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Reactivity of acetate-bridged cyclopalladated complexes.
'"H and ®C NMR studies of some monomeric derivatives
of N-(4-methoxyphenyl)-a-benzoylbenzylideneamine
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Abstract

The reactions have been studied of acetate-bridged cyclopalladated complexes with different reagents to yield monomeric
structures. The relative reactivity is even higher than that of the corresponding chloro- and bromo-dimers, usually obtained from
the acetates and used as starting materials in bridge-cleavage reactions. The 'H and >C NMR spectra of the monomeric complexes
have allowed evaluation of the influence of the palladium on the chemical shifts of the surrounding nuclei. The slow crystallization
of [{Pd(u-BrX4-MeOC H N=C(COCH,)CcH,)},] from DMSO induces a bridge-splitting reaction to afford [Pd(4-

MeOC¢H ;N=C(COC¢H )CH , XDMSO)Br].
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1. Introduction

There are many studies of ortho-palladation reac-
tions of imines and related compounds [1,2]). However
the studies have concentrated mainly on insertion into
Pd-C bonds. Monomeric cyclometallated derivatives
are usually synthesized by bridge-cleavage reactions
from their corresponding chloro- and bromo-bridged
cyclometallated dimers, which in turn are prepared
from the acetate-bridged derivatives. Nevertheless, the
reactivity of these last dimers has hardly been studied.
We are interested in the relative reactivity of acetate-,
chloro- and bromo-bridge cyclometallated complexes
compared to the corresponding monomeric complexes.
The reported 'H and °C NMR spectra of these com-
pounds are few, and the chemical shift of the aromatic
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carbon atom directly joined to the metal is not de-
scribed in most of the papers [3].

Recently, we have described the ortho-palladation
reactions of benzoylbenzylideneamines [4,5]. Although
the unequivocal structural characterization of the cy-
clometallated compounds had been made by X-ray
diffraction, we also studied the 'H and *C NMR
spectra. Unfortunately, the folded structure of the ac-
etate-bridge complexes caused the aromatic ring pro-
ton signals to be broadened, probably due to the
anisotropic effect of the ring currents, precluding de-
tailed study of ortho-metallation effects on the proton
and carbon chemical shifts of the nearest nuclei. In
order to overcome this we decided to synthesize and
study chloro- and bromo-bridge complexes, whose un-
folded structure precluded the broadening of the sig-
nals. Nevertheless, the low solubility of these com-
plexes allowed us to record the NMR spectra only in
DMSO, which sometimes affords bridge-splitting reac-
tions [5]. Therefore we synthesized and studied cy-
clometallated monomers, which do not pose all these
problems.

© 1994 — Elsevier Science S.A. All rights reserved
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Here we report the synthesis and spectroscopic
properties of the complexes 3-11, derived from N-(4-
methoxyphenyl)-a-benzoylbenzylidene amine (1)
(Scheme 1). The monomeric compounds 5-11 were
obtained both from the dimeric acetate (2) and from
the corresponding chlorine (3) and bromine (4) deriva-
tives. The unfolded structure of 3 and 4 and the
monomeric structure of 5-11 prevents broadening of
the signals. Furthermore, whereas 3 and 4 are sparingly
soluble in CDCl,, the monomeric complexes are solu-
ble.

2. Results and discussion

Acetate-chloride exchange reaction of any two ac-
etate-bridged cyclometallated atropisomers (2) with
NaCl (there are two chiral axes [4]) leads to a unique
chloro-bridged cyclometallated complex 3, probably due
to free rotation around the CO-CN bond in these
complexes, which exhibit an unfolded structure. This
complex has also been prepared by direct treatment of
the benzylideneamine with K,[PdCl,][6]. Similarly, the
reaction between 2 and LiBr affords the bromo-bridged
derivative 4. The chloro- and bromo-bridged complexes
are insoluble in most organic solvents, except DMSO,
DMF and CH,CN. Crystallization of complex 4 from
DMSO causes bridge-splitting to afford [PAL(DMSO)-
Br] (L =the benzylidenecamine) (5) the analogous
chloro-bridged complex [6] (Scheme 1).

DMSO C\P e
7~ NN

CC\N/B'\
N M N DMSO
4

The reaction of dimeric complexes 3 and 4 with
tri(n-butyl)phosphine yielded the corresponding halo-
complexes 6 and 7, respectively. Analogously, the reac-
tion with 3,5-lutidine afforded 8 and 9 respectively, as
mixtures of stereoisomers. Compounds 10 and 11 were
obtained from chlorine and bromine derivatives by
reaction with sodium 2,4-pentanedionate and sodium
cyclopentadienide, respectively.

We then studied the reactions of the dimeric acetate
complex 2 with the bases, in order to obtain our
products in only one step. The results are compared in
Table 1. The yields obtained from 2 are usually higher

TABLE 1. Yields obtained for monomeric complexes

Starting Material Reagent Product Yield (%)
2 P(n-Bu); /NaCl 6 82
3 P(n-Bu); 6 85
2 P(n-Bu), /LiBr 7 87
4 P(n-Bu), 7 85
2 Lut/NaCl 8 89
3 Lut 8 76
2 Lut/LiBr 9 94
4 Lut 9 84
2 acac 10 81
3 acac 10 79
4 acac 10 81
2 NaCp 11 76
3 NaCp 11 68
4 NaCp 11 7
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than those from 3 or 4. Although the reactions seem to
be very rapid the yields depend on the reaction time,
being best after 24 h. These results indicate that it is
not necessary to prepare the chloro- and bromo-bridged
complexes, the acetates being better starting materials.

The microanalytical data for all these complexes
(see Experimental section) are consistent with the pro-
posed structures. The IR spectra of these complexes
show a shift of the »(C=0) vibrations towards higher

TABLE 3. '*C NMR Parameters (5, ppm)
10
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wavenumbers and a shift of the v(C=N) vibrations
towards lower frequency, indicating that the palladium
atom is always bonded to the nitrogen atom of the C=N
group [2]. The IR spectrum of complex 3 exhibits two
asymmetric stretching absorption at 312 and 308 cm ™!
assignable to w»(Pd-Cl) (bridging). The v»(Pd-Br)
(bridging) in complex 4 cannot be observed since they
are below 200 cm ™. The complex 5 shows a band at
968 cm™!, ca. 100 cm~' lower than in free DMSO

6 7 8 9 10 11
Lut Cl Lut B % )O
u A | )3 1817\,
P(n-Bu); P(n-Bu), . . ) Mzz -
cl Br Cl Lut Br Lut e
P(CH,CH,CH,CH,),
8 19 ‘20 ‘2 2 20
19 I
16 » 18NN
OMe 17
1 32 42 6 7 8 9 10 11
C1 165.3 180.1 179.9 180.7 181.2, d 182.5 182.6 180.6 175.2
J=39
C2 198.5 192.6 192.4 194.3 1942, d 192.4 192.4 192.9 193.5
J=29
C3 134.5 133.1 133.1 134.2 134.1 133.7 133.8 133.8 134.4
133.5 1335
C4,4' 128.7 129.2 129.2 129.3 129.2 129.1 129.2 129.3 129.2
Cs,5 1279 129.5 129.5 128.8 128.8 128.8 128.8 128.8 128.7
C6 134.2 135.6 135.6 135.7 134.6 135.0 135.0 134.7 1344
1349 1349
C7 135.3 145.7 145.8 147.7 147.6 146.1 146.1 145.8 1445
C8 128.8 128.3 128.5 129.8 129.7 132. 132.5 128.0 1274
9 129.2 124.4 124.2 124.2 124.3 128.6 128.7 124.4 1229
124.4 124.5
C10 1313 131.1 131.3 131.6,d 131.7,d 131.8 131.8 131.0 130.8
J=45 J=50 1315 131.6
C11 129.2 135.9 138.7 135.7,d 135.6,d 136.9 136.9 1314 141.4
J=82 J=82
C12 128.8 155.8 154.4 160.3 161.4 158.1 1580 ® 158.6 172.1
157.9
C13 1423 138.1 137.7 138.9 139.6 139.1 n.o. 137.8 143.8
Cl4,14 122.2 125.7 125.6 125.6 125.7 125.6 125.7 125.8 124.6
C15,15 1139 113.0 113.2 112.8 112.6 1131 113.1 113.0 1134
112.8 1129
C16 157.0 158.0 158.1 157.8 157.7 159.4 158.0 158.6 158.2
C17 55.1 55.2 55.2 55.1 55.0 55.2 55.2 55.2 552
55.0 55.0
C18 24.2,d 25.3,d 150.0 i50.1 i85.8
J=1284 J=290 147.6 147.7
C19 26.9 26.9 n.o. n.o. 100.3
C20 24.1,d 24.1,d 139.5 139.5 188.5
J=14.1 J=144 138.1 138.1
C21 13.6 13.6 18.1 18.2 27.3
18.0 18.0
Cc22 27.7
Other 959 ¢

3 DMSO-d; ® overlapped signal; © Cp. J(**C/3!P) in Hz. n.o. = not observed.
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(1055 cm 1), which indicates O-coordination of DMSO
[7]. Complex [PAL(Pn-Bu,)Cl] (6) shows only one (Pd-
CD band at 309 cm ™! indicating that only one isomer
has been formed, probably with chloride trans to the
Pd-C bond, since the v(Pd-Cl) that has disappeared
compared to that of chloro-bridge dimer is the higher
frequency one. This should also be true for [PdL(Pn-
Bu,)Br] (7), but neither the Pd-Br nor the Pd-P
stretching vibrations can be observed. Complex 8 shows
two bands at 326 and 286 cm ™! attributed to »(Pd—Cl)
indicating two possible isomers (chlorine trans to car-
bon or trans to the imine nitrogen). On the basis of
higher #rans-influence of a o-bonded carbon compared
with that of a nitrogen atom, the higher frequency
band was attributed to the stretching vibration v(Pd-
Cl) trans to the nitrogen atom and the lower frequency
one to v(Pd-Cl) trans to the o-bonded carbon. The IR
spectrum of 10 shows two bands at 1517 and 1398
cm~! corresponding to ¥(C-O) of the acac group [8).

The low solubility of 3 and 4 in CDCl; made it
necessary to record the NMR spectra in DMSO-d
[9*].

The 'H and ®C NMR parameters for 1 and its
ortho-palladated complexes 3—11 are in Tables 2 and 3,
respectively. The spectra were assigned on the basis of
chemical shift, spin-spin coupling information, het-
eronuclear 2D correlation spectroscopy [10] and, for
quaternary carbon atoms, by using the heteronuclear
NOE effect [11]. The 'H parameters were confirmed
by selective proton decoupling. The small differences
observed in the aromatic ring signals joined to the CO
group and to imine nitrogen from those of the free
benzylideneamine suggest that these rings are not in-
volved in the ortho-metallation. The large change for
the chemical shift of the protons H8-H11 and the
carbons C7-C12 in the phenyl ring joined to the C=N
group as well as those of C1 and C2, shows the cy-
clometallation is induced in this ring.

The aromatic region in the 'H NMR spectrum of
complex § is identical to that of complex 4. The signal
at 2.53 ppm suggests bridge-splitting by DMSO has
occurred which is confirmed by X-ray diffraction. H11
seems to be affected by halogen, appearing more
deshielded (~ 0.2 ppm) in bromo-derivatives which
have the bromine and nitrogen atoms trans. The dou-
bling of some of the signals in the 'H and C NMR
spectra of complexes 8 and 9 confirms the existence of
cis and trans isomers (ratio 1:1). The lower frequen-
cies could be due to the isomer with lutidine trans to
nitrogen. Complex 10 gives two different signals (1.78

* Reference number with asterisk indicates a note in the list of
references.

and 2.01 ppm in the '"H NMR spectrum and 18.2 and
18.0 ppm in the >C NMR spectrum) for the methyl
groups of acac, indicating that they are not equivalent.
Complex 11 shows a unique signal at 5.75 ppm (‘H
NMR) and at 95.9 ppm (**C NMR) for the cyclopenta-
dienyl ring, suggesting that protons and carbons are
equivalent and palladium coordination is through cy-
clopentadienyl #-bonding. Complexes 6 and 7 show a
coupling constant J(3!P/ 3C) for carbons C10 and C11
consistent with the phosphorus and nitrogen atoms
being trans [12].

Tables 4 and 5 show A8 = 8 ,pmpiex — Bligana fOT the
complexes 3-11. In the N-phenyl ring, a significant
change of shift of the H15, H15 protons is not ob-
served; however the H14, 14’ protons show a signifi-
cant deshielding. This may be attributed to Pd---N
coordination, which would preclude delocalization of
the lone pair at N on the aromatic ring w-system,
causing a large charge-density decrease at the ortho
position. This effect has been observed at C14, 14". The
down-field shielding of the carbon atom C12 joined
directly to the palladium atom couid be due to the
Pd-C back-bonding, since an increase in M—C bond
order increases the deshielding term, o2, in Pople’s
equation [13]. The proton ortho to the Pd-C bond,
H11, is strongly deshielded after cyclopalladation ex-
cept in the complexes 6 and 7 where this effect would
be compensated for by phosphine. This can be ex-
plained the by proximity to the metallated sites of the

TABLE 4. 'H-NMR (46 =6

complex — 8 ligand)

X Y
6 P(n-Bu); Cl
X 7 P(n-Bu), Br
Lut Cl
Y 8 +
Cl Lut
Lut Br
9 +
15 Br Lut
OMe 17 10 acac
11 Cp
HS8 HS H10 H11 H14,14  HI15,15
3 -09% -047 -039 +041 +0.19 -0.03
4 -089 —-048 -043 +059 +0.23 +0.01
5§ -08 -048 -043 +057 +023 +0.01
6 -071 -027 -023 +0.01 +0.14 —0.02
7 -072 -028 -020 +0.05 +0.11 -0.02
8 -154 -031 -027 +085 4027 -0.02
-0.42
9 -162 -033 -023 +113 +025 -0.02
~0.44
10 -075 -031 -017 +0§38 +0.28 0
1m -08 -039 -019 +048 +0.24 -0.04
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electron delocalization in the chelate ring [14] or by the
increase of C-substitution {15]. However, we observed
different deshielding values of H11 and C11 depending
on the ligand linked to the pailadium atom. Thus 46
H11 ranges from +0.01 in complex 6 to +1.13 in
complex 9, and A8 C11 ranges between +2.2 in acac
derivative and +12.2 in Cp monomer, which could be
a consequence of the steric effect of the ligands.

Although the H8 and H10 protons, meta to palla-
dium, should be less affected by cyclometallation, the
great shielding observed for H8 could be due to
anisotropic effects of the benzoyl group, whose ar-
rangement in the complexes must be different to that
when the benzylideneamine is uncoordinated. The up-
field shift observed for H9 and C9, para to palladium
and unaffected by steric interactions, clearly indicates
some metal-ligand back-bonding [16]. The high
deshielding effect observed for C1 and C7 must be
attributed to cyclometallation. The coordination nitro-
gen to palladium, which decreases the electronic den-
sity at the nitrogen, could explain the higher effect
observed at Cl. The negative value of A8-C13 ob-
served in all compounds (except complex 11) is quite
surprising and can only be understood by assuming
that only the steric effects are operative. Similarly, C2
carbon is shielded by ca. 5 or 6 ppm.

The slow crystallization (ca. 3 months) of compound
4 from DMSO solution affords complex 5. The molecu-
lar structure of 5 has been determined by X-ray
diffraction. The crystal consists of discrete molecules

TABLE 5. PC-NMR (48 = 8 _ympiex — Siigand)

X Y
P(n-Bu), Cl
P(n-Bu), Br

Lut Cl
+

Cl Lut

Lut Br
+

Br Lut
acac

Cp

C1 cz c8 €9 C1o C1i1 C1z Ci13

3 +154 —-52 +11.1 +06 —48 —05 +6.7 +284 -3.6

4 +152 —-54 +11.2 -04 -50 —-03 +95 +270 —-40

6 +154 —42 +124 +1.0 -50 +03 +65 +31.5 —34

7 +159 —-43 +123 +09 —-49 +04 +64 +326 —-2.7

8 +17.2 —6.1 +10.8 +38 —-0.6 +05 +7.7 +293 -3.2
—-48 +0.2 +29.1

9 +173 -61 +108 +37 —-05 +05 +7.7 +29.2
-4.7 +03

10 +153 -56 +105 —-08 —-48 —-03 +22 +298 —45
11 +99 -50 +92 —-14 -63 -05 +122 +433 +15

TABLE 6. Positional parameters and equivalent thermal parameters
for the non-hydrogen atoms and their estimated standard deviations
for 5

x y z Ueq
Pd 0.31745(2) 0.21821(4) 0.31211(5)  353(1)
Br 0.41267(4) 0.09615(7) 0.24156(9)  594(3)
S 0.4210%9) 0.28067(17) 0.67957(22)  614(6)
01 0.40280(20) 0.35356(38) 0.48165(50)  490(13)
014 0.31067(27) 0.74146(44) 0.83320(58)  724(18)
017 0.12704(23) 0.49842(47) 0.07832(56)  685(17)
N 0.23673(21) 0.32835(40) 0.34084(52)  363(13)
C1 0.17595(25) 0.29983(51) 0.22941(61)  372(15)
C2 0.17134(27) 0.17967(52) 0.12262(61)  393(16)
C3 0.23415(28) 0.11437(53) 0.15285(64)  412(16)
C4 0.23078(33)  —0.00957(60) 0.06865(77)  533(20)
Cs 0.16693(37)  —0.06386(67) —0.04582(86) 620(23)
C6 0.10728(34) 0.00534(70)  —0.08107(79) 613(23)
C7 0.10863(29) 0.1269%(62) 0.00393(71)  496(19)
C8 0.24880(26) 0.44000(51) 0.45884(65)  378(16)
9 0.24394(31) 0.39296(54) 0.65498(70)  476(18)
C10 0.26332(34) 0.49760(59) 0.77410(73)  548(21)
Cl1 0.28951(31) 0.64957(58) 0.70056(78)  514(20)
C12 0.29253(33) 0.69585(56) 0.50627(80)  532(20)
C13 0.27214(31) 0.59168(54) 0.38514(72)  48X19)
Ci5 0.35318(48) 0.89087(76) 0.76805(111) 954(34)
C16 0.11633(28) 0.38910(57) 0.20224(69)  444(18)
C18 0.04655(26) 0.33899(53) 0.32096(66)  402(16)
C19  —0.01194(31) 0.41145(64) 0.27696(76)  526(20)
C20  —0.07858(34) 0.36632(77) 0.38042(89)  649%(25)
C21  —0.08612(34) 0.24641(81) 0.52952(92)  692(26)
C22  -0.02881(35) 0.17631(71) 0.57316(86)  652(24)
23 0.03867(30) 0.21919(60) 0.47016(75)  512(19)
C24 0.51226(48) 0.24926(88) 0.67105(115) 947(37)
C25 0.44991(43) 0.42892(85) 0.81243(98)  822(31)

separated by van der Waals distances. The palladium
atom is bonded to four atoms: the nitrogen, the ortho-
carbon atom of the phenyl ring supporting the imine
carbon, the bromine and the oxygen atom of dimethyl-
sulphoxide, in a distorted square-planar coordination
approaching tetrahedral geometry. The dihedral angle
between planes C3-Pd-N and Br-Pd-0O1 is 5.8(1)°.
The five-membered chelate ring has an envelope form,
with the Pd atom out of the mean plz%ne passing
through the other four atoms by +0.2236 A.

Final positional and thermal parameters for all
non-hydrogen atoms are listed in Table 6, bond dis-
tances and angles are summarized in Table 7 and an
ORTEP drawing with the scheme used for labeling atoms
is shown in Fig. 1. . .

The Pd-C3 [10.967(5) Al], Pd-N [2.033(4) A} and
Pd-Br [2.420(1) A] bond lengths are similar to those
found for other cyclometallated complexes [4,5,17].
Figure 1 shows that DMSO is O-bonded. There are
three reported X-ray structures of DMSO O-bonded to
Pd [18-20], and only one structure of a cyclometallated
complex [5]. Sulfoxides should S-bond to palladium(II)
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TABLE 7. Selected bond distances (A) and Angles (deg.) for §

Distances

Pd-Br 2.420(1)
Pd-01 2.165(3)
Pd-N 2.033(4)
Pd-C3 1.967(5)
N-C1 1.302(5)
Cl1-C2 1.455(7)
C1-C16 1.507(8)
C2-C3 1.407(8)
c2-C7 1.39%(7)
C3-C4 1.390(8)
C4-CS 1.397%(8)
C5-C6 1.379(10)
C6-C7 1.383(9)
S-01 1.512(4)
S-C24 1.745(9)
S-C25 1.770(8)
017-C16 1.20%6)
C16-C18 1.484(7)
Angles

N-Pd-C3 81.2(2)
01-Pd-N 92.7(1)
Br-Pd-C3 95.6(1)
Br-Pd-01 90.3(1)
Pd-0O1-S 117.6(2)
Pd-N-C1 114.8(3)
N-C1-C2 115.2(4)
C1-C2-C3 114.94)
Pd-C3-C2 113.0(3)

unless there are steric reasons to prevent this [21], in
which case O-bonding would be observed [22]. There-
fore, when back-bonding to sulfur is not possible, O-
bonding might be expected. In complex 5 Pd atom is
involved in a strong back-bonding to the aromatic ring
favouring O-coordination.

Fig. 1. The molecular structure of § showing the atom numbering
scheme. H-atoms have been omitted for clarity.

The Pd-O1 bond distance of 2.165(3) A is longer
than that observed in other reported complexes {19,20]
but similar to that found for the other cyclometallated
complex [5]. The weakening of the Pd—O bond must be
a consequence of the trans-effect of the Pd-C bond.

3. Experimental section

Infrared spectra were recorded on both Perkin
Elmer 283 (4000-600 cm™!) and Perkin Elmer 580-B
(600-200 cm ~ ') spectrophotometers. The samples were
ground with KBr at a concentration of ca. 2% by
weight and then pressed into pellets. For the region
600-200 cm !, the samples were prepared as Nujol on
Csl windows. NMR spectra were recorded with CDCl,
and DMSO-d, solutions by using a Bruker WP-200-SY.
Elemental analysis was performed on a Perkin Elmer
240B analyzer. All the complexes gave satisfactory ele-
mental analyses.

All solvents were purified prior to use by standard
methods [23]. Palladium(II) chloride was purchased
from Johnson-Matthey. The reagents were used with-
out further purification. The benzylideneamine was
synthesized by published methods [24].

3.1. Synthesis of [{PdL(u-C)},] (3)

Method 1. To a solution of the acetate-bridged
dimer 2 (0.240 g, 0.25 mmol) in acetone was added a
102 M solution of NaCl (0.032 g, 0.55 mmol). The
solid obtained after stirring for 24 h was filtered,
washed with water and acetone and dried in vacuo
(vield 95%). Method 2. To a solution of 4-OMeC H ,-
N=C(COC4H)C,H; (0.173 g, 0.55 mmol) in MeOH
was added a solution of K,[PdCl,](0.163 g, 0.50 mmol)
in water. After stirring for 4 days at 25°C, the solid
obtained, was filtered, washed with water and MeOH
and dried in vacuo, (26%). Anal. Calced.: C, 55.33, H,
357, N, 3.02. Found: C, 55.28, H, 3.51, N, 3.07%.
Melting point: 282-283°C (with decomposition); IR:
v 1673, 1606, 441, 596, 312, 308 cm ™.

3.2. Synthesis of [{PdL(u-Br)},] (4)

To a solution of the acetate-bridged dimer 2 (0.240
g, 0.25 mmol) in chloroform was added LiBr (0.048 g,
0.55 mmol). The solid obtained after stirring for 24 h
was filtered, washed with water and chloroform and
dried in vacuo (yield 97%). Anal. Caled.: C, 50.37, H,
3.20, N, 2.80. Found: C, 50.38, H, 3.16, N, 2.77%.
Melting point 277-278°C (with decomposition); IR:
v 1673, 1605, 444, 593 cm ™.

3.3. Synthesis of [PdL(P(n-Bu);)Cl] (6)
Method 1. To a solution of 2 (0.240 g, 0.25 mmol) in
acetone was added tri(n-butyl)phosphine (0.111 g, 0.55
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mmol) and NaCl (0.032, 0.55 mmol) in water, 102 mol
171, after stirring for 24 h at 25°C, was concentrated
under reduced pressure. Addition of acetone/water
(1/3) gave a yellow solid, which was filtered, washed
with acetone/water and dried in vacuo (yield 82%).
Method 2. Tri(n-butyl)phosphine (0.111 g, 0.55 mmol)
was added to acetone suspension of 3 (0.228 g, 0.25
mmol). A clear solution was formed after 10 min,
which was concentrated after stirring for 24 h at 25°C.
Addition of acetone/water (1/3) gave a yellow solid,
which was filtered, washed with acetone/water and
dried in vacuo (yield 85%). Anal. Calcd.: C, 55.06, H,
4.64, N, 2.55. Found: C, 55.16, H, 4.60, N, 2.57%.
Melting point: 139-142°C; IR: v, 1674, 1606, 448,
589, 309 cm ™.

3.4. Synthesis of [PAL(P(n-Bu),)Br] (7)

Method 1. To a solution of 2 (0.240 g, 0.25 mmol)
was added tri(n-butyl)phosphine (0.111 g, 0.55 mmol)
and LiBr (0.048 g, 0.55 mmol), to give immediately a
yellow solution, which was stirred for 24 h at 25°C.
Addition of acetone/water (1/3) gave a yellow solid,
which was filtered, washed with acetone/water and
dried in wvacuo (yield: 87%). Method 2. Tri(n-
butyl)phosphine (0.111 g, 0.55 mmol) was added to an
acetone suspension of 4 (0.252 g, 0.25 mmol). A clear
solution was formed immediately which was concen-
trated after stirring for 24 h at 25°C. Addition of
acetone /water (1/3) gave a yellow solid, which was
filtered off, washed with acetone/water and dried in
vacuo (yield 85%). Anal. Calcd.: C, 50.97, H, 4.19, N,
243. Found: C, 51.00, H, 4.25, N, 2.38%. Melting
point: 135-138°C; IR: v, 1672, 1600, 444, 591 cm~ .

3.5. Synthesis of [PdL(Lut)Cl] (8)

Method 1. To a solution of 2 (0.240 g, 0.25 mmol) in
acetone was added 3,5-lutidine (0.059 g, 0.55 mmol)
and NaCl (0.032 g, 0.55 mmol) in water 10~2 mol 1.
After stirring for 24 h at 25°C, it was concentrated
under reduced pressure. Addition of diethyl ether gave
a yellow solid, which was fiitered, washed with diethyl
ether and dried in vacuo (vield 89%). Method 2. 3,5-
Lutidine (0.059 g, 0.55 mmol) was added to an acetone
suspension of 3 (0.224 g, 0.25 mmol). A clear solution
formed after 30 min, which was concentrated after
stirring for 24 h at 25°C. When diethyl ether was
added, the product immediately precipitated as a yel-
low solid, which was filtered, washed with diethyl ether
and dried in vacuo. The solid was then recrystallized in
dichloromethane /diethyl ether (yield 76%). Anal.
Calcd.: C, 59.86, H, 4.56, N, 5.03. Found: C, 59.70, H,
4.44, N, 4.97%. IR: v_,, 1669, 1602, 453, 598, 326, 286
cm™ L

3.6. Synthesis of [PdL(Lut)Br] (9)

Method 1. To a solution of 2 (0.240 g, 0.25 mmol) in
acetone was added 3,5-lutidine (0.059 g, 0.55 mmol)
and LiBr (0.048 g, 0.55 mmol), which was concentrated
after stirring for 24 h at 25°C. When diethyl ether was
added, the product precipitated as a yellow solid, which
was filtered, washed with diethyl ether and dried in
vacuo. The solid was then recrystallized from
dichloromethane / diethyl ether (yield 94%). Method 2.
3,5-Lutidine (0.059 g, 0.55 mmol) was added to an
acetone suspension of 4 (0.252 g, 0.25 mmol). A clear
solution formed immediately, which was concentrated
under reduced pressure after stirring for 24 h at 25°C.
When diethyl ether was added, a yellow solid precipi-
tated, which was filtered, washed with diethyl ether
and dried in vacuo. The solid was then recrystallized in
dichloromethane / diethyl ether (vield 84%). Anal.
Calcd.: C, 55.29, H, 4.13, N, 4.67. Found: C, 55.32, H,
4,12, N, 4.61%; IR: v,,,, 1672, 1603, 448, 596 cm™~!.

3.7. Synthesis of [PdLacac] (10)

Method 1. To a solution of 2 (0.240 g, 0.25 mmol) in
acetone was added a solution of NaOMe (0.030 g, 0.55
mmol) and acetylacetone (0.055 g, 0.55 mmol) in
MeOH, which was concentrated after stirring for 24 h
at 25°C. The solid was filtered, washed with methanol
and dried in vacuo. The solid was then recrystallized
from dichloromethane /petroleum ether (yield: 81%).
Method 2. As method 1 using complex 3 (0.228 g, 0.25
mmol) as starting material, (yield: 79%). Method 3. As
method 1 using complex 4 (0.252 g, 0.25 mmol), as
starting material, (yield: 81%). Anal. Calcd.: C, 60.09,
H, 4.32, N, 2.74. Found: C, 59.92, H, 4.42, N, 2.69%.
Melting point: 140-143°C; IR: v,_,, 1672, 1602, 444,
599, 1517, 1398 cm L.

3.8. Synthesis of [PALCp] (11)

Method 1. To a solution of NaCp (0.048 g, 0.55
mmol) (0.5 M in THF) was added the acetate-bridged 2
(0.240 g, 0.25 mmol) in THF. The orange solution
formed was stirring for 24 h at 25°C. The solvent was
removed in vacuo. The complex was extracted with
dichloromethane and the extract concentrated under
reduced pressure. When hexane was added the prod-
uct precipitated as a yellow solid, which was filtered,
washed with hexane and dried in vacuo. The solid was
then recrystallized from dichloromethane/hexane
(yield: 76%). Method 2. As method 1 using complex 3
(0.228 g, 0.25 mmol) as starting material, (yield: 68%).
Method 3. As method 1 using complex 4 (0.252 g, 0.25
mmol) as starting material, (vield 71%). Anal. Calcd.:
C, 64.32, H, 4.35, N, 2.90. Found: C, 64.28, H, 4.33, N,
2.88%. Melting point: 149-151°C; IR: v,,, 1672, 1601,
443, 595 cm .,
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TABLE 8. Crystal and refinement data for §

Formula C,3H,, BINO;PdS
Symmetry Triclinic, P1
Unit cell dimensions:
a 17.936(2) A
b 9.380(1) A
c 7.161(4) A
a 79.48(3)
B 94.07Q2)
¥ 105.50(1)°
Packing:
VA%, z 1141.1(7), 2
Dy (gecm—3), M, F(0,0,0) 1.68, 578.3, 576
w(em™1) 26.5
Technique Enraf-Nonius CAD4
diffractometer
Graphite oriented
monochromator
Mo Ka (A = 0.71069 A)
Scan, {2 /28
Number of reflections:
Measured 4947
Observed (1) > 2a(1) 3634

Range of Akl

-2222,-1212,09

Value of R, (%) 0.8

Standard reflections 3 /105 rflns, no variation
Solution Patterson

Refinement Least-squares on F

H atoms Geometric calculations
Final R and Ry, 0.035, 0.037

Average shift /error 0.11

3.9. Structure determination and refinement of
[PdL(DMSO)Br] (5)

The slow crystallization (ca. 3 months) of compound
4 from DMSO solution produced yellow crystals. Due
to the sensitivity of the crystal to air, the crystal used
for data collection was epoxy-coated and mounted in a
kappa diffractometer. A summary of the crystal data is
given in Table 8. The cell dimensions were refined by
least-squares fitting the values of 25 reflections. The
intensities were corrected for Lorentz and polarization
effects. Scattering factors for neutral atoms and
anomalous dispersion corrections for Pd, Br and S
were taken from the International Tables for X-Ray
Crystallography [25]. The structure was solved by Pat-
terson and Fourier methods. An empirical absorption
correction [26] was applied at the end of the isotropic
refinement. No trend in F versus F or sin 8/) was
observed.

Final mixed refinement was with unit weights and
fixed isotropic factors and coordinates for H atoms.
The final synthesis showed no significantly electron
density.

Most of the calculations were carried out with the
X-Ray 80 system [27] and with parsT [28], on a VAX
11 /750 computer.
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