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Introduction tained in this way are rather limitédA few more reports

Catalytic and stoichiometric alkene hydroamination, which ©n the oxidative addition of more acidic, thastivated N—H
constitutes the formal addition of a-NH fragment to a  Ponds (e.g., heterocycles, imides) have appeafed.
carbon-carbon multiple bond, is a significant application Our continuing interest in the coordination chemistry of
of organometallic chemistry, aiming to obtain products of Pyrazole and related molecules has prompted us to explore
central synthetic relevanédn such reactions, two alternative  the feasibility of the oxidative addition of the-N{ bonds
mechanisms are conceivable: (i) activation of the olefin Of these ligands to a metal center. In this paper we report
through coordination, followed by nucleophilic attack of the ©OUr Preliminary results on the subject, with particular
amine, or (i) oxidative addition of the NH bond of the emphasis on the formation of bishydridorhodium(lll) species.
amine and subsequent i_nse_rtion of the olefin into the metal Reasults and Discussion
nitrogen bond. The activation of the-NH bond probably

i 7
represents the most important step in the case of low-valent .The mqnqnuclegr hydrido comple_x [Rh(Pk] " reacts
metal centerd Unfortunately, general methods for carrying with a stoichiometric amount of 3,5-dicarbomethoxypyrazole

out catalytic hydroamination reactions are not yet available, §Ed§imr$]z?l:n to'ﬁr}eft g)r:) rgl:t)emgerrr?tuzrehleacyn%tcr)i\t/hz new
and only for the hydroamination of norbornene (catalyzed f 0 Ltjh ( ).got. pedg.t. ( ?ﬁ] cmpz)( I)Z]’—Ni-l, be d(?[
by an iridium(l) complex) has the intermediate species rom the oxidative addrtion of the pyrazoe onato

derived from the intermolecular reaction been fully charac- the Rh(l) center:
terized® This catalytic cycle has been proposed to proceed [Rh(PPh),H] + Hdcmpz—
via activation of amine through NH oxidative addition to [Rh(PPh),(dcmpz)(H)] + 2PPh (1)
the iridium(l) center of Ir(PE).Cl, yielding a five-coordinate
hydrido—amido intermediate, followed by the insertion of Analogously to previously reported reactions with carboxylic
the olefin into the newly formed iridiumnitrogen bond. acid$ and thiols? we observed the oxidative addition of
While the oxidative addition of NH bonds of primary ~ N—H to the Rh(l) metal center, and not dihydrogen elimina-
or secondary amines has been repofte@xamples of  tion, with the corresponding formation of a rhodium(l)
structurally characterized hydrig@mido complexes ob-  pyrazolate complex.
* Authors to whom correspondence should be addressed. E-mail: The formulation ofl has t.)een SqueSted by IR and NMR
attilio.ardizzoia@uninsubria.it (G.A.A.). spectroscopy. Indeed, the infrared spectrur sfows two
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Un‘I‘vCe)LSItlgg\I/(gm}?Sr?l eth(t:eerl]Dtirgagi’:l'r%nto di Scienze Chimiche, Fisiche e attributable to the StretChing of RiH bonds. Furthermore,
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NOTE

Chart 1. Schematic Drawing of Complek and Significant NMR In agreement with the spectroscopic data, we suggest for
Parameters species1 a pseudoctahedral geometry of idealize@s
Me\o PPh, symmetry (see Chart 1) with a rhodium(lil) center bound to
0 N ‘ u two triphenylphosphines that take up the axial positions (in
T N agreement with®P NMR data and particularly with the
o o/i N, 2J(H,P) values, typical of couplings between & and 3P
Me Ph, nuclei in ligands which are about 9@rom each other}!
T two mutually cis hydrogens, and one pyrazolate ligand
proton (opm) Coupling Costants (Hz) coordinating to the metal center in the aforementioned N,O
H. 1486 1213 J(H,H,) 1599 J(H, Rh)  25.86 J(H,Rh) fashion.
Hy -19.74 13.77H, P)  15.06 J(H,, P) The considerable interest in-NH bond activation and the

results obtained employing Hdcmpz prompted us to further
two other bands are present in the typical “organic” carbonyl explore this reaction, with the aim to extend it to other
region, and are assignable to nonequivalent COOMe groupsdifferently substituted pyrazoles.

present on the pyrazolate ligand. The first one (centered at Consequently, we have found that the hydrido species
1700 cn1l) has been associated with a COOMe group not [Rh(PPh);H] easily reacts also with pyrazole (Hpz) and 3,5-
coordinating the metal center. On the contrary, the lower dimethyl-4-nitro-pyrazole (Hdmnpz), affording two new
frequency of the second absorption (1624 énsuggests a  rhodium(lll) complexes, formulated as [Rh(RR{pz)(Hpz)-
strong interaction between the oxygen of the carbonyl group (H),], 2, and [Rh(PP¥.(dmnpz)(Hdmnpz)(H), 3, in agree-
and the rhodium(lll) metal center. Such a chelating N,O ment with analytical and spectroscopic data:

coordination mode of the decmpz ligand has already been

observed and reported by us in the j@lempz)] and [Rh(PPh),H] + 2Hpz* —

[Cu(py)(dcmpz)] copper(Il) compounds, with similar IR [Rh(PPR),(pz*)(Hpz*)(H),] + 2PPh (2)
spectral feature¥.

Further information on the formulation éfhas also been
obtained by*'P NMR spectroscopy. Indeed, th# NMR The infrared spectra of specigsand3 show two typical
spectrum ofl shows only a doublet centered at 42.7 ppm, absorptions of medium intensity, at 2097 and 2017 tfor
with spectral features not changing on lowering the temper- 2 and 2110 and 2050 cr for 3, due to the stretching of
ature to 198 K. ThéJ(Rh,P) coupling constant of 119.6 Hz M—H bonds. In the same region, and partially overlapped
is typical for rhodium(lll) specie&® On the basis of these  with the hydride bands, an additional broad band centered
spectral observations and taking into account analytical data,at about 2050 citt is present in both species.
the presence of two molecules of magnetically equivalent |t is well-known that the latter absorptions are due to strong
PPh ligands coordinated to the metal center is implicit. hydrogen bonds, and are frequently found in complexes

The'H NMR spectrum ofl recorded in toluenels at 193 containing both pyrazole and pyrazolate ligands in sterically
K shows, besides the signals due to aromatic protons, twofavorable environment$, as in the dimeric 3,5-dimethyl-
singlets (1:1 ratio) centered at 2.96 and 3.73 ppm attributablepyrazolate (dmpz) derivatives Zidmpzy(dmpz)y,'® Co,-
to COO(H; substituents of the pyrazolate ring. In addition, (Hdmpz)(dmpz),* and Pd(Hdmpz)(dmpz)'® or in the
two high-field multiplets, a quintet and a sextet, centered at mononuclear rhenium(l) [Re(CeiHpz)(pz)(py)] specie&’
—14.9 and—19.7 ppm, respectively, assignable to two  The presence of strong NH:-*N interactions is also
magnetically unequivalent hydrides are also present. To evidentin NMR measurements. Indeed, tHeNMR spectra
accurately determine th&J(H,H), 1J(H,Rh), and2J(H,P) of both complexes, recorded in toluedgat room temper-
coupling constants, the simulation of the hydride zone of ature, show, besides the signals due to the heterocyclic and
the recordedH NMR spectrum ofl has been performed.  phosphine ligands, a high-field multiplet (centered-46.27
Chart 1 reports the spectral parameters. The first multiplet ppm for2 and—15.87 ppm for3) attributable to the H(Rh)
(centered at-14.9 ppm, Hproton) is goseudguintet thanks  hydridic protons, and a sharp low-field singlet (centered at
to the similarity between th&)(H,Rh) and?J(H, P) values.

The second proton (at-19.7 ppm, H label) shows a (1) fggf'l ?1@'5,8?7’ G.; Maltby, P. A.; Morris, R. HI. Am. Chem. Soc.

1J(Hw,Rh) value larger than th&(H,,P) value, thus leading (12) See for example: (a) Ardizzoia, G. A.; La Monica, G.; Cenini, S.;

to a sextet. The latter can be associated with the hydride g/lsogst,(l\él).;’\l\/flasqiocc;l_i, NJ. graem. _Socgal/f\onLTr'\aAns.m% G135’\%—

H . asciocchi, N.; Ardizzoia, G. A.; LaMonica, G.; Moret,
trans to the oxygen atom of the coordinated COOMe group. M.: Sironi, A. Inorg. Chem.1997. 36, 449-454. (c) Burger, W.:
In fact, the RR-O bond inl is presumably weaker than the Strzhle, J. Z.Z. Anorg. Allg. Chem1986 539, 27—33. Carmona, D.;
Rh—N bond, giving rise to a strengthening of the -RH Oro, L. A.; Lamala, M. P.; Elguero, J.; Apreda, M. C.; Foces-Foces,

- h f C.; Cano, F. HAngew. Chem., Int. Ed. Endl986 25, 1114-1116.
bond trans to it, with a consequent increase of the value of (13) Enlert, M. K.; Retting, S. J.; Storr, A.; Thompson, R. C.; Trot@an.

(Hpz* = pyrazole2; 3,5-dimethyl-4-nitropyrazoleg)

the J(Rh,H) coupling constant and an upfield shift of the J. Chem.199Q 68, 1494.
. | (14) Ehlert, M. K.; Retting, S. J.; Storr, A.; Thompson, R. C.; Trot€&an.
signal. J. Chem.1993 71, 1425,
(15) Ardizzoia, G. A.; Cenini, S.; La Monica, G.; Masciocchi, N.; Moret,
(10) Angaroni, M.; Ardizzoia, G. A.; La Monica, G.; Beccalli, E. M.; M. J. Chem. Soc., Dalton Tran&996 1351-1357.
Masciocchi, N.; Moret, MJ. Chem. Sa¢Dalton Trans.1992 2715~ (16) Ardizzoia, G. A.; La Monica, G.; Maspero, A.; Masciocchi, N.; Moret,
2721. M. Eur. J. Inorg. Chem1998 1503.
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Chart 2. Schematic Drawing of Complexésand3 and Significant
NMR Parameters

PPhy
NN, R’h/H
H
‘N—N/ \H
(-]
Ph;
Coupling Costants (Hz) Complex 2 Complex 3
&(H): -15.25 ppm S(H): -15.88 ppm
1030 N N ’ o
I('H*'P) 1429 13.28
J('H, Rh) 16.64 16.32
T; (ms) 467 492

. Figure 1. ORTEP drawing of the solid-state structure of [Rh(BRh
19.15 and 20.32 ppm for compoun2iand3, respectively), (dmnpz)(Hdmnpz)(H) (molecule a), with the partial labeling scheme.
ascribed to the NH protons involved in the hydrogen bonds. EmPtYd?fC'PIS ,i”d:_galte H at:'d dCd?toms- %&b)ondded hlydfc(’ge") a“?L”S are
- . . omitte orcarlty. elevant bon istances ana angles (aeg , with esd’s
The remarkable dc_)wnﬁeld shift of the latter signals supports in parentheses, are RRP1= 2.309(3), Rhi P2= 2.330(3), RhAN1 =
the presence of fairly strong-NH—N hydrogen bonds. This  2.210(8), = Rh1-N4 = 2.228(9), N2::N5 = 2.55, P+-Rh1-P2 =
type of interaction, recently defined asgaasisymmetric _16_2-5(|1_)' ?}d NiRhl—T’r\]M =h93-3(4)- *ﬁlar Hﬁ_b' ﬁ”q ';5 afedPOSi“Ofl‘edl
7 . . . in idealized locations. e other crystallographically independent molecule
hydrogen b_Oﬂd is a special type of hydrogen bor_]d in which (b) is practically identical, as witnessed by the following geometric values:
the proton is equally shared by two atoms, that is, the forcesRh2-pP3= 2.299(3); Rh2-P4 = 2.321(3); Rh2N7 = 2.205(10); Rh2
on H from each donor atom are equal. Species containing Nigi g23-42§5£(L9); N8:--N11 = 2.58; P3-Rh2-P4= 167.4(1); N*-Rh2-
proton-shared hydrogen bonds were found to have similar "~ ™ @)
chemical shifts of about 20 ppm for the hydrogen-bonded
proton, independently of the donor atof€onsistently, an

X-ray study carried out on compleX(see below) revealed

the presence of pyrazole/pyrazolate units linked byH-*N Crystal and Molecular Structure of 3. Crystals of3
bridges so as to formally generate a single chelating ligand contain two crystallographically independent molecules of

of idealizedC;, symmetry. _ [Rh(PPh),(dmnpz)(Hdmnpz)(H] of idealized C,, sym-
The*P NMR spectra of complexesand3 show, inboth ey, with practically identical geometric parameters. Figure
cases, sharp doublets centered at 47.7 and 48.4 ppmq conains a sketch of molecule a, which is also representative
respectively {J(Rh,P)= 116.2 Hz for specief and 114.8 ot the stereochemistry of molecule b. The octahedral
Hz for species3). It follows that, in complexe& and3, the coordination at the Rh(Il) atoms is achieved by twans-
two triphenylphosphines coordinating the rhodium(lll) center ppp, ligands?? one cis chelating ligand (dmnp#—dmnpz,
are magnetically equivalent, as observed for comdex  \yith an N~Rh—N angle of ca. 99, and two hydrides, trans
Moreover, the aforementionéatramolecular hydrogenbond {5 the Rh-N vectors, which have been inserted in an
between the pyrazole and pyrazolato rings, and the equivasigegjized location (see below). Thus, the most relevant
Ignce_ _of the two coordinated nitrogen atoms, rema_rkably structural feature of3 is the presence of the strongly
simplifies the'H NMR spectra oR and3. Thus, the hydride  pyqgrogen-bonded pyrazolate “dimer”, with an acidic proton
resonances of théd NMR spectra oR and3 appear inboth  ather inert toward b elimination. Whether such a bond
cases, thanks to the similarity between #3¢H,Rh) and  (qntains a statistically disordered, or dynamically shared, H
2)(H,P) values, as quartets (Chart 2). atom, or the depth of thsingle or double-wellpotential of
In agreement with NMR and analytical data, it is easy to such an interaction, is still a matter of debate, given that
suggest, for speciesand3, an octahedral geometry around  independent evidencési CP-MAS NMRZ2° neutron dif-
the rhodium(lil) center, with two triphenylphosphine ligands  fraction?! and theoretical studi#d on a number of differ-
in axial positions, two mutually cis hydrides, and a hydrogen- ently substituted pyrazoles has manifested the presence of
bond-stabilized pzH—pz ligand completing the coordination  one type, or the other, of these extreme situatfdns.
sphere. Moreover, a measure of the sgattice relaxation
times (I1) of the hydridic protons (Chart 2) excludes the (19) With an average RhP distance of 2.31 AandJIRhf_P angles near
presence of interactions leading to nonclassic dihydride or (5 Pl g e e Clocieere
molecular hydrogen complexésA detailed single-crystal Ghedini, M.; Neve, F.; Lanfredi, A. M. M.; Uguzzoli, Faorg. Chim.
X-ray diffraction study confirmed the structure Bproposed (20) AC?;?;r?\ﬁﬁtlé‘rR?l\%%ama MariM. D.; Forfar, |.; Aguilar-Parrilla, F.;
above. Minguet-Bc'_)nvehl VM.; Klein, O Lim’bach, H. 7H.; F_oces-Foceé, C
It is worth noting that oxidative addition of the-NH bond blamas Salz, A L Elguero, 4. Chem. Soc., Perkin Trans 1397
has not been observed with substituted pyrazoles more basig21) (a) Larsen, F. K.; Lehmann, M. S.; Sgtofte, I.; Rasmussen, Act.

than Hpz, such as 3,5-dimethylpyrazole and 3,4,5-trimethyl- Chem. Scandl97Q 24, 3248. (b) Moore, F. H.; White, A. H.; Willis,

A. C. J. Chem. Soc., Perkin Trans.1®75 1068.
(22) de Paz, J. L. G.; Elguero, J.; Foces-Foces, C. Llamas-Saiz, A. L.;
(17) Del Bene, J. E.; Jordan, M. J. I.Am. Chem. So200Q 122, 4794. Aguilar-Parrilla, F.; Klein, O.; Limbach, H. Hl. Chem. Soc., Perkin
(18) Luo, X.; Liu, H.; Crabtree, R. Hl. Am. Chem. S0d.991, 30, 4740. Trans. 21997, 101.

pyrazole. That steric effects are also at work has been proven
by observing that no reaction occurs by employing the bulky
3,5-diphenylpyrazole, slightly more acidic than pyrazole.
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Such a dmnpzH—dmnpz ligand belongs to the recently Table 1. Summary of Crystal Data and Structure Refinement
discusse? family of H-bonded diazolates, which, depending Parameters fo8

on the torsion angle about the¥:--N hinge and on the empirical formula GeHasNeO4P,RN
nature of the aromatic rings involved, may bridge atoms W 91073
. - cryst syst orthorhombic
which are 3.7 to ca. 10 A apart (dmpE—dmpz in the space group Pbr2,
molecular Pe{Hdmpz)(dmpz), species? and im—H—im in a A 12.537(2)
M(Him)(im), polymers* M = Pd, Pt; Him= imidazolate) Eé ég;ﬁ%
or even act as chelates, asan[Re(COX(Hpz)(pz)(py)]:® v, A3 8682(2)
Zny(Hdmpzy(dmpz),'? and Ce(Hdmpzy(dmpz).14 z 8
F(000) 3760
; density(calcd), g cr? 1.394
Conclusions temp, K 203(2)

The synthesis and structural properties of new dihydrido  diffractometer A Bruker SMART CCD
pyrazolate complexes have been presented. The reactions ;%(git(')‘;?f(gr;arg? monochr), 0.2'271073
discussed in this paper show that facile oxidative additions cryst size, mm 0.26¢ 0.14 x 0.05
of N—H bonds of substituted pyrazoles to the rhodium(l)  scan ,mfthmf § w03

- - . Scan Interval, deg .
metal center of [Rh(PB_})H] can occur. Further mvesnggtpn no. of frames collected 1250
on related systems, with the aim to extend this reactivity to max time per frame, s 40
more classic (nonactivated) primary or secondary amines, reciprocal space measd hemisphere
- 6 range, deg 2 <50
IS In progress. index ranges —13<h=<14,-21<k=<18,
. . —43=<1=39
Experimental Section no. of reflns collected 34048
. - no. of independent obsd reflns 673iht) = 0.043

General Procedure. Solvents were dried and purified by cryst dleca; % non?'h) ]

standard methods. All chemicals were used as supplied from abs correction none

Aldrich. [Rh(PPh)4H] was prepared according to literature proce-
dures’ NMR spectra were acquired on a Bruker spectrometer

refinement methaot
obsd refln criterion

full-matrix least-squares ofy?
Fo > 3.00(Fo)

operating at 300 MHz, and the infrared spectra were recorded on 22.sglfuéztzt/rrtécst#;?n@;)agamS %‘73352/106 "

a Bio-Rad FTIR 7 instrument. Elemental analyses (C, H, N) were  goodness-of-fit offF o2 112

carried out at the Microanalytical Laboratory of the University of final Rindices R1= 0.047, wR2F?) = 0.089
Milan. All reactions were carried out employing standard Schlenk  largest diff peak and hole, e& 0.71 and-0.41

glassware under an atmosphere of dry nitrogenNMR simula- a Weights during refinement werer = 1/[0%Fo?) + (0.049P)2 +
tions were performed employing the P.H.M. Budzelaar gNMR 0.475&], whereP = (F2 + 2F2)/3.
V4.01 package, Cherwell Scientific Publishing, Oxford, U.K.

[Rh(PPhg),(dcmpz)(H)], 1. A suspension of [Rh(PRBhH] (0.15 for CseHasNeO4P.RN: C, 60.66; H, 4.98; N, 9.23. Found: C, 60.53;
g, 0.13 mmol) in oxygen-free toluene (6 mL) was kept under stirring H, 4.83; N, 9.07. Crystals suitable for the X-ray structure deter-
at room temperature for 10 min. After this time, Hdcmpz (0.036 g, mination were obtained by slow diffusion of diethyl ether into a
0.196 mmol; Rh:Hdcmpz ratio 1:1.5) was added to the mixture toluene solution of compleS.
under nitrogen. The orange suspension slowly became a pale orange Crystallography. A suitable crystal of dimensions 0.260.14
solution. The solvent was then removed under reduced pressure,x 0.05 mm was glued to a tip of a glass fiber positioned on a
and the yellow solid was treated with diethyl ether to give a white goniometric head. Intensity data were collected for 34048 reflections
complex,1, which was filtered off, washed with diethyl ether, and  having 2 < 50°, using Mo Ko radiation, on a Bruker SMART
dried under vacuum. Anal. Calcd for4Ei3dN,O4P,Rh: C, 63.55; CCD diffractometer. Crystal and intensity data are given in Table
H, 4.84; N, 3.45. Found: C, 63.1; H, 4.7; N, 3.1. 1. The structure was solved by SIR®7Gompleted by difference

[Rh(PPhg)o(Hpz)(pz)(H)2], 2. A suspension of [Rh(PRJyH] Fourier, and refined by full-matrix least-squares methods with the
(0.30 g, 0.26 mmol) in toluene (5 mL) was left under stirring at SHELX97 progrant® All non-H atoms were refined anisotropically
room temperature for 10 min. Hpz (0.036 g, 0.52 mmol; Hdpz:Rh to R and R, values of 0.047 and 0.089 (6752 unique observed
ratio 2:1) was then added, and the suspension was kept under stirringeflections). Hydrogen atoms, riding on their parent C atoms, were
for 3 h. Toluene was then removed under vacuum and the residueincluded in the final stages of the refinement in ideal positions,
treated with diethyl ether. The white complex was then filtered off, together with disordered H atoms, linking the “free” ends of the
washed with diethyl ether, and dried under vacuum. Anal. Calcd pyrazolate moieties. In the last difference Fourier maps, four clearly
for CyoHagN4P,RD: C, 65.97; H, 5.14; N, 7.33. Found: C,65.87; distinguishable electron density peaks (in the 6:882 e/& range)

H, 5.28; N, 7.25.
[Rh(PPhz),(Hdmnpz)(dmnpz)(H),], 3. A suspension of [Rh-
(PPh)4H] (0.15 g, 0.13 mmol) in toluene (4 mL) was left under

could be observed, nearly trans to the four-Rh vectors, at
distances in the 1-11.9 A range. However, upon attempting their
refinement, implausible thermal factors and, particularly, very bad

stirring at room temperature for 10 min. Hdmnpz (0.037 g, 0.26 H atom locations were obtained; therefore, we preferred to neglect
mmol; Hdmnpz/Rh ratio 2:1) was then added, and the suspensiontheir contribution and to idealize their positions as depicted in Figure
was kept under stirring for 3 h. The white complex was filtered 127 Notwithstanding stereochemical considerations, NMR evidence

off, washed with diethyl ether, and dried under vacuum. Anal. Calcd

(23) (c) Foces-Foces, C.; Alkorta, |.; ElgueroAtta Crystallogr.200Q
B56, 1018.

(24) Masciocchi, N.; Ardizzoia, G. A.; La Monica, G..; Maspero, A.; Galli,
S.; Sironi, A.lnorg. Chem 2001, 40, 6983.

(25) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G. L.; Giaco-
vazzo, C.; Guagliardi, A.; Moliterni, A. G. G.; Polidori, G.; Spagna,
R. J. Appl. Crystallogr.1999 32, 115.

(26) Sheldrick, G. M.SHELXL-97: Program for structure refinement
University of Gadtingen: Gitingen, Germany, 1997.
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clearly agrees with the structure proposed here. The handness ofCIF file) comprises the full list of fractional atomic coordinates,
the crystal has been tested by refining two (barely distinguishable) bond distances and angles, and anisotropic displacement parameters.
enantiomorphic models. The largest residue in the final difference

Fourier map (near the Rh(1) atom) was 0.71%#kattering factors, Acknowledgment. This work was supported by the Min-
corrected for anomalous dispersion, were taken from the internal istero dell’Universitae della Ricerca Scientifica e Tecno-
library of SHELX97. Relevant bond distances and angles are |ggica (MURST) and by the Italian Consiglio Nazionale delle
supplied in the caption of Figure 1. The Supporting Information Ricerche (CNR). We thank one reviewer for valuable

suggestions.

(27) Reference RhH values do not exist, since the few crystal structures,
containing terminally bound H atoms on Rh, determined by neutron ) ] ) o
diffractioE, show an unexpected spread of values, ranging from 1.31  Supporting Information Available: *H NMR spectra (hydridic
to 1.58 A (Mclean, M. R.; Stevens, R. C.; Bau, R.; Koetzle, T. F. - region) for compound&—3 and a complete crystallographic CIF
Inorg. Chim. Actal989 166, 173. Hanke, D.; Wieghardt, K.; Nuber, ) g ). p . . P 4 . grap
B.; Lu, R. S.; McMullan, R. K.; Koetzle, T. F.; Bau, forg. Chem. file. This material is available free of charge via the Internet at
1993 32, 4300. Fernandez, M. J.; Bailer, P. M.; Bentz, P. O.; Ricci, http://pubs.acs.org.

J. S.; Koetzle, T. F.; Maitlis, P. MJ. Am. Chem. Socl984 106,
5458. IC010852F
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