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The pyrazolato (Pz) rhodium(l) complexdsh(u-Pz)(CO)(L} 2] (L = CNBU, P(OMe}, PMe&Ph, P(OPhy, P(p-
tolyl)s) result from the reaction of Rh(u-Pz)(CO})},] with the appropriate L ligand in a trans:cis ratio ranging
from 60:40 (L= CNBU) to 95:5 (L= P(p-tolyl)s). The pure trans isomers add 1 molar equiv of diiodine to give
the dirhodium(ll) complexe{ Rh(u-Pz)(1)(CO)(L)} 2] (L = CNBU (6), P(OMe} (7), PMePh @), P(OPh} (9)).
These complexes incorporate two iodide ligands trans to the rhedinadium bond, as substantiated by the
X-ray structure for7, while the complex [(Pp-tolyl}3)(CO)(I)Rh{u-Pz)(«-CO)R(1)(R p-tolyl} 3)] (10) contains

a bridging ketonic CO ligand, due to the insertion of a terminal CO into the maetatal bond. The metaimetal
bond formation involves a 2e oxidation, since identical compoufe®) are obtained by oxidation with [Fe-
(Cp)](PFs) followed by addition of potassium iodide. Further reactions of the dirhodium(ll) compléx€s
with diiodine leading to the metaimetal rupture are electrophilic additions, as exemplified by the reactions with
the positive iodine complex [I(Py)". They start at the “endo site” (the metahetal bond) if it is sterically
accessible to the electrophile, to give directly the dirhodium(lil) complef@b:-Pz)(1)(CO)(L)} 2(u-1)] T (L =
CNBU, CO). Otherwise, as for the complexes with P-donor ligands, abstraction of a iodide ligand trans to the
metak-metal bond (the “exo site”) occurs first, to give the dirhodium(ll) cationic complexess)(ER)(I)Rh(u-
Pz»Rh(CO)(PR)]" and triiodide. These react again with diiodine to give dirhodium(lll) complekB&{-Pz)-
(N(CO)(PRy)}2(u-)] * similar to those described above, but with triiodide or pentaiodide as counterion, as
substantiated by the X-ray structure §Rh(u-Pz)(1)(CO)(PMePh} »(u-1)]I 5 (18). The diiridium(ll) complexes
[{Ir(u-Pz)(1N(CO)(PR)}2] (PRs = P(OPh), PMePh) also react with diiodine to give the cationic diiridium(lll)
complexes{Ir(u-Pz)(1)(CO)(PR)} 2(u-1)]I 3 through a reaction pathway involving the “exo site”, while no reaction
is observed for {Ir(u-Pz)(1)(CO)},]. Finally, replacement of a carbonyl ligand iiRh(u-Pz)(1)(CO)(L)} 2(u-

N1+ (L = CNBU, CO) by iodide gives the compounds [(CO)(L)(1)RRRzy(u-1)Rh(1)2(L)].

Introduction observed. The central axis to this exploration has been the use
f active metals hold together with flexible and firmly bounded
ridging ligands. This allows the metaietal interaction and

prevents the fragmentation of the bimetallic core. In this line,

we are investigatingthe reactivity of dinuclear rhodium and

The increasing interest generated by dinuclear complexes ha
focused on the search for reactivity patterns and unusual
chemical transformations, unavailable for mononuclear com-
plexes, through cooperative electronic and/or steric effects
between the metal centerShus, formation and breaking of
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iridium pyrazolato complexes that seem to possess the above
commented requirements to show cooperative bimetallic reac-
tivity.

In particular, we have recently reporfédhe oxidative- c
addition of diiodine to the highly nucleophilic complexg$/-
(u-Pz)(CNBU)2} 2] (M = Rh, Ir) leading to the metal bonded
complexes {M(u-Pz)(I)(CNBU)z} 2. This binuclear oxidative
addition reaction is typical for related dinuclear iridium
complexes such a$lf(«-L)(CO)(L')}2] (L = SBU,2 pyrazolate,
7-azaindolaté? 1,8-diamidonaphthalerié,L’ = monodentate
phosphine or CO) and BPfu-Pz)u-SBU)(CO}(L'),].2°> On
regarding their dirhodium counterparts, less studied in oxidative-
addition reactions, similar results are obtained from the reactions
of [{Rh(u-Pz)(CO}} 7]*? or [{Rh(u-L)(CO)(PPR)},]*3 (L = 1,8-
diamidonaphthalene) with diiodine, but dirhodium(lll) com-
plexes or mixed-valence RARW!" result from [ Rh(u-R.Pz)-
(CO)(PPR)}2]* or [{Rh(u-Cp-PPh)(CO)} 7],*° respectively.

Despite the various reports on the reactions, very little is
known about the possible mechanisms that favor the formation
and breaking of metalmetal bonds. Oxidative-addition reac-
tions to yield dinuclear dirhodium(ll) and diiridium(ll) com-
plexes are a good example of cooperation between the two
metals, while mononuclear rhodium(ll) and iridium(ll) com-
pounds are very raré.

Herein we describe some reactions of diiodine with a family ——m™m™MW —/m——m™™™————7——— 7
of dinuclear rhodium and iridium pyrazolato complexes looking ™" 73 70 63 6.0
for a deeper insight on the mechanism of reactions leading to Eglééeoij ]fib';'“ljlgors]p:géﬁoin ct)fflel %2?;?'2&3 i:/eg;OCnNoé:w({r??:v%-g
the rupture of metatmetal bond, the reactive sites in these ) 2 N o
complexes, and the influence of steric and electronic effects. the intermediate [(CQRh(-PzLRN(CO)YCNBY] (%), cisL (O) and

. ’ ; . trans-1 (@); (c) isolatedtrans-1 in Cg¢De.
The reported studies confirm the influence between the neigh-

— =

boring metal centers in their reactivity. By monitoring the reactions of Rh(x-Pz)(CO}} ] with L,
| 4 Di . a mixture of the starting material, thegns+cis)-[{ Rh(«-Pz)-
Results and Discussion (CO)(L)}] isomers, and the intermediate [(GRh(«-PzyRh-

[{ Rh(u-PZ)(CO)(L)} -] Complexes.The new dinuclear rhod- _(CO)(L)] is _observed when 1 molar equiv of L is add_ed. This
ium pyrazolato complexe§ Rh(u-Pz)(CO)(L}] (L = CNBU is more notlcgable for = CNBU (Figure 1). These mixtures
(1), P(OMe} (2), PMePh @)) result from the reaction of the ~ €volve to the finalfanst-cis)-[{ Rh(«-Pz)(CO)(L} 2] complexes
yellow air-sensitive compound{ Rh(u-Pz)(CO}},] with the upon a_lddmon_ of the second molar equivalent of L. A high trans:
appropriate L ligand, as previously describedr L = P(OPh}) cis ratio ranging from 85:15 (& P(OMe}) to 95:5 (L= P(p-

(4) and Pp-tolyl)s (5). The puretrans[{ Rh(u-Pz)(CO)(L}] tolyl)s) is observeql for = P-donor ligands, while that obseryed
isomers crystallize from anhydrous diethy! ether solutions while for L = CNBU is 60:40. These results suggest a direct
mixtures of (rans+cis)-[{ Rh(u-Pz)(CO)(L}] are isolated if relationship _b_etween the bL_JIklness of the L ligand and the
hexane is used to complete the crystallization. Both isomers Stereoselectivity of the reaction.

are easily distinguished bH NMR spectroscopy, since the No trans:cis isomerizations were observed in the working
cis isomers Cs symmetry) show four resonances for the conditions, and pure trans stereoisomers were used as starting
pyrazolate ligands while the trans isome@s §ymmetry) show materials in the present study. Thus, we will omit the term
only three. “trans” in the following discussion.

Reactions Leading to Metat-Metal Bond Formation and

(8) Bonnet, J. J.; Kalck, P.; Poilblanc, Rngew. Chem,, Int. Ed. Engl.  Oxidative-lsomerization. The addition of 1 molar equiv of

©) i?\?,golda g’_si:. Beveridge, K. A.; Bushnell, G. W.; Dixon, K. R.; diiodine to diethyl ether or pentane suspensions of the complexes
Eadie, D. T.; Stobart, S. R.; Zaworotko, M.Idorg. Chem1984 23, 1-4 gives the compound$Rh(u-Pz)(1)(CO)(L)} ] (L = CNBU
4050. _ _ (6), P(OMe} (7), PMePh @), P(OPh} (9)) as dark-red
10) fég%”j’;lg/"z% Peez-Torrente, J. J.; Oro, L. Al Organomet. Chem.  ¢rysialline solids. The elemental analyses agree with the
(11) Ferriadez, M. J.; Modrego, J.; Lahoz, F. J*pez, J. A.: Oro, L. A. incorporation of two iodine atoms iB—9 and the observation
J. Chem. Soc,, Dalton Trang99Q 2587. o of the molecular ions in the mass spectra confirms their dinuclear
(12) Oro, L. A;; Pinillos, M. T.; Tiripicchio, A.; Tiripicchio-Camellini, M. nature. A formal oxidation of both rhodium atoms is indicated

Inorg. Chim. Actal985 99, L13. .
(13) Oro,gL. A.: Fenandez, M. J., Modrego, J.; Foces-Foces, C.: Cano, F. DY the decrease for théprn andJc-rn values along with the

H. Angew. Chem., Int. Ed. Engl984 23, 913. shift of »(CO) to higher frequencies relative to those observed
(14) f;sav\éethtzﬁulkSlS, A.; Nyburg, S. C.; Ng, W. Whorg. Chim. Acta for their Rh(l) precursors. In addition, a single isomer having
(15) He, X.; Maisonnat, A.: Dahan, F. Poilblanc, Brganometallics.991, C, symmetry results from the above reactions, since only three
10, 2443, resonances for the pyrazolate protons appear in theMMR
(16) Ga;]rcia, M. P.; Jimenez, M. VI Cuesta, A, Siur%na, C.; Oro, L. ﬁ.; spectra. Therefore, complexés-9 are dinuclear and diamag-
Lahoz, F. J.; Lopez, J. A.; Catalan, M. P.; Tiripicchio, A.; Lanfranchi, ; ; ;
M. Organometallicsl997, 16, 1026 and references therein. .”et.'c’ pQSSGSS a single me{ahEta.l bond, .and Incorporate two
(17) Usm, R.; Oro, L. A.; Ciriano, M. A_; Pinillos, M. T.; Tiripicchio, A.; iodide ligands trans to the rhodiurmhodium bond (Scheme

Tiripicchio-Camellini, M. J. Organomet. Chenl.982 205, 247. 1). As the formation of these metaietal bonds must be
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accomplished by an increase of the folding of the molecules,

Tejel et al.
Scheme 2
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Rh(1)(P{p-tolyl}3)] (10) in 5 min, which decomposes finally
into a mixture of compounds. This decomposition is avoided
by carrying out the reaction in diethyl ether, where comglex

is insoluble and crystallizes out as formed. Assuming the initial
formation of the metatmetal bonded compleA, compound
10results from an oxidative isomerization in which one terminal
CO group migrates into the pocket of the complex and inserts
into the rhodium-rhodium bond becoming a ketonic carbonyl.
This isomerization reaction occurs with an increase of the

information concerning to the space available inside the pocket intermetallic distance and consequently, with a decrease of the

of these complexes was obtained by the study{ 8&hju-Pz)-
(D(CO)({ OMe}3)} 2] (7) by X-ray methods (vide infra).

On the other hand, the addition of 1 molar equiv of diiodine
to 5 gives a red crystalline compound analyzing fORp(u-
Pz)(1)(CO)(R p-tolyl}3)}2] (10) but showing quite different
spectroscopic data than complex@s9. Thus, complex10
contains terminal and ketonic CO ligands, showin@O)
absorptions at 2095 and 1757 thin the IR spectrum,
respectively. In addition, comple¥0 lacks elements of sym-
metry, and accordingly, two inequivalent phosphine ligands with
1Jp—rn values of 131 and 111 Hz are observed in & 1H}

folding of the molecule. Most probably, the steric crowding in
the proposed intermediakeis the driving force for this reaction,
since the complexe8—9, which possess ancillary ligands less
bulky than Pp-tolyl)s, do not undergo this isomerization.
Furthermore, the formation of the previously reported ketonic
carbonyl complexeg Rh(u-3,5-RPz)(1)(L)} 2(u-CO)] from the
reactions of {Rh(u-3,5-R:Pz)(CO)(L} 2] with diiodine* could

be understood in terms of a loss of a terminal CO ligand through
an intermediate similar t0, due to additional steric effects of
the substituents on the pyrazolate ring. In this context, we have
previously observed reversible transformations involving dirhod-

NMR spectrum. These data agree with a dinuclear complex in ium(lll) ketonic carbonyls and metametal bonded dirhodium-

which two pyrazolate and one ketonic carbonyl group bridge
the two rhodium atoms each one having onpg-®(yl); ligand.

However, no clear information about the stereochemistry of the

(I) species in A-frame pyrazolate-bridged dirhodium complex
containing CNBtas ancillary ligan@®
Crystal and Molecular Structure of [{Rh(u-Pz)(1)(CO)-

rhodium atoms could be obtained from the spectroscopic data,(P{OMe}s)}2] (7) and [(P{ p-tolyl}s)(CO)()Rh(u-Pz)(u-CO)-

and the complete characterizationldf as the complex [(fp-
tolyl} 3)(CO)(I)Rh{u-Pzy(u-CO)RI(I)(R p-tolyl} 3)] was achieved
by a X-ray diffraction study (vide infra).

The reactions of the complexds-4 with diiodine leading
to 6—9 are similar to that found for the related complexgl{
(u-Pz)(CNBU)2} 2] (M = Rh, Ir), for which a two-electron oxi-
dation has been proposé&iThe two electrons are abstracted
from the HOMO of the dinuclear complex, which is an anti-
bonding orbitalk® Moreover, these reactions can be carried out
either directly with diiodine or in two separate steps. Thus, the
oxidation of the complexe2—4 with 2 molar equiv of [Fe-
(Cp)](PFs) in acetonitrile followed by addition of potassium
iodide gives also compounds-9 cleanly ¢H NMR evidence).
Furthermore,{Rh(u-Pz)(CO)(R OMe} 3)(CHsCN)} 2] (PFs)2 (11)
results from the oxidation & with 2 molar equiv of [Fe(Cp]-
(PFs) in acetonitrile. ComplexX 1 was isolated as a yellow oil

Rh(1)(P{p-tolyl}3)] (10)-%/2(CH3CH>),0. The crystal structures
of 7 and 10 consist of dinuclear neutral complexes and1@)
diethyl ether solvent molecules, packed at normal van der Waals
distances. Both molecules exhibit a common ‘&R®Rz)Rh”
framework, constituted by two rhodium atoms bridged through
two exabidentate pyrazolate ligands; the twoJRk metalla-
cycles formed adopt the usual boat conformation with different
puckering magnitudes (see beloy:1°

Two crystallographically independent molecules were de-
tected in7, showing only statistically significant differences for
bond parameters involving the heaviest atoms (Rh and I), which
were refined with greater precision. The differences in bond
angles are even more appreciable, but all these variances could
be considered chemically irrelevant (see Table 1). Both metal
centers in7 (Figure 2) exhibit identical distorteghseude
octahedral environments with a trimethyl phosphite, a carbonyl

and characterized by spectroscopic studies and conductivity/igand and a iodide atom coordinated to each metal, and the

measurements (see Experimental Section). Replacement of th

labile acetonitrile ligands i1l by pyridine gives {Rh(u-Pz)-
(CO)(R OMe} 3)(Py)} 2] (PFe)2 (12) immediately, while addition
of iodide to 11 leads to the neutral complek as expected
(Scheme 1).

The reaction ob with diiodine, which gives an anomalous
result, should start in an analogous way as 6et9. Indeed,
the hypothetical compleX Rh(u-Pz)(I)(CO)(R p-tolyl}3)} 2] (A,
Scheme 2), showing a broadCO) band at 2046 cm, is
detected at the beginning of the reaction. However,
compound evolves to [{R-tolyl}3)(CO)(I)Rh{u-Pzy(u-CO)-

this

(18) Lichtenberger, D. L.; Copenhaver, A. S.; Gray, H. B.; Marshall, J.
L.; Hopkins, M. D.Inorg. Chem.1988 27, 4488.

presence of a clear intermetallic RRh bond, 2.6595(14) and

2.6781(12) A. These RhRh separations are comparable to
those observed in other closely related doubly bridged pyrazolate
Rh'—Rh' complexes where a RHRh single bond has been
proposed, such agRh(u-Pz)(1)(CO} »(u-dppm)] (2.612(3))?
[{Rh(u-Pz)(;5-CsHs)} 5] (2.657(3) A)20 and the two dinuclear
moieties of the cationic tetranuclear compléR(«-Pz)(1)-
(CNBW)4} 2(u-N]* (2.6320 and 2.6057(10) AR.Together with
these data, the formation of the RRh bond is additionally
supported by the shortening of the intermetallic distance

(19) Oro, L. A;; Sola, E.; Lpez, J. A,; Torres, F.; Elduque, A.; Lahoz, F.
J. Inorg. Chem. Commuri998 1, 64.

(20) Bailey, J. A.; Grundy, S. L.; Stobart, S. Rrganometallics199Q 9,
536.
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Table 1. Selected Bond Lengths (A) and Angles (deg) Tér
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Rh(1)-Rh(2) 2.6595(14) 2.6781(12)
Rh(1)}-1(1) 2.7410(13) 2.7519(12)
Rh(1)-P(1) 2.254(3) 2.251(2)
Rh(1)-N(5) 2.062(8) 2.052(7)
Rh(1)-N(7) 2.095(8) 2.080(7)
Rh(1)-C(1) 1.862(12) 1.876(10)
C(1)-0(1) 1.143(12) 1.126(11)
Rh(2)-Rh(1)-1(1) 158.78(4) 156.32(4)
Rh(2)-Rh(1)-P(1) 101.79(11) 104.55(7)
Rh(2)-Rh(1)}-N(5) 72.2(3) 71.8(2)
Rh(2)-Rh(1)-N(7) 70.7(3) 70.6(2)
Rh(2)-Rh(1)-C(1) 101.7(3) 99.1(3)
I(1)—Rh(1)-P(1) 93.36(10) 92.60(7)
I(1)—Rh(1)-N(5) 93.9(3) 91.9(2)
I(1)—Rh(1}-N(7) 92.7(3) 91.8(2)
I(1)—Rh(1)-C(1) 92.6(3) 96.7(3)
P(1)-Rh(1)-N(5) 92.3(2) 91.5(2)
P(1)-Rh(1)-N(7) 172.4(3) 175.0(2)
P(1)-Rh(1)-C(1) 91.3(3) 91.1(3)
N(5)—Rh(1)-N(7) 85.4(3) 86.1(3)
N(5)—Rh(1}-C(1) 173.4(4) 170.8(4)
N(7)—Rh(1}-C(1) 90.3(4) 90.6(3)
Rh(1)-C(1)-0(1) 177.3(10) 178.0(8)

2 The two values stated for each parameter correspond to the two

Figure 2. View of the structure of the compleX Rh(u-Pz)(1)(CO)-
(P{OMe}5)}2] (7).

observed in7 if compared with its parent compound analogue
[{Rh-Pz)(CO)(ROPH 3)}2] (3.568 A), which implies a no-
ticeable decrease in the RRh separation (0.9 A approxi-
mately) upon the oxidative-addition reactibh.

The configuration of the ligands around the metalg ietains
the trans arrangement of the phosphite ligands of the parent
compound?2. This fact, in conjunction with the boat conforma-
tion of the RhN4 metallacyle, results in a structure possessing
a noncrystallographi€; molecular symmetry. Each of the two
added iodide atoms is bonded to a different metal center with
an eclipsed Rh—Rh—1, 4.6(2)) and nearly trans disposition
(mean RR-Rh—I, 157.80(2)) relative to the Rk-Rh bond,

Rh@)(2) 2.7465(14) 2.7291(13)
Rh(2P(2) 2.245(3) 2.240(3)
Rh(2N(6) 2.087(8) 2.084(8)
Rh(2N(8) 2.058(7) 2.050(7)
Rh2C(2) 1.869(11) 1.853(10)
C20(2) 1.131(12) 1.153(11)
Rh(BRh(2)-1(2) 158.31(4) 157.77(4)
RhERh(2)-P(2) 98.68(9) 99.64(7)
Rh(BR(2)-N(6) 71.3(3) 71.2(2)
Rh(HRh(2)-N(8) 71.9(2) 72.0(2)
Rh(HRh(2)-C(2) 102.1(4) 103.0(3)
I(DRh(2)-P(2) 97.29(8) 95.65(7)
I(2XRh(2)-N(6) 92.2(3) 92.6(2)
1(2Rh(2)-N(8) 93.4(2) 92.0(2)
I(2YRh(2)-C(2) 92.7(4) 93.2(3)
P(2)Rh(2)-N(6) 170.0(3) 170.6(2)
P(2Rh(2)-N(8) 90.6(2) 90.3(2)
P(2Rh(2)-C(2) 89.0(4) 89.3(3)
N(6YRh(2)-N(8) 85.7(3) 84.9(3)
N(6)Rh(2)-C(2) 93.7(4) 94.8(4)
N(8YRh(2)-C(2) 173.9(4) 174.7(4)
Rh(2C(2)-0(2) 179.0(12) 176.6(9)

crystallographically independent molecules.

Figure 3. View of the structure of the complex [{B-tolyl}3)(CO)-
(DRh(u-Pz)(u-CO)RN(N(N(R p-tolyl} 5)] (10).

(8) A),2a7aci2hyt reflect the different trans influence of the
ligands situated on the opposite side of the metal coordination
sphere: 2.087(4) A trans to phosphite, and 2.056(4) A trans to
the strongerm-acceptor carbonyl groups. The Rh bond
lengths, ranging from 2.7291(13) to 2.7519(12) A, are similar
to those reported for the terminal iodide ligands in the related
Rh(Il) complexes{Rh(u-Pz)(I)(CO} »(u-dppm)] (2.736(3) and
2.710(3) A)!2 [{ Rhy(u-Pz)(1)(CNBUY)4} o(u-1)] T (2.7279 and
2.7545(10) AR2or [{ Rh(u-dppm)(I)(CNBU)} o(u-P2)]" (2.738-
(3) and 2.766(6) Ajc where the iodine atoms are nearly trans
disposed to the RRRh bond but are slightly longer than the
mean values determined for Rh(lll) complexes, 2.71(A} A.
Although having the same stoichiometry Bf complex10
exhibits several remarkable structural changes (Figure 3). Based
on the same dinuclear X, boatlike moiety, this molecule
presents an additional bridging carbonyl group and a compara-

tively elongated RrRh separation, 3.2603(8) A, consistent with

confirming the nature of a formal two-fragment two-center oxi- Eze ?jpf?encet of 6: Temetal bor;d. Ablso no(;ati/l\%.:mohr;\]ri .
dative addition reaction. The whole molecule closely resembles € difterent metal environments observed. e 1) is

an iridium equivalent, {{Ir(«-3,5-Me&Pz)(1)(CO)(R OPh 3)} 4]
which also presents a metahetal bond (2.688 A), a transoid

located within a distorted octahedral environment, Rh(2) is in

a distorted square pyramidal coordination with the bridging

arrangement of phosphites (triphenyl phosphite, in this Case)’carbonyl in the apical position. The configuration around Rh-

and a nearly linear disposition of the-Ir—Ir—I chain4
Bridging pyrazolate ligands show expected bond distances
for metal-nitrogen contacts of this type (range 2.056{Z)095-

(21) Allen, F. H.; Davies, J. E.; Galloy, J. J.; Johnson, O.; Kennard, O.;

Macrae, C. F.; Mitchell, E. M.; Mitchell, G. F.; Smith, J. M.; Watson,
D. G.J. Chem. Info. Comput. Sci991 31, 187.



1112 Inorganic Chemistry, Vol. 38, No. 6, 1999

Scheme 3
" *

BT — +
1/ '\ [ Ry ! N—=F\ !
\/7"_ R'\'/ . \/7"' ''''''' m\/ \/7 & /Rh<

i [ L
" co &oL co ! s:oL Lco . \co
6 L = CNBu' i . co
15 L=CO / |
+12
+[(Py)2]* ‘
+ N | | <Nim# TITS
< ]BF,' '< ‘/—'L,}lh/ ~pt '\F\ih/
NS g //‘\/\\L 7N~ \NL
R "o ! L co
o1\ 1 co
co 13 L = CNBu' 14 L = CNBU'
L = CNBu! 16 L=CO

(1) maintains, as described f@r a terminal carbonyl and the
phosphorus donor ligand trans-situated to the pyrazolate nitro-
gens, and consequently, the iodide is trans to the bridging
carbonyl group (I(1)Rh(1)-C(2), 174.49(15)).

The bridging carbonyl shows a slight asymmetry in the-Rh
C(2) bond distances, 2.072(6) and 1.982(6) A, with the shorter
one to the pentacoordinated Rh(2) atom. Similar asymmetric
bridging CO groups have also been observed in the related
complexes [(PhMg)(ClRh(u-SCy)(u-CO)Rh(CO)(PMe-
Ph)], 2.07(2) and 1.97(2% and [;°>-CsMes)Rh(u-Pz)(u-CO)-
Rh(dppp)l, 2.060(7) and 2.032(8) & where the carbonyl
groups are bridging two different (hexa and pentacoordinated)
rhodium atoms and occupy the apical position of the square-
pyramidal metal coordination sphere (no trans ligand). The
angles around the C(2) atom are in agreement with a plafar sp
environment. The RAC(2)—Rh bond angle, 107.0(3)together
with the rather long RRRh separation and the low(CO)
absorption frequency observed (1757 éjnsupports a ketonic
nature for the bridging CO ligand.

If we compare the structure @fwith that of 10, or with that
of the related parent compoundRh(u-Pz)(CO)(ROPH 3)} 5],
the most noticeable feature, from a structural point of view, is
the extraordinary flexibility of the boatlike RN, framework.

In the three structures this metallacycle adopts a strongly
puckered, almost perfect, boat conformatiérn=(0.8(3),q =
90.3(3y for 7; f = 1.0(2), q = 88.8(2y for 10) with high
puckering amplitudes, 1.582(5))(and 1.386(3) A10).24 These
conformational changes are correldfed the dihedral angle.
formed by the rhodium coordination planes N(5)N(7)Rh(1)C-
(2)P(2) and the analogue at Rh(2), 40.2(1yiand 87.61(6)

in 10, and consequently to the RiRh separation. No clear
relationship is observed for these structures betweeéand the

Rh—Rh separation) and the dihedral angle between pyrazolato

ligands, 88.5(2)in 7 and 98.1(1) in 10.

Addition Reactions of Diiodine to [ M(z-Pz)(1)(CO)(L)}2]
Leading to Metal—Metal Bond Breaking. (i) [{ Rh(u-Pz)(1)-
(CO)(L)}7] (L = CNBuUt, CO). The result of reaction dd with
diiodine is very sensitive to the experimental conditions. Thus,
the slow diffusion of solutions d and diiodine in diethyl ether
gives the dark-red complex [(CO)(CNB{)Rh(u-Pz)(u-1)Rh-
(N2(CNBW)] (13) in good yields (Scheme 3). Compld3 is
an unsymmetrical dinuclear neutral complex that contains a
single terminal carbonyl group. However, the addition of solid
diiodine to a stirred suspension ®{1:1 molar ratio) in diethyl
ether gives the dark-purple compleiRh(u-Pz)(l)(CO)(CN-
Bub)}2(u-D]l 3 (14) in yields below 50%. As the mother liquor

(22) Schumann, H.; Jurgis, S.; Eisen, M.; Bluminarg. Chim. Actal99Q
172 191.

(23) Oro, L. A.; Carmona, D.; Reyes, J.; Foces-Foces, C.; Cano, F. H.
Inorg. Chim. Actal986 112 35.

(24) Cremer, D.; Pople, J. A. Am. Chem. Sod 975 97, 1354.

Tejel et al.

still contains starting material, the reaction requires an additional
molar equivalent of diiodine to be completed (Scheme 3).
Complex 14 is ionic, contains two terminal carbonyl ligands,
and possessés, symmetry. Accordingly, it behaves as a 1:1
electrolyte in acetone and shows the catigRH(u-Pz)(1)(CO)-
(CNBW)} 2(u-1)] * in the mass spectrum as the peak of highest
m/e value.

We have previously reportétthat the oxidative-addition of
diiodine to the related compound Rh(u-Pz)(1)(CNBU)2} 2]
gives cleanly the ionic complexRh(u-Pz)(1)(CNBU)2} o(u-1)]I.

In light of this, the formation ofl3 and 14 from 6 is easily
explained assuming the initial electrophilic attack of diodtne

to the metat-metal bonded specied and 15 (B, Scheme 3)
followed by the formation of the ionic intermedia{gRh(u«-Pz)(1)-
(CO)(CNBU)}2(u-N]I (C, Scheme 3) analogous to the isolated
[{ Rh(-Pz)(I)(CNBU)2} 2(u-1)]I. Once formedC, the reaction
takes two distinct pathways depending on the relative concentra-
tion of diiodine in the reaction mixture. For very dilute solutions
of diiodine, as occurs in the first experiment, the ionic iodide
replaces a carbonyl ligand i@ leading to13. Alternatively,

the ionic iodide associates with unreacted diiodine in concentra-
ted solutions to give theT anion, in such way tha{ Rh(u-Pz)-
(I)(CO)(CNBU)} 2(u-N]l 5 (14) precipitates. Two additional ob-
servations support our proposal. In a parallel experiment, addi-
tion of diiodine to [ Rhu-Pz)(1)(CNBU)2} »(u-1)]I gives cleanly

the purple complex{[Rh(u-Pz)(1)(CNBU)2} 2(u-1)]! 3, the coun-
terpart ofl4. In addition, complexi4 remains as such in acetone
solutions, showing that the triiodide is unable to replace the
carbonyl ligand in the cation{ Rhu-Pz)(1)(CO)(CNBWY)} »(u-

N]*, while complex14 reacts immediately with Kl leading
cleanly to the neutral compleb3in the same solvent. The dis-
tinct ability of iodide and triiodide for the replacement of a CO
group allows the isolation of the cationic complek Moreover,
comparison of the replacement of ancillary ligandslfand

[{ Rh(u-Pz)(I)(CNBU)2} 2(u-1)]! by iodide indicates that CNBu

is more tightly bonded to rhodium than is the carbonyl group.

From this, we turned our attention to the previously reported
tetracarbonyl compleX Rh(u-Pz)(1)(CO)} 5] (15).12 Complex
15reacts with diiodine (1:1 molar ratio, pentane) in a few min-
utes to yield a black solid of formula [(C&))Rh(u-Pz)(u-1)-
Rh(1)2(CO)] (16). The structure o6 should be similar to that
of 13 as supported by thid and3C{*H} NMR and IR spectra,
that show unequivocally the presence of three terminal carbonyl
groups and the lack of symmetry of the complex. The formation
of complex16, initially formulated as {Rh(u-Pz)(I)x(CO)} 2],
could be explained according to Scheme 3 assuming the
replacement of one carbonyl group by the iodide counterion in
the intermediate{[Rh(u-Pz)(I)(COY} o(u-N]I, similar to C.

(ii) [{ Rh(u-P2)(I)(CO)(PRa)} 2] (PR3 = P(OPh);, P(OMe)s,
PMezPh). The metat-metal bonded compounds-9 react with
diiodine to give cationic complexes of the tygeRh(u-Pz)(1)-
(CO)(PR)}2(u-1)]*. The spectroscopic data for these new
dirhodium(lll) cations agree with the presence o€aaxis in
the complexes, which are stable toward the replacement of a
CO ligand by the counterion.

Noticeably, comple»® needs 2 molar equiv of diiodine and
complexes7—8 need an additional third molar equivalent of
diiodine to drive the reactions to completion. Accordingly, the
analytical data of the products agree with the formulati¢fRhf
(u-PZ)(1)(CO)(R OPR 3)} 2(u-N)]1 5 (19) and f Rh(u-Pz)(1)(CO)-
(PRo)}2(u-N]l's (PRs = P(OMe} (17), PMePh (18)). Thus,
complex19 must contain triiodide as counterion, whil& and
18 should contain pentaiodide as counteranion as documented
by a X-ray diffraction study ori8.
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Table 2. Selected Bond Lengths (A) and Angles (deg) f6r

Rh(1)+-Rh(2) 3.26103(8)

Rh(1)}-1(1) 2.7671(6) Rh(2Y1(2) 2.6230(6)
Rh(1)-P(1) 2.3554(16) Rh(2)P(2) 2.2951(16)
Rh(1)-N(5) 2.051(5) Rh(2)}N(6) 2.068(5)
Rh(1)-N(7) 2.079(5) Rh(2}N(8) 2.038(4)
Rh(1)-C(1) 1.892(7)

Rh(1}-C(2) 2.072(6) Rh(2}C(2) 1.982(6)
C(1)-0(1) 1.119(7) C(2r0(2) 1.168(6)

I(1)-Rh(1-P(1) 90.80(4) I@YRh(2-P(2)  92.21(4)
I(1)-Rh(1)-N(5) 95.64(13) I(2}-Rh(2)-N(6)  89.55(13)
I(1)-Rh(1-N(7) 90.60(13) I(2}-Rh(2)-N(8) 164.91(13)
I(1)-Rh(1)-C(1) 85.61(18) I(2rRh(2)-C(2) 104.24(15)
I(1)-Rh(1)-C(2) 174.49(15) P(2)Rh(2)-N(6) 174.88(14)
PA)-Rh(1-N(5) 95.65(14) P(2yRh(2-N(8) 92.15(14)
P(1-Rh(1)-N(7) 178.55(13) P(2}Rh(2)-C(2)  95.65(17)
P(1-Rh(1-C(1) 92.20(18) N(6}Rh(2)-N(8) 84.96(19)
P(1-Rh(1)-C(2) 91.03(15) N(6YRh(2-C(2) 88.6(2)

Figure 4. View of the structure of the complexXRh(u-Pz)(1)(CO)- N(5-Rh(1}-N(7) 83.9(2 N(BY-Rh(2-C(2) 89.7(2
(PMe:Phj 2u-1)]l's (18)- NEE-,;—RhElﬁcgﬁ 172.0((2)) Eren@-e@ ®
N(5)-Rh(1}-C(2) 89.3(2)  Rh(1}C(1)-O(1) 173.9(5

Crystal Structure of [{Rh(u-P2)()(CO)PMePN}(a-Dl  NOA-RMILCH) 8890 RO OB R®) 10300

I5 (18). The dinuclear complek8 consists of dimetallic rhodium  N(7)-Rh(1)-C(2) 87.6(2) Rh(1L)C(2)-0(2) 127.5(4)
cations and pentaiodide counteranions. The structure of theC(1)-Rh(1)-C(2) 89.1(2) Rh(2yC(2)-0(2) 125.4(4)

cation is presented in Figure 4, together with the atom
numbering scheme used. Ignoring the change in the phosphoru'\]—able 3. Selected Bond Lengths (A) and Angles (deg) far

donor ligand, the dinuclear cation 18 could be derived from  Rh(1)+*Rh(2) 3.6374(8)
the structure of7 with a simple addition of a bridging third EE&E% ggggi% 52%:83 gg;‘ggggg
iodide and a subsequent elongation of the intermetallic separa-pp(1)-p(1) 2‘_342(2) Rh(Z}P(2) 2'.347(2)
tion to a RR-Rh distance of 3.6374(8) A. This distance is clearly Rh(1)-N(5) 2.120(7) Rh(2XN(6) 2.064(6)
indicative of no metatmetal interaction. Rh(1)-N(7) 2.058(7) Rh(2rN(8) 2.099(7)
The coordination around each rhodium is essentially octa- (R:?l()l)—o(gg) i-gggg)l) I(?:r(]z()?oc(g) i-iggg%)
' ' 1(4)—1(8) 3.2154(11) I(7)-1(8) 2.7542(11)

(two pyrazolates and an iodide). As observed’iand in 10, DRI  176.48(3 (S-Rh(Z)-I2)  175.21(3
the carbonyl and the phosphine ligands are trans disposed aﬂglg—Rhgl)té(i) 93 22((6)) I((3§RhEZ)EP((i) 9. 59((6))
each rhodium center to the nitrogen atoms of the bridging |(1)—rn(1)-N(5) 89.64(18) I(3-Rh(2)-N(6) 91.48(19)
pyrazolates, with the terminal iodides occupying trans positions |(1)-Rh(1)-N(7)  91.61(19) I(3}Rh(2)-N(8) 90.16(18)
relative to the bridging iodo ligand. Across the metaietal I(1)—Rh(1)-C(1) 87.2(3) I(3¥-Rh(2-C(2) 86.2(3)
vector the terminal iodides may be consideemlipsedwith I(2)—Rh(1)-P(1)  90.07(6)  I(2rRh(2-P(2)  91.41(6)
respect to each other (IGRh(1)--Rh(2)-1(2) 10.54(5}), while :gg:sngmg gg-géggg :g;gﬂgmg géégggg
the phosphines—and consequently the carbonylsoccupy I(2)—Rh(1)-C(1) 91..8(3) I(2)-Rh(2)-C(2) 90..8(3)
relative pseudo-trans positions (torsional angles of 117.0(1) andp(1)-Rh(1-N(5) 176.35(19) P(2YRh(2-N(6) 89.5(2)
—115.2(4}, respectively). P(1L-Rh(1)-N(7) 89.6(2) P(2}Rh(2-N(8) 176.11(18)

The terminal Rk-1 bond lengths (2.6582 and 2.6453(8) A), ’F\’l(é)—FéT](ll)—?\l(? gg-i(g) E(?RRT%(%)—%(%) 3;1-;(3)
as vy(_ell as the bridging ones (2.6621 gnd _2.6758(8) A), are NES%—RhEl)):Cglg 90.2%3)) NEG?RhEZ)):C&; 175.3((3))
significantly shorter that those observedriror in other Rh(ll) N(7)—Rh(1)-C(1) 178.0(3) N(8}Rh(2)-C(2) 88.2(3)
complexes with the iodides trans disposed to the metedtal Rh(1)-C(1)-O(1) 175.9(9) 155 1(4)—1(8) 115.18(2)
bond. They are identical to those reported fors[{(€s)Ir(u- Rh(2-C(2)-0(2) 175.0(7) 1(4)-1(5)—1(6) 176.29(3)
Pz)(u-1),Rhl(CO)(COOMe)], 2.654(1) and 2.646(1)Awhere Rh(1)-1(2)—-Rh(2) 85.91(2) 1(4)-1(8)—1(7) 177.52(3)
two iodides—one terminal and one bridgirgare situated trans _
to each other but are slightly shorter than the average vaIues?ze)f)-rgﬁ(livisn)gsgaéiest? ilggtin; T%r;—\rlle[)tg)n( d%?sﬁ;nlc(i’ igfo?(ing
reported for terminal or bridging iodide ligands in rhodium- '

. with a short-long—long—short pattern along the V-shaped

(Ill) complexes (2.71(7) and 2.73(1) A, respectively)The 0\ e chaing(z.759123.215422.9735%2.8%34 A in 18)?
Rh—N bond distances, normal for this type of rhodium(lil) An Approach to the Mechanism of the Rupture of the
complexegaacl2also reflect the different ligands situated Metal—Metal Bond in Complexes 6-9 and 15.At first glance
opposite: _phosphlne or carbony_l (Table 3). L the pyrazolato dirhodium(ll) complex&s-9 and15, containing

The iodine atoms that constitute the counteranion in the two iodide ligands trans to the single rhoditmmodium bond
crystal structure are cat_enated formipg a typical \(-shaped appear very similar. Moreover, these type of compou 'ﬁ%f’
pentaiodide anionst. As is usual for this type of polyiodide ' X

o6 ) o (u-Pz)(N(CO)(L} 2] should display, in principle, two sites
anion;® two nearly linear 4 moieties (176.29 and 177.52(3) suitable for electrophilic attack, the metahetal bond (“endo

(25) Carmona, D.; Lahoz, F. J.; Reyes, J.; Lamata, MJ.Chem. Soc site”) and the “exo site” occupied by iodide ligands. However
Dalton Trans.199Q 3551. U ' ' they possess as a subtle structural difference the bulkiness of
(26) (a) Bailey, R. D.; Pennington, W. ‘Acta Crystallogr., Sect. B995 the ancillary ligands L, which modulates the accessibility of

51, 810. (b) Renner M. W.; Barkigia, K. M.; Zhang Y.; Medforth, C. ; « s :
3. Smith, K. M.; Fajer, 3. Am. Chem. S0d994 116 8582. (c) the electrophile to the “endo site”. This should be of key

Hills, A.; Hughes, D. L.; Leigh G. J.; Sanders, J. R.Chem. Soc., importance to discriminate the reaction mechanisms involving
Dalton Trans.1991, 61. the “endo site” or the “exo site”. For complexes having sterically
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undemanding ancillary ligands such@g. = CNBU) and15 Figure 5. 3P{*H} NMR spectrum of the reaction mixture of [I
(L=CO0), thg access alloyvmg the entry of the duodmeT molecule BEA and I{Rh(EA-P}Z)(I)(CO)p(ROMe}g)}g] (7), showing the starti[n(gB%)a-
(Scheme 3) in clos_e proximity to _the r_r_lef{ihetal bond is I_arge terial (®), the major product [(FOMe}5)(CO)(I)Rh{t-PzyRh(Py)(CO)-
enough. Thus, their reactions with diiodine should be initiated (p{OMe}3)]* (x) and [ Rh(u-Pz)(Py)(CO)(POMe}3)} 212+ (12) (O).
at the “endo site” through a possible transition state sudb, as
similar to that proposed previously for the reaction of the Rh(-Pz)Rh(CO)(PR)|BF,4 (prepared in situ) react with diio-
dirhodium (Il) complex { Rh(u-Pz)(I)(CNBU)2} 2] with diiodine?® dine in chloroform to give the expected produd®h(-Pz)(1)-
This transition state would give the ionic complexé&ii(u- (CO)(PR)}2(u-1)]BF 4 (*H NMR evidence). Moreover, the reac-
Pz)(I)(CO)(L} 2(u-N]I (C) from which the productd3, 14, and  tions of [[Rh(u-Pz)(1)(CO)(PR)}2] with the positive iodine
16 will be formed as discussed above (Scheme 3). Curiously, complex [I(Py}|BF4 finally give [{ Rh(u-Pz)(1)(CO)(PR)} 2(u-
the reaction of equimolar amounts @fand [I(Py}|BF4 gives )]BF4 (PR; = P(OPh), PMePh) because diiodine is formed
directly the cationic complexeg Rh(u-Pz)(1)(CO)(CNBU)} »- along with the observed intermediates [gRRO)(I)Rh{-Pz)-
(u-N]BF4 (*H NMR evidence), expected from an attack of the Rnh(Py)(CO)(PR)]*, which react further. Therefore, as diiodine
electrophilic iodine to the “endo site” ifi (Scheme 3). is able to add to the cationic intermediate compleRewhile
However, on the basis of steric arguments, a transition statetriiodide cannot, the reactions with diiodine following Scheme
such asB should be improbable for complex&s-9 (L = 4 require at least 2 molar equiv of diiodine; one to addto
P-donor ligand). Thus, a close examination of the structure of and more diiodine to form triiodide or pentaiodide. By contrast,
complex7, which contains the P-donor ligand with the smallest for those cases in which the diiodine is added at the “endo site”
cone angle, shows that the access of iodine to the metatal following Scheme 3, complexe8, 15, and [Rh(u-Pz)(l)-
bond is restricted by the ancillary ligands. Therefore, the addition (CNBu),} 5], only 1 mol of diiodine is required to break the
of diiodine to complexeg—9 should proceed through a different  metal-metal bond.
pathway although the products are similar cationic complexes (iii) Dinuclear Iridium Pyrazolate Complexes. We have
[{Rh(u-PZ)(I(CO)(L} 2(u-1)] *, but containing triiodide or penta- 3150 explored the response of some related diiridium(ll) pyraz-
odide as counterions (Scheme 4). Thus, the reactions with gjate complexes toward the addition of diiodine. The compound
[I(Py)2]BF4 were carried out to test the reactive sites in these [¢r(,-pz)(1)(CO}} 5] (20) and its analogodd [{ Ir(u-Me,Pz)-

complex_es. _ o ) (N(CO),} 2] do not react with diiodine over several days, even
The dirhodium(ll) cationic species [(BRCO)(I)Rh(u-Pz)- if an excess of diiodine is added. This lack of reactivity seems
Rh(Py)(CO)(PR)IBF4 (PR = P(OPh), P(OMe}, PMe&Ph), to suggest that the metainetal bond in these iridium complexes
resulting from the reactions Gt-9 with the electrophile [I(Py]- is stronger and more resistant toward the electrophilic attack of
BF4, indicate that the process should be initiated at the “exo gjigdine than the analogous rhodium compound, as shown in
site”, and that cationic species [(CO)B®Rh(u-PzyRh(PR)- Scheme 3. In contrast, the new complexgis(fi-Pz)(1)(CO)-

(CO)I" (D) could be involved in the rgac.tions with diiodine (PRy)} 2] (PRs = P(OPh} (21), PMePh (2)) react with diiodine,
(Scheme 4). Moreover, the relatcid cationic complexesd(PR 55 for their rhodium counterparts, to give the cationic diiridium-
(CO)(NRhu-PzyRh(Py)(CO)(PR)] " also result from the treat- (1) complexes {Ir(u-Pz)(1)(CO)(PR)} 2(u-N]ln (n = 7, PR

ment of 7—9 with 1 molar equiv of Ag(BE) in the presence of = P(OPh} (23); n = 3, PR, = PMePh (24)). Complexe23
equimolecular amounts of pyridine. Both reactions imply the anq24 are 1:1 electrolytes, and the cations contain a bridging
removal of the iodide ligand from the “exo site”. iodide ligand with structures similar to the rhodium complexes

Figure 5 shows thé’P{'H} NMR spectrum corresponding  [{ Rh(u-Pz)(1)(CO)(PR)} (-]l 5. As for the related rhodium
to the reaction mixture betweéhand [I(Py}]BF4 in which the compounds (Scheme 4) the iridium compledsand 22 also
major comp+onent is [(OMe}3)(CO)(I)Rhu-PzpRh(Py)(CO)- react with [I(Py}]BF, at the “exo site” to give initially the
(P{OMe}3)] ", along with small amounts af and12. It should cationic complexes of formula [(RRCO)(1)Ir(u-Pzylr(Py)-
be noticed that the phosphorus chemical shifts afd]ﬁhﬂh (CO)(PR)]BF4 (NMR tube experiments). As diiodine is formed
values for [(PR)(CO)()Rh{u-Pz)Rh(Py)(CO)(PR)]" agree in the reaction medium, a further reaction with the diiridium-
with dirhodium(ll) complexes. The pyridine ligand is located (I1) cations follows, allowing the evolution to the producfsrf
trans to the rhodiumrhodium bond, since NMR difference (u-Pz)(1)(CO)(PR)} 2(u-1)]BF 4.
NOE spectra shovv_ positive NOE effects between tﬁpnd_tons Significant differences on the reactivity diNI(u-Pz)(COY} 4]
gf the p)r/]razolallte ligands and the?ﬁ-protolns cif the Py ligand (M = Rh, Ir) complexes toward Mel have been observed. Thus,
ue to their relative proximity in the molecule. the rhodium(l) complex does not react with Mel, most probabl
i . ) y
_The second step in the reactions {Rh(u-Pz)(1)(CO)(PR)} 2] because the rhodium centers are not basic enough to promote
with diiodine should be the addition of the second molecule of
diiodine to the cationic intermediates [(BFCO)(I)Rhu-Pz)- (27) Ciriano, M. A.: Dias, A. R.; Nunes, P. M.; Oro, L. A.: Da Piedade,

Rh(CO)(PR)]I3 (D) to give {Rh(u-Pz)(I)(CO)(PR)} 2(u-1)] " M. F. M.; Da Piedade, M. E. M.; Da Silva, P. F.; Simoes, J. A. M.;
In support of this view, the cationic complexes [E®O)(I)- Paez-Torrente, J. J.; Veiros, L. Btruct. Chem1996 7, 337.
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the oxidative-addition reaction, which is more favored for the 136.7 (d,Jc—p = 45 Hz, CPM&Ph), 132.0 (d?Jc—p = 12 Hz, CPMe-
iridium(l) compound to givé® the diiridium (1) complex [ Ir- Ph), 130.1 (@PMe;Ph), 128.6 (d?Jc-p = 10 Hz, C'PMePh), 104.6
(u-Pz)(CO¥} »(Me)(1)]. Moreover, [ Rh(u-Pz)(CO)(ROPH 3)} 4] (C4F’Z),218-l (ddJc-p =33 HZ,Zg?RT = 2 Hz) and 14.6 (ddJc-—p =
does react with Mel to give the dirhodium(lll) compleiRh- i’l HZ:]lcith:Z)l I\|_/|IZS) ((Ezﬂg;?h%-npyg}'\'/\‘r')v”zl(gﬁ(?ggt)&ﬁé 1‘;-&5‘)’-
(u-Pz)(Me)(CO)(ROPH 3)} 2(u-1)]I (25). In other words, the PRh : e A P :
driving force for the oxidative-addition of Mel seems to be the  {RN#@-PI(CO)L)}2] (L = CNBU' (6), P(OMe}, (7), PMe:Ph

o . - - (8), P(OPh) (9)). Addition of a solution of diiodine (0.30 mmol) in
nucleophilicity of the metal (h|gh§r for |r.|d|um than for rhodium diethyl ether (10 mL) to yellow suspensions §RI(u-Pz)(CO)(L)]
and modulated by the electronic environment for the latter),

- ) : h i, (1—4) (0.30 mmol) in diethyl ether (10 mL) immediately produces dark
while the formation of the dirhodium(ll) or diiridium(ll) red suspensions. These were stirred for 30 min and concentrated to ca.
complexes {M(u-Pz)(I)(CO)(L)2] from the reactions with 2 mL. Slow addition of pentane (15 mL) rendered the compléxe
diiodine should be due to a simple oxidation process. as dark red microcrystals, which were filtered, washed with cold
) pentane, and dried under vacuum. Comileyield, 85%. Anal. Calcd
Concluding Remarks for CigHa4lNeO,RIy: C, 26.49; H, 2.96; N, 10.30. Found: C, 26.57;

This work describes reactions of pyrazolate rhodium and H. 2.85; N, 10.17. IR (CkCl,, cm™): »(CO) 2073 (s)»(CN) 2216
iridium complexes with diiodine leading initially to the forma- I(—SZ ;HHngzgcggg'(t”)é f|-7|2622|5|dﬂ|2>zl) "1'2412'("3 T:éa égg}gdmgl
tion and further rupture of metaimetal bonds. The studies {'H} NMR (CDCly, 1): 6 186.5 (d,Jo_rm — 57 Hz, CO), 140.6 (.
performe_d revgale_d bimetallic processes resulting from the 2Jorn = 4 Hz, GPZ), 139.6 (d2Jo_mm = 4 Hz, GPZ), 106.1 (€P2),
cooperative oxidation of both metal centers. The process of 5g 7' (c(CH;),), 29.9 (CCHa)s). MS (FAB*): 689 (100, M — I).
formation of the metatmetal bond, favoring the formation of  complex7: yield, 75%. Anal. Calcd for GHodl NsOsP:Rhs: C, 18.72;
dimetal(ll) complexes, is a consequence of the abstraction of H, 2.69; N, 6.24. Found: C, 18.73; H, 2.16; N, 6.24. IR ¢(CH, cn):
electrons from the HOMO orbital and is, in general, more »(CO) 2066 (s)H{3P} NMR (CDCl, rt): 6 7.67 (m, 4H, H5Pz),
favorable for iridium. The subsequent rupture of these metal 5.97 (t, 2.1 Hz, 2H, ¥Pz), 3.66 (s, 18H, P(Mg) *C{'H} NMR
metal bonds, by the addition of a second molecule of diiodine, (CDC, rt): ¢ 187.5 (ddJc—rn = 59 Hz,%Jc-p = 19 Hz, CO), 140.6
should imply an electrophilic attack of diiodine at the metal ~ (d: Je-p =6 Hz, CPz), 140.4 (dJc—p = 11 Hz, CPz), 105.2 (dt,
metal bond if the access to the “endo site” is large enough, but 3f;-fH: ?\|I\|-/||ZF$ JéE)R&: f Hggszg) 3‘3-5 (d'_Jcl-é’les Hlf/iSP(IE)A\AB?):
when sterically demanding ligands disfavor the entry of diiodine 892{3 4}M 7§4 00 r'\%_ : _'CO( e 'Zl)d 88; A ).I
to the “endo site”, the reaction is initiated at the “exo site” @ M), (100, ). Comple8: yield, 88%. Anal.

>nd Calcd for GaHasl N;OP.Rhy: C, 31.13; H, 3.05; N, 6.05. Found: C,
through ionic complexes [R)(CO)(NM(u-PZYM(CONPR)I™ 3024 H, 2.87: N, 6.17. IR (CHLl, cm 2): v(CO) 2046 (5)H{*P}
(M = Rh, Ir) as key intermediates.

NMR (CDCl, rt): 6 7.73 (d, 2.0 Hz, 2H, BPz), 7.58 (d, 2.0 Hz, 2H,
Experimental Section H5Pz), 7.39 (m, 6H, RPPMePh), 7.20 (d, 7.9 Hz, 4H, #MePh),
6.02 (t, 2.0 Hz, 2H, ¥Pz), 1.96 (s, 6H) and 1.63 (s, 6H) (PhRd).
Starting Materials and Methods. All reactions were carried out BC{*H} NMR (CDClg, rt): ¢ 189.7 (dd,Jc-rn = 59 Hz,%Jc—p = 15
under argon using standard Schlenk techniques. Solvents were driedHz, CO), 141.8 (d3Jc—p = 7 Hz, CPz), 139.8 (d¥Jc-p = 4 Hz, CP2),
and distilled under argon before use by standard methods. For additional135.3 (d,Jc-p = 50 Hz, CPMe&Ph), 130.8 (d*Jc-p = 3 Hz, CPMe>
general information, including a list of spectrophotometers and equip- Ph), 129.7 (d3Jc-p = 9 Hz, C"PMePh), 129.0 (d2Jc-p = 10 Hz,
ment used for the physical characterization of the complexes, see refC°PMePh), 106.1 (dt*Jc—p = 4 Hz, 3Jc—rn = 1 Hz, C'Pz), 21.0 (d,
2a. Jo_p = 37 Hz) and 16.6 (dJc_p = 37 Hz) (PMePh).3P{*H} NMR
trans[{ Rh(u-Pz)(CO)(L)};] (L = CNBu! (1), P(OMe); (2), PMe- (CDCl, rt): 6 5.0 (d,Je—rn = 109 Hz). MS (FAB"): 926 (15, M),
Ph (3)) was prepared by addition of the appropriate ligand L (0.884 799 (100, M — 1). Complex 9: yield, 68%. Anal. Calcd for
mmol) to a solution of {Rh(u-Pz)(CO}},] (200 mg, 0.442 mmol) in CaaH36l 2N4OgPRI,: C, 41.60; H, 2.85; N, 4.41. Found: C, 41.74; H,
anhydrous diethyl ether (10 mL). After the CO evolution, the suspen- 2.80; N, 4.38. IR (CHCl,, cmY): »(CO) 2073 (s).*H{%P} NMR
sions were concentrated to 5 mL and the resulting yellow microcrystals (CDCls, rt): 6 7.69 (d, 2.0 Hz, 2H, FPz), 7.31 (d, 2.0 Hz, 2H, #Pz),
were filtered, washed with cold pentane and vacuum-dried. Complex 7.08 (m, 18H, H'PP(OPh}), 6.85 (d, 8.0 Hz, 12H, PP(OPh}), 5.81
1: yield, 58%. Anal. Calcd for GH..NsO:Rhy: C, 38.45; H, 4.30; N, (t, 2.0 Hz, 2H, MPZz).13C{*H} NMR (CDCl, rt): ¢ 186.7 (dd,Jc-rn

14.95. Found: C, 39.14; H, 4.66; N, 14.48. IR (diethyl ether; Ym
»(CO) 1994 (s)(CN) 2160 (s).2H NMR (CeDg, 1t): ¢ 7.81 (d, 1.9
Hz, 2H, HPz), 7.68 (d, 1.9 Hz, 2H, #Pz), 6.29 (t, 1.9 Hz, 2H, Pz),
0.68 (s, 18H, CNB. **C{*H} NMR (CgDg, rt): ¢ 190.1 (d,Jc—rn =
68 Hz, CO), 142.0 (8Pz), 140.6 (GPz), 104.9 (CPz), 56.7 C(CHy)3),
29.5 (C(CHs)3). MS (FAB™): 562 (100, M'). Complex2: yield, 85%.

= 58 Hz,2Jc_p = 18 Hz, CO), 151.1 (®Jc_p = 14 Hz, CP(OPh)),
141.1 (d,3c_p = 6 Hz, GPz), 141.0 (d¥c_p = 11 Hz, CPz), 129.7
(C"P(OPh)), 125.5 (GP(OPh}), 129.0 (d3Jc_p = 4 Hz, CP(OPh}),
106.0 (d,4Jc_p = 6 Hz, C'Pz).3'P{*H} NMR (CDCl, rt): 6 101.8 (d,
Jr_rn = 198 Hz). MS (FAB): 1270 (2, M'), 1142 (40, M — I).
[(P{p-tolyl}s)(CO)NRN(u-Pz)(u-CO)RN(I)(P{p-tolyl} 5)] (10). Ad-

Anal. Calcd for G4H24N4OsP,Rh,: C, 26.10; H, 3.76; N, 8.70. Found:
C, 26.26; H, 3.72; N, 8.64. IR (diethyl ether, cit v(CO) 2002 (s).
1H{31P} NMR (CDCl, rt): ¢ 7.54 (d, 1.8 Hz, 2H, FPz), 7.39 (d, 1.8
Hz, 2H, HPPz), 6.19 (t, 1.8 Hz, 2H, #Pz), 3.67 (s, 18H, P(OMg)
13¢{1H} NMR (CDCl, rt): ¢ 189.1 (dd,Jc_rn = 69 Hz,2Jc_p = 23
Hz, CO), 140.5 (€Pz), 140.0 (CPz), 104.8 (¢Pz), 52.0 (P(OMe).

dition of a solution of diiodine (12.6 mg, 0.05 mmol) to a suspension

of complex5 (50 mg, 0.05 mmol) in diethyl ether gives instantaneously

a red solution along with small amounts of a brown solid, which was
filtered through kieselguhr. The filtrate was left in a freezer-80 °C

for 2 days to render red monocrystals, which were filtered, washed
with cold pentane, and vacuum-dried. Yield: 30%. Anal. Calcd for

SIP{1H} NMR (CDClg, rt): 6 142.4 (d,Jp-rn = 241 Hz). MS (FAB):
644 (70, M"), 588 (100, M — 2CO). Complex3: yield, 64%. Anal.
Calcd for G4H2gN4OP,Rh: C, 42.88; H, 4.20; N, 8.33. Found: C,
43.15; H, 3.55; N, 8.14. IR (diethyl ether, cf): »(CO) 1971 (s)*H-
{31P} NMR (CgDs, rt): 6 7.81 (m, 6H, H'PPMePh), 7.80 (d, 2.2 Hz,
2H, HPz), 7.09 (d, 7.9 Hz, 4H, #¥MePh), 7.02 (d, 2.2 Hz, 2H, H
Pz), 6.02 (t, 2.2 Hz, 2H, #Pz), 1.30 (d3J4—rn = 1.6 Hz, 6H) and 1.23
(d, ®Jh-rn= 1.1 Hz, 6H) (PMgPh).13C{*H} NMR (C¢De, rt): 6 193.1
(dd, Jc—rn = 70 Hz,2Jc—p = 20 Hz, CO), 140.2 (éPz), 138.9 (€Pz),

(28) Brost, R. D.; Fjeldsted, D. O. K.; Stobart, S.RChem. Soc., Chem.
Commun.1989 488.

CsoHagl 2N4OP.Rb,: C, 47.72; H, 3.84; N, 4.45. Found: C, 47.60, H,
4.13; N, 4.21. IR (CHCl,, cm)): »(CO) 2095 (s), 1757 (SYH{3'P}
NMR (CDCl, 218 K): 6 8.54 (d, 2.2 Hz, 1H, RiPz), 8.09 (d, 2.2 Hz,
1H, HPz), 7.31 (d, 2.2 Hz, 1H, #Pz), 7.38 {a, 6H, P{p-tolyl}s),
7.18 O, Ja-s = 8.2 Hz, 6H, P{p-tolyl}s), 7.48 @a, 2H, P{p-tolyl}3),
7.28 0O, Ja-s = 8.1 Hz, 2H, P{p-tolyl}s), 7.25 Pa, 2H, P{p-tolyl}s),
7.07 O, Ja—g = 8.0 Hz, 2H, P{p-tolyl}3) 6.90 Oa, 2H, P{p-tolyl}s),
6.17 Os, Ja—s = 8.1 Hz, 2H, P{p-tolyl}s), 6.06 (t, 2.2 Hz, 1H, KPz),
5.90 (d, 2.2 Hz, 1H, APz), 5.85 (t, 2.2 Hz, 1H, fPz), 2.42 (s, 3H,
P°{ p-tolyl}s), 2.33 (s, 12H, K p-tolyl} s + P p-tolyl}s), 2.21 (s, 3H,
P*{ p-tolyl} 3). 3*P{*H} NMR (CDCls, 218 K): ¢ 30.4 (d,Jp—rn = 131
Hz), 17.5 (d,Jp_rn = 111 H2).
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[{ Rh(u-Pz)(CO)(F{ OMe} 3)(CH3CN)} 2] (PFe)2 (11). Solid [FeCp]-
PFK (51.8 mg, 0.154 mmol) was added to a yellow solution{d&H-
(u-Pz)(CO)(ROMe}3)} 2] (2) (50.0 mg, 0.077 mmol) in acetonitrile.

Tejel et al.

1.9 Hz, 2H, MPz).13C{1H} NMR (CDCl, rt): 6 174.8 (ddJo_rn =
49 Hz,%Jc_p = 17 Hz, CO), 150.6 (d2Jc_p = 14 Hz, CP(OPh}),
148.9 (d,3)c_p = 4 Hz, GPz), 147.7 (d%Jc_p = 6 Hz, GPz), 130.7

The resulting orange solution was evaporated to dryness and the residu¢C™P(OPh)), 126.7 (BGP(OPh)), 120.2 (d3Jc-p = 4 Hz, CP(OPh),

washed with with 4x 10 mL of diethyl ether to remove [FegpThe
resulting yellow oil was dried under vacuum. IR (&b, cm™3): »(CO)
2104 (s).'H NMR (acetoneds, rt): 6 7.80 (m, 4H, H*Pz), 6.28 (m,
2H, HPz), 3.92 (d3Jy_p = 11 Hz, 18H, P(OMe), 2.84 (s, 6H, Cht
CN). 31P{1H} NMR (acetoneds, rt): 6 103.6 (d,Jp—rn = 169 Hz),
—143.0 (h,Jp_¢ = 726 Hz). MS (FAB): 644 (50, M" — 2CH,CN),
588 (100, M — 2CHCN — 2CO). Ay (5 x 107* M in acetone)=
205 S mott cm™.

[{Rh(u-Pz)(CO)(P{OMe}3)(Py)}2)(PFe)2. (12). The yellow oil

108.5 (d,"Jc_p = 4 Hz, C'Pz).31P{*H} NMR (CDCl, rt): ¢ 81.0 (d,
Jp—rh = 151 Hz). MS (FAB’): 1397 (100, M). Au (5 x 104 M in
acetone)= 87 S mof! cm™.

[(CO)ANRh(u-Pz)(u-1)Rh(I) 2(CO)] (16). The slow diffusion of a
solution of diiodine (25.2 mg, 0.099 mmol) in pentane (15 mL) into a
solution of [Rhu-Pz)(1)(CO}},] (15 (70 mg, 0.099 mmol) in
dichloromethane (5 mL) lead to fine black needles in 2 days. The
crystals were filtered, washed with cold pentanex3 mL), and
vacuum-dried. Yield: 70%. Anal. Calcd forBslsN4sOsRhy: C, 11.60;

obtained as described above was dissolved in dichloromethane andH, 0.65; N, 6.01. Found: C, 12.15; H, 0.76; N, 5.94. IR ¢CH, cn):

pyridine (Py) (12.5%:L, 0.154 mmol) was added dropwise. The initial

¥(CO) 2158 (s), 2135 (s), 2098 (SH NMR (CDCl, rt): 6 8.68 (d,

yellow solution turned orange almost immediately and then was 2.4 Hz, 1H), 8.19 (m, 2H) and 8.15 (d, 2.4 Hz, 1H)}@¥5Pz), 6.27

evaporated to dryness and washed with diethyl ethert mL) and
pentane (2« 5 mL) to render an orange oil. IR (GBI, cm1): »(CO)
2095 (s).*H NMR (acetoneds, rt): ¢ 8.95 (d, 6.6 Hz, 4H, FPy), 8.41
(t, 6.6 Hz, 2H, HPy), 7.96 (t, 6.6 Hz, 4H, FPy), 7.77 (m, 2H, FPz),
7.46 (m, 2H, HPz), 6.42 (m, 2H, ¥Pz), 3.86 (d3Js—p = 11 Hz, 18H,
P(OMe}). B*C{*H} NMR (acetoneds, rt): o 184.2 (dd,Jc-rn = 61
Hz,2Jc—p = 25 Hz, CO), 154.3, 139.0, 127.7 (Py), 141.2R¢), 138.3
(C%Pz), 109.1 (€Pz), 56.0 (d2Jc—p = 10 Hz, P(OMe)). 3'P{'H} NMR
(acetoneds, rt): 6 100.8 (d,Jp—rn = 175 Hz),—143.0 (h,Jp_ = 726
Hz). MS (FAB'): 644 (70, M" — 2Py), 588 (100, M — 2Py — 2CO).
Awm (5 x 10* M in acetone)= 205 S mof! cm™.
[(CO)(CNBUY)(I)Rh(g-Pz)(u-1)Rh(l) 2(CNBuY)] (13). Method A.
Solid diiodine (18.6 mg, 0.073 mmol) was added to a solutiof Bhf
(u-Pz)(1)(CO)(CNBU)} ] (6) (60 mg, 0.073 mmol) in diethyl ether (20

(t, 2.4 Hz, 1H) and 6.25 (t, 2.4 Hz, 1H) t¥Pz).23C{1H} NMR (CDCl,
rt): 0 178.4 (d,Jc_rn = 50 Hz), 171.7 (dJc_rn = 47 Hz) and 171.3
(d, Jc—rn = 47 Hz) (CO), 150.6, 148.5, 147.3 and 146.6{C€%Pz),
108.9 and 108.8 (€'Pz). MS (FAB): 932 (55, M"), 904 (100, M
— CO). MW calcd for GHelsN4OsRh: 932. Found: 1065.
[{Rh(u-Pz)(I)(CO)(PRs)} 2(u-N]l s (PRs = P(OMe)s (17), PMePh
(18)) was prepared as described fbt starting from {Rh(u-Pz)(1)-
(CO)(PR)}2] (PRs = P(OMe} (7), PM&Ph @)) (0.100 mmol) andl
(76 mg, 0.300 mmol). Complet7: yield, 65%. Anal. Calcd for
C14H24|3N403P2Rh2: C, 1013, H, 1.45; N, 3.37. Found: C, 1076, H,
1.23; N, 3.39. IR (CHKClp, cnmy): »(CO) 2122 (s).*H{3P} NMR
(acetoneds, rt): ¢ 8.41 (d, 2.1 Hz, 2H, BPz), 8.32 (d, 2.1 Hz, 2H,
HPz), 6.32 (t, 2.1 Hz, 2H, #Pz), 3.97 (s, 18H, P(OMg) 3'P{H}
NMR (acetoneds, rt): ¢ 94.0 (d,Jp—rn = 138 Hz). MS (FAB): 1025

mL). The resulting dark suspension was stirred for 12 h to give a dark (76, M*), 715 (100, M — 2| — 2CO).Am (5 x 10°* M in acetone)

red solid, which was filtered, washed with pentanex(% mL), and

= 123 S mof! cmt. Complex 18: vyield, 68%. Anal. Calcd for

vacuum-dried. Yield: 70%. This crude contains about 5% of complex Cz4HzslsN4sO-P,Rh: C, 17.08; H, 1.67; N, 3.32. Found: C, 17.50; H,

14.

Method B. An excess of solid Kl was added to a solution pRp-
(u-Pz)(1)(CO)(CNBU)} 2(u-D]I 5 (14) (50 mg, 0.038 mmol) in acetone
(5 mL). The initial purple solution turned dark red almost immediately.

1.30; N, 3.28. IR (CHCl,, cnrl): »(CO) 2110 (s).*H{3P} NMR
(CDCl, rt): ¢ 8.26 (d, 2.2 Hz, 2H, FPz), 7.97 (d, 2.2 Hz, 2H, ¥#Pz),
7.55 (m, 10H, PMgPh), 6.16 (t, 2.2 Hz, 2H, #Pz), 2.52 (s, 6H) and
2.15 (s, 6H) (PMgPh).23C{*H} NMR (CDCls, rt): ¢ 177.7 (dd Je—rn

After stirring for 20 min, the solution was evaporated to dryness and = 50 Hz,2Jc » = 12 Hz, CO), 148.6 (Pz), 145.8 (€Pz), 132.9 (d,
the residue extracted with dichloromethane and filtered over kieselguhr Jc—p = 57 Hz, CPMe&Ph), 132.7 (d%Jc-p = 3 Hz, ®PMePh), 129.9

(to remove the Kl excess and thesdbrmed). The resulting solution

(d, 2Jc_p = 11 Hz, CPMePh), 129.7 (d3Jc_p = 9 Hz, C"PMePh),

was evaporated to ca. 1 mL, and pentane was added (10 mL) to producel08.3 (d,*Jc—p = 3 Hz, C'Pz), 21.3 (dJc-p = 40 Hz) and 19.6 (d,

the complete crystallization ol3. Yield: 90%. Anal. Calcd for
Ci7H244NgORN: C, 19.60; H, 2.32; N, 8.06. Found: C, 19.49; H, 1.77;
N, 7.51. IR (CHClp, cmY): »(CO) 2123,»(CN) 2240 (s) and 2214
(s).™H NMR (CDCl, rt): ¢ 8.55 (d, 2.4 Hz, 1H), 8.09 (d, 2.4 Hz, 1H)
and 8.05 (m, 2H) (FI¥55Pz), 6.16 (t, 2.4 Hz, 1H) and 6.14 (t, 2.4 Hz,
1H) (H**Pz), 1.66 (s, 9H) and 1.60 (s, 9H) (CNRW3C{'H} NMR

Je—p = 40 Hz, PMePh).®*P{1H} NMR (CDCl, rt): ¢ 3.2 (d,Jp-rn=
82 Hz). MS (FAB"): 1053 (100, M). Au (5 x 10*M in acetone)=
111 S mott cm.

[{Ir( #-PZ)(1)(CO)2} 2] (20). Addition of a solution of diiodine (32
mg, 0.127 mmol) in diethyl ether (10 mL) to a yellow solution plrf
(u-Pz)(CO}}2] (80 mg, 0.127 mmol) in diethyl ether (10 mL)

(CDCls, 1t): 6 176.2 (d,Jo_rn = 47 Hz, CO), 149.0, 147.1, 146.5 and
144.7 (G355pz), 107.5 and 107.3 (@Pz), 61.3 and 59.30(CH)3),
30.4 and 30.1 (GQfH3)s). MS (FAB): 1013 (12, M — CO). MW

immediately produces an orange solution. Concentration to ca. 2 mL
and addition of pentane (15 mL) rendered the complex as red-orange
microcrystals which were filtered, washed with cold pentane, and dried

calcd for G/H2414N6ORN: 1041. Found: 992.
{Rh(u-PZ)(1)(CO)(L) }2(u-N]I s (L = CNBU' (14), P(OPh} (19)).

To a solution of {Rhu-Pz)(I)(CO)(L},] (L = CNBU (6), P(OPh)}

(9)) (0.200 mmoal) in diethyl ether (20 mL) was added a solution of

diiodine (50.6 mg, 0.200 mmol) dropwise. After stirring for 2 h, the

under vacuum. Yield: 55%. Anal. Calcd fordElelolroN4O4: C, 13.58;
H, 0.68; N, 6.33. Found: C, 14.02; H, 0.33; N, 6.25. IR (diethyl ether,
cmY): »(CO) 2125 (s), 2098 (m), 2075 (SH NMR (CDCls, rt): o
7.43(d, 2.2 Hz, 4H, B®Pz), 6.10 (t, 2.2 Hz, 2H, #Pz).23C{*H} NMR
(CDCl, rt): 6 161.8 (CO), 141.4 (&5Pz), 107.1 (GPz). MS (FAB'):

dark suspensions were concentrated to ca. 2 mL and pentane (15 mL)884 (10, M\), 757 (100, M — 1).

was added. The resulting dark purple microcrystalline solids were

filtered, washed with pentane {25 mL), and vacuum-dried. Complex
14: yield, 85%. Anal. Calcd for GH24l6NsO2Rh: C, 16.33; H, 1.83;
N, 6.35. Found: C, 16.49; H, 1.21; N, 6.20. IR (&, cn2): »(CO)
2133 (s),7(CN) 2245 (s)H NMR (acetoneds, rt): 6 8.37 (d, 2.4 Hz,
2H, HPz), 8.34 (d, 2.4 Hz, 2H, #Pz), 6.41 (t, 2.4 Hz, 2H, #Pz),
1.65 (s, 18H, CNBU. 13C{'H} NMR (acetoneds, rt): 6 174.6 (d,Jc—rn
= 49 Hz, CO), 147.7 (8Pz), 147.1 (GPz), 109.0 (CPz), 62.2
(C(CHgs)s), 30.0 (CCH3)3). MS (FAB*): 943 (100, M), 812 (40, M
—1). Aw (5 x 104 M in acetone)= 94 S mot* cm % Complex19:
yield, 66%. Anal. Calcd for @Hasel¢N4OsP.Rh: C, 29.72; H, 2.04;
N, 3.15. Found: C, 29.66; H, 1.66; N, 3.15. IR (&, cm™%): »(CO)
2126 (s).*H{®*'P} NMR (CDCl;, rt): 6 8.51 (d, 1.9 Hz, 2H, FPz),
8.37 (d, 1.9 Hz, 2H, BPz), 7.26 (t, 7.7 Hz, 12H, BP(OPh}), 7.19 (t,
7.7 Hz, 6H, HP(OPh)), 6.97 (d, 7.7 Hz, 12H, PP(OPh)), 6.26 (t,

[{Ir(#-P2)()(CO)(PR3)}2] (PRs = P(OPh); (21), PMePh (22))
was prepared as described ®starting from {Ir(u-Pz)(CO)(PR)} ]
(PRs = P(OPh), PMePh) (0.200 mmol) and:(50.8 mg, 0.200 mmol).
Complex21: yield, 69%. Anal. Calcd for @Hsel 2N4OgPulr2: C, 36.50;
H, 2.50; N, 3.86. Found: C, 36.78; H, 2.38; N, 4.14. IR (diethyl ether,
cm™Y): »(CO) 2056 (s), 2048 (SFH{*P} NMR (CDCls, rt): 6 7.72
(d, 2.1 Hz, 2H, HPz), 7.33 (d, 2.1 Hz, 2H, #Pz), 7.08 (m, 18H, FPP-
(OPhY), 6.88 (d, 8.5 Hz, 12H, FP(OPh}), 5.67 (t, 2.1 Hz, 2H, FPz).
BC{*H} NMR (CDCl, rt): 6 168.2 (d,2Jc-p = 16 Hz, CO), 151.2 (d,
2Jc-p = 13 Hz, CP(OPh)), 140.5 (CPz), 140.1 (d3Jc-p = 9 Hz,
C5Pz), 129.6 (CP(OPhy), 125.3 (®P(OPh}), 120.6 (d3Jc—p = 4 Hz,
C°P(OPh)), 105.6 (GPz).3P{*H} NMR (CDCl, rt): 6 53.2. MS
(FAB™): 1449 (5, M), 1322 (100, M — ). Complex22: yield, 65%.
Anal. Calcd for GgHagloN4OPalr: C, 26.09; H, 2.55; N, 5.07.
Found: C, 26.41; H, 2.13; N, 5.03. IR (GEl,, cm1): »(CO) 2010
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Table 4. Crystal Data and Data Collection and Refinement for Compl&xd$-C,H,00, and18

7 10 18
empirical formula G4H24|2N403P2Rh2 C50H4g|2N40zP2Rh2 C24H23|3N402P2Rhg'1/2C4H100
fw 897.93 1295.54 1687.46
cryst size, mm 0.4 0.20x 0.06 0.16x 0.10x 0.06 0.28x 0.11x 0.04
space group P1(No. 2) P1 (No. 2) P2,2:2; (No. 19)

a, 10.550(2) 11.3869(9) 11.8522(5)
b, A 15.763(3) 16.2642(13) 13.4689(6)
c, A 16.353(3) 16.5072(14) 25.3911(11
o, deg 83.94(3) 95.340(2) 90.0

f, deg 79.975(15) 96.410(2) 90.0

y, deg 83.97(3) 110.191(2) 90.0

Vv, A3 2652.5(9) 2822.8(4) 4053.3(3)
4 4 2 4

Decaicas g CNT3 2.249 1.524 2.765

u, mm? 3.736 1.775 7.014

no. of measd refins
no. of unique refins

9365 (250 < 25.09)
9336, = 0.1006)

19571 (1.3< 0 < 28.5)
12 242R, = 0.0353)

25135 (1.6< 6 < 28.3)
9258 R, = 0.0333)

min, max transm fact 0.140, 0.212 0.685, 0.831 0.458, 0.670
R(F) (F? = 20(F ?))2 0.0494 0.0504 0.0359
wR(F ?) (all datay 0.1180 0.1289 0.0896

aR(F) = Y |IFol — IFclI/Y|Fo| for 6594 (7), 8412 (L0), and 8336 18) obs

erved reflection®.wR(F ?) = [T [W(Fe? — FAF/S[W(FAY% wt =

[03(F?) + (aP)? + bP], whereP = [max(F.2,0) + 2FA))/3 (7, a = 0.0589,b = 1.9609;10, a = 0.0595,b = 0; 18, a = 0.0487,b = 9.2941).

(s), 2008 (s)*H{3P} NMR (CDClg, rt): 6 7.74 (d, 2.1 Hz, 2H, FPz),

7.48 (d, 2.1 Hz, 2H, PPz), 7.34 (m, 10H, PM#&h), 5.85 (t, 2.1 Hz,
2H, HPz), 1.94 (s, 6H) and 1.77 (s, 6H) (PhRh). °3C{*H} NMR

(CDC|3, I’t): 0172.3 (dd,z.]cfp =11 HZ,3chp= 2 Hz, CO), 141.0 (d,
8Jc-p = 5 Hz, CPz), 139.3 (d3Jc-p = 3 Hz, CPz), 134.0 (dJc-p =

59 Hz, CPMePh), 130.6 (d4Jc_p = 2 Hz, ®PMePh), 129.7 (d3Jc_p

= 9 Hz, C"PMePh), 128.6 (d?Jc—p = 11 Hz, CPMePh), 105.7 (d,
4Jc—p = 3 Hz, C'Pz), 19.1 (dJc—p = 43 Hz) and 16.5 (dJc—p = 43

Hz) (PMePh).3P{1H} NMR (CDCl;, rt): 6 —37.4. MS (FAB"): 1105
(10, M*), 977 (100, M — 1).

{Ir(#-P2)(N(CO)(PRa)} 2(-N]I n (N = 7, PRs = P(OPh) (23); n
= 3, PR; = PMe,Ph (24)) was prepared as described above Ior
starting from {Ir(«-Pz)(1)(CO)(PR)}2] (PRs = P(OPh} (21), PMe-

Ph 22)) (0.100 mmol), and.l (50.8 mg, 0.200 mmol). Complex3:
yield, 20%. Anal. Calcd for @Hsel 10N4OsP2lr2: C, 21.42; H, 1.46; N,
2.27. Found: C, 21.11; H, 0.98; N, 2.27. IR (&€k, cnmY): »(CO)
2104 (s).*H{®*P} NMR (CDCls, rt): ¢ 8.57 (d, 2.3 Hz, 2H, FPz),
8.44 (d, 2.3 Hz, 2H, FPz), 7.23 (m, 18H, APP(OPh)), 6.98 (d, 7.9
Hz, 12H, HP(OPh)), 6.23 (t, 2.3 Hz, 2H, KPz). P{*H} NMR
(CDCl, rt): 0 27.7. MS (FAB): 1576 (100, M). Complex24: yield,
61%. Anal. Calcd for @HaglsN4O2PsIr,: C, 17.88; H, 1.75; N, 3.47.
Found: C, 17.77; H, 1.38; N, 3.25. IR (GEl,, cm™1): »(CO) 2087
(s). *H{*P} NMR (CDCl, rt): 6 8.32 (d, 2.5 Hz, 2H, FPz), 7.91 (m,
2H, H°PZ), 7.54 (m, 10H, PM#h), 6.88 (br, 2H, KPz), 2.50 (s, 6H)
and 2.29 (s, 6H) (PM&h).3P{*H} NMR (CDCls, rt): 6 —45.9. MS
(FAB™): 1231 (100, M).

[{Rh(u-Pz)(Me)(CO)(K OPh} 3)} o(u-1)]I -2H.0 (25).A pale orange
solution of [ Rh(u-Pz)(CO)(R OPH 3)} 2] (60 mg, 0.059 mmol) in Mel
(2 mL) was carefully layered with pentane (15 mL) and left in the
dark for 2 days to give white crystals. The liquid phase was decanted,
and the solid was washed with pentane and vacuum-dried. Yield: 66%.
Anal. Calcd for GgHael2N4sO10PRh,: C, 41.31; H, 3.47; N, 4.19.
Found: C, 41.58; H, 3.32; N, 4.10. IR (GEl,, cm™1): »(CO) 2102
(s). *H{3P} NMR (CDCls, rt): 6 7.73 (d, 2.1 Hz, 2H, FPz), 7.53 (d,
2.1 Hz, 2H, HPz), 7.26 (m, 18H, FPP(OPh)), 6.88 (d, 8.5 Hz, 12H,
H°P(OPh)), 6.36 (t, 2.1 Hz, 2H, PPz), 2.23 (d?Jy—rn = 1.6 Hz, Me).
BC{H} NMR (CDCls, rt): 6 181.2 (dd,Jc—rn = 56 Hz,%Jcp = 18
Hz, CO), 150.4 (d?Jc-p = 12 Hz, CP(OPh)), 141.6 (C5Pz), 130.3
(C"P(OPhY), 126.7 (®P(OPh}), 120.4 (d2Jc—p = 4 Hz, CP(OPh)),
108.2 (CPz), 15.2 (ddJc_rn = 20 Hz,2Jc_p = 6 Hz, Me).3P{1H}
NMR (CDCl, rt): 6 93.8 (d,Jp-rn = 181 Hz). MS (FAB): 1173
(100, M"). Au (5 x 10* M in acetone)= 90 S mot? cm™.

Crystal Structure Determination of Complexes 7, 100.5C4H 100,
and 18. A summary of crystal data, data collection, and refinement
parameters for the three structural analyses is reported in Table 4. An
orange { and10) or a red crystal 18) was glued to a glass fiber and
mounted on a Bruker AXS-S¢o(7) or Bruker AXS-SMART diffrac-

tometer equipped with graphite-monochromated Mwo tadiation ¢
= 0.710 73 A) and low-temperature equipment. Cell constants were
obtained from the least-squares fit on the setting angles of 25 reflections
(18 < 20 < 48) for 7, 11 823 (3.8< 20 < 56.4) for 10, and 18 743
(3.4 =< 260 < 56.5) for 18. A set of independent reflections witl 2ip
to 50° was measured at 160 K faf using thew/6 scan technique.
Data for 10 and 18 were also collected at 160 K through the use of
CCD recording ofv rotation frames (0.3each). All data were corrected
for Lorentz and polarization effects. Reflections were also corrected
for absorption by semiempirical metho¥s® In the case of7 five
standard reflections were monitored every hour throughout data
collection as a check on crystal and instrument stability; a 1.5% decay
was observed. Fat0 and 18, intensity decay was evaluated from the
measurement of equivalent reflections at different measuring times.
All the structures were solved by direct methods and subsequent
difference Fourier techniques (SHELXT2and refined by full-matrix
least-squares oR 2 (SHELXL-97)3! For 7, two crystallographically
independent molecules were observed. All non-hydrogen atoms (ex-
cepting those of solvent molecule 10) were refined in the last cycles
with anisotropic displacement parameters. All hydrogen atoms were
placed at their calculated positions and refined riding on carbon atoms
with isotropic displacement parameters. The function minimized was
S[w(Fe? — F2)?). The calculated weighting scheme waso#(F.?) +
(aP)? + bP], whereP = ((F?) + 2FA)/3. All the refinements converged
to reasonabl® factors (Table 4). I18the absolute structure has been
checked by the estimation of the Flack paramatir the final cycles
of refinement, 0.04(3% All the residual electron density peaks over
1.0 €/A3in 10 (1.49-1.01 e/A3) and 18 (3.65-1.77 /A3, three
peaks) were situated in close proximity to solvent atoh@ ¢r to the
iodine atoms of the pentaiodide anid8). Scattering factors were used
as implemented in the refinement progrém.
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