon atmosphere using Schlenk
NH U Ls techniques. Molecular weights were determined with a Knauer
osmometer using chloroform solutions. Carbon, hydrogen, nitrogen,
NH and sulfur analyses were performed in a Perkin-Elmer 2400 microana-
HT-B HT-B-A HT-B-A lyzer. IR spectra were recorded with a Nicolet-IR 550 (46@00

cm1) spectrophotometer with the bands calibrated against the sharp
. . . peak (1601.4 c) of a polystyrene film. Mass spectra were recorded
andA helicity for a nearly face-to-face disposition of the metal i, 3 VG Autospec double-focusing mass spectrometer operating in the
coordination planes in the eight-membered ring. These arise FAB* mode. *H and*C{!H} spectra were recorded on Varian UNITY
from the twisting of the two planes to avoid an eclipsed 300 and Bruker ARX 300 spectrometers operating at 299.95 and 300.13
conformation of the ligands. Notice that a close disposition of MHz, respectively, fofH. Chemical shifts are referenced to SiMe
the aromatic rings results for the HT-A- and HT-BA H—H COSY spectra were registered with the COSYGR pulse program
enantiomers, while the distant disposition corresponds to the©n the Bruker spectrometer using 256 individual FID's with four
HT-A-A and HT-BA enantiomers. Moreover. the coordination acduisitions per FID. NOESY spectra were recorded with the NOE-
of two RhCI(CO) moieties at the sulfur ator’ns generates two SYTP pulse program (phase sensitive, to differentiate the positive from

hiral t Th . . f fi 1d exi tthe negative cross-peaks) on the Bruker spectrometer using 256
new chiral centers. us, six pairs of enantiomers could exist ;i idqual FID's with 32 acquisitions per FID.
for tetranuclear compleXb overall.

) ) ) Preparations of the Complexes. [Ri(u-HBzimt),Cly(cod)] (2).
The two enantiomers HT-A and HT-B-A found in the solid Method A. Solid [Rhy(u-Cl)2(cod)] (48 mg, 0.1 mmol) was added to

state, showings,SandR,Rconfigurations at the sulfur atoms, a yellow solution of [Ra(u-HBzimt),(cod)] (70 mg, 0.1 mmol) in
respectively, probably correspond to the more stable for steric acetone (15 mL) to give immediately a red solution, which was allowed
reasons, as shown by molecular models. Moreover, a conver-to stand overnight at-40 °C. The deposited red microcrystals were
sion of the conformer HT-AA into HT-A-A requires the collected b_y fiItra_tion, washed with cold diethyl ether (5 mL), and
simultaneous inversion of the configurations at both sulfur atoms Vacuum-dried. Yield: 96 mg (82%).

to avoid steric crowding. In other words, the twist required for __ Method B. An acetone solution (25 mL) of [Rh(acac)(cod)] (93
this conversion should be restricted by steric hindrance. Indeed,™9' 0.3 mmol) was allowed to diffuse through a porous frit into a

. 137 1 solution, in the same solvent (25 mL), of [RhCiEimt)(cod)] (120
only two enantiomers are detected #y and *C{'H} NMR mg, 0.3 mmol). Red crystals, suitable for diffraction studies, were

spectroscopy. ldentical considerations are valid for complex formed at the porous frit in 2 days which were separated by decantation,
10, for which the HT-AA-S,Sand HT-BA-R,Renantiomers  \washed with cold diethyl ether, and vacuum-dried. A second crop of

are found in the solid state and only two enantiomers are found crystals were obtained by evaporation of the solution and addition of

in solution. diethyl ether. Overall yield: 144 mg (82%).
IR (Nujol): »(N—H) = 3120 cnt™. H NMR data (CDC4, 218 K)
Conclusions and Remarks (obtained from H-H COSY analysis) are as follows. F?a, 6: 11.25

(m, 2H, NH), 8.10 (d, 6 Hz, 2H), 6.85 (m, 2H), 6.46 (m, 4H) (HBziMnt
The tetranuclear comple® shows tremendous changes in  7.20 (m, 2H), 4.84 (m, 4H), 4.78 (m, 2H), 4.38 (m, 4H), 3.96 (m, 2H),
the molecular framework by itself and upon undergoing 3.42 (m, 2H) &CH, cod); 3.13 (m, 2H), 2.75 (m, 6H), 2.52 (m, 2H),
apparently simple reactions such as the replacement of the2.34 (m, 6H), 2.26 (m, 2H), 2.05 (m, 6H), 1.93 (m, 2H), 1.81 (m, 2H),
ancillary ligands and deprotonation. The equilibrium between 1.61 (m, 2H), 1.47 (m, 2H)XCH,, cod). For2b, 6: 11.41 (m, 2H,
complexes2a and2b could be described as a linkage isomer- NH), 7.86 (d, 8.2 Hz, 2H), 7.04 (t, 8.2 Hz, 2H), 6.67 (t, 8.5 Hz, 2H),
ization, and noticeably, it is observed only for the cod complex. 6:35 (d: 8.5 Hz, 2H) (HBzim); 6.85 (m, 2H), 5.00 (m, 2H), 4.48 (m,
This equilibrium involves a migration of metal fragments. In  4H). 4.07 (m, 2H), 3.88 (m, 2H), 3.64 (m, 4H}=CH, cod); the
addition, the structure of compléa has no counterpart, since remaining methylenic cod protons are overlapped with those of the
U isomer2a except the exo proton coupled with the olefinic protord at
the related tfbb and carbonyl compleXesnd7b a_dopt a distinct = 6.85 which appears at = 2.95°C{1H} NMR (CDCl, 293 K) for
framework. The structure ofa shows two intramolecular 25 s: 150.7 (CS), 141.4 (CN), 133.9 (CNH), 122.8, 121.6, 116.1,
hydrogen bonds between a chloro ligand and an acidic proton111.5 (HC) (HBzimt); 88.1 (d,*Jcrn = 12 Hz), 87.5 (dJcrn = 14
bonded to nitrogen. This intramolecular hydrogen bonding Hz), 85.9 (dXJcrn = 12 Hz), 83.8 (d1Jcrn= 12 Hz), 82.3 (dXJcrn =
could assist in the stabilization of the very rare coordination of 13 Hz), 81.3 (d}Jcrn= 12 Hz), 76.8 (dXJcrn= 13 Hz), 75.2 (d1Jcrn
N—C-S ligands acting as thiolate bridges, but it is not the single
cause, because it could also take place in potentially identical (12) (a) Giordano, G.; Crabtree, R. thorg. Synth.1979 19, 218. (b)

Herde, J. L.; Lambert, J. C.; Senoff, C. Morg. Synth1974 15, 18.
structures fob and7b. On the other hand, the structure found (13) (a) Bonati, - Wilkinson, Gi. Chem. Socl964 3156, (b) Robinson,
for the carbonyl complex allows for the formation of four S R.; Shaw, B. LJ. Chem. Socl965 4997.

intermolecular hydrogen bonds between two tetranuclear com-(14) Chatt, J.; Venanzi, L. MJ. Chem. Soc1957, 4735.
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Table 4. Crystallographic Data for Complexé&s 7, and 10
2 7 10

formula Q6H53C|2N4Rh452 C22H10C|2N403Rh482'CHzc|2 C33H32C|2N403Rh552'1.5c|'bc|2

mol wt 1213.64 1089.92 1552.55

cryst syst monoclinic tetragonal _triclinic

space group C2/c 14./a P1

radiation ¢, A) graphite-monochromated Mod<(0.710 73)

a A 26.021(7) 21.389(3) 16.967(4)

b, A 13.741(4) 21.389(3) 14.289(3)

c, A 13.123(4) 29.359(6) 11.872(2)

o, 3, v, deg 105.31(2) 71.90(2), 68.24(2), 77.60(2)

V, A3 4526(2) 13431(4) 2525(1)

VA 4 16 2

Dealcas g €T3 1.781 2.156 2.042

u, cmt 16.81 24.24 23.14

R2 0.0264 0.0463 0.0359

R.? 0.0321 0.1253 0.0474

*R= Z||Fo| - ‘FCH/ZIFOL bRw = [ZW(|F0| - ‘FCDZ/ZW(FO)Z]UZ-

= 14 Hz) &CH, cod); 33.5, 33.0, 32.5, 31.8, 30.5, 30.2, 30.0, 29.3
(>CHgy, cod). Anal. Calcd for GHssCloNsS;Rh: C, 45.52; H, 4.82;
N, 4.62; S, 5.28. Found: C, 45.86; H, 4.63; N, 4.65; S, 5.22. MS
(FABY), m/z 931 ([Rhy(u-HBzimt)(cod)]*, 28%), 571 ([Rb(u-
HBzimt);(cod}]™, 100%). Molecular weight: calcd for [Rfu-
HBzimt),Cly(cod)], 1214; found, 1207.

[Rhs(e-HBzimt) »(cod)]Cl (3). A methanolic suspension (5 mL)
of [Rhy(u-Cl)2(cod)] (24 mg, 0.05 mmol) was added dropwise to a
suspension of [Rifu-HBzimt),(cod)] (70 mg, 0.1 mmol) in methanol
(5 mL). Purple microcrystals deposited after 10 min of stirring, which
were filtered off, washed with diethyl ether, and vacuum-dried.
Yield: 82 mg (85%).'H NMR (CDsOD, 293 K),6: 7.70 (d, 8.2 Hz,
2H), 6.85 (t, 2H, 8.2 Hz), 6.60 (t, 2H, 8.1 Hz), 6.50 (d, 2H, 7.9 Hz)
(HBzimt™); 5.60 (m, 2H), 5.33 (m, 2H), 4.44 (m, 2H), 4.25 (m, 2H),
3.90 (m, 2H), 3.63 (m, 2H)=CH, cod); 3.18 (m, 2H), 2.98 (m, 1H),
2.42 (m, 2H), 2.32 (m, 2H), 2.22 (m, 2H), 2.10 (m, 1H), 1.78 (m, 1H),
1.65 (m, 1H) ¢CH,, cod). Anal. Calcd for gHaCINsSRhs: C,
47.22; H, 4.80; N, 5.80; S, 6.62. Found: C, 47.13; H, 4.51; N, 5.66;
S, 6.55. MS (FAB), m/z 931 ([Rhy(u-HBzimt)(cod)]", 100%).

[Rha(e-HBzimt) .Cl(tfbb) 4] (5) was prepared as a green micro-
crystalline solid from [RhCI(EBzimt)(tfbb)] (prepared in situ by
addition of HBzimt (30 mg, 0.2 mmol) to a suspension of i
Cl)o(tfbb),] (73 mg, 0.1 mmol) in acetone) and [Rh(acac)(tfbb)] (43
mg, 0.1 mmol) by the method B described above3orYield: 140
mg (83%). IR (Nujol): »(N—H) = 3160 cm’. H NMR (CDCl,
218 K), 0: 11.73 (s, 2H, NH), 8.02 (d, 8.5 Hz, 2H), 7.14 (t, 2H, 8.0
Hz), 6.77 (t, 2H, 7.5 Hz), 6.46 (d, 2H, 7.7.5 Hz) (HBzint6.48 (br
s, 2H), 5.54 (m, 2H), 5.40 (m, 2H), 3.78 (br s, 2H)EH, tfbb); 6.05
(m, 2H), 5.71 (m, 2H), 4.38 (m, 2H), 4.33 (m, 2H), 4.27 (m, 2H), 3.78
(m, 4H), 2.89 (m, 2H)£CH, tfbb). Anal. Calcd for GHz4ClaF16N4S,-
Rh: C, 44.19; H, 2.03; N, 3.32; S, 3.80. Found: C, 43.86; H, 2.20;
N, 3.39; S, 3.66. MS (FAB), m'zz 1285 ([Rh(u-HBzimt)(tfbb)s]*,
100%).

[Ir a(u-HBzimt),Cl,(cod))] (6) was prepared, as a dark green
microcrystalline solid, from [IrCl(EHBzimt)(cod)] (70 mg, 0.14 mmol)
and [Ir(acac)(cod)] (57 mg, 0.14 mmol) by the method B described
above for3. Yield: 77 mg (68%). IR (Nujol):»(N—H) = 3100 cn1™.
Anal. Calcd for GeHssClLNsS;Irs: C, 35.17; H, 3.72; N, 3.57; S, 4.08.
Found: C, 35.64; H, 3.40; N, 3.53; S, 4.10. MS (FABm/z. 1199
([Ir 3(u-HBzimt),(cod)] *, 100%). Complex6 gives orange solutions
in CDCl; whose'H NMR and *3C{'H} NMR spectra correspond to
[Ir a(u-Bzimt),(cod)i].

[Rhy(u-HBzimt) ,Cl(CO)g] (7). Dry carbon monoxide was bubbled
through a concentrated solution 8f(121 mg, 0.1 mmol) in deoxy-
genated dichloromethane (5 mL). After 15 min, the initially red solution

K) are as follows. Fora, o: 11.62 (s, 2H, NH), 7.67 (d, 7.9 Hz, 2H),
7.35 (t, 2H, 7.8 Hz), 7.12 (t, 2H, 8.1 Hz), 6.37 (d, 2H, 7.9 Hz)
(HBzimt). For7b, 6: 11.75 (s, 2H, NH), 7.64 (d, 6.8 Hz, 2H), 7.07
(t, 2H, 7.3 Hz), 6.74 (t, 2H, 7.6 Hz), 6.16 (d, 2H, 8.1 Hz) (HBzimt
13C{*H} NMR data (CDC}4, 218 K) are as follows. Fora, 6: 184.2
(d, Jcrn = 63 Hz), 180.0 (dJcrh = 73 Hz), 180.5 (dJcrn = 64 Hz),
179.5 (d,Jcrn = 61 Hz) (CO); 153.4 (CS), 139.8 (CN), 132.0 (EN
H), 125.2, 123.3, 115.9, 111.3 (HC) (HBzimt For7b, 6: 183.1 (d,
Jcrh = 65 HZ), 180.3 (d,JCRh = 58 HZ), 180.0 (dJCRh =70 HZ),
179.4 (d,Jcrn = 74 Hz) (CO); 147.6 (CS), 139.7 (CN), 133.0 (EN
H), 125.2, 122.8, 115.9, 110.0 (HC) (HBzimt Anal. Calcd for
C2:H1CLN4OsS,Rh: C, 26.29; H, 1.00; N, 5.57; S, 6.38. Found: C,
26.53; H, 1.23; N, 5.39; S, 6.21. MS (FAB miz 775 ([Rh(u-
HBzimt),(CO)]*, 100%). Molecular weight: calcd for [Rfu-
HBzimt),Cl,(CO)4], 1005; found, 1215.

[Rh4(u-HBzimt) ,Cly(cod)(CQO)] (8). Dry carbon monoxide was
bubbled through a suspension3f121 mg, 0.1 mmol) in deoxygenated
diethyl ether (15 mL). The starting material dissolved in 10 min, and
CO bubbling was continued for a further 20 min. Slow evaporation
of the solvent, under an Ar atmosphere, led to the formation of pink
needles corresponding & which were filtered off, washed with cold
hexane (3 mL), and vacuum-dried. Yield: 80 mg (75%). IR (Nujol):
v(N—H) = 3132 cm. IR (CH,Cl,): »(CO) = 2079 (vs), 2025 (s),
1996 (m) cm. H NMR (CDCls, 293 K), : 11.43 (s, 2H, NH),
7.79 (d, 8.2 Hz, 2H), 6.99 (m, 2H), 6.71 (m, 4H) (HBzimt5.07 (m,
2H), 3.71 (m, 2H) £CH, cod); 2.87 (m, 2H), 2.50 (m, 2H), 2.23 (m,
2H), 1.83 (m, 2H)>CHj,, cod). Anal. Calcd for @H2:CloN4OsS,-
Rhs: C, 31.81; H, 2.10; N, 5.30; S, 6.06. Found: C, 31.60; H, 1.95;
N, 5.33; S, 5.91.

[Rhe(u-Bzimt)(u-Cl)2(cod)(CO)g] (10). Solid [Rh(u-OMe)-
(cod)] (48.4 mg, 0.1 mmol) was added to a solution of JRh
HBzimt),Cl,(CO)] (7) (100.5 mg, 0.1 mmol) in 15 mL of dichlo-
romethane. The resulting red solution was stirred for 30 min and then
was concentrated to ca. 2 mL. Slow addition of heptane dévas
dark red needles, which were filtered off, washed with heptane, and
vacuum-dried. Yield: 114 mg (80%). IR (GBIy): »(CO)= 2087
(m), 2078 (vs), 2065 (w), 2027 (s), 2013 (s) ¢m *H NMR (CDCl;,

293 K),6: 7.63 (m, 4H), 7.20 (m, 4H) (HBzim); 5.08 (m, 2H), 4.42
(m, 4H), 3.73 (m, 2H)£CH, cod); 3.01 (m, 2H), 2.72 (m, 2H), 2.36
(m, 6H), 2.09 (m, 2H), 1.74 (m, 4H)>CH,, cod)!3C{'H} NMR
(CDCls, 218 K),6: 185.0 (d,Jcrn = 62 Hz), 184.7 (dJcrn = 62 Hz),
182.1 (d,Jcrn = 72 Hz), 180.8 (dJcrh = 80 Hz) (CO); 158.7 (CS),
144.7, 143.7 (CN); 121.8, 121.6, 114.6, 113.3 (HC) (BZint89.6
(d, Jecrn= 11 Hz), 87.3 (dJcrn= 11 Hz), 81.8 (dJcrn= 14 Hz), 75.1
(d, Jcrn = 16 Hz) (=CH, cod); 34.5, 33.4, 29.4, 28.0- CH,, cod).

became wine-red, and hexane (5 mL) was added. Bubbling was Anal. Calcd for GgHs:CloN4OsS;Rhe: C, 32.03; H, 2.26; N, 3.93; S,
continued for 2 h, and small amounts of hexane were added to complete4.50. Found: C, 32.46; H, 2.16; N, 3.94; S, 4.23. MS (FABwz

the crystallization o7, which was filtered off, washed with cold hexane
(3 mL), and vacuum-dried. Yield: 85 mg (80%). IR (Nujohy(N—

H) = 3140 cmt’. IR (hexane):»(CO) = 2102 (m), 2089 (vs), 2078
(w), 2036 (s), 2023 (m), 2006 (w) cth *H NMR data (CDCJ, 218

1423 (for3Cl) (M, 55%).

Crystal Structure Determination of Complexes 2, 7CH.Cl,, and
10-1.5CH,Cl,. Selected crystallographic data for comple2¢e3, and
10are listed in Table 4. Data were collected at room temperature (22
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°C,2and10) and at 173K 7) on Siemens AEDZ), Siemens-Sto€7],
and Philips PW 110010) four-circle diffractometers using graphite-
monochromated Mo K radiation. Crystal dimensions were 0.15
0.17 x 0.26 @), 0.20x 0.25x 0.38 (7), and 0.25x 0.31x 0.40 (10)
mm. All reflections with6 in the ranges 327 (2), 3—25 (7), and
3—30° (10) were measured using26 (2, 10) andw/26 (7) scans; of
4951 @), 5901 (), and 14 621 10) independent reflections, 2762)(
and 9258 10), havingl > 20(l), were considered observed and used
in the analysis. In the case @f5897 reflections were included in the
refinement. OneJ and 10) or three {) standard reflections were
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gF-4~* was used fo and10; at convergence, thgvalues were 0.0003

(2) and 0.002910). Final R andR, values were 0.0264 and 0.0321
(2) and 0.0359 and 0.04741Q). In the case of7, the calculated
weighting scheme was B{(F.?) + (0.0843)? + 52.11P], whereP =

(F&? + 2F2)/3. Final agreement factors f@rwere R(F) = 0.046 {2

> 20(F?), 5197 reflections) andR,(F?) = 0.125 for all data. The
analytical scattering factors, corrected for the real and imaginary parts
of anomalous dispersion, were taken from ref 15. All calculations were
carried out on the GOULD POWERNODE 6040 and ENCORE 91
computers of the Centro di Studio per la Strutturistica Diffrattometrica

monitored every 100 measurements; no significant decay was noticeddel CNR, Parma, Italy, using the SHELX-76 and SHELXS-86 systems
over the time of data collection. Intensities were corrected for Lorentz of crystallographic computer prograth§2 and10) or the SHELXL93"
and polarization effects. As all three single-crystal samples exhibited package 7).

small and homogeneous crystal dimensions, watfactors under 0.37,
no absorption correction was carried out.

The structures were solved by direct and Fourier methods and refined

by full-matrix (2) or blocked full-matrix (0) least-squares calculations
based orfF and full-matrix least-squares calculations basedrd(7),
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