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Abstract

Oxidative addition reactions of Pd(PPh,), with bromothiophenes C H,_,Br,S (n = 1-4) occur readily at RT to give o‘-lln:nyl

wmplcxe\ lranc-PdBl((‘ H,.,Br,_,S-CX?Ph,), in yields > 85%. The products are i diates in the regioselective redv of

lyzed by Pd(0). Pall invariably occurs at the carbon adjacent to the thieny! sulfur. Single crystal X-ray

uyslnllographlc determination was carried out on PABH2-thienylXPPh,),, 1. and PdBr(B 4,5-tribromo-2-thienyl{PPh,),, 6. Crystal data

for 1: space group Phen, a =19.354(1), b=10.760(1), ¢ = i%. 151(1)A, Z=4. 3106 reflections, R =0.0614; for 6: space group

P2, /n, a=11361Q2), b= i3.049(3). c = 26.670(5) A, B=102.0003F. Z=4, 3577 1l R =0.0375. Redh of PdBr(3.4-di-
bromo-2-thienylXPPh,),. 5. by NaBH  gives 2.3-dibromothiophene.

Kevwords: a-Thienyl; Palladi Oxidative additi Crystal Catalysis; Reduction

1. Introduction

Bromothiophenes are important materials in drug {1]
and polymer syntheses [2). We have recently reported
the synthesis of isomerically pure dibromothiophenes
from tribromothiophenes catalyzed by palladium and
nickel catalysts, and proposed that the high regioselec-
tivity is accomplished by a selective oxidative addition
process across the C(5)-Br bond as the energetically
most favored pathway {3]. On the other hand, oxidative
addition across the C(2)-Br and C(3)-Br bonds would
selectively yield 2.4- and 2,5-dibromothiophenes respec-
tively. Such manifestation of site reactivity through
oxidative addition to a metal center is obviously a
superior strategy compared to the classical organic re-
duction of 2,3,5-tribromothiophene. [Reduction of
2,3,5-tribromothiophenes using common commercially
available reducing agents usually gives a mixture of di-
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and monobromothiophenes and the parent thiophene.
The poor selectivity is hardly surprising due to the
interplay of contrasting steric and electronic effects.]
Although a wealth of peripheral evidence is available
regarding this oxidative addition step in Pd-catalyzed
reduction, there are only a few cases in which the key
oxidative addition products can be isolated and charac-
terized crystallographically [4]. There is also no struc-
tral evidence that a similar pathway can occur in a
thiophenyl substrate. An llent review on thioph

chemistry was recently published by Rauchfuss [5] The
author also mentioned the poorly developed coordina-
tion chemistry of thienyl ligands C;R,S”. Chia and
McWhinnie [6] described the oxidative addition of 2-
bromothiophene to Pd(PPh;);. In this paper, we report
the isolation and spectroscopic characterization of the
o-thienyl intermediates arising from the regioselective
reduction of a series of brominated thiophenes. Also
included are the X-ray crystallographic analyses of two
of these intermediates which provide firm evidence that
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oxidative addition represents a key step in the catalyst-
directed reduction of halothiophenes.

2. Results and discussion

Pd(PPh,), reacts readily with 2-bromothiophene in
benzene or toluene at RT to give PdBr(2-
thienyl{PPh;),, 1, in near-quantitative yield. Similar
reactions with 2,3-dibromothiophene, 2.4-di-
bromothiophene, 2,5-dibromothiophene, 2,3,5-tri-

Table 1

NMR data of PdBr(2-thienylXPPh,),, 1, PdBr(5-bromo-2-thienylXPPk;},, 2. PdBr(4-bromo-2-thienylXPPh,),,
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bromothiophene and tetrabromothiophene give PdBr(5-
bromo-2-thienyl)(PPh,),, 2, PdBr(4-bromo-2-
thienyl)(PPh;),, 3, PdBr(3-brom. 2-thienyl{(PPh,),, 4,
PdBr(3,4-dibromo-2-thienyl)(PPh;),, 5 and
PdBr(3,4,5-tribromo-2-thienyl}(PPh,),, 6 respectively
(Scheme 1). All the reactions readily proceed to com-
pletion at RT. The 'H, °C and *'P NMR spectral data
are summarized in Table 1. The “P shifts (22.6-
23.7ppm) fall into a narrow band which is consistent
with those observed in the trans-oriented phosphines
found in trans-PdXPh(PPh,), [7]. Palladation invari-

3. PdBr(3-bromo-2-

thieny!XPPh, ), 4, PABr(3,4-dibromo-2-thienyXPPh,),. § and PdBr(3.4.5-tribromo-2-thieny!XPPh.),. 6

Spectroscopic assignments 'H NMR & (ppm)

HC NMR 6 (ppm) P NMR & (ppm)

Complexes * PPh, H? H* H® J(Hz) PPh, C' ct ¢ c PPh,
PPhy 752 684 634 593 (H'-HY) 1346 1433 127.0 1287 1320 230
s 4 (mI2H) (d 1H) (dd.1H) (. 1H) 4.88 1299
Be—Pd _l<7 730 (H'-H®) 1285
| s ° . 18H) 3.00 1278
PPhy
i
PPh; 7.56 667 618 (H'-HY) 1348 1482 1270 1297 1133 237
| Bro,s & (mI2H) (dIH) (d1H) 489 130.4
Br— Pd — 7.32 1302
g3 (1, 18H) 128.0
PPhy
2
PPhy 7.50 6.63 570 (H'-H') 1346 1483 1259 1099 1319 232
[, s swBrm iz (W) (. IH) 099 130.8
Br— Pd —{‘Z 734 1302
| s (1, 18H) 128.0
PPhy
3
PPhy 7.58 6.19 564  (H'-HY 1347 1456 1120 1306 1321 226
| L3 e (mI2H) (A 1H)  (d, IH) 369 130.2
Br— pd—a 7.36 130.1
| s”7TNg, U 18H) 1280
PPh,
4
PPhy 759 5.56 1346 1481 1106 1140 1322 229
|, e B m12H) (s. IH) 130.5
8r—Pg —<;7\ 7.36 1303
| 578 (1 18H) 1280
PPh3
s
PPhy 7.59 1347 1468 1105 1147 1158 232
| Brs a8 (m 12H) 130.4
Br— Pd 7.35 1303
S Npr (1 18H) 1279
PPhy
6
* The metalated carbon of the thienyl ring is d at 1-position. In free thiophy this carbon atom is at 2- or 5-position depending on the

positioning of the bromine atom(s). Sulfur is at 1-position in free thiophenes.
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PPy PPy
PPh, -~ Pd + RBr ——= Br—Pé—R + 2PPM,
pr,  bew, Ln,

O O
Orre G

Scheme 1. Oxidati hioph

to Pd(PPh,),.

ably occurs at the carbon at the 2- (or a-) position, i.e.
adjacem to the sulfur. This regioselectivity is indicated
in the 'H NMR spectra in which the resonances of the
protons at the 3- (or B-) position adjacent to the meta-
lated site are inevitably shielded with respect to the
parent thiophenes. For example, the B-protons of 2-
bromothiophene, 2,4-dibromothiophene, 2,5-di-
bromothiophene and 2,3,5-tribromothiophene at 7.04,
6.98, 6.83 and 6.90ppm are high-ﬁeld shifted to 5.93,
5.70, 5.64 and 5.56ppm in 1, 3, 4 and 5 respectively.
Support of this comes from the B-proton resonance of 2
(6.18 ppm) which is only slightly shifted compared to
that in 2,3-dibromothiophene (6.91 ppm) in the absence
of any neighboring metalation effect. The metalation
effect is also exemplified in the *C NMR data. The
metalated carbon is characterized by a low-field shift to
143.3-148.3 ppm for 1-6. The non-metalated a-carbons
resonate at 109.5-132.3 ppm.

Complex 1 is a stable and rare unsubstituted o-thienyl
complex. Complex 6 derived from a completely substi-
tuted thiophene is an ideal structural model for examina-
tion of the preferential site for oxidative palladation.
Chia and McWhinnie [6] reported the reaction between
2-bromothiophene and Pd(PPh,), to give a trans prod-
uet, but similar reaction with 2-bromo-3-methyl-

h gives 2 mi of cis and trans isomers.
Similar trichlorothienyl complexes have also been ob-
tained from metal-halogen exchange between 2-
LiC,Cl,S and metal halides [8] There is however no
crystallographic report on these species. To confirm the
metalation site and geometry of the oxidative addition
product including the trans-disposition of the phosphinc
groups, single crystal X-ray structure analysis was car-
ried out on both « the first
crystallographically clnractenud tlncnyl complexes of
palladium. Many thienyl complexes are formed from
lithiated thienyls or thenylic Grignard reagents, both of
which are unstable for isolation. Although palladium
complexes are documented catalysts for the syntheses of
many functional thiophenes [9], there appears to be no
report on the isolation and structural characterization of
the intermediates involved.

Complex 1 shows a Pd(Il) o-thienyl complex with
near-ideal square-planar geometry with two phosphines
(£P(1)-Pd-P(1a) 177.5(1)°) and thienyl and bromide
(£ Br-Pd-C(19) 180.0(1)°) trans to each other (Fig. 1,
Tables 2 and 3). To achieve a sirong Pd--thienyl interac-
tion (Pd-C(19) 1.993(4)A), the thienyl plane makes a
dihedral angle of 96.1° with the Pd(Il) coordination
plane to avoid steric interactions with the phenyl groups.

Table 2
Crystal data and details of the data collection and refinement for 1 and 6
Molecular formula CoH,,BrP,PdS C oH;oBr,P,PdS
Molecular weight 7940 1030.7
Color and habit yellow prism yellow prism
Crystal size (mm*) 0.30 X 0.30 X 0.40 0.20 X 0.20 X 0.30
Crystal system orthorhombic monoclinic
Space group Pbcn (No. 60) P2,/n
Temperature (K) 294 294
Uniit cell parameters a(A) 19.354(1) 11.361(2)

b(A) 10.760(2) 13.0493)

c(A) 16451(1) 26.670(5)

B () 102.00(3)
F(000) 1600 2008
V(&) 3426(2) 3867(2)
Z 4 4
Absorption coefficient (mm™~') 1.891 4.7
Density (calc.) (gem ™) 1.539 1.770
Index ranges ~24<h<s24,~13<k<13,0</<20 0sh<13,0sks15 -31s/<30
Reflections collected 11410 Ti81
Independent reflections 3606 (R, = 2.36%) 6815 (R, = 2.69%)
Final R indices (obs. data) R=6.14%, wR = 5.93% R =13.75%, wR = 4.00%
Goodness-of-fit 1.49 L12
Largest difference peak and hole (¢A™*)  0.75 and —0.78 042and —0.52
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Fig. 1. orTEP plot (30% thermal ellipsoids) of the molecular structure
of PdBr(2-thienylXPPh,),, 1. A crystallographic C, axis passe:
through Br(1), Pd(1), C(19) and the mid-point of the C(21)-C(21a}
bond, and only one orientation of the disordered 2-thienyl group is
shown for the sake of clarity.

There is no indication of 4'-S coordination or any -
or m'-metal interaction using the m-bonds on the thienyl
ring, even though such coordination modes are com-
monly found in other metals. [A typical example of
7'-S coordination is found in ReCp'(CO)i(QH,S)
which reacts with Fe,(CO), to give an m',n*-bridging
complex, see Ref. [10]; m*-complexes are also known,
see Ref. [I11] In spite of the metalation at one of the
two carbon atoms neighboring the sulfur, the two C-§
bonds are identical (C(19)-S(1) 1.710(3) and C(21a)-
S(1) 1.709(3) A). The thienyl ring is essentially planar
(mnean deviation 0.008 A) with the inner C-C bond
(C(20)-C(21) 1.430(4) A) significantly longer than the
outer ones (mean C(19)-C(20) and C(21)-C(21a)
1.362(3) A). The strong trans influence of the thienyl
group gives a significantly long Pd-Br bond (2.526(1) A

Table 3 .

Selected bond lengths (A) and angles (°) for 1

Bond lengths

Pd(1)-C(19) 1.9934) Pd(1)-Br(1) 2.526(1)
Pd(1)-P(1) 2.351(1)  Pd(1)-P(1a) 2.351(1)
C(19)-C(20) 1.363(5) S()-C(19) 1.710(3)
S(1)-C(2ta) 1.709(3) C(20)-C(21) 1.430(4)
c2D-C(21a) 1.361(1) P(1)-C(6) 1.826(4)
P1)-C(12) 1.826(4) P(1)-C(18) 1.838(5)
Bond angles

C(19)-Pd(1)-P(1) 88.8(1) C(19)-Pd(1)-P(1a) 88.8(1)
Br(1)-Pd(1)-P(1) 91.2(1)  Br(1)-Pd(1)-P(1a) 91.2(1)
Br(1)-Pd()-C(19)  180.0(1) P(1)-Pd(1)-P(1a) 177.5(1)
S(1)-CU19)-Pa(l)  120.7(1) CR0)-C19)-Pd(1)  136.2(2)
C(19)-8(1)-C(21a)  93.2(2) S(1)-C(19)-C(20) 103.1(3)

C(19)-C(20)-C(21)  125.5(5) C(20)-C(21)-C(21a) 100.6(3)
S(1)-C(21a)-C(21)  117.5(1) C(6)-P(1)-Pd(1) 113.32)
CU2)-P(D-P(1)  110.7(1)  CUI18)-K(D-Pd(1) 120.5(1)

Fig. 2. orTEP plot (30% thermal ellipsoids) of the molecular structure
of PdBr(3.4,5-tribromo-2-thienylXPPh,),, 6.

compared to many other Pd(ID-Br bonds, e.g. in
[PdBr,(CO)]~ (2.413(4)-2.432(4)A) [12] and trans-
PdBr,[2-(2"-thienyl)pyridine)], (2.431(1)A) [13). The
weakness of this Pd-Br bond also supports the ready
reduction (or H-exchange) of 1 with subsequent elimi-
nation to give thiophene.

The X-ray structure of 6 proves unequivocally that
C-Br insertion occurs preferentially at the 2- (or a-)
position (Fig. 2, Tables 2 and 4). Interestingly, similar
C-H insertion on an Rh(I) complex under photolytic
conditions can occur at both 2- and 3- (or B-) positions
[14]. Among all the thiophenes examined, we have no
evidence that the 3-positions are susceptible to such
attack. Complex 6 has all th: essential features found in
1. Notable differences are found in the significantly
sitonger Pd-Br bond (2.483(1) A). The weaker trans
influence of a weaker o-donor due to the electron-
withdrawing effect of bromide is probably responsible.

Table 4 .

Selected bond lengths (A) and angles (°) for 6

Pd(1)-C(1) 2.004(8)  Pd(1)-Br(1) 2.483(1)
Pd(1)-P(1) 2.329(2) Pd(1)-P(2) 2.33%(2)
C(1)-C(2) 1.357(10)  s(D-c(1) 1.730(7)
S(1)-C(4) L719%9)  C(2)-C(3) 1.425(11)
C(3)-C(4) 1.360(10)  C(2)-Br(2) 1.871(D)
C(3)-Br(3) 1.865(7)  C(4)-Br(4) 1.868(8)
P(1)-C(5) 1.8338)  P(1)-Cc(1l) 1.804(7)
P(1)-CO7) L8IAT)  M2)-C(23) 1.813(D)
P(2)-C(29) 1.822(8) P(2)-C(35) 1.816(9)
C(1)-Pd(1)-P(}) 90.12)  C(1)-Pd(1)-P(2) 91.7(2)
B(1)-Pd(1)-P(1)  89.0(1)  Br()-Pd(D)-P2)  89.5(1)
Br(1)-Pd(D-C(1) 1767(2) PMD-PH1)-P(2)  174.6(1)
S(D-C(1-Pd(1)  121.3(4)  CQ)-C()-PK1)  1293(5)
C(1)-8(1)-C(4) 92.7(4)  S(D-C(1)-C(2) 109.3(6)
C()-CQ)-C(3)  11506) C()-C3)-CM@ 11157
S(1)-C(4)-C(3) 1156)  C5)-P)-PKI)  120.003)
C(ID-P()-Pd(1)  1054(2)  CUD-P()-PA(1) 116.7(2)
C(23)-P(2)-Pd(1)  115.03)  C(29)-P(2)-Pd(1) 111.8(3)
C(35)-P(2)-Pd(1)  115.7(3)
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NaBH,
2PPhy NaX + Y ByH,

Mydride transfer

NaBr + % Bl  NaBH,

Scheme 2. Proposed catalyti ism of
nation of 2,3.5-trit i to 2,3-dib
intermediate PABr(3,4-dibromo-2 -thienylXPPh,),. §

debromi-
via an

Despite the presence of three bromides on a highly
substituted thienyl ring, there appears no bond weaken-
ing effect on cither the Pd—thienyl (Pd-C(1) 2.004(8) A)
or Pd—phosphine (mean Pd-P 2.334(2) A) interactions.
This is facilitated by an essentially orthogonal relation-
ship between the thienyl ring and the Pd coordination
plane (dihedral angle 96.4°). The bromothienyl ring
however forces a slight but noticeable (mean deviation
0.069 A, with the P atoms on one side and the Br(1) and
C(19) atoms on the other) distortion of metal-ligand
bonds, as well as minor angular distortion of ZP(1)-
Pd-P(2) (174.6(1)°} and £C(1)-Pd-Br(1) (176.7(2)°)
from linearity.

The exciusive insention of {Pd(PFh,), ] into the C-Br
bond at the 2-position determines the regioselectivity of
the debromination reaction (Scheme 2). For example,
reduction of 2,3,5-tribromothiophene gives good yields
of 2,3-dibromothiophene when catalyzed by Pd(0). To
show that the oxid addition products 1-6 are inter-
mediates in the debromination reactions, complex 5 was
treated with an equimolar amount of NaBH,, in CD,CN
at RT, P NMR and GC/MS assay confirmed the
generauon of 2,3-dibromothiophene as the predominant

Juct. In the p of two-fold excess of
l’l’h3 and under similar condmons, the same product is
formed.

The dclocalization effect imparted by bromide is
expected to stabilize the bromothienyl complexes with
respect to the unsubstituted thienyl complex 1. This
electronic cffect appears to offset the steric problems

associated with the highly substituted thienyl complex.
The X-ray structure of 1 also peints to a polarization
and weakening of the Pd-Br bond. The reactions of the
thiophenes with Pd(PPh,), were followed by P and
'"H NMR; the reactivity order descends from highly
substituted thiophenes to unsubstituted thiophene. Con-
versely, the stability of the i d complexes d
as follows: 6>5>4=3=2>1. Among the dibro-
mothiophenes, the 2,5-isomer is the most reactive
whereas the 2,3-derivative is the least; the steric effects
appear to be a governing factor.

Most of the reported o-thienyl complexes are synthe-
sized from electrophilic attack on the thiophene ring
[15] or metal exchange with lithiated thienyls [16]. It is
surprising that nucleophilic attack on halo-substituted
thiophenes has rarely been exploited as an alternative
synthetic path. The present study itlustrates this idea
and charts our future work on a variety of low-valent
unsaturated complexes.

3. Experimental details
3.1. General

All reactions were performed using standard Schlenk
2-Bi hieph: 2.3-, 24- and 2,5-di-
bromothwphcnes. 2, 3,5-u1bromoduophene and tetrabro-
were ial prod and used with-
out further purification. Pd(PPh,), was prepared accord-
ing to published procedures [l7] Reagent-grade ben-
zene and diethyl ether were distilled from Na/benzo-
phenone under argon.

3.2. Analytical methods

NMR spectra were acquircd on 2 Bruker ACF300
spectrometer. "H NMR speciva were referenced 1o lhe
internal reference SiMe, with CDCI, as solvent. °C
MR spectra were referenced to the solvent. *'P NMR
spectra were referenced internally relative to- the dew-
terium lock signal using the SR command of Standard
Bruker Software with the standard 85% H,PO,~D,0.

Gas chromatographic data were obtained on a
Hewleti—Packard 5890 Series Il Plus Gas Chromato-
graph (GC) with a HP-1 capillary column (25m X
0.32mm ID, 0.25pm phase thickness, 25m length). A
split/splitless injector was used in the splitless mode.
Nitrogen was used as the carrier gas and the flow rate
was 1.28mimin~'. The temperatures for injector and
detector were 280 and 300°C respectively. The temper-
ature program for the analysis of the reaction mixture of
complex 5 with NaBH, was as follows: initial oven
temperature held at 6t)°C for 5min, increased to 300°C
at a rate of 10°Cmin "', with final temperature held for
2min. For mass spectrometric analysis of the reaction
mixture, a Hewleti—Packard 5890 Series I Gas Chro-
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matograph was equipped with a Hewlett—Packard 5988A
Mass Spectrometer (MS) installed with a Centinuou
Dynode Electron Multipler (CDEM). The GC-MS was
operated with a Hewlett—Packard 59970 MS ChemSta-
tion system and an NBS library database (version 3.1).
The colnmn used was a 25m X 0.32mm ID (0.25pm
phase thickness, 25m length) HP-5 capillary column
(Hewlett—Packard). Helium was the carrier gas and the
flow rate was 1.29mlmin~'. The temperatures for in-
jector, transfer line and ion source were 280, 280 and
200°C respectively. The mass spectrometer was tuned
to perfluorotributylamine (PFTBA). The following tem-
perature program was used: 50°C held for 5min, fol-
lowed by a linear increase to a final temperature of
280°C with a rate of 10°Cmin~' and held there for
another 10 min.

Elemental analyses were carried out by the Microan-
alytical Laboratory of the Chemistry Department at the
National University of Singapore.

3.3. Synthesis of PdBr(2-thienyl)(PPh,),, 1

A mixtwre of Pd(PPh,), (1.156g, 1.0mmol) and
2-bromothiophene (0.198 g, 1.2 mmol) in benzene
(10ml) was deoxygenated and stirred overnight in a
50ml Schlenk flask under argon at RT. The resultant
yellow solution was evaporated to dryness in vacuo.
The solid residue was triturated with Et,O and the ether
solution discarded. The washing was repeated twice and
the residual product purified further by recrystallization
from chloroform—hexane.

3.4. Syntheses of PdBr(5-bromo-2-thienyl)(PPh,),, 2,
PdBr{4-bromo-2-thienyl)(PPh;),, 3, PdBr(3-bromo-2-
thienyl)(PPh;),, 4, PdBr(3,4-dibromo-2-thienyl)-
APPh;),, 5, PdBr(3,4,5-tribromo-2-thienyl(PPh,),, 6

These comp were prepared by a method similar
to that described for 1. Their yields, physical properties
and elemental analytical data are listed in Table 5.

3.5. Reaction of PdBr(3.4-dibromo-2-thienyl)(PPh;),, 5
with NaBH,

To a CD,CN solution (5ml) of 5 (0.0192g,
0.02mmol) in a 40ml Schlenk flask was added an
equimolar quantity of NaBH, (0.0008g, 0.02mmol)
and the mixture was stirred for 4 h under argon at RT.
The resultant dark-colored mixture was filtered and
analyzed by NMR and GC/MS. The 3P NMR spec-
trum of the filtrate showed that § was consumed and
PPh, (8= —5ppm) was formed. GC and GC/MS
analysis with the help of standard samples showed that
2.3-dibromothiophene, PPh; and OPPh, were formed
as the main products.

The above experiment was repeated in the presence
of two-fold excess of PPh,. The resultant mixture,
which is almost colorless, was analyzed. Similarly,
2,3-dibromothiophere, PPh, and OPPh; were detected.
The solution is not stable, changing gradually to dark-red
and finaily liberating Pd metal. Attempts to isolate any
palladium complexes from this mixture were unsuccess-
ful,

3.6. X-ray crystallography

Single crystals of PdBr(2-thienylXPPh,),, 1, and
PdBr(3,4,5-tribromo-2-thienylXPPh,),, 6, were grown
respectively from CH,CN-C H;CH,-CHCl, and
C¢HCH;-CHCI, mixtures. Crystals suitable for X-ray
diffraction were mounted on thin-walled glass capillar-
ies under an atmosphere of nitrogen. Intensity data were
measured on a Rigaku RAXIS IIC imaging plate and 2
Rigaku AFC7 diffractometer respectively, with
graphite-monochromated Mo Ka radiation (A =
0.71073 A). For complex 1, 3] oscillation frames were
used with ¢ =0-180°, Ad=6.0° and a scan rate of
8min per frame. For complex 2, the variable w-scan
technique was used with a scan rate of 2.00 to
32.00°min~'. Empirical absorption corrections wers ap-
plied 1o the raw intensities. 1ne structures were solved

Table 5

Physical propertics and | analytical data for 1-6

Complexes (formula) Color M.p. °C) Yield (%) Analysis (%)

C H Br P Pd S

1(C,H,;,BrP, PdS) yellow ~185(dec.) 85 Found 6072 434 955 760 1344 444
Cale. 60.51 4.19 10.06 7.80 13.40 404

2(CyHy,Br,P,PdS)  lightyellow  ~200(dec.) 88 Found  55.17 359 1852 725 1210 358
Calc. 5504 3.70 1831 710 12.19 3.67

3(CyHy,Br,P,PdS)  lightyellow  ~205(dec) 91 Found 5528 409 1793 701 1198 392
Calc. 55.04 3.0 1831 7.10 1219 367

4(C,H,,Br,P;PdS)  lightyellow  ~200(dec) 93 Found 55.13 369 1811 695 1176 328
Cale. 55.04 370 1831 710 12,19 3.67

5(CHq Br,P;PdS)  lightyellow  ~235(dec) 90 Found 5072 332 2470 613 1084 322
Calc. 5048 328 25.18 6.51 1118 337

6(CyHyBr,P,PdS)  light yellow  ~260(dec) 95 Found 4640 299 3050 568 977 340
Calc. 46.61 293 3101 6,01 10.32 3
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by direct methods and refined by full-matrix least-
squares. The anisotropic thermal parameters of all non-
hydrogen atoms were varied, and hydrigen atoms were
introduced in their idealized positions with assigned
isotropic temperature factors. Molecule 1 has a crystal-
lographic two-fold axis passing through Br(1), Pd(1),
C(19) and the mid-point of the C(21)-C(21a) bond; the
X-ray scattering power of the disordered thienyl group
is thus represented by C(19) and C(21) at full site
occupancy together with S(1) and C(20) at half site
occupancy. All calculations were performed on a PC
486 with the SHELXTL-PC program package [18). Crystal
data, data collection parameters and results of the analy-
ses are listed in Table 2. Selective bond lengths and
bond angles for 1 and 6 are listed in Tables 3 and 4
respectively.

4. Supplementary material available

Lists of thermal parameters and structure factors for
complexes 1 and 6 are available from the authors.
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