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Abstract

The action of Pd(AcO), on the imines C¢R,, Hs_,CH=N(CH,),C¢R} H;_, has been studied. Five-membered endo-metallacycles
were obtained from the imines 1la (R = 4-Cl, p =0, R’ =2',4',6-Me;) and 1b (R = 2-Cl, p = 0, R’ = 2’,4’,6’-Me ), by activation of
a C(aromatic)-H bond and from the imine 1e¢ (R = 2,6-Cl,, p =0, R'=2',4",6’-Me;), by oxidative addition of the ortho C-Cl
bonds to Pd® formed in situ. Six-membered endo-metallacycles were obtained from the imine 1d (R =24,6-Me;, p=0,
R’ =2'4",6'-Me;) by activation of a Claliphatic)-H bond. Imines 1e (R = 2,6-Cl,, p =1, R"=2-Me) and 1f (R = 2,6-Cl,, p =1,
R’ = 2'-Cl afforded five-membered exo-metallacycles, but the formation, in low yield, of the endo-compounds by oxidative addition
of the ortho C=Cl bonds was also observed. These results show the strong tendency of imines to form endo-cyclic compounds.
Complexes [PdBr(CAN)(PPh3)] can be obtained by the action of PPh; on the new cyclometallated compounds prepared.
[Pd{1-CH ,-2-(CH=N-2",4",6"-Me;C,H,)-3,5-Me,C4H,)Brl, crystallizes in the monoclinic space group C2/c with a = 19.333(3);
b = 13.511(2); ¢ = 14.092(2) ;\, B =96.94(2) and Z = 4. The endo six-membered ring displays a half-skew-chair conformation, with

the palladium atom out of the plane (0.937 A) defined by the other atoms.

1. Introduction

Cyclopalladation is one of the classic ways to acti-
vate C-H bonds in heterosubstituted organic
molecules. The factors that influence the ease and
manner of cyclopalladation reactions are not throughly
understood but the following mechanism is widely ac-
cepted: (i) initial coordination of the ligand to the
metal, and (ii) electrophilic attack of Pd" on the C-H
bond [1]. Moreover, there is a strong preference for
five-membered cyclometallated compounds, and also
preferential activation of C(aromatic)-H bonds com-
pared to C(aliphatic)-H bonds, but recently, a few
six-membered cyclopalladated compounds have been
prepared by activation of C(aliphatic)-H bonds [2].
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Schiff bases are suitable for the study of cyclometal-
lation reactions since they can undergo metallation on
different carbon atoms (polyfunctional). We have shown
that imines have a strong tendency to form endo-cyclic
cyclometallated compounds (when the C=N bond is
part of the metallacycle). This endo effect is so strong
that the action of Pd(AcO), on the imine 2,4,6-
Me,C H,CH=N-CH,C¢H;, in refluxing acetic acid,
affords the cyclometallated compound [Pd{1-CH,-2-
(CH=NCH,C H,)3,5-Me,C4H,}AcOl,, where the ac-
tivation of a C(aliphatic)-H bond with formation of a
six-membered endo-metallacycle takes place in prefer-
ence to the activation of a C(aromatic)~H bond and
formation of a five-membered exo-metallacycle [2c].
Furthermore, the five-membered exo-metallacycle
[Pd{2-(CH2N=CH-2’,4’,6’-(CH3ﬁ)3C6H2)C6H3}(Ac(l)]J
isomerizes to the six-membered metallacycle [Pd{1-
CH,-2-(CH=NCH ,C.H )3,5-(Me),C H,}AcO], [3].
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This endo effect is not restricted to cyclopalladation
reactions. Recently it has been shown that oxidative
addition of ortho-halogenated imines to palladium(()
complexes affords preferentially the endo metallacy-
cles [4]. The reaction between [Pt,;Me (u-SMe,),] and
N-benzylideneamines shows that the endo cffect is also
important for platinum compounds [5]. Moreover, the
selective activation of C-F bonds with formation of
endo compounds takes place even in the presence of
weaker C-H, C~Cl or C-Br bonds, when [Pt,Me (u-
SMe,),] reacts with C,F,CH=NCH ,(2-XC, H ) {6].

In order to obtain additional information on the
factors that influence the case and mode of cyclometal-
lation reactions we report here the action of Pd(AcO),
on the N-benzylidencamines la-f, in which. in princi-
ple, different metallacycles might be obtained.

Cyclopalladation reactions usually afford dinuclear
compounds [PA(C N)X] [1], but there is also evidence
for the formation of trinuclear and even polynuclear
species [7.8]. The characterization of such compounds
is not easy and very often they are treated with phos-
phines or amines to afford mononuclear complexes.,
which are ecasily characterizable.

The molecular structure of such dinuclear or
polynuciear compounds has not been extensively inves-
tigated. X-Ray diffraction studies of some acetato- and
chloro-bridged complexes have been reported [9], and
there is also one bromo-bridged cyclometallated com-
plex, whose crystal structure has been determinated
[10]. Here we report the X-ray crystal structure of the
bromo-bridged complex [Pd{1-C 3~2—(CH:N-?_'.4’,6’-
Me C,H,)-3.5-Me,C H,}Brl,.

2. Results and discussion

Imines la—f were treated with Pd(AcO),, in a 2:1
ratio, in anhydrous acetic acid under reflux. Subse-
quent treatment of the residues with LiBr in ethanol
afforded the bromo-bridged -cyclometallated com-
pounds 2 (see Scheme 1). Five-membered endo-metal-
lacycles were obtained from the imines 1a,b by activa-
tion of a C(aromatic)-H bond. These imines might also
afford a five-membered exo-metallacycle by activation
of a C(aliphatic)-H bond. but their formation was not
observed. Imine 1¢, with two chlorine substituents in
the ortho positions of the benzal ring, gave the five-
membered endo-metallacycle, and no five-membered
exo-metallacycle was observed. The formation of the
endo-cyclic compound with this imine can be explained
by oxidative addition of one of the ortho C-Cl bonds
to palladium((), formed by reduction in site of Pd"' by
the imine. This 1s a well known process, and has been
proposed to occur in the catalytic arylation from ole-
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Scheme 1. (1) PA(ACQ),, in refluxing acetic acid. (i) LiBr, EtOH,
room temperature.

fines and organic halides [11]. The six-membered
endo-metallacycle was obtained from the imine 1d by
activation of a Claliphatic)-H bond in preference to
the formation of a five-membered exo-metallacyele,
also by activation of a C{aliphatic)—H bond. This shows
that the size of the metallacycle is not the decisive
factor in the cyclometallation rcactions of imines, and
that the endo effect is important in deciding the metal-
fation position. The formation of five-membered exo-
metallacycles was obscrved from the imines le and 1f.
A small quantity of the endo-cyclic compounds was
also obtained. by oxidative addition of the ortho C-Cl
bonds of these imines to Pd” formed in sitw, and it was
possible to isolate and purify the endo-derivative 2e.
The exo-compounds obtained contain the imine in the
Z form (see below) although cither isomer. E or Z,
can give exo-derivatives. As the free imine is in the £
form, E-Z isomerization occurs during the cyclometal-
lation rcaction.

2.1. Reaction with PPh

The action_of PPh; on the cyclometallated com-
pounds 2 {PdBr(C N)L.. in a 2:1 molar ratio was
studied to obtain more soluble ecasily characterizable

mononuclear complexes. Compounds 3 [PdBr(CTN)-



7. Barro et al. / Exo- and endo-cyclopelladated compounds of N-benzylidene armines 149

(PPh,)] were obtained in good yields in all cases. The
31p{IH} NMR spectra (Table 1) show that the phos-
phine is trans to the imine nitrogen. 'H NMR spectra
of these compounds also confirm this arrangement (sce
below).

2.2. Proton NMR spectra

Proton NMR spcctra (Table 1) afford conclusive
evidence of the palladation position. In compounds
containing PPh,, the aromatic prolons of the palla-
dated aromatic ring in the five-membered metallacy-

TABLE 1. Proton ® and *'P " NMR data

Compound Aromatic HC=N, aliphatic ip
2a 7.18 (d (1H), J(HH) = 8.3, Hs) 7.73 (s (11D, HC=N)
7.0-6.90 (br m (4H), H,, H,, H,, Ho) 2.33-2.23 (br m (SH), Me,, Meg, Me )
3a 7.80~7.30 {br m (16F1), Hy, PPh,) 8.05 (d AH), */(11P) = 7.5, HC=N) 40.98
6.95 (dd (1H), *J(HH) = 7.9, J{1IH) = 1.9, H,} 2.32 (s (6H), Me,, Me,,)
6.86 (s (2H), H,, Hy) 2.26 (s (3H), Mey)
6.30 (dd (1H), “J(HP) = 5.9, 7/(HH) = 1.9 H;)
24 7.0-670 (br m (5H), H,, Hy, H,, Ho, Hy) 8.15 (s (1H), HC=N)
2.35-2.20 (br m (YH), Me,, Mey, Me ;)
3b, 3¢ 8.00-7.20 (br m (15H), PPh;) 8.60 (d (1H), *J{HP) = 7.4, HC=N) 42.18(s)
690 (d (1), *J(HH) = 7.4, H,) 2.36 (s (6H), Me,, Me,g)
&.85 (s (2H), H, [1,) 2.27 (s (311), Me,)
6.55 (t (1H), *J(HH) = 7.4, H;)
6.34 (1 (11D, *J(HH) = “J(HP) = 7.4. H,)
24 7.0(s (1H), H,) 7.79 (s (1H), HC=N)
6.90 (s (2H}, H,, 1) 3.28 (s (21D, CH,-Pd)
681 (s (1H), H.) 2.41 (s (311), Mc)
2.35-2.20 (br s (9H), Me,, Meg, Me,,)
2.17 (s (3H), Me,)
3d 7.70-7.20 (br m (13H), PPh) 8.05 (d (1H), *J(HP) = 124, TIC=N) 36.89(5)
6.94 (s (2H), H, Hy) 292 (d (2H), 2J(HP) = 119, CH,-Pd)
671 (1E), H, 2,57 (s (6H), Me,, Mgy}
5.68 (s (1), 1} 2.33 (s (3H), Mey)
2.29 (s (3H), Mes)
2.09 (s 3H). Me;)
3e (exa) 7.70-7.20 (br m (18H), £1,, H3, H,, PPhy) 9,77 {(d (1), YJ(HP) = 5.22, HC=N) 42.61(s)
6.70-6.55 (br m (1H), Hy) 4.86 (br s (2H), CH,-N)
6.35-6.25 (br m (ZH), H,, Hy) 2.07 (s (3H), Meyg)
3e (endo) 7.80—7.20 {br m (1817}, H;, Hg, Hy, PPh3) 8.00 (d (1H), ¥YJ(HP) = 7.5, HC=N) 42.8(s)
6.75 (d (1H), *J(HH) = 7.1 H) 5.40 (br s (2ZH), CH,~-N)
6.60 (s (1H), *J(HH) = 7.3, IL,) 2.35 (s (3H), Me )
6.40 (1 (1H), *J(HH) = 7.3, H,;)
6.25 (L(1H), *J(HH) = *J(HP) = 7.4, ;)
A 7.50-6.80 (br m (6H), H,, H;, Hy, H4, Hg, Hg) 9.05 (br s (TH), HC=N)
4.87 (s (ZH), CH,~-N)
kL 7.70-7.20 (hr m (18H), H,, H3, H,, PPhy) 9.73 (br m (1H), HC=N) 41.98(s)

6.70-6.55 (br m (1H), Hy)
6.40-6.30 (br m (2H), H, Hy)

5.04 (br s (2H), CH,-N)

2 In CDCl,; chemical shifts in ppm with respect to internal Si

in ppm with respect to 85% 11,P0,.

2 1 "Pd

P

Pd,_
&7

4 5

10 9

Me,; coupling constants in Hz; numbering as in figure. ® 1n C1ICl5; chbemical shift
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Fig. 1. Molecular structure of 2d.

cles 3a,b,c.e.f and those of the palladated benzylic unit
in the six-membered metallacycle 3d, resonate at high
field. This could be caused by a phosphinc phenyl ring,
suggesting a ¢fs arrangement of the phosphinc and the
metallated carbon atom dnd, in conscquence, a frans
arrangement of phosphaorus and nitrogen atoms.

The chemical shift of methyne protons is useful for
the structural characterization of cvclopalladated com-
plexes. This signal appears shifted 1o high field (0.3-1.2
ppm) relative to that of the free imine in the endo-de-

TABLL 2. Summary of crystallographic data for 2d

L Burro et ¢l 7 Fxo- and endo-cyclopaliudated compounds of N-benzyitdene amines

TABLE 3. Bond distances (A) for 2d

Br-Pd 245061} C(7-Cle) 1.406(10)
Br’ -Pd 26391 CIe-Ca) 1.505(18)
N-pd 2.050(5} 8- 1.423010)
1) -Pd 2T CLHY CGh HEETIR TN
Cis)-N 129808} COd)-Cen FA90EL 1)
[()ENN P436(9) CUD-Com L3R D)
-l ALY CO7-CI LAY D
C(3)-0U2) LA CU2-Cm 1.360015)
C7)-C12) AP Co3-Cay 130 i5)
CF)-C(3) L4110 COR=CUE) 1.542012)
Cis) C4) FARTEAY COH-CTD 40401 D
CUS-CLd) LS05012) COR-C Y LR

Cle-Cn ].A68(13)

rivatives [12]. and also in the exe-metallacycles, if the
imine adopts the E-form [4]. However, in the evo-
metallacycles with the imine in the Z form, the methyne
protan resonates downfield [3,13]. The shilt can be
explained by the paramagnetic anisotropy of the metal
[14]. showing a close approach of Pd and H atoms, or
by a weak three-centre four-clectron interaction C-
FI - - - M. different fron an agostic interaction [13]. The
methyne proton resonance js shifted downfield in the
new exp-metallacvcles. showing that the imine is in the
Z form.

2.3 Molecular sirucrire of 2d

The crystal structure of 2d has been determined
(Fig. 1). Crystallographic data and sclected bond
Tengths and angles arc listed 1n Tables 2-4, and atomic
coordinates for non-hydrogen atoms are given in
Tablc 5.

TABLL 4. Bond angles () for 2d

Formula CogHyBroN, P,
Mol wt 901.4
System maonoclinic
Space group [QAFe

a A 19 333(3)
b A 13,51 12)
¢ (A) 14,0922
B ) Y6 94(2)
V(A7) 3654(1)
d_ lgem™h 163K

7 4

F(O00} 1792.0

Crystal size (mm™)
p(Mo Ka)(em™H)

0.07 =007 (LK
33.09

AMo Ka)(A) 0.71069
1) 25
Reflections collected 2674

R (1.052
R'\A-

0.056

Br'--Pd-Br 50,3011 Ctio} C6)- OG5} 119.2(8)
N--Pid~-Br (77,200 COO-Ce)-(7) 121.008}
N-Pd-Br’ 96.2(2) ClH)-CLN-0) 1197
Ce1--Pd-Bir 92,001 CRI-CO -2 120.5(7)
C-Pd-Br? 170,902} Gy CN Cloy HHOTT)
CO-Pd-N 8306030 C7-C8-N 124.5(7)
PD-BR-Pd’ 93741 COM-C9r-N 117.407)
C(B)-N-Pd 126.2¢5) COH-CE9-N 119.9(7)
Cly-N-Pd BERBY CU=-CO -0 122.6(7)
CQ)-N-C8) H16.90) Colh-Caey ¢ 118.0(8)
C2-CLi)-Pd HLAS) CO=Cam-Cen 121.06(7)

CO-C-C4 1) Hw6iR) COTE-COM-CU D 12158)
CCD—CI2-C(1) F21 37 CO2)-CON-Cam 121.4(9)
Ci7y C2) {3 FLOCT) CUP-CO-Ca 120508
CL-C3)-C02 120,349} ULy - Coy- oAb 21400
COE-C-C3) 1i%.5(8) COR-C{L-CU 3 Li8.1012)
CLIS-C -3 1191y COD-COa-002) 119.8(9)
CUS-Cl-C3y 122,009 CON-CIEI-C) 117.6(8)
Cley- 5y b 12258} CO9Y O -8} 121.0¢7)
COD-CEo-{.(3) 11088} CON-CHID-CO Dy 12138
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TABLE 5. Final atomic coordinates (x10%) of 2d (B, =
87?2 /38U ,a*ara;a;)

|5 Rt B i 2}

X ¥y z B,

pd 26723(3) 32228(4) 11258%(3) 2.80(2)

Br 28454(5) 1497(¢6) 6743(6) 4.34(4)

N 2567(3) 4659(4) 1555(4) 2.96(23)
al 3030(5) 2948(6) 2508(5) 3.77(31}
C2) 3617(4) 3630{6) 2R61(5) 3.60(32)
C(3) 4247(5) 3232(1) 3317%(5) 4.34(36}
C 4792(4) 3865(10) 3696(5) 4,94(44)
) 4682(5) 48799 36352(6) 4.90{44)
C6) 4082(5) 5288(7) 3203(5) 4.18(36)
¢ 35341(4) 4671(6) 2792(5) 3.39(30)
C(8) 2042(4) 5097(6) 2260(5) 3.25(28)
(o) 2035(4) 5241(5) 1017(5) 3.26(28)
o) 2234(4) S836(5) 294(3) 3.82(32)
can 1719(6) 6351(6) —269(6) 4.63(41)
c(12) 1038(6) 6279%7) — 1277 5.55(47)
C(13) 83%(5) 5680(7) 604(8) 5.01(43)
C(14) 1347(4) 5163(6) 1206(6) 4.06(34)
(15 5464(5) 3426(10) 4162(7) 6.63(55)
C(16) 40257 6397(9) 3123(9) 5.95(55)
can 2983(5) 5919(8) 130(6) 5.16(44)
CQ18) 465(R) 6857(9) —752(10) 8.21(69)
C(19) 1155(5) 4538(8) 2030(8) 5.71(51)

The crystal structure consists of discrete molecules
separated by van der Waals’ distances. The complex is
a centrosymmetric palladium dimer with two asymmet-
rically bridging bromine atoms. The two cyclopalla-
dated ligands are transoid around the Pd,Br, unit, as
observed in analogous cyclopalladated dimers [9,10].
The asymmetry within the bridges arises from the
different trans groups; the Pd—Brobond trans t0 a
benzylic carbon is longer (2.639(1) A) than that trans
to nitrogen (2.450(1) A), consistcnt with rclatively large
and small irans influcnces for benzylic carbon and
imine nitrogen, respectively. The Pd,Br, is planar, in
contrast to some chloro-bridged cyclopalladated com-
pounds, in which this ring is folded [9b,f].

The palladium atom is square-planar coordinated to
benzylic carbon, imine nitrogen and the two bridging
bromine atoms. The coordination plane shows somc
tetrahedral distortion, the deviations from thc mean
plane becing +0.033, +0.038, —0.033 and —0.047 A
for Br, N, Br’ and Cl, respectively. The angles between
adjacent atoms in the coordination sphere lie in the
range 96.2(2) (N-Pd-Br’) to 85.6(3)° (N-Pd-Cl). The
smallest of these angles is that between the nitrogen
and carbon atoms of the chelated ligand. The palla-
dium-ligand distances are similar to those found for
the analogous six-membered cyclomectallatcd com-
pound [Pd{1-CH ,-2-(CH=N-C H:)-3,5(CH ,),CH.}-
Br(PPh,)] [2c] and [Pd{1-CH ,2-(CH=N-C H,)-3,5-
Me,C H,X2,4-lutidineXPPh,)]CIO, [16], except that
Pd—N bond which is shorter in 2d (2.050(5) A) than in

the above cyclopalladated compounds (2.138(4) and
2.119¢7) A respectively), but the relative frans influ-
cnces of PPh, and brominc may cxplain this.

The six-membered metallacycle adopts a half-skew-
chair conformation, with the palladium atom out of the
plane (0.937 A) defined by the other atoms. The six-
membered metallacycle also adopts a half-skew-chair
conformation in [Pd{l1-CH,-2-(CH=N-C,H,)-3,5-
Me,C¢H ,}Br(PPh,)}] and [Pd(1-CH ,-2{CH=N-C,H,)-
3.5-Mc,C H,}(2,4-lutidineXPPh,)IClO,, with the pal-
ladium atom out of the plane defined by the other
atoms (1,325 and 1.086 A respectively [2c,16].

3. Conclusion

The results described confirm the strong tendency
of imines to form endo-cyclic compounds. This ten-
dency (endo effect) is so strong that the oxidative
addition to Pd°% [formed by rcduction of the
palladium(II} salts by imines forms endo-cyclic com-
pounds by activation of a C-Cl bond in preference to
exo-cyclic compounds. Furthermore, the activation of
Claliphatic)-H bonds with formation of five-membered
exo-metallacycles was not observed, in sharp contrast
with the easy preparation of six-membered endo-metal-
lacycles with C(aliphatic)-Pd bonds. Cyclometallation
reactions of analogous imines dcrived from methyl
ortho substituted anilines show that only endo-cyclic
cyclometallated compounds arc formed [17].

There is no clear explanation for this endo effect [3].
The bond distances and bond angles of analogous
endo- and exo-cyclometallated compounds are similar
{18] and in consequence it is not easy to relate the
stability of such complexes to their structures. Recent
mechanistic studies of the formation of cyclometallated
platinum compounds ol N-benzylidencamincs show
that the entropy could bc responsible for the favoured
formation of endo-compounds [5]. Mechanistic studies
of the cyclometallation of ortho-arylphenoxide ligands
at Group 5 metal atoms suggest that rotation of the
aryl ring to be metallated into a coplanar conformation
in which the C—H bond about to be activated is being
brought close to the metal contributes to cyclometalla-
tion reactions [19]. The strong tendency of imines to
form endo-cyclic compounds may be related to re-
stricted rotation around the C=N bond, which favours
the approach of the C-X bond to be metallated to the
coordination plane, previous to the metallation.

4. Experimental details

Routine NMR spectra were obtained on a Bruker
WP 80SY spectrometer (‘H, 80.13 MHz; ¥ P{'H}, 32.8).
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‘H specetra (200 MHz) were obtained on a Varian
XL-200 spectrometer. IR spectra were recorded as
KBr discs on a Perkin-Elmer 1330 spectrometer. Mi-
croanalyses were performed by the Institut de Quimica
Bio-Orginica de Barcelona (CSIC).

4.1. Materials and synthesis
Solvents were dried and distilled before use. Imines
were prepared by literature procedures [20].

4.1.1. Compounds 2a,b,d.f

A stirred suspension of Pd(AcQO), (1 mmol, 224 mg)
in anhydrous acetic acid (30 ml) was treated with an
excess of imine la, Ib, id or If (2 mmol) and the
mixture was refluxed for 3 h (1a, L) or for 2 h (1b, Ld).
The solution was filtered to climinate the small amount
of black palladium formed. The filtratc was concen-
trated /m cacuo and the residue was dissolved in cthanol
and treated with an excess of LiBr {2 mmol. 173 mg) at
room temperature for 1 h. The solids obtained were
filtered and recrystallized from chloroform /methanol,
to afford compounds 2, as vellow solids. in A0 90%
yield.

[Pd{2-(HC=N-2",4"6"-Me ,C, H,}-5-CIC, H ,} Br],
(2a).  Yield 708 mg (80%). Anal. Found: ., 43.7: H,
34; N, 32, C;,H,,Br,CI.N,Pd, caled.: €. 4337, H,
3.42; N, 3.16%.

[Pd{2-UFC=N-2"4"6"Me ,C 11,)-3-CIC, H,}Br],
(2b). Yield 332 mg (60%). Anal. Found: C. 43.4: 11,
3.3; N. 3.0. C;,H4Br,CIL,N,Pd, caled.: C. 43.37; 11,
242, N, 3.16%.

[Pd{1-CH ,-2-(CH=N-2"4",6"-Me ,( ,H,)-3.5-
Me,C,H.tBr], {2d). Yield 766 mg (85%) Anal.
Found: C. 50.7; H, 4.8; N, 3.0. C,H ,,Br.-N,Pd, caled.:
C, 50.62; 1, 4.93; N. 3.11%.

[Pd{2-(CH, N=CH-2',6"-Cl,C H,}-3-CIC H,}Br/,
(2flexo)).  Yicld 628 mg (65%). Anal. Found: C, 34.8;
H, 1.7; N, 2.8. C, H 1 Br,Cl N, Pd, caled.: C, 34.75: H,
1.88; N, 2.89%.

4.1.2. Compounds 2¢, 2elexol, 2elendo)

A stirred suspension of Pd(AcO), {1 mmol, 224 mg)
in anhydrous acetic acid (30 ml) was treated with an
cxcess of iminc Ie or le (2 mmol) and the mixture was
heated under reflux for 2 h (1c) or for 30 min (1e). The
solution was filtered and the solid obtaimed was recrys-
tallized from chloroform/methanol to atford 2e or
2e(endo). Compound 2elexo) was obtained from the
solution, by concentration ir cacio and reaction of the
residue obtained with an excess of LiBr (2 mmol. 174

mg)} in ethanol, at room temperature for 1 h. The solid
obtained was filtered and recrystallized from chloro-
form #methanol to afford 2e(exo).

/l’J{Z»(IIC”:;\’-.”.J’,(}'—»Me;(.",,1!_,)»-3—(“[6”611;}(31]3
(2¢).  Yield 200 mg (25%). Anal. Found: C. 48.3; 11,
3.8 N, 34, CLH GNP, caled.: CL48.21: H. 3.80;
N, 351%. ‘"

[PAC2-{HC=NCH (2 -MeC, H ) }-3-CIC, H,)Cl,
(2elendn)).  Yield 53 mg (79+). Anal. Found: C, 46.5;
H, 3.2 N, 35 O, H. Cl N.Pd, caled: C. 46.84; H,
3410 N, 3.649%,

[Pci’{l((.'H_,x\“:('H-_”,(_'» “CLC H -3 MeC H FBr,
(2elexc)).  Yicld 310 mg (33%). Anal. Found: C. 38.6;
H.2.7.N, 3.0 € H ., Br CIN, P, caled: €, 38.87; H,
261 N, R02%

4.1.3. [PAB+(C NIPPR, | (3a-f)

A stirred suspension of 2 (0.5 mmol) in acetone (3
mi) was treated with PPh, (I mmaol. 262 mg) and, if the
cyclomctallated starting material was 2¢ or 2e(endo),
LiBr (2 mmol, 174 mg) was added to the rcaction
mixture. The mixture was heated under reflux for | h,
and then filtered. The filtered solution was concen-
trated in raceo and the solid obtained after addition of
ether was recrystallized from chloroform /methanol to
afford ¥ in 80-90% vield.

[PAd{2-(HC=N-2"4"6"-Me C,H,J-5-CIC H, }Br
(PPh ] (3al. Yicld 634 mg (Y07%). Anal. Found: C,
576, H, 4.3 N, 1.8, C ,H , BrCINPPd caicd : €, 57.89:
H. 4.29: N, 1,98,

[PA{2(HC=N-2"4"6"Me,C H.)-3-CIC, 11} Br
(PPh,J} (3b). Yicld 600 mg (35%). Anal. Found: C,
57.6; H 4.3 N, 1.9 Cy H 3, BrCINPPd caled.: € 57.89:
H. 4.29; N, 1.98%,

[PA{2(HC=N-2" 4" 0" -Me ,C H,J)-3-CIC H,} Br
(PPR )] (3ch. Yield 565 mg (809%). Anal. Found: C,
577 H 4.4 N, 200 O, H L, BrOINPPd caled.: C. 37.89;
H, 4.20; N, 1.95%.,

[PA{1-CH -2-(CH=N-2"4".6"-Me ,C, H,)-3,5-Me
C,H PBr(PPR ) (3d) Yield 606 mg (859%). Anal.
Found: €. 62.3; H. 5.2: N, 1.8, C,-H ,;BrNPPd caled
C.62.52: 11, 524 N 19677

[PA(2AHC=NCH (2" -MeC  H,)-3-CIC, H,}liBr
(PPh, ] (3elende)).  Yield 550 mg (80%). Anal.
Found: C, 57.6: H. 4.0: N. 1.9, C;H ., BrCINPPd caled.:
C. 57350 1L 4.09;) N 2.02%,
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[Pd{2-(CH,N=CH-2',6"-Cl,C,H,)-3-MeC H,}Br
(PPh.)] (3e(exo)). Yield 540 mg (75%). Anal. Found:
C, 54.8; H, 3.5; N, 1.9. C;3;H,,BrCI,NPPd calcd.: C,
54.61; H, 3.76; N, 1.93%.

[Pd{2-(CH,N=CH-2',6'-Cl,C4H,)-3-CIC H,} Br
(PPh;)] (3f(exc)).  Yield 595 mg (80%). Anal. Found:
C, 51.5; H, 3.2; N, 1.8. C,,H,,BrCI,NPPd caled.: C,
51.50; H, 3.25; N, 1.88%.

4.2, Data collection

A prismatic crystal (0.07 X 0,07 X 0.1 mm’) was se-
lected and mounted on an Enraf-Nonius CAD4
diffractometer. Unit cell parameters were determined
from automatic centring of 25 reflections (12 < 8 < 21°)
and refined by the least-squares method. Intensities
were collected with graphite monochromatized Mo Kea
radiation, using the w286 scan technique; 3805 reflec-
tions were mcasurcd in the range 2 <8 <30. R, (on
F)=0.009, 2678 of which were assumed as observed
applying the condition /= 2.50(I). Three reflections
were measured every 2 h as orientation and intensity
controls, but significant intensity decay was not ob-
served. Lorentz polarization, but not absorbtion, cor-
rcctions were made.

4.3. Structure solution and refinement

The structure was solved by Patterson synthesis,
using the sHeIxs computer program [21] for crystal
structure determination and refined by the full-matrix
least-squares method, with the siiELx76 computer pro-
gram [22]. The function minimized was Ewl| F, ] —
| £, |2, where w = (¢2(F,) + 0.0044 | F, | *Y~". f, f" and
f* were taken from International Tables of X-Ray
Crystallography [23]. The positions of 15 H atoms was
computed and the remainder were located from a
difference synthesis, all refined with an overall isotropic
temperature factor using a riding model for computed
hydrogen atoms. The final R factor was 0.052 (R, =
0.056) for all reflections observed. The number of
refined parameters was 221. Max. shift/e.s.d. = 0.06,
Maximum and minimum pcz&ks in final differencc syn-
thesis were (0.3 and —0.3 ¢ A™3, rcspeetively.

5. Supplementary material available

Tables of hydrogen coordinates, structure factors
and thermal parameters are available from the authors.
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