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The course of methyl iodide oxidative addition to various nucleophilic complexe@;-flt8-(NH);naphth)(COy

(PiPr3)7] (1), [IrRh(u-1,8-(NH)ynaphth)(CO)PiPrs),] (2), and [Rh(u-1,8-(NH)naphth)(CO)}PRs),] (R = iPr,

3; Ph,4; p-tolyl, 5; Me, 6), has been investigated. The gtdddition to complex. readily affords the diiridium(ll)
complex [Ip(u-1,8-(NH)pnaphth)I(CH)(COX(PiPrs);] (7), which undergoes slow rearrangement to give a
thermodynamically stable stereoison&rThe reaction of the t+Rh complex2 gives the ionic compound [IrRh-
(u-1,8-(NHgnaphth)(CH)(CO)(PiPrs)2]l (10). The dirhodium compound8—5, undergo one-center additions

to yield acyl complexes of the formula [Rlr-1,8-(NH):naphth)I(COCH)(CO)(PR);] (R = iPr, 12, Ph, 13;

p-tolyl, 14). The structure ofLl2 has been determined by X-ray diffraction. Further reactions of these Rh(lll)
Rh(l) acyl derivatives with Chl are productive only for the-tolylphosphine derivative, which affords the bis-

acyl complex [Rb(u-1,8-(NH)naphth)(CHCOYl»(P(p-tolyl)s)2] (15). The reaction of the PMederivative, 6,

allows the isolation of the bis-methyl complex [Rir-1,8-(NH:naphth)(-1)(CHz)2(CO)(PMes)]l (168), which
emanates from a double one-center addition. Upon reaction with methyl triflate, the starting matef@ab;,

and 6, give the isostructural cationic methyl complex@sll, 17, and 18, respectively. The behavior of these
cationic methyl compounds toward GHCH3;OSOQ,CF;, and tetrabutylamonium iodide is consistent with the
role of these species as intermediates in th2 &ldition of CHI. Compoundsl8 and17 react with an excess of
methyl triflate to give [Rh(«-1,8-(NHynaphth)-OSGQCF;)(CHz)2(CO)(PMes),][CFsSOs] (19) and [Rhy(«-1,8-
(NH),naphth)(OS@CF;)(COCHs)(CHs)(CO)(RPr),][CFsSO;] (20), respectively. Upon treatment with acetonitrile,
complexesl7 and18 give the isostructural cationic acyl complexes $Rh1,8-(NH):naphth)(COCH)(NCCH)-
(CO)(PR)2]I[CF3SG;] (R = iPr, 21; Me, 22). A kinetic study of the reaction leading 1 shows that formation

of these complexes involves a slow insertion step followed by the fast coordination of the acetonitrile. The variety
of reactions found in this system can be rationalized in terms of three alternative reaction pathways, which are
determined by the effectiveness of the interactions between the two metal centers of the dinuclear complex and
by the steric constraints due to the phosphine ligands.

Introduction to this trend reported so far include one case of methyl iodide
o N o one-center addition leading to an Ir(H)r(l) product® a
_The oxidative addition of methyl iodide to low-valent t5ytomeric equilibrium of oxidative addition products obtained
dinuclear complexes of late transition metals can occur acrossfom the addition of PhCKCI,? and a single example for a
the two metal atoms to give metainetal bonded products, in  goyple addition that affords an Ir(Ilir(lll) speciesl® By

a reaction frequently given as a characteristic example for conirast, only a few two-center additions have been reported
dinuclear reactivity and cooperation between close metal centersor rhodium(l) compoundsl-12which most frequently undergo
The first examples for such two-center additions were reported

for gold(l) complexe$,and thereafter, the same behavior was (4) (a) Brost, R. D.; Fjeldsted, D. O. K. Stobart, S. R.Chem. Soc.,

found in rhodium(l), iridium(l), palladium(0), platinum(0), and Chem. Communl989 488. (b) Fjeldsted, D. O. K.; Stobart, S. R.;

mercury(ll) dinuclear compoundd-owever, despite the number éaworotkO. l\k/l JJ. Am. Ch((ejm. Sod985810§ 8255- (©) Buspnhell,
it ; ianifi . W.; Decker, M. J.; Eadie, D. T.; Stobart, S. R.; Vefghi, R.

of exa_mples fitting _such_ behamor, a S|gn|f!cant number of Organometallic1985 4. 2106, (d) Atwood, J. L.. Beveridge, K. A

exceptions also exists, including the reactions reported for Bushnell, G. W.; Dixon, K. R.; Eadie, D. T.; Stobart, S. R.; Zaworotko,

rhodium and iridium dinuclear systems presenting “face-to-face” M. J.Inorg. Chem 1984 23, 4057.

or “open-book” structured. (5) Oro, L. A;; Sola, E.; Lpez, J. A; Torres, F.; Elduque, A.; Lahoz, F.

- . J. Inorg. Chem Commun 1998 1, 64.
Almost regularly, the iridium(l) complexes give two-center () Ferrimdez, M. J.; Modrego, J.; Lahoz, F. J:piez, J. A.; Oro, L. A.
additions to afford Ir(Il}-Ir(1l) compounds*~7 The exceptions J. Chem. Soc., Dalton Tran$99Q 2587.
(7) Ciriano, M. A.; Peez-Torrente, J. J.; Oro, L. Al. Organomet. Chem.
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double one-center reactions to yield Rh(HRRh(lll) prod- Figure 1. Molecular structure of compleX Primed atoms are related

ucts10.13-16 Often, the Rh(llI}-Rh(l) intermediates of these latter  to the unprimed ones by tH@ symmetry transformation=x, y, 1/2—
processes are labile species that can barely be det€cted; z
however, in some intriguing cases, such mixed-valence com-

: : . Table 1. Selected Bond Dist A) and Angles (deg) f
pounds are the final products of the reaction, even in the ave elected Bond Distances (£) and Angles (deg) for

- Complex 3
presence of an excess of methyl iodideThe presence of
carbonyl ligands in the starting rhodium complex introduces gn:’PR(rlf) 22'%‘;%(8)1)
more uncertainty about the resulting products of the addition, Rh—N(1) 2_'134(3) RR-N(2) 2.113(4)
since insertion reactions m&y!” or may not occut?4 This Rh—C(20) 1.841(5)

latter aspect of the reaction may also be relevant to the
mechanisms of hydroformylation reactions catalyzed by di- EP;)L\E])__CR(ZO) %ié%((ll?)
nuclear rhodium compounds. P(1)-Rh-N(1')  95.90(10) P(1)Rh—-N(1)  170.16(10)

The aforementioned panorama of reactivity illustrates that N(1)-Rh—N(Ll)  74.27(17)
the behavior of each dinuclear system in this apparently simple N(1)-Rh—C(20)  98.42(16) N(3—Rh-C(20)  171.66(15)
reaction is, very often, singular and, in general, difficult to
foretell. Alternatively, the above examples can be seen asfollow an §2 mechanism, the nature of the products being
snapshots taken from a complex reaction scheme consisting ofdependent on the metainetal interaction and the steric
several competitive pathways. Unfortunately, only a few systems properties of the cationic methyl intermediates of these reactions.
can provide experimental access to this complexity, since, most
frequently, the features of the ligands and the bridging system Results
selectively determine a unique reaction pathway. Because of 1 gynthesis and Characterization of the Starting Com-
this situation, very little is known about the relative incidences pjexes The complexes chosen as starting materials in this study
of steric and electronic variables in the course of these oxidative are depicted in Scheme 1. The diiridium complex(ft1,8-
additions. (NH)znaphth)(COXPiPr);] (1) and the rhodium derivative

This study focuses on the elementary steps involved in the [Rh,(-1,8-(NHpnaphth)(COXPPh),] (4) have been previously
addition of methyl iodide to dinuclear Rh(l) and Ir(l) complexes  reported to have symmetr@, structure€%23The other rhodium
containing carbonyl ligands and the flexible 1,8-diamidonaph- derivatives, [RB(u-1,8-(NH):naphth)(COXPiPr)] (3), [Rha(u-
thalene bridging ligané® 22 The results show that the reactions 1 8-(NH),naphth)(COXP(-tolyl)s)] (5), and [Rh(u-1,8-(NH)-
naphth)(CO)YPMe;);] (6), can be prepared in good yields

(11) éﬁWiS. 'S\I 3137“6{"%”8”,756?: Gordon, J. G, II; Gray, H. B. Am. following the same procedures employed in the synthesis of
em. S0C. A . : . : .

(12) Pinillos, M. T.: Elduque, A.: [pez, J. A.: Lahoz, F. J.; Oro, L. A. The spectroscopic data 8f5, a_nd6 al_so indicateC, symmetric
Chem. Soc., Dalton Tran4991, 1391. structures, as has been confirmed in the case of con@osx

(13) Oro, L. A;; Ciriano, M. A.; Tejel, CPure Appl. Chem1998§ 70, X-ray diffraction (Figure 1). Selected bond distances and angles
779. ; ;

(14) Tejel, C.; Bordonaba, M.; Ciriano, M. A.; Edwards, A. J.; Clegg, W.; for this comple>_< are p_resen_ted .m Table 1.
Lahoz, F. J.; Oro, L. Alnorg. Chem.1999 38, 1108. The hetero-bimetallic derivative [IrRh{1,8-(NH)naphth)-

(15) (a) Ciriano, M. A.; Viguri, F.; Peez-Torrente, J. J.; Lahoz, F. J.; Oro,  (CO)(PiPr3),] (2) has been prepared by treatment of a mixture

L. A.; Tiripicchio, A.; Tiripicchio-Camellini, M.J. Chem. Soc., Dalton _ _
Trans.1989 25. (b) Ciriano, M. A.; Peez-Torrente, J. J.; Lahoz, F. of the mononuclear fragment [Rh(1,8-(NFaphth)(cod)]

J.; Oro, L. A.J. Organomet. Cheni.994 482, 53. (CRS0;) and the dimer [Ig-OMe)(cod)} with triethylamine,
(16) (a) Doyle, M. J.; Mayanza, A.; Bonnet, J. J.; Kalck, P.; Poilblanc, R~ followed by reaction with carbon monoxide and the phosphine.

% grgarléompet_.lb(llhenﬂ%m 146, 2t9ﬁ; é]t_)é))gqeiOX.2;4L\1A§|?0)nlr-]|at’ )?-; The observation of the molecular ion Bfin the FAB+ mass

ahan, F.; Poilblanc, ROrganometallic ) . (c) He, X, .

Maisonnat, A.; Dahan, F.; Poilblanc, Rew J. Chem199Q 14, 313. spectrum f”md the SpeCtr0590p|9 dat?_ support the proppsed
(17) Poilblanc, RInorg. Chim. Actal982, 62, 75. structure, in which a transoid disposition of the phosphine
(18) (a) Swss-Fink, G.Angew. Chem., Int. Ed. Engl994 33, 67. (b) ligands is assumed by analogy with the homo-bimetallic

Broussard, M. E.; Juma, B.; Train, S. G.; Peng, W.-J.; Laneman, S. derivatives

A.; Stanley, G. GSciencel993 260, 1784. ’
(19) Oro, L. A.; Fernadez, M. J.; Modrego, J.; Foces-Foces, C.; Cano, F.

H. Angew. Chem., Int. Ed. Engl984 23, 913. (22) Matzuzaka, H.; Kamura, T.; Ariga, K.; Watanabe, Y.; Okubo, T., Ishii,
(20) Jimeez, M. V,; Sola, E.; Lpez, J. A,; Lahoz, F. J.; Oro, L. hem. T.; Yamashita, M.; Kondo, M.; Kitagawa, 8rganometallic200Q

Eur. J.1998 4, 1398. 19, 216.

(21) Jimeez, M. V.; Sola, E.; Mafhez, A. P.; Lahoz, F. J.; Oro, L. A. (23) Ferriadez, M. J.; Modrego, J.; Oro, L. A.; Apreda, M. C.; Cano, F.
Organometallics1999 18, 1125. H.; Foces-Foces, Gnorg. Chim. Actal989 157, 61.
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2. The Reaction of the Diiridium Complex 1 with Methyl
lodide. Compoundl readily reacts with 1 equiv of CjHi to
afford the complex [l{(u-1,8-(NHpnaphth)I(CH)(CO)(PiPr),]-
(7). This species does not undergo further reaction withICH
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reactivity of9 is also consistent with this description, since the
complex does not undergo a second reaction with methyl triflate,
even in the presence of an excess of reactant. In turn, upon
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even at high temperature and in the presence of a large excestreatment with tetrabutylamonium iodide, compkeis readily

of reactant. The spectroscopic data7o$upport the structural
proposal depicted in Scheme 2, which is similar to that
previously reported for the PRhnalogue of.6 The assignment
of oxidation state 2 to both iridium centers Bffollows from
the IR spectrum, which shows twgCO) modes at rather similar
frequencies, 1979 and 1959 cinin the range expected for
this oxidation staté®

In solution, complex7 slowly isomerizes into a new
compound8, with the isomeric nature of both complexes being

transformed into7 (Scheme 2), as a result of the nucleophilic
attack of iodide to the formally Ir(l) center. This reaction was
monitored by?’P NMR in acetoneds at 233 K, and no reaction
intermediates were observed.

3. The Reaction of the Iridium—Rhodium Complex 2 with
Methyl lodide. A yellow solid of composition [IrRh-1,8-
(NH)2naphth)(CH)(COX(PiPr),]l (10) has been isolated after
treatment of the hetero-bimetallic compl@xwith 1 equiv of
methyl iodide. ThetH NMR spectrum of10 in CD,Cl, shows

deduced from their similar mass spectra and elemental analysesa slightly broadened doublet &t0.54, in which alyp coupling

Comparison of thé3C{*H} NMR spectra of compound&and
8 indicates that the isomerization reaction results in the

constant of 1.8 Hz can be estimated. Sinceligg, coupling is
observed, the signal can be attributed to a methyl ligand bonded

rearrangement of the phosphine ligands. Thus, the signals dueo the Ir atom. ThéP{1H} NMR spectrum displays two signals

to the G and G carbons of the diamidonaphthalene bridge of

corresponding to the two nonequivalent phosphine ligands: a

7 show the pattern expected for the phosphines in transoid doublet Jprn= 140.9 Hz) and a broad singlet. The broadening

positions: two doublets witficp coupling constants of about 2
Hz.2021 |n turn, such carbons appear $has a doublet and a

of this latter signal may correlate with the observation that the
acetone solutions of0 are conducting, although their molar

singlet, supporting the structure shown in Scheme 2 in which a conductivities (5@~ cn? mol2) are lower than those expected
phosphine has moved to an axial position. In further agreementfor a 1:1 electrolyte (108140). These two observations together

with this structure, théH NOESY NMR spectrum 08 shows

suggest that the solutions ®® may contain cationic species in

the existence of NOE enhancement between the signal due tcequilibrium with neutral ones. Our attempts to obtain more

the methyl ligand and that of one-\H proton of the bridge,
indicating the coordination of the methyl at one of the nonaxial
positions of the complex.

Oxidative addition reactions such as that leading/tare
assumed to follow & mechanism&1°Such a mechanism can

information about the dynamic process by low-temperature
NMR measurements were unsuccessful, since decoalescence of
the broad signals was not observed above 193 K.

The cationic species involved in the aforementioned equi-
librium can be isolated, with triflate as counterion, by treatment

be reproduced stepwise by the sequential addition to the startingof 2 with CH;OSG,CFs. The spectroscopic data obtained for

complex of methyl triflate and an ionic iodide. The addition of
methyl triflate to acetone solutions tfresults in the formation

of the complex [lg(u-1,8-(NHpnaphth)(CH)(CO)(PiPrs3),]-
[CF3S0y) (9). The compound gives a 1:1 electrolyte in acetone
and shows a sharp singlet in the CREF NMR spectrum at

the complex [IrRhg-1,8-(NH)naphth)(CH)(CO)(PiPr)]-
[CFsSG;] (11) confirm that the attack of the electrophile, €k
occurs at the iridium center. Products of €Hattack to the
rhodium atom were not observed, even under an excess of
methyl triflate. As expected, the treatment If with tetra-

the chemical shift expected for a free triflate anion. The structure butylamonium iodide readily affords complég. Interestingly,

of 9 (Scheme 2), which can be deduced from*#Heand!3C{1H}

the H and3P{1H} NMR spectra ofl0 and 11 in acetoneds

NMR spectra by using the same arguments detailed above forare basically identical, although, as mentioned above, the former

the previous complexes, is similar to that found for the complex
[Ir 2(u-Pz)(CH3)(CO)(PiP13)7][CIO4] (Pz = pyrazolate}.

The structural and electronic features of cationic diiridium
compounds analogous & which formally contains Ir(lll}-
Ir(I) centers, have been previously discussed in light of
crystallographic information and theoretical calculati®f.

shows some broadened signals. In view of the data available,
the most plausible description @0 is the ionic species shown
in Scheme 3, in which the iodide ligand may be involved in a
weak bond with the iridium center or could form a relatively
stable ion pair in solution.

4. Reactions of the Dirhodium Complexes with Methyl

Such studies conclude that these compounds should be bettelodide. Treatment of solutions of complex8s-5 with 1 equiv

described as Ir(llK-Ir(I) mixed-valence species containing a
weak metat-metal bond which partially reduces the electronic

of CHsl leads to acyl derivatives of the formula [Rh-1,8-
(NH)znaphth)I(COCH)(CO)(PR);] (R = iPr, 12; Ph, 13

differences between the metals. This model is consistent with p-tolyl, 14) (Scheme 4). The structure of the triisopropylphos-

the IR spectrum 09, which shows twa/(CO) modes at 2017
and 1977 cm?, indicative of rather different metal centers. The

phine derivative12, determined by X-ray diffraction, is shown
in Figure 2, with selected bond distances and angles being
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Table 2. Selected Bond Distances (A) and Angles (deg) for

collected in Table 2. The compound is the result of a one-centerCOmpleX 12

CHgl addition. Rh(1) is formally a Rh(lll) center that displays
a regular square-pyramidal geometry, only being distorted by Rh(1}+Rh(2)  2.8465(4)

the small bite angle of the diamidonaphthalene ligand. As found 228)):&%9) 21'%%?("(1‘)1) Rh(2)C(31) 1.809(4)
in related dinuclear acyl compounds, the acyl ligand occupies Rh(1-N(2) 2.'080(3) Rh(2¥N(2) 2_'109(3)
an axial position, trans to the coordination vacatfdyloreover, Rh(1)-N(1) 2.130(3) Rh(2}N(1) 2.118(3)
the Rh(2) is nearly square planar, as expected for a Rh(l). Rh(1)}-P(1) 2.3451(10) Rh(2)P(2) 2.2925(11)
Although both metal atoms are coordinatively unsaturated, the P(1)-Rh(1)-I(1) 93.67(3)

intermetallic distance, 2.8465(4) A, does not suggest the P(1-Rh(1-N(1)  167.69(9) P(2}Rh(2-N(1) 98.91(9)
presence of a metaimetal bond, since it is the same distance P(1)-Rh(1)-N(2)  101.02(10) P(2YRh(2-N(2) 172.21(10)
found in the starting materid@. The spectroscopic features of Z%—Féf;}(é);i%g) 35-85(8)2) P(2)Rh(2-C(31)  89.57(13)
12, which are consistent with the solid-state structure, are similar B :

to those of complexeb3 and14, suggesting analogous structures m&;:gﬂg);ggg) Zfé’,%((lli)) N&%EE@QE?@ 176?;%%((11%))
for the three derivatives. N(2)—-Rh(1)-1(1) 160.27(9)

The Rh(I) centers of compound2—14 do not undergo the N(2)—-Rh(1)-C(29)  93.62(14) N(2YRh(2)-C(31) 98.16(16)
oxidative addition of a second equivalent of methyl iodide at g(hZ(%):ﬁ?z()l)—ngl()Z) %%%%((1122)) RRIN(-R() 84.13(11)
l}r<oom temperature. Under more stringent reaction conditions (343 Rh(1)-C(20)-C(30) 115.9(3)

and 10-fold excess of C#f), compoundsl2 and 13 decom- Rh(1)-C(29)-O(1) 122.4(3)
pose, but the reaction d# allows the isolation of the product  c(30)-c(29)-0(1) 121.6(4)
of a double addition, [Rifu-1,8-(NH):naphth)(CHCO)l »(P(p-
tolyl)s)2] (15) (Scheme 4), in modest yield. The elemental 4 in which the two methyl groups occupy the axial positions
analysis and mass spectrum fbb are consistent with the  of the complex and the two Rh(lll) centers are bridged by an
proposed stoichiometry, and its spectroscopic data are thosgogide ligand. Precedents for such double additions leading to
expected for a bis-acyl complex @ symmetry. similar structures have been reporiéd.

The reaction of the trimethylphosphine dirhodium complex Despite the differences found for the @taddition to the
6 with CHsl seems to be rather nonselective. The spectroscopic PiPr; and PMg analogue$ and6, the reactions seem to proceed
observation of equimolar mixtures 6fand CHl in CD:Cl2 yja the same initial step, since the treatment of these complexes
reveals the formation of several compounds at room temperature ith 1 equiv of CHOSQ,CF; affords isostructural complexes.
Among these products, the species resulting from a double one-The structures of derivatives [Rl-1,8-(NH)naphth)(CH)-
center addition, [R¥u-1,8-(NH:naphth)i-1)(CHz)2(CO),- (COX(PiPR),][CF3SQs] (17) and [Rhy(u-1,8-(NH)naphth)-
(PMe&)7]l (16d), could be isolated due to its insolubility in (CHs)(CO)(PMey),][CF5SOs] (18) (Scheme 5) could be estab-
chlorinated solvents. The complex is formed in relatively poor |ished on the basis of the NMR spectra and NOE measurements,

yields (below 40%) even in the presence of excessICFhe  peing similar to those previously described for the diiridium
elemental analysis df6aand its mass spectrum agree with the g1 iridium=rhodium compound$ and11.
proposed stoichiometry, and itsl NMR spectrum in acetone- 5. Reactivity of the Cationic Methyl Complexes 17 and

de is consistent with a bis-methyl complex 6 symmetry. 18. In contrast with the behavior of their diiridium and iriditm
Further characterization of the cationic compléhas been rhodium analogues, the dirhodium derivativég,and 18, do
achieved by using the more soluble triflate analoguex{f#h react with a second equivalent of @BSQ,CF; (Scheme 5).
1,8-(NHpnaphth){-)(CH)A COR(PM&)][CFsSOy (16h), whose  However, both the features of these reactions and the structures
synthesis will be described below. The data collectedlfs, of the reaction products suggest that the addition of this second

including **C{*H} NMR and NOESY spectra and molar equivalent of methyl triflate is not as simple as just a new
conductivity, lead to the structural proposal depicted in Scheme g|ectrophilic attack.

The reaction of the PMederivative 18 with 1 equiv of

(24) (a) Mayanza, A.; Bonnet, J.-J.; Galy, J.; Kalck, P.; Poilblanc).R. ; i i
Chem. Res., Synop98Q 146. (b) Pinillos, M. T.; Elduque, A.; Mdri CH;0SQCF; in acetoneds is slow, requiring 10 h at room
E.; Navarro, N.; Oro, L. A.; Tiripicchio, A.; Ugozzoli, Ffnorg. Chem. temperature to form the complex [Rh-1,8-(NH}naphth)f-

1995 34, 3105, OSQCF3)(CHs)2ACOR(PMe)][CFsSQy (19). The 19F NMR
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spectrum of19, in acetoneds at room temperature, shows a fast / ~7 \”"'pMea
broad signal a® —78.06, which at 253 K gives rise to two ,ﬂ—% e co
singlets at) —77.68 and-78.35. This suggests that one of the HC [N 18
triflate groups is coordinated and undergoes fast exchange with w Ri».,,__ ] 0 I
free triflate at room temperature; in agreement with this wesp” o Lo PMes | MesP [N, PV
observation, the molar conductivity @B in acetone indicates 18 Lo Rh Rh
a 1:1 electrolyte. ThéH, 3P{1H}, and3C{H} NMR spectra CH;080,CF, / o7 \"co
of the complex, which contains slightly broadened signals at HC co éo oF CHy
room temperature, are indicative of a symmegicstructure. e
Moreover, the*C{1H} NMR signals of the C1 and C8 carbons 19

of the diamidonaphthalene bridge (both dd, showing couplings
to both phosphorus atoms) and thl NOESY spectrum
strongly support the structural proposal depicted in Scheme
in which the phosphines occupy the two axial positions of the
complex and the triflate bridges the metals ip-aO fashion.
The bridging position of this ligand is the only one compatible
with the Cs symmetry, and its monodentate character has been
proposed by analogy with other structurally related dinuclear
complexes determined by X-ray diffractiéh.

The addition of a second equivalent of methy triflate to the 1€ acyl complext2. ,
PiPr; derivative17 is also a slow reaction, which affords the !N contast, the reaction of the Phleompound18 with the
complex [Rh(x-1,8-(NHpnaphth)(COCH)(CHs)(OSOCFs) ionic iodide is very fast, providing a mixture of unidentified

COW(PiPr)-lICE-S 20). This compound shows several complexes. When methyl iodide is used instead of tetrabutyl-
geatL)fr(es ig)zgz[cnmr;o%]véith)the Pl\gleder‘i)vative 19 a molar amonium iodide, the reaction is still fast and affords the Rkl

conductivity indicative of a 1:1 electrolyte, both phosphine Rh(ll) compl_ex_le, previously dgscribed (Sch(_eme 7). Despite
ligands occupying axial positions, and t#% NMR signals the formal S|m|Iar_|ty between this latter addition and that of
(already at room temperature). However, com2exs asym- methyl triflate, which leads to the Rh(lH—)Rh(III) complex1.9
metric as a result of the presence of a terminal carbonyl and an{Scheme 7), the features of these two reactions are very different.
acyl ligand, as can be seen in either the IR spectrum otHhe Thus, CHI addition to 18 is fast and gives an iodide-bridged

and 13C{1H} NMR spectra. These spectroscopic data lead to compound ofC, symmetry, in which the methyl ligands are
the structure depicted in Scheme 5, in which an unus@al ~ @xial- Inturn, the addition of CYDSQCF to the same complex

u-xO' coordination of the triflate is proposed. This proposal is is very SIO.W’ prpviding a .triflate-.pridged compognd a%
mainly based on the consideration that any monodentate SYMMetry in which the axial positions are occupied by the

coordination of the triflate would leave at least one unsaturated P1OSPhines. The different behavior 98 toward these two
metal center, located in close proximity of the free electron pairs "6actants suggests that the electrophilic attack of methyl to the
of the noncoordinated oxygens. Further support for this coor- formally Rh(l) center of18 has to be preceded by the
dination mode could be provided by tH&C NMR signal coordination of the anion at the bridging position. This

corresponding to the coordinated triflate, which is displaced 3.5 ¢00rdination seems to be fast in the case of iodide, but the
ppm to higher field relative to that of the free triflate, and by accommodation of the triflate would require a prior reorganiza-

the precedents for such complex coordination modes in sul- ion Of the phosphines, which may account for the slowness of

: . the reaction.
fonate-polynuclear aggregates of alkaline and alkaline-earth ) . .
elemenrt)§5y ggreg The reactions o017 and18 with neutral nucleophiles such as

acetonitrile give, in both cases, acyl derivatives (Scheme 8).

(25) 3D Search and Research using the Cambridge Structural Database] N€ SPectroscopic data obtained for_the complexes(fRh,8-
Allen, F. H.; Kennard, OChem. Des. Auto. Newi993 8 (1), 31. (NH)znaphth)(COCH)(NCCH;z)(CO)(PiPg)2][CFsSG;] (21) and

The reactions of the cationic methyl compouridsand 18
5 With ionic iodides display noticeable differences. Treatment of
'acetoneds solutions of the FPr; derivative 17 with tetrabutyl-
amonium iodide readily generates an equilibrium of compounds
17, 3, and CHI (Scheme 6). Thus, none of the rhodium centers
of 17 is initially attacked by the nucleophile, but the methyl
ligand is. As expected, this equilibrium mixture, in whithis
the minor component (less than 10%), slowly evolves to give
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Scheme 8 methyl iodide to either mononuclear or dinuclear com-
" pOUﬂdSS.'lO’ZS’zg
e ﬂ_‘ * JZ N/\N—| ' As nucleophiles, all the starting complexes used in this study
¢ \Rh/\ slow | HC Rh/\ behave similarly, being attacked by the electrophilesCHit
R, < Ve Rh«»,,,// the position where the steric constraints around the metal are
ReP™ & Co"PRa RsP EI \CO'F’Ra minimized. In agreement with the features expected for this
R=iPr, 17 initial step of the oxidative addition, the-tRh derivative2

Me, 18 NCCH, | fast undergoes the attack of GH at the (more nucleophilic) Ir
center. All the cationic compounds resulting from these nu-
cleophilic attacks have the same structure, which is that expected

7 ﬂ Bk for the kinetic product. However, despite their similar structures,
HsC LN the compounds show significant electronic differences, which
Rh Rh .
V4 \ are reflected to some extent by spectroscopic data such as the
PP NccH;  ho R v(CO) frequencies, but become more obvious when their
Ao Pr 21 reactivities are analyzed.

Me, 22 The fast reaction of the diiridium cation §(u-1,8-(NH)-
) o naphth)(CH)(CO)(PiPr3)2]t (9) with iodide to give the di-
Table 3. Rate Constants for the Insertion Reaction in CompleX 17 jridium(ll) complex 7 reflects the efficacy of the Ir(Il}-Ir(l)

(Scheme 8) bond proposed fo®@. The reaction shows that electron delocal-
T(K) [NCCH;] (M) Kobs(S™) [CF:SGsT] ization away from the formally Ir(l) center, via the metahetal
292 0.08 3.8« 104 0.06 bond, is enough to turn it into an electrophilic center. This
303 0.08 8.6x 104 0.06 electronic withdrawal seems to happen also in the cationic
303 0.32 9.9« 10 0.06 dirhodium analogue, [Riu-1,8-(NH)naphth)(CH)(CO),-
303 3.18 8.9 10°* 0.06 (PiPr3);]™ (17), although it leads to a less extreme situation.
303 0.08 9.7 1077 012 Thus, the formally Rh( 17 d d
303 0.08 9.3« 104 BF, ¢ ) € y : () C'enter 0 ! oes not”un ergp
313 0.08 1.9¢ 10°3 0.06 electrophilic reaction with iodide, while its nucleophilic reaction
320 0.08 4.8< 1073 0.06 with CH;OSQOCF; is very slow and requires the previous

binding of the triflate at a bridging position of the dinuclear

3[17] = 0.06 M in CDC}. ® Concentration of triflate was adjusted " N . ;
complex. Under these “neutral” electronic features, which can

by addition of tetrabutylamonium triflaté. The BR~ analogue ofL7

was used. be extrapolated to the other dirhodium methyl cations and the
iridium—rhodium derivativell, the fate of the reactions with
[Rha(u-1,8-(NH)pnaphth)(COCH)(NCCH)(CO)(PMe),][CF3- iodide seems to be determined by steric factors.

SQ;] (22) are consistent with the proposed structures, in which ~ Complex18 undergoes fast attack of the iodide at the Rh(lll)
the axial position of the acyl ligands is assumed by analogy center, since the low steric requirements of the PMmnds
with the neutral acyl complexes already described. allow the anion to reach the “pocket” of the dimetallic
The kinetics of the transformation of7 into 21 were framework. The coordination of iodide at the position trans to
measured byP NMR in CDCk solutions, with pseudo-first-  the methyl ligand, which is in fact a bridging position, seems
order rate constantkd,y for this reaction being obtained at to enhance the nucleophilicity of the second rhodium center,
different temperatures and various acetonitrile and triflate which undergoes fast attack of a second methyl to give the
concentrations (Table 3). The process is zero order with respectcationic moietyl6. Thus, under these conditions, the intermedi-
to the acetonitrile concentration, in agreement with a two-step ates resulting from a single center addition are elusive and the
process: a slow insertion reaction, followed by the fast reactions end in two-center addition products. This result
coordination of the nucleophile (Scheme 8). The activation coincides with the reactivity observed in other “open-book”
parameters for this reaction can be reasonably estimated fromdirhodium system&?13
the temperature dependencekefs giving the valuesAH* = Bulky phosphine ligands, such as BPR(p-tolyl)s, or AP,
14 & 2 kcal mol* andASf = —27 + 4 eu, which are in the hinder the attack of iodide to the Rh(lll) center. Then, this attack
range found for similar migratory insertions in mononuclear does not take place until the migratory insertion step provides
complexeg® Despite the negative entropy increment, the an accessible coordination vacancy, giving rise to the formation
coordinating triflate anion does not participate in the insertion of the neutral acyl derivatived2—14. In the case of the
transition state, since rates are unaffected by the use of differentridium—rhodium compoundLl, the insertion reaction at the

triflate concentrations or the BF analogue ofL7.2” iridium center does not seem to be favoralfland, therefore,
. ' the product of CHl addition is essentially ionic.
Discussion A moderate electron withdrawal from the formally Rh(l)

The compounds resulting from the stoichiometric additions Center seems to take place for the neutral acyl compolizés
of CHl to the starting complexes-5 can be obtained through 14 Since deactivation of this metal atom toward a second
a series of sequential reactions with £}$Q,CFs and I. This addition is apparent in these complexes. Nevertheless, such
would be in agreement with any® mechanism, generally ~S€cond additions are possible at temperatures close to those of

considered as the main pathway for the oxidative addition of decomposition of the complexes. In this respect, the correct
balance between the thermal stability of the compounds and

(26) Maitlis, P. M.; Haynes, A.; Sunley, G. J., Howard, M.JJ.Chem.

Soc., Dalton Trans1996 2187. (28) Pudephatt, R. J.; Scott, J. Drganometallics1985 4, 1221.
(27) This tetrafluoroborate complex has been prepared by abstraction of (29) Griffin, T. R.; Cook, D. B.; Haynes, A.; Pearson, J. M.; Monti, D.;
the iodide ligand fronl2 using AgBF, a reaction that also indicates Morris, G. E.J. Am. Chem. S0d.996 118 3029.

that the insertion step involved in the formation of the dirhodium acyl (30) Ellis, P. R.; Pearson, J. M.; Haynes, A.; Adams, H.; Bailey, N. A,;
derivatives is reversible. Maitlis, P. M. Organometallics1994 13, 3215.
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the basicity of the ligands seems to be important. In fact, the Scheme 9
small difference in basicity between glyl)s and PPh
determines whether the product of second addition can or cannot
be obtained.

The reactivity studies presented indicate that the metal centers
of these diamidonaphthalene-bridged compounds are not inde-
pendent entities, since once a metal center has reacted, the
reactivity of the other metal is substantially modified. This fact
is apparent from the behavior of the mixed-valence Mftll)
M(I) species, which are key intermediates in the transformations

o fu ) o

.

A

HiC 1o m !
studied. In addition to their chemical behavior, some spectro- ? \M__"—~"M_/ \M g M_I HCo m ! M,

i /™ VAT /% ™
scopic features of these M(IHM(I) compounds can be oc o o¢ i o i e
regarded as an indication of the mutual influence between the - -
metals. Thus, the IR(CO) frequencies, thé'P NMR Jprp cHyt | tast d
coupling constants, and thi&g, couplings observed for the
carbonyl ligand signals of tHéC{H} NMR spectra give values \ 9 0
that are intermediate between those expected for independent HC l m /C’U " c)k @ )J\CH

3 M M 3

L/"“——

M(1l) and M(I) metal centers. These features have been
explained in terms of a weak metahetal bond connecting the
M(II1) —=M(l) centers in the case of very related diiridium
compounds, an explanation that may be extrapolated to the . ide further evidence for the important role played by the
dirhodium derivatives. However, such extrapolation seems 10 ¢,,herative effects between metal centers in this kind of
be a difficult exercise in view of the structural parameters inclear species, since the predominant factor determining the

obtai_n(_ad for _the_ Rh(lll—}Rh(l) complex, 1_2' Indeed, the__ course of the reaction is the effectiveness of the intermetallic
reactivity of12indicates that its Rh(l) center is less nucleophilic ;4. ance.

than those of the starting comple% an observation that
correlates with the magnitudes ofCO) (1960 cnit in 12 vs
1924, 1939 cm' in 3) andJprn(151.6 Hz in12vs 156.9 Hz in
3). However, since the intermetallic distances foundiand Physi )
ysical Measurements Infrared spectra were recorded as Nujol

.12 are equal, the proposa! of any kind of meter_ietal . mulls on polyethylene sheets using a Nicolet 550 spectrometer. C, H,
interaction in the latter seems inadvisable, unless such interactiory and s analyses were carried out in a Perkin-Elmer 2400 CHNS/O

was established indirectly through the bridging ligand. This latter analyzer. NMR spectra were recorded on a Varian UNITY, a Varian
pathway has been shown to be feasible in edge-sharing dinucleaGemini 2000, or a Bruker ARX, 300 MHz spectrometé. and $3C

/%

| L

M M
/=E_\|/l "-,_'_“ .
oC L L ¢o 1

Experimental Section

compounds? NMR chemical shifts were measured relative to partially deuterated
) solvent peaks but are reported in ppm relative to tetramethylsit&e.
Conclusions andF NMR chemical shifts were measured relative t°By (85%)

The nucleophilic M(l) diamidonaphthalene-bridged dinuclear 2nd CFC, respectively. Coupling constants, are given in hertz.

- - . - enerally, spectral assignments were achievetHb@OSY, NOESY,
complexes employed in these §tud.|es prO\./I.de access to a V."J‘”Etgndmc DEPT experiments. MS data were recorded on a VG Autospec
of produ.cts by means of the oxidative addition of methyl iodide. double-focusing mass spectrometer operating in the positive mode; ions
This variety includes M(IF-M(1l) methyl compounds, M(lll)- were produced with a Gsgun at ca. 30 kV, and 3-nitrobenzyl alcohol
M(Il) dimethyl and diacyl derivatives, and M(IF}M(l) methyl (NBA) was used as the matrix. Conductivities were measured in ca. 3
and acyl complexes. In all cases, the reactions proceed via thex 104 M solutions using a Philips PW 9501/01 conductimeter.
initial formation of cationic M(IlI)-M(I) methyl intermediates, Synthesis All reactions were carried out with exclusion of air by
which can evolve following the three alternative pathways of using standard Schlenk techniques. Solvents were dried by known
Scheme 9. procedures and distilled under argon prior to #%s&he complexes

Patha is viable only when the release of electron density [Ir2(4-1,8-(NHpnaphth)(COXPiPr);] (1), [Ir(u-OMe)(cod)}** and
from M(l) is large enough to turn this metal center into an [Rh(«-1,8-(NHpnaphth)(COjJ* were prepared by known procedures.
electrophile. Patlb requires ligands small enough to allow the "€ mononuclear compound [Rh(1,8-(Nhgphth)(Cod))(CESQ,) was

iodide to enter the “pocket” of the dinuclear moiety. This path

bonded to the complex, the second attack ogCskems to be
very favorable. In contrast ta and b, which are both fast
processes, pathhas been found to be slow, although it is the
only possible pathway when the requirementsd@andb are
not fulfilled. A new addition through pattl has been found to

prepared following the procedure described in ref 34 for its perchlorate

. . Lo analogue. All the compounds whose preparations are described below
leads to double one-center additions, since once the iodide haso1 9 b prep

re air sensitive in solution. The low-valent compoudds$ and the

cationic specie®—11, 16—22 are air and moisture sensitive also in
the solid state.

Preparation of [IrRh( u-1,8-(NH):naphth)(CO),(PiPrs),] (2). A thf

solution (5 mL) of [Rh(1,8-(NHnaphth)(cod)](CESO;) (100 mg, 0.193

mmol) and [Iri-OMe)(cod)} (64 mg, 0.096 mmol) was treated with

be feasible, but at least in the systems used in these studies, iNEt (26.8 4L, 0.193 mmol) and strirred for 30 min. The resulting

requires reaction conditions close to those leading to decom-solution was evaporated to dryness, treated with diethyl ether (5 mL),
position of the complexes. When none of these three pathwaysa”d filtered through Celite. Then, carbon monoxide was bubbled
are feasible, the final product of the addition is the cationic 'fough the solution for 2 min, and triisopropylphosphine (36.9
methyl complex 0.193 mmol) was added. After 30 min of reaction, the orange solid
The Scheme 9 provides a comprehensive framework that fits
most of the literature results on this reaction. In addition, they

(32) Shriver, D. FThe Manipulation of Air-sensiie CompoundsMcGraw-
Hill: New York, 1969.

(33) Usm, R.; Oro, L. A.; Cabeza, J. Anorg. Synth.1985 23, 126.

(34) Oro, L. A,; Ferhadez, M. J.; Modrego, J.; lpez, J. MJ. Organomet.
Chem.1985 287, 409.

(31) Aullén, G.; Alemany. P.; Alvarez, S. Organomet. Cheni994 478
75.
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formed was separated by decantation, washed with diethyl ether, and23.39 (s)13C{*H} NMR (CDCl;, 293 K) 5 —28.09 (d,Jcp = 2.9, Ir—

dried in vacuo: yield 131 mg (82%); IR (cr) 3358 (m,»(NH)), 1915,
1936 (s#(CO)); 'H NMR (CDCls, 293 K) 6 1.23 (dd,Jup = 15.6, I
=8.1, 9H, PCH®Is), 1.25 (dd Jyp = 13.5,Juy = 7.5, 9H, PCHE5),
1.37 (dd,Jup = 13.5,dun = 7.2, 18H, PCH®l5), 2.25, 2.36 (both m,
3H, PGHCHs), 4.19, 4.29 (both br, 1H, NH), 6.78 (dun = 7.2, 2H,
CH), 7.07, 7.08 (both ddl = 8.1, 7.2, 1H, CH), 7.29, 7.30 (both d,
Juw = 8.1, 1H, CH);3P{H} (CDCl, 293 K) 6 36.62 (s), 63.57 (d,
Jern= 161.4); MS (FABF, m/z (%)) 828 (100) [M]. Anal. Calcd for

CsoHsoNLIrOsPRh:  C, 43.53; H, 6.09; N, 3.38. Found: C, 43.33;

H, 5.72; N, 3.27.

Preparation of [Rha(u-1,8-(NH):naphth)(CO)(PiPrs),] (3). A
solution of [Ri(u-1,8-(NH):naphth)(COj] (0.5 g, 1.05 mmol) in a
mixture of diethyl ether/acetone (5:1) (40 mL) was treated witPrf

(403.9uL, 2.11 mmol). After 30 min, the resulting orange solid was

CHg), 19.06 (d,Jcp = 1.8, PCHCH3), 19.62 (s, PCIEH3), 19.72 (d,
Jop = 1.8, PCl‘CH3), 20.59 (S, PCHH:;), 24.57 (d,Jcp = 28.6,
PCHCH), 26.14 (d Jcp = 29.0, RCHCH), 112.57 (dJcp = 4.1, CH),
112.97 (dJcp= 3.2, CH), 121.44 (s, CH), 123.49 (s, C), 126.25, 126.35
(both s, CH), 134.93 (s, C) 147.09, 147.32 (boti@d = 2.2, C), 179.10
(d, Jcp= 9.6, CO), 179.50 (dJcp = 11.5, CO); MS (FABt, m/z (%))
1059 (15) [Mf], 932 (100) [M" — 1]. Anal. Calcd for GiHs3N2-
IIr,0,P;: C, 35.16; H, 5.04; N, 2.64. Found: C, 34.91; H, 5.07; N,
2.74.

Preparation of [Ir »(#-1,8-(NH),naphth)I(CH 3)(CO),(PiPr3)] (8).
A solution of 7 (200 mg, 0.19 mmol) in thf (5 mL) was refluxed for 8
h. The resulting solution was concentrated to ca. 0.5 mL and treated
with diethyl ether to give a yellow solid. The solid was separated by
decantation, washed with diethyl ether, and dried in vacuo: yield 176

separated by decantation, washed with hexane, and dried in vacuo: yieldng (88%); IR (cn1?): 3396, 3321 (my(NH)), 1973, 1952 (sy(CO));

575 mg (76%); IR (cm') 3358 (m,»(NH)), 1924, 1939 (sy(CO));
H NMR (CDCls, 293 K) ¢ 1.33, 1.20 (both ddJup = 13.6,Jun =
6.9, 18 H, P(CHEi3), 2.22 (m, 6H, PEICH3), 3.75 (br, 2H, NH), 6.67
(d, Jun = 8.1, 2H, CH), 7.03 (ddJun = 8.1, 7.2, 2H, CH), 7.18 (d,
Jun = 7.2, 2H, CH)3P{*H} (CDCls, 293 K) 3 63.85 (d,Jprn= 156.9);
13C{*H} (CDCls, 293 K) 6 19.80, 19.92 (both s, PGEH3), 25.44 (d,
Jep = 22.6, -CHCH), 110.33 (d,Jcp = 2.8, CH), 119.04 (s, CH),
119.23 (s, C), 126.26 (s, CH), 134.87 (s, C), 149.970¢d~= 2.6, C),
193.64 (dd Jcrn = 73.7,Jcp = 18.9, CO); MS (FAB-, m/z (%)) 738
(100) [M*]. Anal. Calcd for GoHsoN.O,P,Rh,: C, 48.79; H, 6.82; N,
3.79. Found: C, 48.37; H, 6.65; N, 3.74.

Preparation of [Rha(u-1,8-(NH):naphth)(CO)(PPhs)2] (4). The
compound was prepared as described3fdry using PPh(553.4 mg,
2.11 mmol): yield 642 mg (65%); IR (cn) 3335 (m,»(NH)), 1948,
1906 (s,»(CO)); *H NMR (CDCl;, 293 K) 3.25 (br, 2H, NH), 6.12 (d,
Jun = 7.5, 2H, CH), 7.01 (ddJun = 7.8, 7.5, 2H, CH), 7.29 (dJun
= 7.8, 2H, CH), 7.357.73 (m, 30H, CH)SP{1H} (CD.Cl,, 293 K)
0 46.02 (d,Jprn= 161.3); MS (FABt, m/z (%)) 942 (15) [M']. Anal.
Calcd for GgHsgN2O-P.Rh: C, 61.16; H, 4.06; N, 2.97. Found: C,
61.05; H, 4.41; N, 2.91.

Preparation of [Rh2(u-1,8-(NH)::naphth)(CO)a(P(p-tolyl) 3)7] (5).
The compound was prepared as describe@fdy usingp-tolylphos-
phine (907.2 mg, 2.11 mmol): yield 700 mg (65%); IR (cin3341
(m, »(NH)), 1948, 1969 (sy(CO)); *H NMR (acetoneds, 293 K) &
2.39 (s, 18H, CH), 3.31 (br, 2H, NH), 6.16 (dJun = 7.2, 2H, CH),
6.99 (dd,Jun = 7.8, 7.2, 2H, CH), 7.06 (dJyy = 7.8, 2H, CH), 7.29
(d, Jun = 7.8, 12H, CH), 7.59 (dd)up = 10.5,Ju = 7.8, 12H, CH);
SIP{1H} (acetoneds, 293 K) & 43.82 (d,Jprn = 160.5); MS (FABt,
n/z (%)) 1026 (100) [M]. Anal. Calcd for GsHsoN.O-P.Rhy: C, 63.17;
H, 4.91; N, 2.73. Found: C, 63.62; H, 5.29; N, 2.91

Preparation of [Rha(x-1,8-(NH):naphth)(CO).(PMes)] (6). The
compound was prepared as describedfdsy using PMe (225.2uL,
2.11 mmol): yield 514 mg (86%); IR (cm) 3362 (m,»(NH)), 1927,
1952 (s(C0O)); *H NMR (CD.Cl,, 293 K) 6 1.45 (dd,Jup = 9.3, Jurn
= 1.4, 18H, PCH), 3.88 (br, 2H, NH), 6.82 (dJu = 7.2, 2H, CH),
7.11 (ddJwn = 7.8, 7.2, 2H, CH), 7.26 (s = 7.8, 2H, CH)P{*H}
(CD4Cly, 293 K) 0 —1.38 (d,Jprn= 150.7);°C{H} (CDCly, 293 K)
0 16.75 (d,Jcp = 29.9, PCH), 110.65 (d Jcp = 3.2, CH), 119.53 (s,
C), 119.88, 126.98 (both s, CH), 135.46 (s, C), 149.870{d= 3.2,
C), 193.06 (ddJcrn = 73.2,Jcp = 21.1, CO); MS (FAB-, mVz (%))
570 (100) [M]. Anal. Calcd for GgH26N20:P,Rh,: C, 37.91; H, 4.59;
N, 4.91. Found: C, 37.97; H, 4.94; N, 4.78.

Preparation of [Ir 2(#-1,8-(NH).naphth)I(CH 3)(CO)(PiPrs);] (7).
A solution of 1 (245 mg, 0.27 mmol) in CkCl, (5 mL) was treated
with methyl iodide (17«L, 0.27 mmol). After 30 min, the resulting

lH NMR (CDClg, 293 K) o 0.67 (dd,JHp = 12-91\]HH = 7.2, 9H,
PCHH3), 1.10 (dd,Jwp = 14.7,3un = 6.9, 9H, PCHGI3), 1.11 (d,
Jwp=24,3H, |I'—CH3), 1.40 (dd,JHP =13.8,Jyu4 = 6.9, 9H, PCHG}':;),
1.42 (dd,Jup = 13.5,Jun = 6.9, 9H, P(CHGH3), 1.69, 2.86 (both m,
3H, PGHCHg), 4.73, 4.98 (both br, 1H, NH), 6.84 (dyn = 7.5, 1H,
CH), 6.97, 7.04 (both ddlyy = 7.5, 7.8, 1H, CH), 7.12 (dJun = 7.5,
2H, CH), 7.37, 7.43 (both dJun = 7.8, 1H, CH);3®P{*H} NMR
(CDCls, 293 K) 6 22.28 (s),—2.35 (s);*3C{*H} NMR (CDCls, 293 K)
0 —25.07 (dJcp= 3.8, I-CH), 18.45 (d Jcp = 3.1, PCHCH3), 19.90,
20.09, 20.25 (all s, PCEHs), 24.18 (d,Jcp = 22.0, RCHCHg), 28.19
(d, Jcp = 28.9, FCHCHjg), 110.70 (s, CH), 111.45 (dcp = 3.4, CH),
119.87, 121.01 (both s, CH), 123.07 (s, C), 126.30, 126.33 (both s,
CH), 135.40 (s, C), 148.37 (dep = 1.8, C), 151.26 (s, C), 177.74 (d,
Jep = 11.7, CO), 178.36 (dJcp = 13.3, CO); MS (FAB+, Mz (%))
1059 (7) [M'], 932 (100) [M" — I]. Anal. Calcd for GiHs3Nz-
IIr,0.P2: C, 35.16; H, 5.04; N, 2.64. Found: C, 34.69; H, 5.01; N,
2.85.

Preparation of [Ir o(u-1,8-(NH):naphth)(CH3)(CO)(PiPrs3),][CF 3
SO4] (9). A suspension ol (245 mg, 0.27 mmol) in acetone (5 mL)
was treated with methyl triflate (304L, 0.27 mmol) and stirred for
30 min at room temperature. The resulting red solution was filtered
through Celite and concentrated to ca. 0.5 mL. Addition of diethyl ether
produced the precipitation of a red solid, which was separated by
decantation, washed with ether, and dried in vacuo: yield 219 mg
(75%); IR (cnm?) 3314 (m,»(NH)), 2017, 1977 (sy(CO)); *H NMR
(acetonede, 293 K)(S 1.13 (d,JHp = 2.0, 3H, Ir—CH3), 1.21 (dd,JHp
= 14.0,dun = 7.1, 9H, PCHG13), 1.43 (dd,Jup = 15.2, 4y = 7.2,
9H, PCHMH), 1.44 (dd,Jup = 14.5,Jun = 7.4, 9H, PCHGE1y), 1.51
(dd, Jup = 14.5,Iun = 7.2, 9H, PCHGEI3), 2.86, 3.01 (both m, 3H,
PCHCHs), 6.96, 7.21 (both br, 1H, NH), 7.34, 7.39 (bothld, = 7.9,
1H, CH), 7.68, 7.72 (both Ay = 7.4, 1H, CH), 7.80 (ddJun = 7.4,
7.9, 2H, CH);3'P{'H} NMR (CDCls, 293 K) 0 41.79 (s), 24.75 (S);
13C{1H} NMR (CDCls, 293 K) 6 — 19.57 (dd,Jcp = 2.7, 1.5, I
CH;s), 20.25, 19.92, 19.53 (all s, P@Hs), 25.86 (d,Jcp = 29.8,
PCHCH), 26.51 (d Jcp = 30.7, RCHCHg), 114.18 (d Jcp = 2.3, CH),
114.60 (dJcp= 3.7, CH), 123.33 (s, CH), 123.53 (s, C), 128.47, 128.84
(both' s, CH), 136.22 (s, C), 144.82 (ip = 2.8, C), 144.86 (dJcp=
3.7, C), 172.58 (dJcp = 10.0, CO), 178.98 (dJcp = 11.5, CO);*°F
NMR (CDCls, 293 K)6 —79.17 (s);Am (5 x 1074 M, acetone)= 113
Q~tcn? molt (1:1); MS (FAB+, Mz (%)) 932 (10) [M]. Anal. Calcd
for CaoHssN2SKIr0sP,: C, 35.55; H, 4.94; N, 2.59. Found: C, 35.60;
H, 5.22; N, 2.62.

Preparation of [IrRh( u-1,8-(NH);naphth)(CH3)(CO)a(PiPrs)J]l
(10). The compound was prepared following the procedure detailed
for 7, by using complexX (250 mg, 0.3 mmol) and methyliodide (19

solution was concentrated to ca. 0.5 mL and treated with diethyl ether uL, 0.3 mmol): yield 224 mg (78%); IR (cr) 3366, 3327 (my(N—
to give a yellow solid. The solid was separated by decantation, washedH)), 1983, 1958 (sy(CO)); *H NMR (CD.Cl, 293 K) 6 0.54 (brd,
several times with diethyl ether, and dried in vacuo: yield 237 mg Jw = 1.8, 3H, ICHjg), 1.35 (dd,Jwp = 13.8, Juu = 7.2, 18H,

(83%); IR (cnTl) 3375, 3342 (mp(NH)), 1979, 1959 (sy(CO)); *H
NMR (CDCls, 293 K) 6 0.62 (d,Jue = 1.8, 3H, I—CH3), 1.02 (dd,
Jup = 14.1,Jun = 6.9, 18H, PCHEI3), 1.19 (dd,Jup = 12.9, Iy =
7.2, 9H, PCH(H3), 1.37 (dd,JHp = 14-1yJHH = 69, 9H, P(CHGHg),
2.05, 2.51 (both m, 3H, PECH3), 5.03, 5.09 (both br, 1H, NH), 6.72
(d, Jun = 7.1, 2H, CH), 7.02, 7.08 (both 8y = 8.1, 1H, CH), 7.55,
(d, s = 8.1, 2H, CH);3'P{*H} NMR (CDCls, 293 K) ¢ 16.10 (s),

PCH(H3), 1.39 (ddJwp = 12.6,Jun = 6.9, 18H, PCHEI3), 2.54, 2.57
(both m, 3H, PEICHs), 4.94, 5.41 (both br, 1H, NH), 7.18 (rdyn =
7.1, 4H, CH), 7.57, (dJun = 8.1, 2H, CH);3%P{*H} NMR (CD.Cly,
293 K) 6 58.47 (d,Jprn= 140.9), 13.59 (br)Awm (5 x 104 M, acetone)
=50Qt cn? mol™t; MS (FAB+, m/z (%)) 841(100) [M™ — I]. Anal.
Calcd for GiHsaNJlIrO-P,Rh: C, 38.31; H, 5.49; N, 2.89. Found: C,
38.39; H, 5.51; N, 3.15.
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Preparation of [IrRh( g-1,8-(NH).naphth)(CHz)(CO),(PiPr3),]-
[CF3SO;] (11). The compound was prepared following the procedure
described fo®, by using comple® (224 mg, 0.27 mmol): yield 225
mg (84%); IR (cnt) 3294 (m,v(NH)), 2021, 1996 (sy(CO)); *H
NMR (acetoneds, 293 K) 6 1.13 (d,Jup = 1.8, Ir—CHjg), 1.19 (dd Jup
= 14.4,3uy = 7.2, 9H, PCHGE13), 1.41 (dd,Jyp = 13.5,Jun = 6.6,
9H, PCHMH), 1.44 (dd,Jue = 14.7,3un = 6.9, 9H, PCHC3), 1.53
(dd, Jyp = 13.8,Jun = 6.9, 9H, PCHGEi3), 2.67, 3.03 (both m, 3H,
PCHCH), 6.74, 7.28 (both br, 1H, NH), 7.29, 7.36 (both ddy =
7.5, 8.7, 1H, CH), 7.61, 7.67 (both ;4 = 7.5, 1H, CH), 7.74, 7.78
(d, Jun = 8.7, 1H, CH);*'P{'H} NMR (acetoneds, 293 K) 6 18.58
(s), 60.85 (dJprn= 150.7);*C{*H} NMR (acetoneds, 293 K)o —8.61
(d, Jep = 4.1, Ir=CHj), 19.89, 20.06, 20.31, 20.33 (all s, PCHy),
25.14 (d,Jcp = 28.6, RCHCH), 26.32 (d,Jcp = 23.5, FCHCH),
113.94, 114.36 (both dicp = 3.0, CH), 121.64 (s, C), 122.55 (g
= 321.0, CESG;), 123.00, 123.35, 128.31, 128.85 (all s, CH), 136.45
(s, C), 144.45 (dJep = 3.7, C), 144.78 (dJcp = 2.2, C), 172.90 (d,
Jep = 9.7, CO), 192.39 (ddJcrn = 74.2,Jcp = 16.6, CO);*F NMR
(CDCls, 293 K) 6 — 79.17 (s);Am (5 x 10°* M, nitromethane) 120
Q71 cn? mol™ (1:1); MS (FAB+, m/z (%)) 841 (100) [MT]. Anal.
Calcd for GHssN.SK:IrOsP.Rh: C, 38.75; H, 5.39; N, 2.82; S, 3.23.
Found: C, 38.84; H, 5.48; N, 2.80; S, 3.30.

Preparation of [Rha(u-1,8-(NH)naphth)I(COCH 3)(CO)(PiPrs)2]
(12). The compound was prepared following the procedure detailed
for 7, by using complexd (200 mg, 0.27 mmol): yield 190 mg (80%);
IR (cm™1) 3375, 3296 (myp(NH)), 1960, 1686 (sy(CO)); *H NMR
(CD.Clp, 293 K) 0 1.11 (dd,Jpp = 14.1,Iun = 7.2, 9H, PCHE3),
1.33 (dd,Jup = 13.5,3un = 7.2, 9H, PCH®E13), 1.44 (dd,Jue = 13.5,
Juwn = 7.5, 9H, PCHGE13), 1.51 (dd,Jwe = 13.3, Jun = 7.3, 9H,
PCH), 2.21 (m, 3H, PEICHs), 2.29 (s, 3H, COCEH), 2.73 (m, 3H,
PCHCHs), 4.52, 5.07 (both br, 1H, NH), 6.98 (dwn = 7.6, 1H, CH),
7.06 (dd,Jun = 7.6, 8.2, 1H, CH), 7.13 (dJyy = 8.2, 1H, CH), 7.15
(dd, Juy = 7.6, 8.2, 1H, CH), 7.41 (d}uy = 7.6, 1H, CH), 7.49 (d,
Jun = 8.2, 1H, CH);3P{*H} NMR (CD.Cl,, 293 K) 6 44.63 (d,Jprn
= 140.1), 62.21 (dJprn = 151.6);13C{*H} NMR (CD,Cl,, 293 K) ¢
19.96, 20.12, 20.32, 21.29 (all s, PCH3), 25.18 (d,Jcp = 23.1,
PCHCHs), 25.87 (dJcp = 20.7, RCHCHg), 43.42 (s, C@Hg), 112.58
(d, Jcp = 4.6, CH), 113.15 (dJcp = 2.2, CH), 120.12 (s, C), 120.93,
121.76, 126.79 (all, s, CH), 135.60 (s, C), 148.37, 149.42, (badb:d,
= 3.2, C), 191.98 (ddJcrh = 74.4,Jcp = 17.7, CO), 220.07 (ddlcrn
= 29.2,Jcp = 6.7, COCHs); MS (FAB+, m/z (%)) 880 (35) [M].
Anal. Calcd for GiHssNIOP.Rh: C, 42.29; H, 6.07; N, 3.18.
Found: C, 41.94; H, 5.64; N, 3.29.

Preparation of [Rhy(z-1,8-(NH)naphth)I(COCH 3)(CO)(PPhg),]
(13). The compound was prepared following the procedure detailed
for 7, by using complex (254 mg, 0.27 mmol). The reaction time in
this case was 20 h: yield 246 mg (84%); IR (cn3305, 3325 (m,
v(NH)), 1973, 1688 (sy(CO)); *H NMR (CDCls, 293 K) 6 1.97 (s,
3H, COCHy), 3.17, 4.13 (both br, 1H, NH), 5.91 (dyy = 7.5, 1H,
CH), 6.13 (d,Jun = 7.2, 1H, CH), 6.84, 6.92 (both ddun = 7.5, 7.2,
1H, CH), 7.25-7.83 (m, 32H, CH)3P{*H} NMR (CDCls, 293 K) &
41.38 (d,Jprn = 145.4), 45.54 (dJprn = 156.9). Anal. Calcd for
CagHaiN2IO2PRh,: C, 54.26; H, 3.81; N, 2.58. Found: C, 54.18; H,
3.98; N, 2.52.

Preparation of [Rhy(u-1,8-(NH)naphth)I(COCH 3)(CO)(P(p-
tolyl)3)2] (14). The compound was prepared following the procedure
described fo7, by using comple (277 mg, 0.27 mmol). The reaction
time in this case was 8 h: yield 255 mg (81%); IR (¢in3322, 3302
(m, »(NH)), 1979, 1683 (sy(CO)); *H NMR (CDCl;, 293 K) 6 2.08
(s, 3H, COCH), 2.37, 2.38 (both s, 9H, C§i 3.31, 4.24 (both br, 1H,
NH), 6.06, 6.25 (both dJuy = 7.5, 1H, CH), 6.95, 7.03 (both ddyn
=75, 8.1, 1H, CH), 7.13 (brd}ws = 8.1, 6H, CH), 7.17 (dJun =
8.1, 6H, CH), 7.35 (dJus = 8.1, 1H, CH), 7.42 (dJun = 8.1, 1H,
CH), 7.43 (dd,JHp =11.0,Jun = 8.1, 6H, CH), 7.77 (brdeHp ~ JHH
= 8.1, 6H, CH);3P{*H} NMR (CDCls, 293 K) 6 39.93 (d,Jprn =
145.4), 43.81 (dJprn= 155.1);*3C{*H} NMR (CDCly, 293 K) 9 21.37,
21.32 (s, CH), 40.80 (s, C@Hs), 112.51 (dJcp = 4.6, CH), 113.05
(d, Jcp = 2.8, CH), 119.78 (s, C), 120.34, 121.72, 126.20, 126.24 (all
s, CH), 129.11 (dJcp= 10.1, CH), 129.50 (dJcp = 10.6, CH), 129.75
(s, C), 134.28 (dJcp = 12.4, CH), 134.87 (dJcp = 9.2, CH), 140.41
(d, Jep = 2.3, C), 140.47 (dJcp = 2.8, C), 146.79, 147.92, (both d,
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Jep = 3.7, C), 190.79 (ddJcrn = 72.3,Jcp = 16.5, CO), 219.31 (dd,
Jern = 27.7,Jcp = 7.4, COCH); MS (FAB+, m/z (%)) 1168 (18)
[M*]. Anal. Calcd for GsHssN2IOP;Rh: C, 56.52; H, 4.57; N, 2.40.
Found: C, 56.52; H, 4.85; N, 2.11.

Preparation of [Rho(u-1,8-(NH):naphth)(CH3CO).l o(P(p-tolyl) 3)2]

(15). A suspension 06 (200 mg, 0.19 mmol) in acetone (5 mL) was
treated with methyl iodide in excess (148, 1.9 mL). The Schlenk
tube was closed, heated at 343 K, and stirred for 20 h. The orange
solid formed was separated by decantation, washed with diethyl ether,
and dried in vacuo. Recrystallization of the solid from dicloromethane/
diethyl ether gave orange crystals: yield 148 mg (58%); IR (dm
3289 (m,v(NH)), 1709 (s,»(CO)); *H NMR (CDCls, 293 K) 6 2.07

(s, 6H, COCH), 2.37 (br, 18H, CH), 4.43 (br, 2H, NH), 6.66 (dJun

= 7.5, 2H, CH), 7.03 (ddJsn = 8.1, 7.5, 2H, CH), 7.15 (br, 12H,
CH), 7.48 (d,Jun = 8.1, 2H, CH), 7.58 (brddlup ~ Jun = 9.0, 12H,

CH); 3*P{*H} (CDCls;, 293 K) 6 36.34 (d,Jprn = 143.7); 1*C{'H}
(CDCls, 293 K) 6 21.39 (s, CH), 42.29 (s, C@H3), 114.52 (dJcp =

4.6, CH), 119.58 (s, C), 125.95, 122.58 (both s, CH), 129.33 (br, CH),
129.76 (s, C), 134.95 (br, CH), 140.35 (br, C), 149.72Xg,= 4.1,

C), 213.25 (ddJcrn = 28.6,Jcp = 7.4, CO); MS (FABH, m/z (%))

1310 (10) [M']. Anal. Calcd for GeHseN.O-P,l,Rh: C, 51.32; H, 4.31;

N, 2.14. Found: C, 50.84; H, 4.35; N, 2.08.

Preparation of [Rhy(u-1,8-(NH):naphth)(u-1)(CH 3)(CO).-
(PMe3),][CF3SOs] (16b). A solution of 18 (100 mg, 0.13 mmol) in
CHxCl, (5 mL) was treated with methyl iodide (1AL, 0.17 mmol)
and stirred at room temperature for 2 h. The solution was concentrated
to ca. 1 mL and treated with diethyl ether to give an orange solid,
which was washed with ether and dried in vacuo: yield 96 mg (84%);
IR (cm™) 3285 (m,v(NH)), 2058 (s,»(CO)); *H NMR (acetoneds,

293 K) 0 0.11 (dd,Jurh = 3.6,Jup = 2.4, 6H, RR-CHy), 1.77 (dd Jup
= 11.7,34rn = 0.6, 18H, PCH), 5.87 (br, 2H, NH), 7.34 (ddJun =
8.1, 7.2, 2H, CH), 7.54 (d}un = 7.2, 2H, CH), 7.68 (dJun = 8.1,
2H, CH);3'P{*H} (acetoneds, 293 K) 6 2.29 (d,Jprn= 108.1);3C{*H}
(acetoneds, 293 K) 6 15.55 (d,Jcp = 35.9, PCH), 15.64 (dd Jcrh =
18.4,Jcp = 2.8, Rh—CH), 117.94 (d Jcp = 4.1, CH), 123.62 (s, C),
124.16, 126.77 (both s, CH), 135.95 (s, C), 147.06)(d,= 4.7, C),
187.19 (dd Jcrn = 59.4,Jcp = 11.5, CO);*°F NMR (CDCk, 293 K)
0 —79.17 (s);Am (5 x 107 M, acetone) 1092~ cnm? mol=? (1:1);
MS (FAB+, m/z (%)) 727 (100) [M]. Anal. Calcd for GiHaN,SFs-
10sP,Rhy: C, 28.78; H, 3.68; N, 3.20; S, 3.66. Found: C, 29.02; H,
4.13; N, 3.45; S 4.09.

Preparation of [Rha(u-1,8-(NH):naphth)(CH3)(CO)2(PiPrs),]-
[CF3S04] (17). The compound was prepared following the procedure
described fo®, by using complex3 (200 mg, 0.27 mmol): yield 219
mg (90%); IR (cnTt) 3296 (m,»(NH)), 2048, 1988 (sp(CO)); H
NMR (CD.Cl,, 293 K) 6 1.12 (dd,Jwp = 14.4, Iy = 7.2, 9H,
PCHH3), 1.33 (dd Jnp = Jnrn = 2.4, Rh—CHg), 1.35 (dd Jwp = 14.7,

JHH = 7.2, 9H, PCH(H:;), 1.43 (dd,JHp = 15.0, \]HH = 7.2, 9H,
PCHH3), 1.50 (dd,Jwe = 14.1,3un = 7.2, 9H, PCHE3), 2.64, 2.42
(both m, 3H, PEICHj3), 5.82, 5.86 (both br, 1H, NH), 7.247.36 (m,
3H, CH), 7.39 (dJun = 7.2, 1H, CH), 7.59 (dJun = 9.6, 1H, CH),
7.61 (d,Ju = 8.7, 1H, CH);3¥P{H} NMR (CD,Cl,, 293 K) ¢ 62.03
(d, Jprn = 151.7), 50.83 (dJprn = 110.8); 3C{*H} NMR (CD.Cl,,
293 K) 0 16.60 (dd,Jcrn = 24.3,Jcp = 5.2, Rh—CHg), 20.20, 19.82,
19.77 (aII S, PCl‘@H3), 25.19 (d,Jcp: 21.9, FCHCH3), 25.95 (d,Jcp
= 23.4, RCHCHg), 115.14 (dJcp = 2.5, CH), 116.02 (dJce = 4.8,
CH), 119.18 (s, C), 127.37, 127.27, 123.76, 125.57 (all s, CH), 135.29
(s, C), 142.86 (dJcp = 3.5, C), 143.33 (dJcr = 3.8, C), 188.12 (dd,
Jcrn = 60.8,Jcp = 13.4, CO), 190.18 (ddlcrn = 74.3,Jcp = 17.1,
CO); ¥%F NMR (CDCk, 293 K) 0 —79.17 (s);Au (5 x 1074 M,
nitromethane) 6@~ cn? mol™ (1:1); MS (FAB+, mVz (%)) 753 (100)
[M*]. Anal. Calcd for GoHsaN2SROsP.Rh: C, 42.58; H, 5.92; N,
3.10; S, 3.55. Found: C, 42.15; H, 5.59; N, 3.38; S, 3.55.

Preparation of [Rh(u-1,8-(NH).naphth)(CH3)(CO)(PMejs),]-
[CF3S0;4] (18). The compound was prepared following the procedure
described fo®, by using complex6 (154 mg, 0.27 mmol): yield 154
mg (78%); IR (cn1t) 3294 (m,»(NH)), 2054, 1990 (sp(CO)); H
NMR (acetonaale, 293 K)(S 1.01 (dd,JHRh = 3-91JHP = 2.1, 3H, RR-
CHg), 1.66 (dd,Jwp = 10.5,Jurn = 1.5, 9H, PCH), 1.84 (d,Jwp =
11.1,Jurn = 0.6, 9H, PCH), 6.79, 6.92 (both br, 1H, NH), 7.28, 7.31
(both dd,Jun = 7.5, 8.1, 1H, CH), 7.42, 7.50 (both &, = 7.5, 1H,



Methyl lodide Oxidative Addition

CH), 7.59, 7.63 (both dJun = 8.1, 1H, CH);3'P{*H} NMR (acetone-
ds, 293 K) 0 2.21 (d,Jprn = 145.4), 9.06 (dJprn = 110.8);C{*H}
(acetoneds, 293 K) o 8.02 (dd,JCRh = 24.4,Jcp = 4.8, Rh—CH3),
13.95 (d,Jcp = 33.6, PCH), 15.03 (d,Jcp = 32.2, PCH), 114.95 (d,
Jep = 5.0, CH), 115.29 (dJcp = 3.7, CH), 119.78 (s, C), 122.92 (s,
CH), 122.38 (qJce = 323.3, CESG;), 123.56, 127.68, 127.93 (all s,
CH), 136.32 (s, C), 145.73 (dcp = 4.1, C), 145.78 (dJcp = 4.1, C),
190.15 (deCha 62.6,Jcp= 138, CO), 191.48 (dd],Cha 74.6,Jcp
= 18.9, CO);*F NMR (acetoneds, 293 K) 6 —78.32 (s);Am (5 x
104 M, acetone) 1021 cn? mol~?* (1:1); MS (FAB+, m/z (%)) 585
(15) [M*]. Anal. Calcd for GeH29N.SFROsP.Rh: C, 32.71; H, 3.98;
N, 3.81; S, 4.36. Found: C, 32.56; H, 4.18; N, 3.66; S, 4.66.
Preparation of [Rha(u-1,8-(NH):naphth)(u-OSO,CF3)(CHs),-
(CO)2(PMe3)2][CF3SOs) (19). A solution 0f18 (200 mg, 0.27 mmol)
in acetone (5 mL) was treated with methyl triflate (@5, 0.31 mmol)

and stirred for 18 h at room temperature. The resulting yellow solution p(calcd), g cm?
was concentrated to ca. 0.5 mL, and diethyl ether was added to give a% MM
yellow solid. The solid was separated by decantation, washed with ¢ 'ange data collecn, deg  2.328.30

diethyl ether, and dried in vacuo: yield 191 mg (78%); IR (&n8248
(m, »(NH)), 2098 (s,»(CO)); *H NMR (acetoneds, 293 K) & 0.96
(brdd, 6H, RhCH), 1.94 (dd,Jup = 12.6, Jurn = 0.8, 18H, PCH),
7.19, 7.23 (both br, 1H, NH), 7.57, 7.59 (both ddy; = 8.1, 7.5, 1H,
CH), 7.83, 7.92 (both d}ys = 7.5, 1H, CH), 8.03, 8.04 (both dux
= 8.1, 1H, CH);**P{*H} NMR (acetoneds, 293 K) 6 11.88 (d,Jprn =
106.4);3C{*H} NMR (acetoneds, 293 K) 6 3.38 (brd,Jcrn = 22.1,
RhCH), 13.28 (d,Jcp = 36.9, PCH), 122.62 (s, CH), 124.09 (m, CH),
127.14, 127.39, 129.10, 129.39 (all s, CH), 133.13)@,= 6.0, C),
133.81 (ddJcp = 6.0, 4.0, C), 136.70 (s, C), 183.44 (didrn = 64.4,
Jop = 16.6, CO);%F NMR (acetoneds, 293 K) 6 —78.06 (br);Am (5
x 107 M, acetone) 114Q~! cn? mol™* (1:1). Anal. Calcd for
C22H32N252F503P2Rh2: C, 2942, H, 359, N, 312, S, 7.14. Found: C,
29.77; H, 3.67; N, 3.18; S, 6.98.

Preparation of [Rha(u-1,8-(NH)naphth)(OSO,CF3)(COCH3)-
(CH3)(CO)(PiPr3);][CF3SO;] (20). A solution of 3 (100 mg, 0.35
mmol) in CHCl, (5 mL) was treated with methyl triflate (384L,
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Table 4. Crystallographic Data and Refinement Details for 3 and
12

3 12

orange, needles red, prismatic block
0.0& 0.08x 0.20 0.32x 0.31x 0.18

cryst color and habit
cryst size, mm

chem formula GoHs50N20-P,Rh, C31H53IN>O-PR N,
fw 738.48 880.41
cryst syst monoclinic monoclinic
space group C2/c (no. 15) P2,/c (no. 14)
a A 17.8409(18) 14.7147(9)
b, A 11.9065(12) 11.8158(8)
c, A 15.8100(16) 21.6449(16)
S, deg 101.049(8) 106.449(5)
vV, A3 3296.1(6) 3609.3(4)
Z 4 4

1.488 1.620

1.126 1.887

1.96-25.01
index ranges —23<hx<5, -1<h=<17,
—-10=< k< 14, 0<k=x14,
-21<1=<20 —-25<1=<25
no. of collected reflns 5844 7153
no. of unique refins 310(R = 0.0471) 6350R= 0.0156)
min., max. transm factors 0.806, 0.915 0.583, 0.728
no. of data/restraints/  3100/0/231 6350/0/573
params

R(F) [F? > 20(F?)]2 0.0385 0.0282
Ry(F?) (all data¥ 0.0759 0.0668
S(all datay 0.997 1.032

aR(F) = Y [IFol — IFclI/Y|Fo| for 2073 @) and 5405 {2) observed
reflections.? Ry(F?) = [ [W(Fo? — FAA/ 3 [W(F?)?]) Y% wt = [03(Fo?)
+ (aP)? + bP], whereP = [max(F.?, 0) + 2FA/3 (3: a= 0.0269,b
= 0.000;12: a = 0.0303,b = 5.359).cS= [Y[W(Fs?> — F&)?/(n —
p)1*?, wheren is the number of reflections angd the number of
parameters.

0.34 mmol) and stirred at room temperature for 72 h. The resulting 3H, PCHCH), 2.63 (s, 3H, NCCHh), 4.72, 5.54 (both br, 1H, NH),
solution was concentrated to ca. 0.5 mL and treated with diethyl ether 7.00 (d,Jun = 7.8, 1H, CH), 7.14, 7.21 (both §py = 7.8, 1H, CH),
to give a yellow solid. The solid was separated by decantation, washed7.43, 7.50, 7.68 (all dJuy = 7.8, 1H, CH);3'P{*H} NMR (CDCls,

with ether, and dried in vacuo: yield 116 mg (81%); IR (&n3238
(m, »(NH)), 2077, 1590 (sy(CO)); 'H NMR (CDCls, 293 K) 6 0.29
(dd,JHp = JHRh = 24, 3H, RhCH), 0.81 (dd,JHp = 14.1,JHH = 75,
9H, PCH@H3), 1.15 (dd,Jup = 14.4,J4n = 7.5, 9H, PCHE3), 1.35
(dd,JHp = 14-7,\JHH = 81, 9H, PCH(HQ.), 1.38 (dd,JHp = 14-7,\JHH
= 7.2, 9H, PCHE3), 2.09, 2.54 (both m, 3H, RECH,), 3.09 (d,Jp
= 1.5, 3H, COCH), 5.53, 5.66 (both br, 1H, NH), 7.35, 7.42 (both dd,
Jun = 8.1, 7.5, 1H, CH), 7.50 (dlun = 7.5, 1H, CH), 7.74, 7.78 (both
d, Jun = 8.1, 1H, CH), 7.93 (dJus = 7.5, 1H, CH);3"P{*H} NMR
(CDCls, 293 K) 6 46.61 (d,Jprn = 107.4), 38.15 (d,Jprn = 130.3);
13C{1H} NMR (CDCls;, 293 K) 6 —1.33 (dd,Jcrn = 23.7,Jcp = 6.6,
RhCH;), 19.13, 19.38, 19.59, 19.73 (all s, PCHs), 24.33 (d,Jcp =
19.8, CHCH;), 25.25 (d,Jep = 21.7, RCHCH;), 40.73 (s, C@Hs),
117.02 (dJep = 4.1, CH), 118.17 (qgJcr = 316.8, CESQy), 119.35

(d, Jep = 4.5, CH), 120.94 (s, C), 125.04, 126.16, 127.24, 127.63 (all

s, CH), 135.01 (s, C), 138.60 (der = 6.0, C), 141.97 (tJcp = 3.2,
C), 182.63 (ddJcrn = 64.5,Jcp = 13.6, CO), 250.14 (ddlcrn= 36.4,
Jep = 6.6, COCHg); 1%F NMR (CDCk, 293 K) ¢ —78.81 (s),— 79.18
(s); Am (5 x 10™* M, acetone) 1142~ cn? mol~* (1:1); MS (FAB+,
m/z (%)) 917 (40) [M" — CRSO;]. Anal. Calcd for GaHsgN2S,FsOsPs-

Rh: C, 38.28; H, 5.29; N, 2.63; S, 6.01. Found: C, 38.19; H, 5.33;

N, 2.55; S, 6.16.

Preparation of [Rha(u-1,8-(NH).naphth)(COCH3)(NCCH3)(CO)-
(PiPr3)2][CF3S0O5] (21). A solution of 17 (200 mg, 0.22 mmol) in
CH.CI; (5 mL) was treated with acetonitrile (0.1 mL) and stirred at

293 K) 0 63.61 (d,Jprn = 153.3), 41.47 (dJprn = 134.0); *C{H}
NMR (CDCl;, 293 K) 6 4.54 (s, N@H3), 19.31, 19.56, 19.85, 19.91
(all's, PCHCHg), 23.57 (d Jcp = 19.9, RCHCH), 25.19 (dJcp = 23.3,
PCHCH), 36.25 (s, C@Hj3), 113.20 (d,Jcp = 3.5, CH), 115.18 (d,
Jep = 4.2, CH), 119.47 (s, C), 121.60 (s, CH), 121.713& = 319.7,
CRS0;), 122.63, 125.89, 127.10 (all s, CH), 127.30 Jgrn = 7.0,
NCCHg), 134.72 (s, C), 145.98 (dep = 3.5, C), 146.23 (dJcp = 2.8,
C), 191.60 (ddJcrn = 74.3,Jcp = 17.7, CO), 215.7 (ddJcrn = 29.0,
Jep = 5.7, CO);*F NMR (CDCk, 293 K) 6 —79.17 (s);Am (5 x
104 M, acetone) 1149~ cn? mol™* (1:1); MS (FAB+, mVz (%)) 794
(29) [M*]. Anal. Calcd for GsHseN3SROsP.Rh: C, 43.27; H, 5.98;
N, 4.45; S, 3.40. Found: C, 43.16; H, 5.89; N, 4.16; S, 3.46.
Preparation of [Rhy(u-1,8-(NH):naphth)(COCH3)(NCCH3)(CO)-
(PMe3)][CF3SOs] (22). A suspension o6 (200 mg, 0.35 mmol) in
acetonitrile (5 mL) was treated with methyl triflate (40, 0.35 mmol)

and stirred at room temperature for 2 h. The resulting yellow solution

was concentrated to ca. 0.5 mL and worked up as describe2Dfa@x
yellow solid was obtained: yield 160 mg (59%); IR (chh3307 (m,
v(NH)), 1971, 1696 (sy(CO)); 'H NMR (acetonitrileels, 293 K) 6
1.52 (dd,JHp = g-g,JHRh = 1.2, gH, PCH), 1.60 (dd,JHp = 11-1,JHRh
= 0.9, 9H, PCH), 2.11 (s, 3H, COCH), 4.95, 5.30 (both br, 1H, NH),
7.22 (d,Jun = 7.8, 1H, CH), 7.26 (dJun = 8.1, 1H, CH), 7.32 (tJun
=7.8, 1H, CH), 7.33 (ddJu = 7.8, 8.1, 1H, CH), 7.50, 7.56 (both d,
Jun = 7.8, 1H, CH);3*P{*H} NMR (acetonitrileds, 293 K) 6 11.07
(d, Jeorn = 137.4), 2.34 (dJprn = 147.1);%F NMR (acetonitrileel,

room temperature for 3 h. The resulting yellow solution was taken to 293 K) 6 —79.84 (s);Am (5 x 107* M, acetonitrile) 118Q~* cn?
dryness and the residue treated with pentane, giving an orange solid.mol™* (1:1); MS (FAB+, n/z (%)) 585 (15) [M" — CHsCN]. Anal.
The solid was separated by decantation, washed with pentane, and driec€Calcd for GoH3N3SROsP,Rh: C, 34.09; H, 4.16; N, 5.42; S, 4.14.

in vacuo: yield 171 mg (82%); IR (cm) 3300 (m,v(NH)), 1961,
1707 (s,(CO)); *H NMR (CDCls, 293 K) 6 1.09 (dd,Jup = 13.5,Jun
=6.9, 9H, PCHGi3), 1.34 (ddJwp = 14.2,34y = 7.1, 9H, PCHCE3),
1.42 (dd,JHp = 14-2|~]HH = 69, 9H, PCHG':«;), 1.43 (dd,JHp = 13.5,
Jun = 6.9, 9H, PCHEI3), 2.24 (s, 3H, COCH), 2.39, 2.45 (both m,

Found: C, 34.22; H, 4.20; N, 5.78; S, 4.18.

Kinetic Analysis. The kinetics of the reaction df7 with acetonitrile
to give 21 were measured in 0.06 M solutions 7 in CDCls. The
decrease in the intensity of th8P{*H} NMR signals of 17 was

measured at intervals in a Varian Gemini 2000 spectrometer. The rate
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constants were obtained by fitting the data to an exponential decay the terminal Me groups ir8, have been included from observed
function with the routine programs of the spectrometer. The activation positions and refined as free isotropic atoms in both structures. The
parametersAH* and ASf, were obtained from a linear least-squares methyl groups ir8 were included from calculated positions and refined
fit of In(k/T) vs 1/T (Eyring equation). Errors were computed by with riding positional and displacement parameters (AFIX 188).
published method¥.The error in temperature was assumed to be 1 K, Refinements were carried out by full-matrix least-squaresFén
and the error irkops Was estimated as 10%. (SHELXL-97)38 No significant residual peaks were observed in the
Crystal Structure Determination of 3 and 12 Suitable crystals final difference maps. Atomic scattering factors, corrected for anoma-
for X-ray diffraction were obtained by slow diffusion of diethyl ether lous dispersion, were used as implemented in the refinement program.
into dichloromethane solutions of the complexes. A summary of crystal
data and refinement parameters is reported in Table 4. Intensity data Acknowledgment. The generous financial support from
were collected at 153 K on a CCD Bruker AXS-SMART diffractometer DGICYT (Projects PB94-1186 and PB95-0318) is gratefully
for 3; data forl2 were measured on a Siemens P4 machine at 200 K; acknowledged. Our special gratitude goes to Dra. Pilar Romero
both diffractometers were equipped with graphite-monochromated Mo for recording the NOESY spectra and her helpful advice, and

Ka radiation ¢ = 0.71073). rotations with narrow frames (:34.6 o Dr. Enrique Gutierrez-Puebla for his personal assistance in
< 26 < 56.6") were used foB, while intensities were measured with the X-ray measurements

wl26 scans in the case 4R (4.0° < 26 < 50°). Instrument and crystal

stability were evaluated from the measurement of equival@nby Supporting Information Available:  Full listings of crystallographic
standard 12) reflections at different measuring times, and no decay gata, complete atomic coordinates, isotropic and anisotropic thermal
was observed. Data were corrected for Lorentz and polarization effects, parameters, and bond distances and angles for compxges 12
and a semiempirical correction fd8 or a numerical face-based  (CIF format). This material is available free of charge via the Internet
absorption correction was applied (see Tablé®4). at http://pubs.acs.org.

The structures were solved by standard direct and difference Fourier
methods¥’ Anisotropic thermal parameters have been used for all non- 1C000497D
hydrogen atoms in both structures. Hydrogen atoms, except those of

(37) Sheldrick, G. MSHELXS-97: Program for crystal structure solutjon
(35) Morse, P. M.; Spencer, M. O.; Wilson, S. R.; Girolami, G. S. University of Gdtingen, Gatingen, Germany, 1997.

Organometallics1994 13, 1646. (38) Sheldrick, G. M. SHELXL-97, Program for Crystal Structure Refine-
(36) XPREP program irSBHELXTLv.5.0, Siemens, Madison, WI, 1994. ment University of Gdtingen: Gdtingen, Germany, 1997.





