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Pd---H—C Interactions. Preparation and Structure of Orthometalated Tetranuclear
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The reaction of 2-(1-naphthyl)benzothiazoline with palladium(ll) acetate leads to helical mononuclear and
orthometalated tetranuclear products. The molecular structures of mononuclear palladium(ll) [Pd(HJL¢babz)
(H21-nabz= 2-N-(1-naphthylmethylideneamino)benzenethiolate), tetranuclear palladium(Uj1fRebz)] (2)

and tetranuclear platinum(ll) [RiL-nabz)] (3) have been determined by single-crystal X-ray diffraction method.
Crystal data for complet are as follows:a = 14.208(3) Ab = 18.227(4) Ac = 14.398(8) A;5 = 94.55(3Y;

V = 3717.0(23) &, space group= P2i/n, Z = 4. Crystal data for the complex are as follows:a = b =
15.798(3) A,c = 23.728(4) A,V = 5921.7(20) &; space group= 141/a, Z = 16 for the Pd(1-nabz) unit. Crystal

data for the comple8 are as follows:a = b = 15.496(2) A, c= 24.348(3) A;V = 5846.3(20) &; space group

= l44/a, Z = 16 for the Pt(1-nabz) unit. The mononuclear palladium(ll) complex reveals sirtro-
hydrogen:-palladium distances of 2.66(7) and 2.48(7) A. These short distance$HaNiR studies provide a
M---H—C interaction which can be regarded as a three-center four-electron interaction. The molecular structures
of 2 and 3 confirm the formation of unusual tetranuclear compounds featuring a rare C,N,S-tridentate ligand
derived from orthometalation of pendant side arm. The structural and chemical properties of the mononuclear
palladium(ll) complexl clearly suggest that is a potential intermediate in the formation of the tetranuclear
complex2 by orthometalation reactions.

Introduction The present authors show herein a mononuclear palladium(ll)

. complex with a Pe&-H—C interaction caused by the ideally
epositionedortho C—H bond and the corresponding orthometa-
lated tetranuclear complex. The molecular structures of two
palladium(ll) complexes and a related orthometalated tetra-
nuclear platinum(ll) complex are presented. In a previous
communication we reported the structure of orthometalated
tetranuclear palladium(ll) compléx.

activation of C-H bonds by transition metal complexes. In
this connection, many examples of transition metal complexes
showing the agostic M-H—C interaction have been recog-
nized! Recently a few examples of the three-center four-
electron M+:-H—N interaction, in contrast to the three-center
two-electron agostic interaction, have been repotteth

gdditior_], particular attention has been focu_sgd on theliA-C Experimental Section

interaction betweeartho-hydrogen and transition metal because

of the selective activation of thertho-hydrogen-carbon bonds General Procedures. Reactions were normally carried out under

in many important transition-metal-catalyzed reactidnal- argon; solvents were thoroughly degassed by argon purge. Ethanol

though many examples of the orthometalation reaction, in which was dried over molecular sieves, type 3A. Chloroform was dried over

aryl carbon-metab bonds are formed by the replacement of CaCh. Unless otherwise states, commercial grade chemicals were used
L ithout furth ification.

ortho-hydrogens by metal atoms, are now knotin,is rare wiEhout furiner purification

that both an intermediate complex containing an activatetiC Infrared spectra were obtained on a Perkin-Elmer 983G Infrared
P g Spectrophotometer (408680 cnt?) using the Nujol mulls. NMR

bond interacting with metal _atom and th? corre_sponding spectra were measured on a JEOL EX 270 instrument using tetra-
orthometalated complex resulting from the dissociation of the methyisilane as internal standai£ 0). The UV/VIS spectra were

C—H bond are isolated in crystafs. recorded on a Hitachi U-3400 spectrophotometer. Elemental analyses
of 2-(1-naphthyl)benzothiazoling, 2, and3 were performed at Osaka
® Abstract published irAdvance ACS Abstractdfarch 15, 1996. University.
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M. I. Angew. Chemlnt. Ed. Engl.1977, 16, 73. 14, 248.

0020-1669/96/1335-2427$12.00/0 © 1996 American Chemical Society



2428 Inorganic Chemistry, Vol. 35, No. 9, 1996

7.06 (dd, H), 6.98 (dt, H), 6.79 (dt, H), and 6.76 (dd, HC (67.8
MHz), 6 146.51, 136.50, 133.87, 130.03, 128.95, 126.65, 126.56,

125.93, 125.45, 123.72, 122.77, 121.94, 120.70, 110.15, 66.76. Anal.

Calced for G/H13NS: C, 77.53; H, 4.98; N, 5.32. Found: C, 77.69; H,
5.11; N, 5.27.

Synthesis of Bis[2N-(1-naphthylmethylideneamino)benzene-
thiolato]palladium(ll) [Pd(H1-nabz) ;] (1). A suspension of 2-(1-

Kawamoto et al.

resulting dark red precipitate was dissolved in a minimum amount of
CH.CI, and purified on a silica gel (236400 mesh) column with
CH.CIl; as the eluent. The first band, which corresponded to compound
3, was collected, and the yield was 35% based on the amount of the
starting Pt(hfacag) Single crystals of3 suitable for X-ray analysis
were grown by the slow evaporation of a & solution. The
mononuclear platinum(ll) complex corresponding to comgdleould

naphthyl)benzothiazoline (0.226 g, 0.858 mmol) and palladium acetate not be detected, even in 2:1 ratio ofHnabz and Pt(hfacac) Anal.

(0.096 g, 0.428 mmol) in ethanol (20 mL) was heated to reflux for 30
min. A dark red precipitate was collected by filtration and dissolved
in CHxCl, (20 mL). The solution was again filtered, and the red orange
precipitatel was recrystallized from chloroform (0.105 g). The filtrate
was purified by chromatography on a silica gel (23@0 mesh)
column. The following products were separated, in order of elution,
with CH.Cl;: the tetranuclear compleX (<0.001 g) as a red band,
the mononuclear complelx(0.056 g) as a orange-red band, and a small
amount of unidentified material as a dark red band that did not move.
Yield: 43%. Crystals suitable for X-ray diffraction were grown by
slow evaporation of a chloroform solution. Infrared spectrufC=N)

at 1599 cm?, v(aromatic G=C) at 1570 cm®. NMR (CDCl, 23°C):

H (270 MHz), 6 9.28 (d, 2H), 8.38 (s, 2H), 7.98 (d, 2H), 7.84 (d,
2H), 7.49 (dd, 2H), 7.33 (dt, 2H), 7.24 (t, 2H), 7.10 (dt, 2H), 6.89 (dt,
2H), 6.81 (dt, 2H), 6.65 (dd, 2H), and 6.42 (d, 2M)C (67.8 MHz),

0 161.79, 151.23, 146.51, 132.43, 132.06, 131.11, 129.85, 129.63,

Calcd for GgHaaN4PuSs: C, 44.73; H, 2.43; N, 3.07. Found: C, 44.19;
H, 2.62; N, 3.11. We could not get high resolution NMR spectra for
tetranuclear complexe® @nd3) even at—50 °C. This fact suggests
that the height of the barrier for the exchange proce&sand3 is not
suitable to be observed by NMR spectroscopy because of slow
conformational changes for tetranuclear complex. This conformational
equilibrium is consistent with the results of IR spectroscopy, which
exhibit five bands (1610, 1583, 1570, 1564, and 1558%¢mand four
bands (1611, 1583, 1561, and 1553 ¢&pfor »(N=C) andv(aromatic
C=C) of 2 and3, respectively:1°

X-ray Crystallography. All crystals were attached to the end of
glass fiber and coated with epoxy. X-ray measurements of [Pd(H1-
nabz)] 1 and [Pd(1-nabz)] 2 were made on a Rigaku AFC-5
diffractometer with Mo-Ku radiation and X-ray measurement of {R¢
nabz)] 3 was made on a Rigaku AFC-5R diffractometer with Ca-K
radiation;w-26 scans were used. Crystallographic data are summarized

129.48, 128.94, 128.61, 127.37, 126.28, 124.98, 122.30, 120.91, 118.58in Table 1. Empirical absorption corrections were applied3oiThe

Anal. Calcd for GsH2uN,PdS-2CHCk: C, 49.71; H, 3.02; N, 3.22.
Found: C, 49.78; H, 3.09; N, 3.28.

The following is a revised version of the synthesis of complex
owing to the poor solubility in chloroform. Palladium acetate (0.177

intensities of three standard reflections were monitored every 100
reflections and showed no greater fluctuations during the data collection
than expected from Poisson statistics. The structures were solved by
direct methods (MULTAN 88 for 1 and2, SHELXS-882 for 3). All

g, 0.788 mmol) was added to 2-(1-naphthyl)benzothiazoline (0.417 g, structures were refined by block-diagonal least-squares methods with
1.58 mmol) in chloroform (20 mL). The resulting solution was heated anisotropic thermal parameters for non-H atoms and isotropic param-
under reflux for 20 min. After cooling, the mixture was evaporated to eters for H atoms. Atomic scattering factors and anomalous scattering

ca.10 mL. The red powder precipitate was filtered, washed with ether,
and dried under vacuum (0.340 g). Yield: 50%.

Synthesis of Tetrakis[2N-(1-naphthylmethylideneamino)ben-
zenethiolato-C°,N,Sltetrapalladium(ll) [Pd 4(1-nabz)] (2). A stirred
suspension of 2-(1-naphthyl)benzothiazoline (0.212 g, 0.805 mmol) in

coefficients were taken from ref 13. The calculations¥@nd?2 were
carried out using the program system UNICS4bn a HITAC M680
Hitachi computer at the Computer Center of the Institute for Molecular
Science. On the ethanol in the crystalthe terminal C atom could
not be determined due to disorder character. The calculatidims

ethanol (20 mL) was treated with a palladium acetate (0.181 g, 0.806 carried out using the program HBLS*on an ACOS & SX NEC

mmol) and refluxed for 30 min. The dark red precipitate (0.205 g)
obtained was collected by filtration. The compound was dissolved in
a minimum of CHCI, and purified by chromatography on a silica gel
(230—400 mesh) column eluting with GEl,. A dark red complexX

computer at the Computation Center Osaka University. Figures 1 and
2 were drawn by the ORTEP prografn Final atomic coordinates for
the non-hydrogen atoms df, 2, and 3 are given in Tables 24,
respectively.

(0.019 g) resulted on evaporation of the solvent, and due to the extensive ) )
purification procedure, the yield was 1.6%, based on the amount of Results and Discussion

the starting palladium acetate. Crystals suitable for X-ray diffraction

were selected by inspection of the crystal shapes under a microscope SyNthesis of 1-3. Treatment of Hl-nabz with 0.5 molar

in crude crystals (red needlelikeand dark red square bipyramid3l

The second red band due to compléxwas dried in vacuo and

recrystallized from chloroform (0.014 g). The dark red band remained

on the top of the column but was desorbed on stirring that portion of

the column material in chloroform, and the dark red square bipyramidal

crystals were grown from the chloroform solution. The crystals

exhibited nearly the same cell constardas< 15.83(2),b = 15.81(6),

c=23.7(2) A,o.=89.98(5),8 = 89.8(1),y = 89.92(7Y) as compound

2 by X-ray diffraction method. Anal. Calcd forggHiN/PdSs: C,

55.52; H, 3.02; N, 3.81. Found: C, 55.52; H, 3.15; N, 3.74.
Reaction of 1 with Palladium Acetate. A suspension ol (0.097

g, 0.112 mmol) in ethanol (10 mL) was treated with a palladium acetate

(0.025 g, 0.111 mmol) and refluxed for 30 min. The brown precipitate

(0.041 g) was collected by filtration and was dissolved in,Chl (10

mL). The solution was purified by chromatography on a silica gel

(230—400 mesh) column. The products eluted ¢(CH) in the

following order: the comple® (yield: 0.3%), the starting complel

and the unidentified material as a dark red band that did not move.
Synthesis of Tetrakis[2N-(1-naphthylmethylideneamino)ben-

zenethiolato-C°,N,Stetraplatinum(ll) [Pt 4(1-nabz)] (3). To a solu-

tion of 2-(1-naphthyl)benzothiazoline (0.088 g, 0.32 mmol) in toluene

(20mL) was added an equimolar amount of Pt(hfagq6)200 g, 0.32

mmol), and the mixture was refluxed over 3 h. The solvent was

removed from the reaction mixture by using a rotary evaporator. The

(8) Okeya, S.; Kawaguchi, $norg. Synth.198Q 20, 65.

equiv of palladium acetate in ethanol gave the mononuclear
complex1 together with a small amount of the tetranuclear
complex2 (Scheme 1). In the case of the 1:1 stoichiometry
for the reaction of Hl-nabz with palladium acetate, the
tetranuclear complef was obtained together with the mono-
nuclear complext and an unidentified red compound. The
unidentified compound is regarded as degradation products of
the complex2 by column chromatograpy (see Experimental
Section). When mononuclear compl&xinstead of H1-nabz

(9) IR spectroscopy has a 4faster timescale of acquisition than NMR
spectroscopy.

(10) Fairhurst, S. A.; Hughes, D. L.; Leigh, G. J.; Sanders, J. R.; Weisner,
J.J. Chem. Sog¢Dalton Trans.1994 2591.

(11) Main, P.; Fiske, S. J.; Hull, S. E.; Lessinger, L.; Germain, G.; Declercq,
J.-P.; Woolfson, M. M. MULTANBSO. A System of Computer Programs
for the Automatic Solution of Crystal Structures from X-ray Diffraction
Data, Universities of York and Louvain, 1980.

(12) Sheldrick, G. M. SHELXS86. Program for Crystal Structure Deter-
mination, University of Gtiingen, Federal Republic of Germany, 1986.

(13) International Tables for X-ray CrystallographiKynoch Press: Bir-
mingham, England, 1974; Vol. 4.

(14) Sakurai, T.; Kobayashi, kKSci. Rep. Inst. Chem. Phys. Res. J1#79
55, 69.

(15) Ashida, T The Unbersal Crystallographic Computing System-Osaka
The Computation Center, Osaka University: Osaka, Japan, 1979.

(16) Johnson, C. KORTEPR Report ORNL-3794; Oak Ridge National
Laboratory: Oak Ridge, TN, 1965.
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Table 1. Crystallographic Data fol—3

1 2 3
formula GH24N-PdS:2CHCL C17/H1:NPdS0.5GHsOH Ci7H1INPtS
M 869.83 390.77 456.44
cryst syst monoclinic tetragonal tetragonal
space group P2:/n 14,/a 14./a
alA 14.208(3) 15.798(3) 15.496(2)
b/A 18.227(4) 15.798(3) 15.496(2)
c/A 14.398(8) 23.728(4) 24.348(3)
pldeg 94.55(3)

VIA3 3717.0(23) 5921.7(20) 5846.3(20)

z 4 16 16

cryst size/mm 0.3% 0.20x 0.20 0.25x 0.25x 0.25 0.15x 0.15x 0.15
T/°C 23 23 23

MA 0.71073 0.71073 1.54184

DJg cnr3 1.56 1.75 2.08

ulemt 10.6 (Mo Ka) 13.7 (Mo Ka) 193.6 (Cu k)
20mal® 50 60 110

no. of measd reflcns 8188 4703 2558

no. of reflcns used in refinement 2976§| > 30(Fo)] 2284 [[Fo| > 30(Fo)] 1275 [[Fo| > 30(Fo)]
R2 0.063 0.061 0.083

Ry° 0.053 0.064 0.085

2R = JIIFol = IFll/ZIFol. " Rw = [FW(|Fo| — |Fel)Zw(Fo)3 Y% Weighting scheme: 1df(Fo)].

top view

Figure 1. Molecular structure of [Pd(H1-naki)1).

is reacted with Pd(CECOO), a mixture ofl and2 is formed.
This synthetic result indicates thatis an intermediate in the
orthometalation reaction leading to the formatior2of Treat-
ment of Bh1-nabz with 1 molar equiv of [Pt(hfaca¢pave the
tetranuclear complexX3 together with an unidentified red
compound.

Molecular Structure of [Pd(H1-nabz),] (1). The molecular
structure ofl together with the adopted numbering scheme is
shown in Figure 1. The gross structure oEhows a mono-
helical geometry similar to those of the nickel(ll) and palla- ) ,
dium(ll) complexes containing ferrocenyl groups in place of side view
1-naphthyl groupd’ Complex 1 possesses approxima@® Figure 2. Molecular structure of [P41-nabz)] (2). Hydrogen atoms
symmetry (noncrystallographic) with pseudo-2-fold axes passing &€ omitted for clarity.
through the palladium atom and the midpoint between the two s relatively wide and we attribute this distortion to repulsion
sulfur atoms. Palladium atom is in a slightly distorted square- petween the pendant side arms. The most interesting features
planar coordination environment. The dihedral angle between of thjs structure are the short hydrogen contacts:-Pig9)—C
the S-Pd-N planes is 4.4(2) The arrangement of the sulfur 2 g6(7) A and Pet-H(26)—C 2.48(7) A. In addition, the EH
and nitrogen atoms around the palladium atowisdype though  groups are positioned above and below th&Rd plane and
very strong interligand steric interactions occur. Geometrical they are fixed toward the palladium atom owing to the limitation
parameters are given in Table 5. The average®distance  of the degree of freedom of the pendant side arms. Albinati et

of 2.273(3) A and the average PYl distance of 2.092(7) A 3| have shown that similar intramolecular-Fit—C contacts
are normak’'® However, the N-Pd—N bond angle, 102.5(3)

(18) (a) Glowiak, T.; Ciszewska, Acta Crystallogr, Sect. B 1982 38,
(17) Kawamoto, T.; Kushi, YJ. Chem. So¢Dalton Trans.1992 3137. 1735. (b) Yap, G. P. A;; Jensen, C. lMorg. Chem1992 31, 4823.
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Table 2. Fractional atomic coordinates (0 for 1

(a) atom xla yib Zc
2 Pd 3946(1) 8931(0) 6879(1)
cl(2) 687(3) 8419(3) 7969(4)
cl(2) 1339(3) 9860(2) 7703(3)
Cl(3) 242(3) 9142(3) 6259(3)
Cl(4) 3594(5) 7363(3) 4251(4)
CI(5) 5221(3) 7172(3) 5365(4)
I CI(6) 3843(6) 6110(3) 5274(4)
S(1) 3278(2) 7853(2) 7266(2)
ppm S(2) 2923(2) 9016(2) 5585(2)
T B e e e N(1) 4761(5) 8798(4) 8140(5)
9 8 7 6 N(2) 4487(5) 9903(4) 6356(5)
x c(1) 4239(7) 7546(5) 8021(7)
(b) /x Cc(2) 4936(6) 8034(5) 8375(6)
c(3) 5733(7) 7776(5) 8930(7)
N C(4) 5776(8) 7051(5) 9147(7)
X c(5) 5081(9) 6574(6) 8817(8)
C(6) 4337(8) 6801(6) 8261(8)
C(7) 5074(7) 9274(5) 8728(6)
c(8) 4885(7) 10061(5) 8671(6)
C(9) 4020(7) 10324(5) 8356(7)
x C(10) 3777(8) 11071(6) 8348(7)
j y W C(11) 4447(10) 11548(6) 8708(8)
c(12) 6056(10) 11835(7) 9435(10)
VAN l Cc(13) 6910(10) 11578(7) 9775(9)
ppm C(14) 7133(9) 10862(7) 9789(10)
———— C(15) 6507(7) 10308(6) 9383(7)
9 8 7 6 C(16) 5603(7) 10552(5) 9032(6)
Figure 3. 'H NMR spectra (270 MHz, CDG) for azomethine and g&g gggggg; %g’%gg’; gggg’((g
aromatic protons of (al and (b)1 in the presence of 10 equiv of C(19) 3738(6) 10353(5) 5942(6)
Pirkle’s reagent (Pirkle’s reagent indicated ky. C(20) 3778(7) 11099(6) 5979(7)
o _ c(21) 3001(8) 11501(6) 5583(9)
(2.4-2.6 A) exist in platinum(Ill) compound$. In the latter C(22) 2260(8) 11147(7) 5156(8)
case the complexes have distorted-square-planar structures with ggig éﬁﬂﬂ% 18411828 g%gg%
the appropriate €H vector directed toward the platlnum atom. C(25) 6172(6) 9690(5) 6671(6)
Molecular Structure of [Pd 4(1-nabz)y] (2). This molecular C(26) 6184(6) 8934(6) 6620(7)
structure has a crystallographically imposed symmetgnd C(27) 6969(8) 8527(6) 6968(8)
consists of four square planes with a Pd4S4 eight-membered  C(28) 7735(8) 8871(7) 7379(8)
ring bridged by the sulfur atoms (Figure 2). Each palladium g(gg) gg%(g) lgggg(g) ;gi‘é(g)
atom is coordinated by two sulfurs, one nitrogen, andantieo CE31§ 7870E9§ 11195583 7520E8;
carbon of the 1-naphthyl group in square-planar geometry with C(32) 7050(8) 10851(6) 7126(7)
the two sulfurs mutuallgis. Thus this complex is an unusual C(33) 6976(6) 10078(6) 7061(6)
tetranuclear complex having a rare C,N,S-tridentate ligand gggg Ig;g% ggg(l)gg ;‘115228
derived from orthometalation of the pendant side arm. The Pd
S—Pd angles are fairly close to the ideal tetrahedral value of C(36) 4061(9) 6980(8) 5276(8)
109.5°. The Pd-N and Pd-C bond distances are norntédf! metal is 2.75 &4 Recently a similar tetranuclear complex has

The Pd-terminal S and Pebridging S distances are 2.365(2) been described by Nicholas et?8l.However, each of the four

and 2.317(2) A, respectively, and are relatively longer than that monomeric units of their palladium(Il) complex consists of six-

of complex1 (Pd-S = 2.273(3) A) and other reported P& membered N,0O-bonded chelate and five-membered N,C-bonded

bond lengths of 2.252.31 A1718 In addition, it is noteworthy  chelate rings and the=eN bond is not included in the N,C-

that the Pd-terminal S distances are longer than the bridging bonded chelate ring. On the contrary, those of the complex

ones. This result is a reflection of the strangnsinfluence of consists of five-membered N,S-bonded chelate and five-

the coordinated carbon of the orthometalated ligndhe Pd- membered N,C-bonded chelate rings and tkeNCbond is

Pd distance of 3.180(1) A demonstrates the lack of Pdl direct included in the N,C-bonded chelate ring. Thus both tetranuclear

bond2® For reference, the interatomic spacing in palladium complexes are virtually distinct from each other.

Molecular Structure of [Pt4(1-nabz)] (3). Complex3 is

(19) (a) Albinati, A.; Anklin, C. G.; Ganazzoli, F.; Rgg, H.; Pregosin, isostructural with2 ; these almost identical cell parameters
P. S.Inorg. Chem1987, 26, 503. (b) Albinati, A.; Arz, C.; Pregosin,  reflect the equivalence in size of the Pd and Pt atoms (Table

P. S.Inorg. Chem.1987, 26, 508. (c) Albinati, A.; Pregosin, P. S; i ; i i -
Wombacher, Flnorg. Chem 1990 20, 1812, 1). This platinum(ll) complex with a heteroatomic C,N,S

(20) Yang, H.; Khan, M. A.; Nicholas, K. MJ. Chem. Sog.Chem. tridentate ligand is a new type. The core®tonsists of an
Commum1992 210. _ eight-membered ring of alternating Pt and S atoms similar to
(1) ga-)T\Q(Iih ﬂ(-)r']\/lp:eiams% r’g/';nz(::st'f% h’\:'mT.é;gFi%irésAé; 'Z)G)T%?]Zé (fi- the skeletal structure of bragg#te. The PN, and P+C bond
S'Y. M. Hor, T. S. A Leung, P. -H.; Mok, K. Finorg. Chem. lengths compare well with the relatively few structural data
1992 31, 1494. (c) Espinet, P.; Alonso, M. Y.; Garcia-Herbosa, G.;
Ramos, J. M.; Jeannin, Y.; Philoche-Levisalles,livorg. Chem1992 (23) Teixidor, F.; Sachez, Gl.; Lucena, N.; Escriche, LI.; KivekaR.;
31, 2501. (d) Alcock, N. W.; Hulmes, D. I.; Brown, J. M. Chem. Casabo, JJ. Chem. So¢cChem. Commuril992 163.
Soc, Chem. Commun1995 395. (24) Donohue, JThe Structure of Element®Viley: New York, 1976; p
(22) (a) Arlen, C.; Pfeffer, M.; Bars, O.; Grandjean, . Chem. Sog. 216.

Dalton Trans.1983 1535. (25) Childs, J. D.; Hall, S. RActa Crystallogr, Sect. B 1973 29, 1446.
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Table 3. Fractional Atomic Coordinates<(0) for 2
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Scheme 1. Synthetic Routes

atom x/a yib zc ¥
Pd 9497(0) 6628(0) 9416(0) ©\—s @ + PA(CHiCO0); —>
s 10237(1) 5996(1) 8659(1)
N 10369(4) 6042(3) 9910(3) @ O
C(1) 11100(4) 5611(4) 9073(3) s s
c2) 11086(4) 5650(4) 9649(3) @[ bd j@ ©
c@3) 11765(6) 5339(6) 9952(4) Vi @: 4 @
C(4) 12437(6) 4976(7) 9681(5) @ 3 %
c(5) 12442(6) 4911(6) 9114(4) —PaN
C(6) 11776(5) 5230(5) 8799(4) C ®
C(7) 10227(5) 6060(5) 10455(4) @ 5
c(8) 9445(8) 6572(6) 10646(5)
C(9) 8925(5) 6958(5) 10142(3) 1 2
C(10) 8207(5) 7454(6) 10202(4)
c(11) 7923(7) 7644(7) 10805(6) 1 + PACHCO0) —= 1 + 2
c(12) 8468(7) 7249(6) 11223(4)
C(13) 8308(12) 7323(12) 11742(7)
C(14) 8636(12) 7054(9) 12184(8) O
C(15) 9399(9) 6507(7) 12058(6) O
C(16) 9734(9) 6311(8) 11576(5) N i
c(17) 9185(9) 6729(7) 11116(6) @Fs + Plhfacacl, — @:sﬁ"\ @
O(E1) 9120(6) 8106(6) 3723(6) @ VX
C(E2) 9394(17) 7455(35) 3676(16) @ )

Table 4. Fractional Atomic Coordinatesx(10%) for 3 ©© 2
atom xla yib zc 3
gt gé?(g) 233?(5) 12%2(5) Table 5. Selected Bond Lengths (A) and Angles (deg) for
N —339%3; 3965%3; 119((2)) Pd-S(1) 2.270(3) N(2)C(24) 1.282(11)
c() -1111(3) 4435(3) 929(2) Pd-S(2) 2.275(3) C(1rC(2) 1.398(13)
c(2) —1141(3) 4353(3) 345(2) Pd-N(1) 2.089(7) C(7)C(8) 1.460(13)
C(3) —1749(3) 4696(3) 38(2) Pd-N(2) 2.096(7) C(18yC(19) 1.398(12)
C(4) —2503(3) 5012(3) 293(2) S(1)-C(1) 1.767(10) C(24)C(25) 1.468(13)
c(5) —2455(3) 5170(3) 822(2) S(2)-C(18) 1.753(11) Pd-C(9) 3.309(10)
C(6) —1877(3) 4793(3) 1142(2) N(1)—C(2) 1.450(11) Pd-H(9) 2.66(7)
c(7) —198(3) 3916(3) —428(2) N(1)—C(7) 1.268(11) Pd-C(26) 3.232(9)
C(8) 614(4) 3355(4) —559(2) N(2)—C(19) 1.434(11) Pd-H(26) 2.48(7)
c(9) 1029(3) 3090(3) ~89(2) S(1)-Pd-S(2 90.5(1)  PeN(L)-C(7 130.0(6
cao) o4 2eay  -189)) SO PIND) 8452 PANG)CU®) 11066
ST 207803 oaaee) 08 S(1-Pd-N(2)  173.0(2) P&N(2)—C(24) 130.2(6)
C(ls) 1895(3) 2 497( 4) _1711(2) N(1)-Pd-N(@2)  1025(3) N(1}-C(7)~C(8) 125.6(8)
<19 1aa ) ) Yl PA-S(1-C(1)  96.2(3) N(2rC(24y-C(25) 124.3(8)
CEng 3 46(( 4)) 2 437(( 4)) _2057% Pd-S(2)-C(18)  94.8(3)  Pg-H(9)-C(9) 115(5)
cie) 311(4) 3505(4) _7584(3) PA-N(1)-C(2)  112.8(55) Pd-H(26)-C(26) 125(5)
c(17) 901(4) 3221(4) —1085(3)

Table 6. Selected Bond Lengths (A) and Angles (deg) 2oand 3

already established for similar complexXésThe Pt-bridging
S distances (2.316(8) A) are in the range of distances found in
other platinum thiolate complex@s. The Pt-terminal S
distances (2.350(8) A) are longer than the bridging ones and
also are relatively longer than the reported-Btbond lengths.
This disparity results from the consideraltans influence of
the Pt-C s bond as well as that in the palladium compl&x
Bond lengths involving Pd and Pt atoms are very similar as a
consequence of the essential equality of the covalent radii of
the two metals (Table 6). The PPt distance of 3.210(3) A is
regarded as nonbondirg.

Spectroscopic Characterization of the Compounds.The
H NMR spectrum ofl showed the azomethine proton as a
singlet at 8.38 ppm and indicated the symmetrical structure with
equivalent ligand side arms. In addition, a surprisingly large

(26) (a) Stoccoro, S.; Cinellu, M. A.; Zucca, A.; Minghetti, G.; Demartin,
F.Inorg. Chim. Actal994 215, 17. (b) Cini, R.; Caputo, P. A.; Intini,
F. P.; Natile, G.Inorg. Chem.1995 34, 1130.

(27) (a) Chen, Q.; Boeheim, F.; Dabrowiak, J.; Zubietandrg. Chim.
Acta1994 216, 83. (b) Chou, J. -H.; Kanatzidis, M. Gorg. Chem.
1994 33, 5372.

(28) (a) Yip, H.-K.; Cheng, L.-K.; Cheung, K.-K.; Che, C.-M. Chem.
Soc, Dalton Trans.1993 2933. (b) Davidson, Y. Y.; Chang, S. -C;
Norman, R. EJ. Chem. Sog¢Dalton Trans.1995 77.

M =Pd Q) M = Pt (3)
M 7Serminal 2365(2) 2350(8)
M _Snridging 2317(2) 2316(8)
M—N 2.032(6) 2.01(2)
M—C(9) 2.014(8) 2.00(3)
S(errnina\l_c(l) 1.788(7) 1.75(3)
N—C(2) 1.431(9) 1.48(4)
N—C(7) 1.313(10) 1.31(4)
C(1)-C(2) 1.367(10) 1.45(4)
C(7)-C(8) 1.544(14) 1.58(5)
C(8)-C(9) 1.573(14) 1.37(5)
M-+-M 3.180(1) 3.210(3)
S[erminal_M _Sbridging 942(2) 963(3)
Slerminaxl_M —N 84-9(2) 85.5(7)
Soridging—M—C(9) 94.9(3) 96(1)
N—M—C(9) 85.9(3) 82(1)

M —Soridging—M 111.9(2) 110.4(3)
M _Slerminal_C(l) 95.9(3) 97(1)
M—N—C(2) 118.9(5) 121(2)
M—N—-C(7) 116.2(5) 118(2)
M—C(9)-C(8) 108.4(6) 115(3)
N—C(7)—C(8) 115.9(8) 112(3)
C(7)-C(8)-C(9) 113.5(8) 114(3)

splitting of peaks was observed upon addition of excess chiral

reagent 9-(1-hydroxy-2,2,2-trifluoroethyl)anthrac&ne a solu-

tion of 1 in CDCl; (Figure 3).

This is indeed a clear
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demonstration that the molecular system is chiral even in @DCl pendant side arm has been synthesized and characterized. This
The significant downfield shifts are observed for the aromatic Pd(ll) complex results from a dissociation of thmtho-
ortho-proton (9.28 ppm§? Similar downfield shifts for hydro- hydrogen-carbon bond in a helical Pd(ll) intermediate contain-
gen atoms involved in PtH—C interactions have been shown ing an unique Pd-H—C moiety. The presence of the tH—C

by Albinati et al’® In addition, van Koten et al. have reported interaction caused by the ideally positionedho C—H bond
that'H NMR studies show downfield shifts for the resonance can be deduced by the X-ray crystal structure addNMR

of the interacting proton (PtH—N).2 Thus the present low-  spectroscopy. The PdH—C moiety can be described as a
field resonance can be attributed to an intramolecular three-three-center four-electron interaction rather than an agostic
center four-electron P&¢H—C interaction in contrast to the interaction. The majority of examples of orthometalated
known three-center two-electron agostic interaction showing a complexes which have been described are withrdf transition

high-field resonance. metals and, in particular, Pd(Il) and Pt(ll) compounds readily
Electronic absorption spectra bf 3in CHCl; are adequately ~ orthometalate a variety of organic ligands. This study suggests
summarized by the followingma/10® cm~! (log e/cm® mol—! that the orthometalation reactions in Pd(ll) and Pt(ll) compounds

cm 1) data: 19.60 (3.42) br, 22.20 (3.64), 26.70 (3.89) br, and involve the intermediacy of species containing the three-center
29.50 (4.18) forl, 17.60 (3.78) br, 19.60 (4.02) br, 23.00 (4.31) four-electron M--H—C interactions.
br, 25.80 (4.56) br, and 28.00 (4.70) farand 15.70 (3.36) sh, . . . . - . .

. . Supporting Information Available: Full tables listing anisotropic
18.40 (3.78) br, and 25.20 (.4'33) _f@r The_ transitions in _the thermal parameters for non-hydrogen atoms, atomic coordinates for
tetranuclear compleZ have higher intensities than those in the 1,y 4rogens, and bond lengths and anglesif@; and3 and a structural
mononuclear compleg. figure of 3 showing the labeling scheme (15 pages). Ordering

Conclusions information is given on any current masthead page.

A series of new tetranuclear complexes containing a rare 1C950769Q
C,N,S-tridentate ligand derived from orthometalation of the

(30) Assignments made by selective homonuclear decoupling measure-
(29) Pirkles, W. H.; Hoekstra, M. Sl. Am. Chem. Sod.976 98, 1832. ments.



