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Palladium(ll)-lnduced Activation of degassed prior to their use. All other chemicals were reagent grade,
Carbon—Nitrogen Single Bond of Coordinated available com_mercie_lll_y and used as received. Reactions Were_carried
NLS Ligand. Characterization of Product with out under purified dinitrogen atmosphere unless stated otherwise.
S _g . L . Syntheses.[Pd(N3S)-CHMe,pz]ClO,4 (1) and [Pd(NsS)-CH,OMe]-
Modified Ligand Structure: Kinetics versus ClO, (2). Method A. To a stirred methanolic solution (30 mL) of
Thermodynamic Considerations Hmmecd (0.24 g, 0.56 mmol) was added an equimolar amount of Pd-
(OAc), (0.12 g), in solid. Within 10 min, a clear red solution was
Sudeep Bhattacharyyaj‘, Timothy J. R. Weakley,i and formed. Addition of sodium perchlorate (0.1 g, 0.8 mmol) at this stage
Muktimoy Chaudhury* -t caused immediate precipitation of an orange solid (compaynahich

] ) . o was collected by filtration, and the filtrate was saved. The residue was
Department of Inorganic Chemistry, Indian Association for recrystallized from hot methanol; yield, 0.1 g (28%). Anal. Calcd for
the Cultivation of Science, Calcutta 700 032, India, and PdG;H3iNsS,CIOs; C, 39.56; H, 4.87; N, 13.19. Found: C, 39.6; H,
Department of Chemistry, University of Oregon, 4.7; N, 12.9. IR (KBr disk)»(C==C) + »(C==N)/pyrazole group, 1565
Eugene, Oregon 97403  s; »(C=N + C==C), 1460 s.{CI—0), 1090 s;0(O—CI—0), 625 s
cm L *H NMR (300 MHz, CXCN, 20°C), 6/ppm: 6.07 and 5.92 (pair
Receied December 1, 1998  of s, 2H, pz rings), 5.76 and 5.24 (ABq, 2H, GHxs = 11.4 Hz),
5.29 and 4.94 (ABq, 2H, CKlJag = 14.4 Hz), 4.51 and 4.09 (pair of

Introduction m, 2H, CHp), 3.71 and 3.11 (pair of m, 2H, GH 2.78 (m, 4H,
. . . cyclopentene ring), 2.69 (s, 3H, S@H2.47-2.33 (3s, 12H, CH pz
The pentadentate 4S Ilgaljds, methyl_ ((2A-bis((3,5-di- ri)r:gs)? Au (CH3C,%)): 1169(_1 e mg)l—l. UV —vis (E:I—bCN) e Jn?n
met.hy.lpyrazol-l-yl)methyl)am|no)ethyl)amIno)CycIOpent-l-ene- (E/Mfl Cm—l)]: 450 (250), 394 (6 700), 379 (sh), 296 (11 400).
1-dithiocarboxylate immecd) and its propyl homologue The filtrate was rotary evaporated to a dense red oil. This was

(Hmmpcd)* with pendent pyrazolyl groups, offer interesting dissolved in acetone (20 mL) and filtered to obtain a clear orange
variations in their coordination behavior with the available metal solution, which was then layered with £ (10 mL) and stored in a
ion types. With copper(ll), zinc(ll), and cobalt(ll) ions, the freezer (0°C). The brick red microcrystals &that deposited over 15
ligands use all five potential donor sites to form pentacoordi- h were filtered and recrystallized from an acetorle¢xane mixture,
nation complexes of distorted geometries. Transformation from yield: 88 mg (27%). Anal. Caled for Pd@42/NsS,ClOs: C, 35.61; H,
a tetragonal to trigonal structure becomes apparent when the#:71; N, 9.77. Found: C, 35.6; H, 4.7; N, 9.6. IR (KBr diskC--C),
copper(ll) complex is doped (5%) into its zinc(ll) counterpart 1570 Sw(C=N)/pyrazole ring, 1545 5’?(1C1'_'N + C--C), 1460 Sas
as revealed from EPR and electronic spectral stifdiasthe (CIfO),°1090 S'é(OfCFO)’ 630 s e, *H NMR (300 MHz, CQ-

. . CN, 23°C), é/ppm: 5.97 (s, 1H, pz ring), 5.57 and 5.30 (ABq, 2H,
case of mckel(ll_), however, the I_|ga|_1d molec_ules undergo CHy,, Jag = 11.55 Hz), 4.44 (m, 2H, CH, 4.06 (m, 2H, CH), 3.80-
alcoholysis reaction through the activation of N single-bond 3.60 (m, 2H, CH), 3.52 (s, 3H, OCH), 2.76 (m, 4H, cyclopentene
linkage?® The products obtained are square planar complexesying), 2.66 (s, 3H, SCH, 2.40 and 2.35 (pair of s, 6H, GHdz ring)
with modified ligand structures, involvingd$ donor setand a  and 2.01 (m, 2H, cyclopentene ringhu (CHsCN): 128Q1 cn? mol .
pendent arm that holds the alkoxy group provided by the solvent. UV —vis (CHCN) [Ama/nm (/M~1 cm™)]: 450 (48), 395 (11 750),
When the complexation reaction with Ni(ll) is carried out in 377 (sh), 296 (21 600).

solvents other than alcohol, the product obtained is intractable [Pd(NsS)-CH:Me;pz]CIO, (1). Method B. To a stirred solution of
solid of unknown composition. 2 (50 mg, 0.1 mmol) in methanol (20 mL) was added a large excess of
To gain further insight into the mechanistic aspect of this 3,5-dimethylpyrazole (50 mg, 0.5 mmol). The resulting reaction mixture
unprecedented alcoholysis reaction as observed earlier withVas heated at reflux for ca h and then cooled to room temperature.
nickel(Il),2 comparable studies have been extended to palladium- ¢ Solution was rotary evaporated fo ca. 10 mL volume and left
. . ! A standing in the air. Within 1 h, bright orange needlesl aftarted to
(n sys_,tem. It was anticipated that palle_u_:ilum(ll) be'r_]g k'n_et'ca”y appear. The product was collected by filtration and recrystallized from
more inert, there would be opportunities for the isolation and 4cetone; yield, 25 mg, (45%).
characterization of the compound(s) formed during the alco-  \ethod C. To a stirred acetonitrile solution (30 mL) efmmecd
hOIyS|S process. Herein, we report the Syntheses, Cl’ystal StrUCtUrqo_Z g, 0.46 mmol) was added a solid sample of Pd(@#cgquimolar
and spectroscopic characterization of square planar palladium-amount (0.1 g, 0.45 mmol). The solids quickly dissolved and a clear
(I1) complexes obtained during this solvolysis process. Mecha- red solution formed. The solution was heated at reflux for 30 min and
nistic implications of the formation of these products are also then combined with a solution of sodium perchlorate (0.1 g, 0.8 mmol),

described. also in acetonitrile (10 mL). Reducing the volume of the solution to
ca. 15 mL and allowing it to stand for 10 h afforded orange crystals,
Experimental Section which were collected by filtration and recrystallized from acetone; yield,

0.15 g (50%).
Safety Note!Perchlorate salts of metal complexes are potentially
explosivé and should be handled only in small quantities with care.
Physical MeasurementsElemental analyses for (C, H, and N), IR,
and electronic spectroscopic measurements were performed as described

The pentadentate 4S8 ligand Hmmecd was prepared as reported
earlie? and Pd(OAc) was obtained, following a literature methtd.
Solvents were purified and dried from appropriate reageatsd

TIndian Association for the Cultivation of Science.
* University of Oregon.

(1) Abbreviations usedHmmecd, methyl ((2-(3-bis((3,5-dimethylpyr- (4) Stephenson, T. A.; Morehouse, S. M.; Powell, A. R.; Heffer, J. P;
azol-1-yl)methyl)amino)ethyl)amino)cyclopent-1-ene-1-dithiocarbox- Wilkinson, G.J. Chem. Sacl965 3632.
ylate; Hmmpcd, methyl ((2-(3-bis((3,5-dimethylpyrazol-1-yl)methyl)- (5) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. RRurification of
amino)propyl)amino) cyclopent-1-ene-1-dithiocarboxylate; HOAc, Laboratory Chemicals2nd ed.; Pergamon: Oxford, England, 1980.
acetic acid; Megpz, 3,5-dimethylpyrazole. (6) During the preparation of the compounds described in this paper, the

(2) Bhattacharyya, S.; Kumar, S. B.; Dutta, S. K.; Tiekink, E. R. T.; original N;S ligand undergoes metal-induced breakdown reaction. The
Chaudhury, MInorg. Chem 1996 35, 1967. modified forms of the coordinated ligand are represented by their

(3) Bhattacharyya, S.; Weakley, T. J. R.; Chaudhury,livbrg. Chem respective donor atoms set. Details are given in Schemes 1 and 2.
1999 38, 633. (7) Robinson, W. RJ. Chem. Educ1985 62, 1001.
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Table 1. Summary of Crystallographic Data fdar

empirical formula Pd&iH31NeSCIO,4
fw 637.49

space group triclinicP1 (No. 2)
a, 8.8449 (5)

b, A 11.2219 (8)

c, A 14.466 (2)

o, deg 96.818 (7)

B, deg 107.649 (7)

y, deg 104.520 (6)

Vv, A3 1294.3 (5)

z 2

T,°C 20

A(Mo Koy, A 0.710 73

Pcalce 9 cnr3 1.636

u, 10.04

RA(R.P) 0.029 (0.038)

AR = X(||Fo| — IFl[)/Z|Fo|. ® Ry = [EW(I|Fo| — [Fcl[)7/Zw|Fo| "2

elsewheré. The *H NMR spectra were recorded on a Bruker model
Avance DPX-300 spectrometer.

X-ray Crystallography. [Pd(N sS)-CH,Me,pz]ClO, (1). Diffraction-
quality crystals ofl were grown by allowingr-hexane to diffuse into
dichloromethane solution of the compound. Intensity data for a rose-
pink plate (0.14x 0.40x 0.47 mm) were measured at room temperature
(20 °C) on an Enraf-Nonius CAD 4 diffractometer with graphite-
monochromatized Mo ¥ radiation,A = 0.710 73 A. The orientation
matrix and cell dimensions were determined from the setting angles of
25 centered reflections (15< € < 16°). The w—26 scan technique
was employed to measure 4546 reflection®{2 = 50.C°). No
decomposition of the crystal occurred during the data collection and
4100 data (range of absorption corre€tednsmission factors: 0.595
0.860) which satisfied the= 3.00(1) criterion were used for subsequent
analysis. Relevant crystal data are given in Table 1. The position of
palladium was determined from the Patterson function. All other non-
hydrogen atoms were located by means dDI&DIF calculation.
Hydrogen atoms were included at updated calculated positions in the
last cycles of refinement, with(C—H) set at 0.95 A andB(H) set at
1.2 BeC). No solvent of crystallization was present, and the final
difference map was featureless (maximum peak, 0.52%. Refine-
ment with weights 1(F) converged aR = 0.029 and R = 0.038;
final refinement details are given in Table 1. TREXSANprogram
suit* incorporating complex atomic scattering factétsyas used in
all calculations. The crystallographic numbering scheme is shown in
Figure 1, which was drawn with the ORTEP program at 30% probability
ellipsoids.

Results and Discussion

SynthesesThe pentadentate 48 ligandHmmecd displays
quite interesting variation in its coordination behavior with
palladium(ll) (Scheme 1). When palladium(ll) acetate is stirred
with stoichiometric amount (1:1) of the ligand in methanol at

Notes

Figure 1. Molecular structure and atom numbering scheme for [Pd-
(N3S)-CHMezpz]t (1) cation with thermal ellipsoids drawn at the
30% probability level.

Scheme 1
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solubilities that help in their isolations. Compouhdobtained
as bright orange crystals, is relatively less soluble in methanol.
It has the composition [Pd(mmecd)]CJQvith ligand structure
remaining intact. As confirmed by X-ray crystal structure
analysis (vide infra)l is a square-planar compound containing
a NsS chromophore with a free dangling pyrazolyl arm. The
second product (compour®), isolated as a brick red crystalline
solid, more soluble in methanol, appears to have generated by
methanolysis reaction through a kinetically controlled path as
observed with nickel(ll) ion under identical situatidit.is also
a planar molecule having a square base containing N
chromophore as ifh, but unlike the former, the ligand structure
here is modified by the incorporation of a methoxy group that
replaces the pyrazolyl moiety of the dangling armii#?

In refluxing methanol (or acetonitrile?, undergoes a simple
condensation reaction with 3,5-dimethylpyrazole, taken in large

room temperature in the presence of added perchlorate iongycess (1:5 mole ratio) to produce compoun@cheme 1) in

(method A), the reaction seemingly proceeds in two parallel
routes to generate structurally interesting products of differing

(8) (a) Dutta, S. K.; McConville, D. B.; Youngs, W. J.; Chaudhury, M.

Inorg. Chem 1997, 36, 2517. (b) Dutta, S. K.; Kumar, S. B.;

Bhattacharyya, S.; Tiekink, E. R. T.; Chaudhury, Morg. Chem

1997 36, 4954. (c) Dutta, S. K.; Samanta, S.; Kumar, S. B.; Han, O.

H.; Burckel, P.; Pinkerton, A. A.; Chaudhury, Mhorg. Chem 1999

38, 1982.

Walker, N.; Stuart, DActa Crystallogr, Sect. A1983 39, 158.

Beurskens, P. T.; Bosman, W. P.; Doesburg, H. M.; Gould, R. O.;

Van der Hark, T. E. M.; Prick, P. A. J.; Noordik, K. H.; Beurskens,

G.; Parthasarathi, V.; Bruins Slot, H. J.; Haltiwanger, R. C.; Strumpel,

M.; Smits, J. M. M DIRDIF: Direct Methods for Difference

Structures Technical Report 1984/1; Crystallography Laboratory:

Toernooiveld, 6525 ED Nijmegen, The Netherlands, 1984.

(11) TEXSAN Texray Program for Structure Analysid/ersion 5.0;
Molecular Structure Corporation: The Woodlands, TX, 1989.

(12) Cromer, D. T.; Waber, J. T. Iinternational Tables for X-ray
Crystallography Kynoch Press: Birmingham, 1974; Vol. 4.

(9)
(10)

45% yield (method B). Identity of the product is established
from elemental analyses and from its superimposing IR spectrum
with that of compound. obtained by method A. Compourid
is also obtained as the exclusive product when the solvent
methanol in method A is replaced by acetonitrile (method C).
Thus thermodynamicallyl may be regarded as the favored
product, while2 is a kinetically favored one when methanol is
used as solvent.

Synthesis of compoun2thus involves C-N bond cleavage
process. Controlled experiments have shown that the presence
of palladium(ll) ion is obligatory for this reaction to proceed.

(13) In an earlier communication (ref 3), it was reported that nickel(ll) ion
can promote alcoholysis of the coordinatesSNigands. The products
obtained are mononuclear square-planar Ni(ll) complexes containing
N3S chromophore with a pendent arm that accommodates the alkoxy
group provided by the solvent.



Notes

Table 2. Selected Bond Distances and Angles for
[PA(NsS)-CH:Me,PZz]CIO, (2)

Distances (A)

Pd-S(1) 2.239 (1) PetN(1) 1.970 (3)
Pd—N(2) 2.090 (2) Pe-N(4) 2.039 (2)
S(1)-C(1) 1.709 (3) C(1>XC(2) 1.361 (5)
C(2)-C(6) 1.419 (5) C(6YN(1) 1.315 (4)
Angles (deg)
S(1)-Pd-N(1) 96.7 (1) S(HPd-N(2) 175.2 (1)
S(1)-Pd-N(4) 96.4 (1) N(1)yPd—N(2) 86.0 (1)
N(1)—Pd-N(4) 165.9 (1) N(2)Pd—N(4) 81.3(1)
Pd-S(1)-C(1) 109.2 (1) Pe-N(1)—C(6) 130.1(2)
Pd-N(1)-C(7) 111.5(2) Pe-N(2)—C(8) 102.9 (2)
Pd-N(2)—C(9) 104.9 (2) PetN(2)—C(15) 115.2 (2)
Pd—N(4)—N(3) 110.3 (2) S(1yC(1)-C(2) 128.7 (3)

Description of Crystal Structure. Perspective view of the
cation in [PA(NS)-CHMe,pz]CIO, (1) and the atom-labeling

scheme are shown in Figure 1. Selected intramolecular distanceg

and angles are given in Table 2. The ligadchmecd utilizes

its four donor sites to bind the Pd atom in a square-planar
geometry, leaving one of its pyrazolyl group to stay away from
coordination. The S(1), N(1), N(2), and N(4) atoms define a
square plane around the Pd center. While the -SPH-N(2)
bond angle 175.2(2)is close to the one required for an ideal
square-planar geometry, some distortion is manifested in the
N(1)—Pd—N(4) angle of 165.9(F) due to restricted bite angle
of the ligand. Of the three PeN distances, PAN(2) (2.090-

(2) A) and P&-N(4) (2.039(2) A) are in a close range, normally
observed with similar complexé4!> N(1), being the depro-
tonation site of the ligand, forms the shortestflcontact of
1.970(3) A. The short C(HS(1) distance of 1.709(3) A
indicates significant thiol-like character of this bot¥et’
Observed PgS(1) distance 2.239(1) A is in the expected range
2.227(2)-2.3259(9) A, reported for palladium(ll) complexes
of anionic sulfur ligandg#18-20

IH NMR Spectroscopy.Figure S1 (Supporting Information)
shows théH NMR spectrum observed f@in CDCl; solution.

On the basis of the signal intensities, the multiplets centered at

4.44 and 4.06 ppm are assigned to the methylene protons CH
(7) and CH(8), respectively (atom labelings are as shown in

Figure 2). The H(9) methylene protons which appear as a singlet

in the freeHmmecd ligand, become anisochronous in complex
2 due to rigidity of the coordinated pyrazolyl arm and appear
as AB quartet withda = 5.57 anddg = 5.30 ppm Jag = 11.55
Hz). The two protons in the C(153¢roup of the free alkoxy

arm, due to their attachment to a chiral nitrogen center, are also

diastereotopic for symmetry reasons and show a set of signals
in the region ofé = 3.6—-3.8 ppm, that can be analyzed as an
AB spectrum modified by coupling(s) with the nearby methylene
protons. As expected, two methyl groups of the pyrazolyl moiety
appear as a pair of singlets with resonances shifted downfield
at 2.40 and 2.35 ppm relative to those in the frémmecd
ligand @ = 2.20 and 2.16 ppm). Other strong singlet®)at

(14) Espinet, P.; Lorenzo, C.; Miguel, J. lorg. Chem 1994 33, 2052.

(15) Catalano, V. J.; Larson, W. E.; Olmstead, M. M.; Gray, Hirirg.
Chem 1994 33, 4502.

(16) Baidya, N.; Olmstead, M. M.; Mascharak, P.likorg. Chem 1991,
30, 929.

(17) Kriger, H.-J.; Peng, G.; Holm, R. Hnorg. Chem 1991, 30, 734.

(18) Hoskins, B. F.; Robson, R.; Williams, G. A.; Wilson, J. i@org.
Chem 1991 30, 4160.

(19) (a) Yamamoto, J. H.; Yoshida, W.; Jensen, C.INorg. Chem1991,
30, 1353. (b) Yap, G. P. A,; Jensen, C. Mworg. Chem 1992 31,
4823.

(20) Frauenhoff, G. R.; Takusagawa, F.; Busch, DIrtdrg. Chem 1992
31, 4002.
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4.5
5/ppm
Figure 2. Variable temperature 300 MHH NMR spectra §, 2.8—
6.3 ppm region) of [Pd(dE)-CHMeypz]ClO;,, (1) in acetonitrileds.

Asterisks indicate protio solvent impurities.

3.52 and 2.66 ppm are asignable to QCthd SCH methyl
protons, respectively.
Figure 2 shows spectra,(2.8—-6.3 ppm region) from variable

temperaturéH NMR study of 1 in acetonitrilees. At 20 °C,
the spectrum contains a pseudo-triptat%.26 ppm) that breaks

up into two well-resolved doublets at40 °C. Each of these
doublets is a part of two AB spectra. The one appearing at 5.24
ppm combines with the low-field doublet at 5.76 ppm to
represent the diastereotopic methylenic C(@jtotons {ag,

11.4 Hz) of the metal-bound rigid pyrazolyl arm. The remaining
of these twin-doublets (at 5.29 ppm) together with the doublet
at high-field ¢, 4.94 ppm) constitutes another AB spin system
(Jas = 14.4 Hz) due to protons of the C(15)khethylene group

which is sitting on a chiral N atom and are diastereotopic as

observrd in2. The remaining C(7)kHand C(8)H protons of

the rigid ethylenic chain il constitute an ABCD system and

appear in the form of four multiplets with complex connectivities
in the region 4.53.0 ppm. Spectrum at 2TC also contains a
pair of signals of identical nature due to C(12)H and C(18)H
protons of the pyrazole rings at 6.07 and 5.92 ppm that coalesce
into a singlet §, 5.99 ppm) at 60°C as a consequence of a
dynamic process that interchanges the two,Kakbpz arms.

To gain further insight into the structural information bf
and to resolve the complex coupling$j—'H COSY NMR
experiment was performed in acetonitrdg-Relevant section
of the spectrumd, 3.0—6.2 ppm) at 22C is shown in Figure
S2 (Supporting Information). Altogether eight cross-peaks are
obtained. These include two strong peaks due to geminal
couplings of C(9) and C(15) methylenic protons and a weak
peak, due to their long-range interaction, all appearing above
4.6 ppm in the downfield. Analysis of the remaining connectivity
pattern in the upfield regiod 4.6—3.0 ppm, reveals two strong
geminal couplings, each corresponds to the nonequivalent C(7)-
H, and C(8)H methylene protons. Also the ABCD system here
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Scheme 2
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aNet charges on the species are omitted for brevity.

comprising the above two methylene protons generates threepyrazolyl nitrogen N(5) triggers substantial structural anomeric
more cross-peaks due to their mutual interactions involving one effect2? leading to significant polarization of the C(35)N(5)
zero and three nonzero (one small) coupling constartsIMR bond to render it susceptible to nucleophilic attack by methoxy
spectrum thus clearly indicates in compxhe presence of a  group from the solvent. The product (compo)ds ultimately
pendent—CH,OCH; group that replaces one of the pyrazolyl obtained by the cleavage of an otherwise unreactivé&lGingle

arms during the methanolysis reaction. bond, followed by ejection of the Mpz molecule from the
Mechanistic Implications of C—N Single Bond Cleavage metal coordination sphere (ith). Compound2 when treated
Reaction: Structural Anomeric Effect. Isolation of two with excess 3,5-dimethylpyrazole (1:5 mole ratio) in methanol,

different products X and 2) in reasonable yields during the generates compouridin 45% vyield. Thus, of the two square-
reaction of Pd(OAg) with Hmmecd in methanol has some  planar Pd(ll) complexes adfimmecd ligand compoundLl is
interesting mechanistic implications. As summarized in Scheme thermodynamically more stable, while the second one (species
2, the reaction proceeds through two simultaneous routes, eacH) with tertiary nitrogen atom N(2) staying away from coordina-
involving a square-planar Pd(Il) center because of the preferencetion is believed to be the postulated intermediate that leads to
of the metal ion to attain this geometry. To achieve that, Pd(Il) compound? by a kinetically controlled solvolytic path (vi&).

has only two options to pick up a combination of four donor Compoundl once formed does not undergo methanolysis
sites out of the available five iHmmecd. Considering a strong  reaction further, for which antiperiplanar disposition of the
affinity of the 2-aminocyclopent-1-ene-1-dithiocarboxylate moi- C(15)—N(5) bond relative to the tertiary nitrogen N(2) loan pair
ety (providing bidentate N, S donor sites) to bind Pcdftiwo is obligatory in order to induce bond activation through a
alternative donor set combinations are shown in Scheme 2.structural anomeric effect.

CompoundL which is the thermodynamically favored product, Acknowledgment. Support of this work by the Council of
involves a pyrazolyl arm nitrogen N(4) and the tertiary nitrogen gjentific and Industrial Research, New Delhi is gratefully
N(2) bound to the Pd center along with the (N,S) donor sites 5y nowledged. We thank Dr. B. Achari (Indian Institute of

from the cyclopentene moiety. In an alternative combination, chemical Biology, Calcutta) and Professor K. Nag for helpful
the tertiary nitrogen N(2) itself stays away from coordination, yiscussions.

and makes two pyrazolyl nitrogens N(4) and N(6) available for
bonding to the metal center along with the cyclopentene-(N,S)
sites. This generates a thermodynamically unstable reactive
intermediate I() because of its unfavorable chelate ring (eight-
membered) size. Also, in this molecule the C(B)5) bond

is antiperiplanar to the loan pair of electrons on the N(2) nitrogen 1€9813720

atom. Thus, in the presence of methanol, protonation of a (22) Alder, R. W.; Carniero, T. M. G.; Mowlam, R. W.; Orpen, A. Guy:

Petillo, P. A.; Vachon, D. J.; Weisman, G. R.; White, J. MChem.
(21) Nag, K.; Joardar, D. Snorg. Chim. Actal975 14, 133. Soc, Perkin Trans. 21999 589.

Supporting Information Available: One X-ray crystallographic
file, in CIF format, a!H—H COSY NMR spectrum fot, and a‘H
NMR spectrum for2. This material is available free of charge via the
Internet at http://pubs.acs.org.






