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Abstract 

Oxidative addition reactions of Pd(PPh04 with bromothiophenes C4H4_nBrnS (n  = I~.) OCCUr readily at RT to give cr-thienyl 
complexes tran~-PdBr(C4H 4 . ,,Br,, w IS-CXPPh~)., in yields _> 85(~. The products are intermediates in the regioselective reduction of 
bromothiophenes catalyzed by Pd(0). Palladation invariably OCcurs at the carbon adjacent to the thieayl sulfur. Single crystal X-ray 
crystallographic determination was carried out on PdBr(2-thienyIXPPh3)2,ol, and PdBr(3,4,5-tribromo-2-thienyIXPPh3),, 6. Crystal data 
tbr I: space group Pbcn, a = 19.354(I), b=  10.760(I), c -  l(,)51(I)A, Z=4 ,  3106 reflections. R=0.0614" for 6: space gn'mp 
P 2 J n ,  a = I 1.361(2), b = 13.049(3), c = 26.670(5),~, /3 = 102.00(3) °. Z= 4, 3577 reflections, R = 0.0375. Reduction of PdBt(3,4-ch- 
bromo-2-thienyIXPPh~)_,. 5, by NaBH4 gives 2,3-dibromothiophene. 

geywords: tr-Thienyl: Palladium: Oxidative addition: Bromothiopbenes: Crystal structures: Catalysis: Reduction 

1. Introduction 

Bromothiophencs are important materials in drug [I] 
and polymer syntheses [2]. We have recently reported 
the synthesis of isomerically pure dibromolhiophenes 
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-dibromothiophencs respec- 
lively. Such manifestation of site reactivity throu[,,h 
oxidative addition to a metal center is obviously a 
superior strategy compared to the classical organic re- 
duction of 2,3,5-tribromothiophenc. [Reduction of 
2,3,5-tribromothiophenes using common commercially 
available reducing agents usually gives a mixture of di- 
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and monobromothiophencs and the parent thiophene. 
The poor selectivity is hardly surprising due to the 
interplay of contrasting steric and elecmmic effects.] 
Although a wealth of peripheral evidence is available 
regarding this oxidative addition step in Pd--camlyzed 
reduction, there are only a few cases in which the key 
oxidative addition products can he isolated and cim~.x- 
tedzed crystallographically [4]. There is also no struc- 
tural evidence that a similar pathway can occur in a 
thiophenyl substrate. An excellent review on thiopheue 
chemistry was recently published by Rauchfuss [5]. The 
author also mentioned the poorly developed coordina- 
tion chemistry of thienyl ligands C4R3S-. Chia and 
McWhinnle [6] described the oxidative addition of 2- 
hromothiophene to Pd(PPh3) 4. In this paper, we report 
the isolation and spectroscopic characterization of the 
~-thienyl intermediates arising from the regioselective 
reduction of a series of brominated thiophenes. Also 
included are the X-ray crystallogrrohic 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 o f  halothiophenes.  

2. Results a n d  d i scuss ion  

Pd(PPh3) 4 reacts readily with 2-bromothiophene in 
b e n z e n e  or  t o luene  at RT to g ive  PdBr (2 -  
thienyiXPPh3) 2, 1, in near-quantitative yield. Similar 
r e a c t i o n s  w i t h  2 , 3 - d i b r o m o t h i o p h e n e ,  2 , 4 - d i -  
b r o m o t h i o p h e n e ,  2 , 5 - d i b r o m o t h i o p h e n e ,  2 ,3,5- t r i -  

bromothiophene  and te trabromothiophene give PdBr(5- 
b r o m o - 2 - t h i e n y l ) ( P P h 3 )  2, 2, P d B r ( 4 - b r o m o - 2 -  
thienylXPPh3) 2, 3, PdBr(3-brom, 2 - th i eny lXPPh)2 ,  4, 
P d B r ( 3 , 4 . - d i b r o m o - 2 - t h i e n y i ) ( P P h 3 ) , ,  5 a n d  
PdBr(3,4,5-tr ibromo-2-thienylXPPh3) 2, 6 respectively 
(Scheme 1). All the reactions readily proceed to com-  
pletion at RT. The ~H, ~3C and 3~p NMR spectral data 
are summarized  in Table I. The 31p 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~)2 [7]. Palladation invari- 

Table I 
NMR data of PdBr(2-thienylXPPh~) 2, !, PdBr(5-bromo-2-thienylXPPh~) 2, 2, PdBr(4-bromo-2-thienylXPPh~) 2. 3, PdBr(3-bromo-2- 
thienylXPPh ~)2, 4, PdBff3 4-dibromo-2-thienylXPPh ~ )2, 5 and PdBr(3,4,5-tri¢~romo-2-thienyl)(PPh ~)2, 6 

Spectroscopic assignments I H NMR c$ (ppm) )3C NMR 8 (ppm) ~lp NMR ~5 (ppm) 

Complexes ~ PPh~ H 3 H 4 H s J (Hz) PPh~ C i C ~ C 4 C ~ PPha 

PPh3 7.52 6.84 6.34 5.93 (H~-H 4) 134.6 143.3 127.1 128.7 132.0 23.0 
I s 4 (m, 12H) (d, IH) (dd, IH) (d, IH) 4.88 129.9 

B r - -  Pd ~ )  7.30 (H4-H s) 128.5 
I " S "  + (t. ISH) 3.00 127.8 

PPh 3 

| 

PPh3 7.56 6.67 6.18 (H~-H 4) 134.8 148.2 127.0 129.7 113.3 23.7 
I hr...., s 4 (m, 12H) (d, IH) (d. IH) 4.89 130.4 

B r - -  Ptl ~ 7.32 130.2 
! "S~'+ (t, 18H) 128.0 

PPh 3 

2 
PPha 7.50 6.63 5.70 (H~-H +) 134.6 148.3 125.9 109.9 131.9 23.2 
I ~ * . Br (m, 12H) (d, IH) (d, IH) 0.99 130.8 

P~ - - - ~ a  7.34 130.2 
(t, 18H) 128.0 

2 
PPh 3 

3 
PPha 7.58 6.19 5.64 (H4-H ~) 134.7 145.6 112.0 130.6 132.1 22.6 
I s 4 (m. 12H) (d, IH) (d, IH) 3.69 130.2 
7 d - - ~ 2  7.36 130.1 

Br (t, 18H) 128.0 
PPh 3 

P@h3 7.59 5.56 134.6 148.1 110.6 114.0 132.2 22.9 
i 

I , , , '  4 ...el (m, 12H) (s, IH) 130.5 
B t - -  Pa ----:~" ~' 7.36 130.3 

I " ~ " ,  Or (t, 18H) 128.0 
PPha 

$ 

PPha 7.59 134.7 146.8 110.5 114.7 115.823.2 
t .,,,5 4,,. 

a t - -  Pd ~ " B r  Br (m.7.3512H) 1130"430.3 

I "S e" a'~ B r It, 18H) 127.9 
PPh3 

The metalated carbon of the ~.hienyl ring is assigned at l-position. In free thiophenes, this carbon atom is at 2- or 5-position depending on the 
positioning of the bromine atom(s). Sulfur is at I-position in free thiophenes. 
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PPb~ PVh~ 
P~ pt 1 

+ RBr - - ~  Br--Pd---R + 2pp~  3 

PPlt3 

a = - ~  O) n,~7_~ (2) - ~ - n ,  O) 

Scheme I. Oxidative additions of bromothiophenes to Pd(PPh ~)4. 

ably occurs at the carbon at the 2- (or et-) position, i.e. 
adjacent to the sulfur. This regioselectivity is indicated 
in the t H NMR spectra in which the resonances of the 
protons at the 3- (or I~-) position adjacent to the meta- 
lated site are inevitably shielded with respect to the 
parent thiophenes. For example, the [~-protous 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 5.56 ppm in l ,  3, 4 and 5 respectively. 
Support of this comes from the ~-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 '3C 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 I is a stable and rare unsubstituted ff-thionyl 
complex. Complex 6 derived from a completely substi- 
tuted thiophene is an ideal stmcttwal model for examina- 
tion of the p~ferential site for oxidative palladation. 
Chia and McWhinnie [6] repotted the reaction between 
2-bromothiophene and Pd(PPh3) 4 to give a t rans  prod- 
uct, but similar reaction with 2-btmm3-3-methyl- 
thiophene gives a mixture of c/s and trans isomers. 
Similar trichlorothienyl complexes have also been ob- 
tained from metal-halogen exchange between 2- 
LiC4CI3S and metal halides [8]. Thegn is howe~er no 
crystallographic report on these species. To confirm the 
metalation site "and geometry of the oxidative addition 
product including the t rans-disposidon of the 
groups, single crystal X-ray smmmre analysis was car- 
fled out on both complexes. They represent the first 
crystallographically chanmterized thienyl 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 slng'unal characterization of 
the intermediates involved. 

Complex 1 shows a Pd(ll) ~-thienyl complex with 
near-ideal square-planar geometry with two phosphm~ 
(/_.P(l)-Pd-P(la)  177.5(1) °) and thienyl and bromide 
( /_Br-Pd-C(19) 180.0(!)0) t rans  to each other(Fig. 1, 
Tables 2 and 3). To achieve a strong Pd-thienyl imerac- 
don (Pd-C(19) 1.993(4),~,), the thienyl plane makes a 
dihedral angle of 96.1 ° with the Pd(ll) coonlination 

plane to avoid steric interactions with the phenyl groups. 

Table 2 
Crystal data and details of the data collection and refinement for ! and 6 
Molecular formula 
Molecular weight 
Color and habit 
Crystal size (mm 3) 
Crystal system 
Space group 
Temperature (K) 
Unit cell parameters 

b (A) 
c (.~) 
/3 (°) 

F(O00) 

v (~3) 
z 
Absoq~ion coefficient ( n u n -  * ) 
Density (calc.) (gcm- ~ ) 
Index ranges 
Reflections collected 
Independent reflections 
Final R indices (obs. data) 
Goodness-of-fit 
Largest difference peak and hole (e ,~- "~) 

C4oH 3.~Br~ PdS 
794.0 
yellow prism 
0.30 x 0.30 x 0.40 
onhodmmbic 
Pbcn (No. 60) 
294 

19.354(I) 

10.760(2) 

16.451(I) 

1600 

3426(2) 
4 
1.891 
1.539 
- 2 4 < h  < 24, - 1 3 < / <  13 .0<i<20  
11410 
3606 (Ri, t = 2.36%) 
R = 6.14%. wR = 5.93% 
1.49 
0.75 and - 0.78 

C4oH3oBr4P2PdS 
1030.7 
yellow prism 
0.20 x 0.20 x 0.30 
meaoclinic 
P21/n 
294 

I 1.361(2) 
13.049(3) 

26.670(5) 
I02.0O(3) 
2008 

3867(2) 
4 
4.777 
1.770 
0<h<: 13,0<k< 15, -31 <:1<30 
7181 
6815 (R~,, = 2.69%) 
R ~ 3.75%, wR = 4.00% 
i.12 
0.42 and - 0.52 
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Cl21d CI2ll C1141 C1151 

C(13) C[381 Cl20 s4e clltl C(39~ .~  

Cl l l l  C( 

CII2) CIIOI C(35}~( 

Pdll) C(61 C(9l 

;) ii ccm C ( 3 2 )  ~ - '  O')~P"-_ I 

C(4I C1331%~uU4~ 
C{3J arcI~ C(27} 

Cl261 

Fig. I. OR'r~ plot (30% thermal ellipsoids) o f  the molecular str-cture 
of PdBr(2-thienylXPPh]) 2, l. A crystallographic C2 axis passe~: 
through Br(I), Pd(I), 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 ~l-s coordination or any .q2_ 
or "q4-metal interaction using the ~r-bonds on the thienyl 
ring, even though such coordination modes are com- 
monly found in other metals. [A typical example of 
-q'-S coordination is found in ReCp*(CO)2(C4H4S) 
which reacts with Fez(CO) 9 to give an ~l,'q4-bridging 
complex, see Ref. [10]; "q2-complexes are also known, 
see Ref. [11].] In spite of  the metalation at one of  the 
two carbon atoms neighboring the sulfur, the two C - S  
bonds are identical (C(19)-S(I)  1.710(3) and C(21a)- 
S(I)  ! .709(3) A). The thienyl ring is essentially planar 
(mean deviation 0.008A) with the inner C - C  bond 
(C(20)-C(21) 1.430(4)/°k) significantly Iongcr than the 
outer ones (mean C(19)-C(20) and C(21)-C(21a) 
1.362(3) A). The strong trans influence of the thieny/ 
group gives a significantly long Pd-Br  bond (2.526(1) 

Table 3 
Selected bond lengths (,~) and angles (°) for I 

Bond lengths 
Pd(l )-(2(19) 1.993~4) 
Pd(1)-P(1) 2.351(I) 
(2{19)-{2(20) 1.363(5) 
S(I )-C(21 a) 1.709(3) 
C(21)-C(21a) 1.361(I) 
P( I )-(2(12) 1.826(4) 

Bond angles 
C(19)-Pd(1)-P(1) 88.8(I) 
Br(1)-Pd(1)-P(1) 91.2(I) 
Br(1)-Pd(1)-C(19) 180.0(I) 
S(1)-C(19)-Pd(I) 120.741) 
C(19)-S(I).-C(2 In) 93.2(2) 
C(19)-C(20)-C(21) 125.5(5) 
S(I)-C(21a)-C(21) 117.5(I) 
C(12)-P(1)-Pd(1) 1 IO.7(I) 

Pd(1)-Br(1) 2.526(I) 
Pd(I)-I~la) 2.351(I) 
S(I)-C(19) 1.710{3) 
C(20)-C(21 ) 1.430(4) 
P( I )-(2(6) 1.826(4) 
P{ I )-C(18) 1.838(5) 

C(19)-Pd(1)-F(la) 88.8(I) 
Bdl)-Pd(I)-P(la) 91.2(i) 
P(i)-Pd(I)-P(la) 177.5(I) 
C(2O)-C( 19)-Pd( I ) 136.2(2) 
S(I)-C(19)-C(20) 103.1(3) 
C(20)-C(21)-C(2 In) 100.6(3) 
C(6)-P(I)-Pd(i) 113.3(2) 
C(18)-P(I)-Pd(I) 120.5(I) 

Br(31 ( 

1213 

C( 
( 

P, 

I 

:1241 

3251 

Br l4 )  

~ c(9) 

-~ IFO Citl 

C ( I B ) ~  021) 

Br"t ~ ~ CII2) 

C{14 l~J~V C(13) 

Fig. 2. olrr~ plot (30% thenmal ellipsoids) of the molecular structure 
of PdBd3,4,5-tribromo-2-thienylXPPh3) 2, 6. 

compared to many other Pd(ll)-Br bonds, e.g. in 
[Pdar3(CO)]- (2.413(4)-2.432(4),~) [12J and t rans -  

PdBr2[2-(2'-thienyl)pyridine)] 2 (2.431(!)A) [13]. The 
weakness of  this Pd-Br  bond also supports the ready 
reduction (or H-exchange) of  I with subsequent elimi- 
nation to give thiophene. 

The X-ray structure of  6 proves unequivocally that 
C - B r  insertion occurs preferentially at the 2- (or or-) 
position (Fig. 2, Tables 2 and 4). Interestingly, similar 
C - H  insertion on an Rh(l) complex under photolytic 
conditions can occur at both 2- and 3- (or 13-) positions 
[14]. Among all the thiophenes examined, we have no 
evidence that the 3-positions are susceptible to such 
attack. Complex 6 has all the: essential features found in 
1. Notable differences are found in the significantly 
si~o,lger Pd-Br  bond (2.483(i)A). The weaker trans 
influence of  a weaker C-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{l)-Br(1) 2.483(I) 
Pd{I)-P(1) 2.329(2) Pd(1)-P(2) 2.339(2) 
C(I)-C(2) 1.357(10) S(I)-C(1) 1.730{7) 
S(I)-C(4) 1.719(9) C(2)-C(3) 1.425(11) 
C(3)-C(4) 1.360(10) C(2)-Br(2) 1.871(7) 
C(3)-Br(3) 1.865(7) C{4)-Bd4) 1.868(8) 
P(1)-C(5) 1.833(8) P(1)-C(I I) 1.804(7) 
P(1)-C(17) 1.813(7) P(2)-C(23) 1.813(7) 
P(2)-C(29) 1.822(8) 1~2)-C(35) 1.816(9) 

C(I)-Pd(I)-P{I) 90.1(2) C(I)-Pd(I)-P(2) 91.7(2) 
Br(1)-Pd(1)-l~l) 89.0{I) edl)-Pd(1)-l~2) 89.5(I) 
Br(I)-Pd(I)-C(I) 176.7(2) I~ I)-Pd(I)-P(2) 174.6(I) 
S(I)-C(I)-Pd(I) 121.3(4) C(2)-C(I)-Pd(I) 129.3(5) 
(2( I )-S( I )-C(4) 92.7(4) S( I )-C(I)-C(2) 109.3(6) 
C(I)-C(2)-C(3) 115.0(6) C(2)-C(3)-C(4) I 1 !.5(7) 
S(I)-C(4)-C(3) 111.5(6) C(5)-P(I)-Pd(I) 120.0{3) 
C(ll)-P(I)-Pd(I) 105.4(2) C(17)-P(I)-Pd(I) il6.7(2) 
C(23)-1~2)-Pd{i) 115.0{3) C(29)-P(2)-Pd(i) 111.8(3) 
C(35)-F(2)-Pd(I ) I 15.7(3) 
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PPh3. / PPh 3 PPb3 
f '  Pd~ X ~ p d /  

PPI~ PPh 3 PPh3 

2P / "-"NaX + ~B2t~ 

. /  ~ . ~ \  
I f ...... ur 

Pt~Td-~nr p~! 

[Pin3 ./, Or I Xs/~X,e,. 

Nalk + N ~  Nann4 

Scheme 2. Proposed catalytic mechanism of regioselective debromi- 
nation of 2,3.5-tribromothiophene to 2,3-dibmmothiophene via an 
intermediate PdBd3,4-dlbromo-2-thienyl)(PPh3) 2, S. 

Despite the presence of three bromides on a highly 
substituted thienyl ring, there appears no bond weaken- 
ing effect on either the Pd-thienyl (Pd-C(I)  2.004(8) ~,) 
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 bromothienyi ring 
however forces a slight but noticeable (mean deviation 
0.069/~, with the P atoms on one side and the Ball) and 
C(19) atoms on the other) distortion of metal-ligand 
bonds, as well as nfinor angular distortion o f / _ P ( I ) -  
Pd-P(2) (174.6(1) °) and /_C(l ) -Pd-Br( l )  (176.7(2) °) 
from finearity. 

The exclusive i a~ t t io ,  of [Fd~P~i3)2] into t,~.~ C-Br  
bond at the 2-position determines the regioselectivity of 
the debrominafion reaction (Scheme 2). For example, 
reduction of 2,3,5-tribromothiophene gives good yields 
of 2,3-dibmmothiophene when catalyzed by Pd(0). To 
show that the. oxidation addition products 1--6 are inter- 
mediates in the debmnunation reactions, complex $ was 
treated with an equimolar amount of NaBH 4 in CD3CN 
at RT, 31p NMR and GC/MS assay confu'med the 
generation of 2,3-dibromothiophene as the predominant 
thiophene product. In the presence of two-fold excess of 
PPh 3 and under similar conditions, the same product is 
formed. 

The delocalization effect imparted by bromide is 
expected to stabilize the bromothienyl complexes with 
respect to the unsubstituted thienyl complex 1. This 
electronic effect appears to offset the steric l~'~blems 

associated with the highly substituted thienyl complex. 
The X-ray structure of 1 also pcints to a polarization 
and weakening of the Pd-Br bond. The reactions of the 
thiophenes with Pd(PPh3) 4 were followed by 31p and 
'H NMR; the reactivity order descends from highly 
substituted thiophenes to unsubstituted thiophene. Con- 
versely, the stability of the isolated complexes decreases 
as follows: 6 > S > 4 - 3 ~ 2 > I .  Among the dibro- 
mothiophenes, the 2,5-isomer is the nmst reactive 
whereas the 2,3-derivative is the least; the steric effects 
appear to he a governing factor. 

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

3. v_~er~en~ details 

3.1. General 

All reactions were performed using standard Sehlenk 
techniques. 2-Bromothicphene, 2,3-, 2,4- and 2,5-di- 
bromothiophenes, 2,3,5-tribromothiophene and 
mothiophene were commercial products and used with- 
out further purification. Pd(PPh3) 4 was weparnd accord- 
ing to published procedures [17]. Reagent-grade ben- 
zene and diethyi ether were distilled from Na/benzo- 
phenone under argon. 

3.2. Analytical methods 

NMR spectra were acqui~=d on a Braker ACF300 
spe.ctmme,~er. ~H ,~,tR spectra -~¢~e ~feren=ed ,o ~ e  
internal reference SiMe 4 with CDCI 3 as solvent. ~3C 
HMR spectra were referenced to the solvent. 31p NMR 
spectra were reference~ internally re!a~,,e m. L~. deu- 
terium lock signal using the SR command of Standard 
Broker Software with the standard 85% H3PO4-D20. 

Gas chromatographic data were ohtained on a 
Hewlett-Packard 5890 Series II Plus Gas C'~w~n~n~o- 
graph (C_~C) with a IIP-I capillary column (2.~m X 
0.32 mm ID, 0.25 itm phase thickness, 25 m length). A 
split/splitless injector was used in the splitless mode. 
Nitrogen was used as the carrier gas and the flow rate 
was 1.28 ml min- n. The temperatures for injects" and 
detector were 280 and 300°¢2 respectively. The temper- 
ature program for the analysis of the reaction mixture of 
complex $ with NaBH 4 was as follows: initial oven 
temperature held at 60°C for 5nun, increased to 300°C 
at a rate of lO°Cmin -~, with f'mal temperature held for 
2 nun. I~or mass specu'ometric mmlysis of the w.action 
mixture, a Hewlett-Packard 5890 Series I Gas Chro- 
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matograph was equipped with a Hewlett-Packard 5988A 
Mass Spectrometer (MS) installed with a Continuous 
Dynode Electron Multipler (CDEM). The G C - M S  was 
operated with a Hewlett-Packard 59970 MS ChemSta- 
tion system and an NBS library database (version 3.1). 
The cohtmn used was a 25 m × 0.32mm ID (0.25 t im 
phase thickness, 25 m length) HP-5 capillary column 
(Hewlett-Packard). Helium was the carder gas and the 
flow rate was 1.29mlmin -z. The temperatures for in- 
jector, transfer line and ion source were 280, 280 and 
200°C respectively. The mass spectrometer was tuned 
to perfluorouributylamine (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 -I and held there for 
another 10 min. 

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

3.3. Synthesis o f  PdBrf 2-thienyl)( PPh 3 )2, 1 

A mixture of Pd(PPh3) 4 (I .156g, 1.0mmol) and 
2-bromothiophene (0.198g, 1.2mmol) in benzene 
(10nd) was deoxygenated and stirred overnight in a 
50ml Schlenk flask under argon at RT. The resultant 
yellow solution was evaporated to dryness in wxcuo. 
The solid residue was triturated with Et20 and the ether 
solution discarded. The washing was repeated twice and 
the residual product purified further by recrystallization 
from chloroform-hexane. 

3.4. Syntheses o f  PdBr( 5-bromo-2-thienyl)( PPh 3 )2 , 2, 
PdBr( 4-bromo-2-thienyl)( PPh., ) 2 , 3, PdBr( 3-bromo-2- 
thienyl)(PPh?)z,  4, PdBr(3,4-dibromo-2-thienyl)-  

~ P_Ph~ )2, 5, PdBr( 3,4,5-tribromo-2-thienyl)( PPh j ) 2, 6 

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

3.5. Reaction o f  PdBr( 3,4-dibromo-2-thienyl)( PPh 3 )2, 5 
with NaBH4 

To a CD3CN solution (Smi) of 5 (0.0192g, 
0.02retool) in a 40ml Schlenk flask was added an 
equimolar quantity of  NaBH 4 (0.0008g, 0.02mmoi) 
and the mixture was stirred for 4 h under argon at RT. 
The resultant dark-colored mixture was filtered and 
analyzed by NMR and G C / M S .  The 3Jp NMR spec- 
trum of the filtrate showed that 5 was consumed and 
PPh 3 ( 8 = - 5 p p m )  was formed. GC and G C / M S  
analysis with the help of standard samples showed that 
2,3-dibromothiophene, PPh~ and OPPh 3 were formed 
as the main products. 

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

3.6. X-ray crystallography 

Single crystals of  PdBr(2-thienylXPPh3) 2, 1, and 
PdBr(3,4,5-tribromo-2-thienyl)(PPh3) 2, 6, were grown 
respectively from C H 3 C N - C f H s C H 3 - C H C I 3  and 
C 6 H 5 CH 3-CHCI 3 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 ~, 
Rigaku AFC7 diffractometer respectively, with 
graphite-monochrolnated Mo Kct radiation (A = 
0.71073 A). For complex 1, 31 oscillation frames were 
used with ~b = 0 -180  °, A~b = 6.0 ° and a scan rate of 
8 rain per frame. For complex 2, the variable to-scan 
technique was used with a scan rate of  2.00 to 
32.00 ° m.,:n- ~. Empirical abso,"p*.,.'on co.,Tections were ap- 
plied to the raw intensities. I ne structures were solved 

Table 5 
Physical properties and elemental mlalytical data for I-6 

Complexes (formula) Color M.p. (°C) Yield (%) Analysis (%) 
C H Br P Pd S 

I (C~H33BrP.,PdS) yellow ~ 185 (0ec.) 85 

2 (C40H32 Br:P2 PdS) light yellow ~ 200 (dec.) 88 

3 (C40H32Br2~PdS) light yellow ~ 205 (dec.) 91 

4 (C4oH 32 Br, P2PdS) light yellow ~ 200 (dec.) 93 

5 (C~H~,Br~P2PdS) light yellow ~ 235 (dec.) 90 

6 (C4aH ~oBr4P2PdS) light yellow ~ 260 (dec.) 95 

Found 60.72 4.34 9.55 7.60 13.44 4.44 
Calc. 60.51 4.19 10.06 7.80 13.40 4.04 
Found 55.17 3.59 18.52 7.25 12.10 3.58 
Calc. 55.04 3.70 18.31 7. I 0 12.19 3.67 
Found 55.28 4.09 17.93 7.01 I 1.98 3.92 
Calc. 55.04 3.70 18.31 7.10 12.19 3.67 
Found 55.13 3.69 18.11 6.95 11.76 3.28 
Calc. 55.04 3.70 18.31 7.10 12.19 3.67 
Found 50.72 3.32 24.70 6.13 10.84 3.22 
Calc. 50.48 3.28 25.18 6.51 i I. 18 3.37 
Found 46.40 2.99 30.50 5.68 9.77 3.40 
Calc. 46.61 2.93 31.OI 6.01 10.32 3.11 
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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 hyd~ ~gen atoms were 
introduced in their idealized positions with ass|gned 
isotropic temperature factors. Molecule 1 has a crystal- 
lographic two-fold axis passing through Br(l), Pd(I), 
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(I) and C(20) at half site 
occupancy. All calculations were performed on a PC 
486 with the SHELXTL-eC 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 I and 6 are available from the authors. 
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