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The first synthesis of 3,4’-dibromo-2,2'-bithiophene via metal-catalysed cross-coupling between a
metallated and a halogenated thiophene derivative is described. An X-ray crystal structure of
3,4'-dibromo-2,2’-bithiophene is reported. 3,4’-Dibromo-2,2’-bithiophene was converted into
corresponding bis(alkylsulfanyl) derivatives through bromine-lithium exchange, followed by reaction
with two dialkyl disulfides (Me,S, or Bu,S,). The *H and *C NMR data are discussed.

Introduction

-Substituted oligo- and poly-thiophenes have aroused interest
thanks to their electrical* and optical? properties, and can be
utilized as electronic semiconducting materials,®** non-linear
optical materials,® highly ordered molecular assemblies® and in
biological studies.”® In recent years, p-substituted oligothio-
phenes have attracted increased attention owing to their well
defined structures, enhanced solubility, better processability
and easier characterizability with respect to the related
polymers.®*°

B-Substituted bithiophenes can be utilized as starting
materials for chemical and electrochemical polymerization, for
the step-by-step synthesis of longer oligomers and as model
compounds for the interpretation of related polymers.*

Whereas alkylated oligo-*? and poly-thiophenes®® have been
widely studied, less attention has been paid to derivatives bear-
ing electroactive groups. Thus an alkylsulfanyl group should
lead to materials whose electronic structure and properties are
strongly influenced by the electron-donating features of the
substituent.?

The starting point for obtaining longer substituted oligothio-
phenes is frequently that of the corresponding dimers.®*? The
synthesis of disubstituted bithiophenes usually follows two
routes: (a) oxidative homo-coupling of metallated thiophenes,**
(b) cross coupling of o-metallated thiophenes with a-halo-
genothiophenes.™®* The syntheses of symmetrical dimers
via coupling reactions have been successfully carried out,
regardless of the type of substituent.”>™’ However, in the case
of the head-to-tail dimer, 3,4’-bis(methylsulfanyl)-2,2’-
bithiophene, this route has not proved to be entirely satisfac-
tory.'® In fact, difficulties arise during the formation and purifi-
cation of the suitable substituted starting monomers, and poor-
ly separable isomeric by-products are formed in the coupling
reaction.

In recent papers, it has been established that 3,3'- and 4,4'-
dibromo-2,2'-bithiophenes are convenient precursors for the
synthesis of the corresponding head-to-head and tail-to-tail
dimers.'"

The present work reports the synthesis and characteriz-
ation of 3,4’-dibromo-2,2'-bithiophene. By analogy with 3-
bromothiophene,® this compound can be considered as an
intermediate for electrophilic or nucleophilic (through lithium-
bromine exchange) substitution in the preparation of a great
variety of 3,4’-disubstituted-2,2’-bithiophenes. With our back-
ground in the field of this type of organic materials, we used this
derivative as an intermediate to obtain 3,4’-bis(alkylsulfanyl)-
2,2'-bithiophenes via bromo substitution. The described

method suggests an alternative route to the coupling reaction *®
for the functionalization of the 3,4’ positions of 2,2'-
bithiophene.

Results and discussion

Synthesis
3-Bromo-2-(trimethylstannyl)thiophene 2 was obtained from 3-
bromothiophene 1% in 75% yield (Scheme 1). Reaction of sub-
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Scheme 1 Reagents, conditions and yields (in parentheses): i, LDA,
THF, —78°C; ii, Me,SnCl (75%); iii, Br,, HOAc, overnight (83%);
iv, LDA, THF, —70°C; v, Me;SiCl (73%); vi, Pd(PPh;),, toluene,
105 °C (40%); vii, aq. HI, benzene, room temp., 36 h (93%); viii, BuLi,
THF, =75 °C; ix, Me,S, (47% 7) or Bu,S, (55% 8)

strate 1 with Br, gave 2,3-dibromothiophene 3.2* 3,5-Dibromo-
2-(trimethylsilyl)thiophene 4 was prepared by lithiation of
dibromide 3, followed by treatment with trimethylsilyl chloride
(TMSCI).%2% When both reagents were added in one portion,
the palladium-catalysed cross-coupling of compounds 2 and 4
gave a complex mixture containing only a small percentage
of 3,4’-dibromo-5'-(trimethylsilyl)-2,2’-bithiophene 5. Optimal
results in the formation of target molecule 5 were obtained by
slow addition of dibromide 4 into a solution of the stannane 2.
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3,4’-Dibromo-5’-(trimethylsilyl)-2,2"-bithiophene 5 was
obtained in the presence of the unchanged reagents. The crude
product was purified by chromatography and afforded pure
compound 5 in 40% yield.

3,4'-Dibromo-2,2’-bithiophene 6 was prepared in high
yield (93%) by a desilylation process with hydroiodic acid.

Lithiation of compound 6 followed by reaction with the
appropriate dialky! disulfide should produce the corresponding
alkylsulfanyl derivative. However, when the butyllithium solu-
tion was added dropwise to a cold solution of compound 6,
transmetallation occurs.*®** On the other hand, dropwise
addition of a solution of dibromide 6 to the cold butyllithium
solution avoids the transmetallation process. The 3,4'-dilithium
derivative was quenched with a 20% excess of dialkyl disulfide
at relatively high temperature (—20 °C). Under these conditions
maximum Yyields are obtained. This procedure was applied to
generate 3,4'-bis(methylsulfanyl)- 7 and 3,4’-bis(butylsulfanyl)-
2,2'-bithiophene 8, in 47 and 55% vyield, respectively.

The Ni- or Pd-catalysed cross-coupling reactions of organo-
tin reagents with organic halides provide a general route to
carbon-carbon bond formation.??% Pd complexes are reported
to be more compatible with various functional groups and more
chemo- and regio-selective than are the corresponding Ni
complexes.?®

Nickel-catalysed coupling of Grignard reagents, previously
applied in our group for the synthesis of 3,4’-bis(alkylsulfanyl)-
2,2'-bithiophenes,*® could, in theory, be a way of synthesizing
3,4’-dibromo-2,2’-bithiophene from 2,3-dibromothiophene
and 2,4-dibromothiophene. Unfortunately, the nickel-catalysed
coupling of the Grignard reagent of 2,3-dibromothiophene
with 2,4-dibromothiophene in Et,O gave a mixture of 24-
dibromothiophene and 3-bromothiophene (arising from
hydrolysis of the Grignard reagent).

Palladium-catalysed coupling of 2,4-dibromothiophene with
3-bromo-2-(trimethylstannyl)thiophene in toluene at 105 °C
yielded a mixture of the three possible dibromo-2,2’-
bithiophenes (3,4'-, 4,4’- and 3,3'-: 83; 7.5; 4.5%, respectively)
and 2,4-dibromothiophene (5%) (total: 64% conversion). Com-
plete purification of the product gave the 3,4'-derivative (con-
taining 1-2% of the 4,4’-isomer) (25% vyield). However, the
results could not be reproduced during several attempts to
optimize the reaction conditions; this might be due to
impurities.

On account of its B-carbocation stabilization and its easy
elimination, the trimethylsilyl group?* was introduced in
order to enhance the reactivity of the 2,4-dibromo derivative
in the a-position and to achieve a higher regioselectivity in the
Stille-type coupling. Since the trimethylsilyl group can undergo
electrophilic substitution with the dialkyl disulfide,® 3,4'-
dibromo-5’-(trimethylsilyl)-2,2'-bithiophene has to be desilyl-
ated before the final steps in the synthetic pathway. By com-
parison with the cross-coupling reaction*® this synthetic route
affords compounds 7 and 8 of higher purity and avoids the
presence of poorly isolable isomeric by-products.

X-Ray molecular structure
The molecular structure of dibromide 6 is presented in Fig. 1,
along with bond distances and ring bond angles (Table 1). The
unit-cell contains one crystallographically independent mol-
ecule, which exhibits a slightly bent anti conformation, char-
acterized by an S(1a)-C(2a)-C(2b)-S(1b) torsion angle of
175.0(3)°. It is of interest to note that all but one of the sym-
metrically disubstituted 2,2'-dithienyls of known structure have
a crystallographic inversion centre at the mid-point of the inter-
ring bond, which makes the molecules exactly coplanar; the
only exception of which we are aware is 3,3'-bis(hydroxyethyl)-
2,2'-bithiophene, which exhibits 2-fold symmetry and a strong-
ly twisted anti conformation.®

Bond distances and angles compare well with those observed
in other oligothiophene derivatives.*>** We observed widening
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Fig. 1 The molecular structure of 3,4’-dibromo-2,2’'-bithiophene 6
showing the atom-numbering scheme and thermal motion ellipsoids
(40%). Ring bond lengths and selected bond angles are reported in
Table 1.

Table 1 Ring bond lengths (A) and selected bond angles (°) of
compound 6

Br(a)-C(3a) 1.878 Br(b)-C(4b) 1.896
S(1a)-C(2a) 1.734 S(1b)-C(2b) 1.729
C(2a)-C(3a) 1.363 C(2b)-C(3b) 1.362
C(3a)-C(4a) 1.413 C(3b)-C(4b) 1.386
C(4a)-C(5a) 1.338 C(4b)-C(5b) 1.341
S(1a)-C(5a) 1.713 S(1b)-C(5b) 1.708
C(2a)-C(2b) 1.455

C(5a)-S(1a)-C(2a) 91.8
S(1a)-C(2a)-C(3a) 109.4
C(2a)-C(3a)-C(4a) 114.4
C(3a)-C(4a)-C(5a) 111.9
C(4a)-C(5a)-S(1a) 1125

C(5b)-S(1b)-C(2b) 91.8
S(1b)-C(2b)-C(3b)  110.1
C(2b)-C(3b)-C(4b)  113.0
C(3b)-C(4b)-C(5b)  114.2
C(4b)-C(5b)-S(1b)  111.0

of the intra-ring bond angles at the substituted C atoms, they
being about 2-3° wider than those reported for methyl-substi-
tuted thienyl carbons.® This effect has also been observed in the
5,5’-** and 4,4’-dibromo>* analogues.

The compound exhibits a typical herringbone packing motif,
commonly reported for crystals of planar or quasi-planar oligo-
thiophenes.® The molecules are stacked in parallel layers
along the shortest b cell axis at an interplanar distance of 3.633
A. The angle between mean planes of glide-plane-related mole-
cules (herringbone angle) is 52.0°, significantly smaller than
those reported for planar thiophene oligomers. It is of interest
to note that the molecular packing contains some very short
van der Waals contacts involving Br, S and C atoms. The short-
est ones [Br(1) - - - C(5b) = 3.542(6) A; Br(1) - - - Br(2) = 3.580(1)
A; S(1a)--- C(3b) =3.551(5) A; Br(1)---S(1b)=3.677(2) A]
occur between glide-plane-related molecules, but not between
the stacked layers. It may also be pointed out that the lack
of short van der Waals interactions appears to be a common
feature of the molecular packing of thiophene oligomers.*

NMR Structural assignment

'H and **C NMR chemical shifts of derivatives 5, 6 and 8 are
reported in Tables 2 and 3. In derivatives 5, 6 and 8, the two
types of thiophene ring are easily recognized by the proton-
proton coupling constants (5.3 and 1.3 Hz for 2,3- and 2,4-
disubstituted thiophenes). The assignment of the H,C directly
and long-range-bonded pairs was achieved through inverse-
detected heteronuclear multiple-quantum coherence (HMQC)®*
and inverse-detected heteronuclear multiple-bond correlation
(HMBC)* experiments.

The assignment of the C(a)-H(c) and C(B)-H(B) pairs was
based on the different value of the corresponding J(C,H)
values (~190 and 170 Hz, respectively).®®

In derivative 8, two different types of butylsulfanyl chains are
present. By exploiting the presence of a long-range coupling
constant between the protons of S-CH,(a) and the thiophene
carbon bearing the substituent we performed an HMBC
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Table 2 *H and *3C chemical shifts (5, ppm) of compounds 5 and 6
Compound c-2 c-3 4-H/C-4  5-HIC-5  C-2' 3'-H/C-3' c-4' 5'-H/C-5' Si(CH,),
5 Oy 7.02 7.21 7.41 0.43
5 Oc 130.9 108.5 131.9 125.0 140.0 131.3 117.3 135.5 —0.78
6 Oy 7.02 7.22 7.32 7.24
6 Oc 130.8 108.8 132.0 125.1 135.7 128.8 110.2 123.2
Table 3 'H and **C chemical shifts (5, ppm) of compound 8
C-2 C-3 4-H/C-4 5-H/C-5 c-2’ 3'-H/C-3’ C-4' 5'-H/C-5’
Oy 7.02 7.18 7.27 7.08
Oc 134.93 128.55 132.01 123.45 136.2 128.38 132.36 123.37
3-chain CHy(0) CH,(B)  CHy(y) CH, 4'chain  CHy(@)  CHy(p) CH,(y) CH,
Oy 2.84 1.57 1.41 0.88 2.88 1.64 1.45 0.93
Oc 35.74 31.61 21.82 13.62 34.96 31.47 21.82 13.58

experiment (modulation of the coupling constant of 5 Hz) and
assigned each chain to the proper ring. The *H and **C param-
eters of compound 8 can be used for the regiochemical charac-
terization of related oligomers and polymers. The 3'-H signal
in the head-to-tail dimer is strongly deshielded with respect
to the corresponding tail-to-tail and head-to-head dimers.*®
Similar behaviour has already been observed for 3,4'-
bis(methylsulfanyl)-2,2'-bithiophene.® The C-2, C-2’, C-3, C-3’
and the S-CH,(a) signals show a regiochemical dependence. A
comparison with the NMR data reported for the head-to-head
and the tail-to-tail dimers,'6'® reveals that C-2 and C-2’, in the
head-to-tail derivative, are intermediate with respect to those of
the two symmetric dimers, C-3 in the head-to-tail dimer is
shielded with respect to C-3 in the head-to-head one, and C-3' is
deshielded with respect to C-3' in the tail-to-tail one.

The dimer 8 represents a model compound for poly-[3-
(butylsulfanyl)thiophene],®® taking into account the regio-
chemical dependence of the chemical shifts of 3'-H, C-2 and
C-2’,-3and -3'.

Experimental

All air- or moisture-sensitive reactions were performed under
prepurified nitrogen or argon, using dry glassware. Tetrahydro-
furan (THF) was distilled from sodium diphenyl ketyl prior to
use. Toluene was distilled from sodium and diisopropylamine
from KOH. Other reagents were purchased from Aldrich
Chemical Co. and used as received.

Mps (Blchi apparatus) and bps are uncorrected. Refractive
indexes were determined on an Abbe refractometer (Atago). IR
spectra were obtained in CCl, solutions using a Philips PU 9700
Series IR spectrometer and are reported in v,,,,-values as cm™.
All UV-visible spectra were taken on 1 x 107* M solutions in
CHCI, (spectroscopic grade) using a Varian-Cary 3 spectro-
photometer. The purity of all compounds was monitored by
HPLC (HP 1090 Liquid Chromatograph; UV detector; Merck
prepared column RT 250-4) and TLC (Merck TLC plates
10 x 20 cm, silica gel 60 F,5,). Preparative column chroma-
tography (PCC) was performed using glass columns of different
size, packed with silica gel RS, grain size 0.05-0.20 mm (Carlo
Erba). Light petroleum refers to the fraction with distillation
range 30-50 °C.

'H and **C NMR spectra were recorded on a Bruker AMX-
400 WB at 400.13 and 100.61 MHz, respectively, on 0.1 mol
dm~3 solutions in CDCI,;. Chemical shifts, in ppm, refer to
internal Me,Si. Coupling constants, J, are given in Hz.

HMQC * parameters for aromatic and aliphatic region: spec-
tral width (f2) = 1-4 ppm, 2048 complex points; spectral width
(f1) = 50-30 ppm, 256 t1 increments with 16 scans per t1 value;
relaxation and evolution delays=0.5-1 s and 2.78-4.00 ms,
respectively. Zero filling in f1 and f2, sine function in f1 were
applied before Fourier transformation.

HMBC® parameters: spectral width (f2) = 1-4 ppm, spectral
width (f1) =150 ppm, 256 t1 increments with 64 scans per t1
value; relaxation delay = 0.5 s and delay for long-range coup-
ling constant evolution = 100 ms. Zero filling in f1 and f2, sine
function in f1 were applied before Fourier transformation.

3-Bromo-2-(trimethylstannyl)thiophene 2

To a solution of butyllithium (1.6 M; 85.3 ml, 0.14 mol) in dry
THF (85.0 ml) at —70 °C was added a solution of diisopro-
pylamine (16.07 g, 0.16 mol) in THF (15.0 ml). The tempera-
ture was raised to —60 °C for 10 min and the mixture was then
recooled to —70 °C before a solution of compound 1 (18.48 g,
0.11 mol) in dry THF (5.0 ml) was rapidly added to the reaction
mixture. The mixture was stirred for 30 min at this temperature,
then a solution of trimethyltin chloride (36.15 g, 0.18 mol) dis-
solved in dry THF (37.0 ml) was added dropwise, the tempera-
ture being maintained between —40 and —30 °C. The mixture
was allowed to warm to ambient temperature overnight, was
then poured onto ice, the phases were separated, and the aque-
ous layer was extracted with diethyl ether (200 ml). The com-
bined organic phases were dried over MgSO, and evaporated.
Distillation of the residue under reduced pressure gave com-
pound 2 (27.86 g, 75%), bp 77-78 °C/0.9 mmHg; n® 1.5799; .../
nm 249 (e/dm® mol™* cm™! 6800); vma/cm ™ 3100, 3080, 2980
and 1070; 6,,(400 MHz; CDCI,) 0.47 (9 H, s, 3 x CH,), 7.13 (1
H,d,J4.8)and 7.50 (1 H, d, J 4.8).

2,3-Dibromothiophene 3

The procedure of Gronowitz et al.*** gave compound 3 (83%),
bp 88-90 °C/6.5 mmHg; nZ 1.6306; A,./nm 240 (e/dm® mol™*
cm™ 8300); vy /cm™' 3100, 3080 and 1080; 6,(400 MHz;
CDCl,;) 6.92(1H,d,J5.7)and 7.26 (1 H, d, 3 5.7).

3,5-Dibromo-2-(trimethylsilyl)thiophene 4

To a solution of butyllithium (1.5 M; 5 ml, 7.4 mmol) in dry
THF (22 ml) at —70 °C was added a solution of diisopropyl
amine (0.81 g, 8.1 mmol) in dry THF (8 ml). The temperature
was raised to —60 °C for 10 min. To the reaction mixture,
cooled to —78 °C, was added rapidly a solution of compound 3
(1.5 g, 6.2 mmol) in dry THF (8 ml), and stirring was continued
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for 30 min at the same temperature. The intermediate thus
formed was trapped by slow addition of a solution of TMSCI
(0.67 g, 6.2 mmol) in dry THF (4 ml), and stirring was con-
tinued for 30 min at —80 °C. The mixture was then poured into
1 M aq. HCI (40 ml), extracted with Et,O (80 ml) and the
organic extract was washed with water (15 ml) and dried over
MgSQO,. The solvent was removed, and the residue was distilled
under reduced pressure to give compound 4 (1.42 g, 73%), bp
88-89 °C/1.2 mmHg; n® 1.5684; /. ,.,/nm 247 (¢/dm®* mol~*cm™
9100); vma/cm™* 3100, 2950 and 1245; 6,,(400 MHz; CDCl,)
0.39(9H,s,3xCH;)and 7.03 (1 H, s, 4-H).

3,4’-Dibromo-5'-(trimethylsilyl)-2,2'-bithiophene 5

A solution of compound 4 (1.44 g, 4.60 mmol) in dry toluene
(10 ml) was added dropwise (4 h) to a stirred solution of stan-
nane 2 (1.50 g, 4.60 mmol) and tetrakis(triphenylphos-
phine)palladium(o) (0.42 g, 0.36 mmol) in dry toluene (4 ml) at
105 °C. The reaction mixture was stirred for 3 days at this tem-
perature. After cooling, the reaction mixture was transferred
into a separatory funnel, diluted with Et,0 (40 ml) and washed
successively with saturated ag. NaHCO, (15 ml) and water (15
ml). The organic phase was dried over MgSO, and evaporated.
The dark oily product was chromatographed (SiO,; light petrol-
eum) to give compound 5 (0.72 g, 40%); 6,4,(400 MHz; CDCIl,)
7.02(1H,d, J,55.5,4-H),7.21 (1 H, d, J,5 5.5, 5-H) and 7.41
(1H,s, 3'-H).

3,4’-Dibromo-2,2’-bithiophene 6

A solution of hydroiodic acid (10.4 m; 0.93 ml, 9.7 mmol) and
water (0.17 ml) were added dropwise to a stirred solution of
compound 5 (1.70 g, 4.3 mmol) in benzene (102.5 ml) at room
temperature. The mixture was stirred for 15 h at room tempera-
ture, then a second portion of hydroiodic acid (10.4 m; 0.93 ml,
9.7 mmol) was added and stirring was continued at ambient
temperature for 20 h. The mixture was poured into water
and extracted with Et,0 (4 x 10 ml). The combined organic
extracts were washed successively with 1 M ag. NaOH (15 ml)
and brine (15 ml) and dried over MgSO,. The volatile materials
were removed under reduced pressure and the residue was puri-
fied by column chromatography (SiO,; light petroleum) to give
compound 6 (1.29 g, 93%) as a solid, mp 49-51 °C. Crystals
suitable for X-ray diffraction were obtained by recrystallization
from propan-2-ol; Zn./nm 307 (e/dm®* mol™ cm™ 11 000);
Vmax/CM ™1 3105, 3090 and 1145; §,,(400 MHz; CDCI,) 7.02 (1 H,
d,J,s5.4,4-H),7.22(1H,d, J,55.4,5-H),7.24 (1H,d, J; 5 1.4,
5-H)and 7.31 (1 H, d, J; 5 1.4, 3'-H).

3,4'-Bis(methylsulfanyl)-2,2’-bithiophene 7

Butyllithium (1.4 m; 4.8 ml, 6.8 mmol) was added to THF (5
ml) at —70 °C. A solution of compound 6 (1.00 g, 3.1 mmol) in
THF (3 ml) was added dropwise (5 min) to this stirred solution
at —75 °C and the reaction mixture was stirred for 40 min at this
temperature. Then dimethyl disulfide (0.69 g, 7.4 mmol) was
added in one portion, and the temperature was allowed to rise
to —20 °C. This temperature was maintained for 40 min before
water (20 ml) was added. The mixture was extracted with Et,0
(4 x 10 ml). The combined organic extracts were washed succes-
sively with 10% ag. NaOH (15 ml) and water (15 ml) and dried
over MgSO,. The volatile materials were carefully removed
under reduced pressure and the oil was purified*® by chrom-
atography (SiO,; light petroleum) to give compound 7 (0.58 g,
47%), Jma/nm 328 (¢/dm*® mol™* cm™* 8300); v, /cm~* 3100,
3080, 2980, 2920 and 1180; ¢,,(400 MHz; CDCl,) 2.46 (3 H, s,
CH,), 2.50 (3 H, s, CHj), 6.96 (1 H, d, J3 5 1.5, 5'-H), 7.03
(1 H,d, J,553, 4-H), 7.21 (1 H, d, J,5 5.3, 5-H) and 7.23
(1H,d, J;5 1.5, 3"-H).

3,4'-Bis(butylsulfanyl)-2,2’-bithiophene 8
Using the procedure as described above, compound 8 was
obtained from dibromide 6 as an oil (55%). The product was
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purified by chromatography (SiO,; light petroleum): n® 1.6212;
Jmax/NM 330 (¢/dm® mol™* cm™ 9800); v,,.,/cm™* 3100, 3080,
2940, 2920 and 1180; 6,,(400 MHz; CDCI,) 0.88 (3 H, t, CH,),
0.93 (3 H, t, CH,), 1.54 [8 H, m, CH,(B)-CH,(y)], 2.84 [2 H,
t, CH,()], 2.88 [2 H, t, CHy(a)], 7.02 (1 H, d, J,; 5.3, 4-H),
7.08(1H,d, Jy 5 1.4,5'-H), 7.18 (1 H, d, J,5 5.3, 5-H) and 7.27
(1H,d, 55 1.4,3"-H).

Crystal data for compound 6

CgH,Br,S,, M=324.05. Monoclinic, a=12.009(1), b=
4.0423(8), ¢ = 20.384(3) A, f=102.768(9)°, V = 965.1(2) A® (by
least-squares refinement on diffractometer angles for 30 auto-
matically centred reflections, 4 = 0.710 69 A), space group P2,/n,
Z=4, D,=2.230 g cm™*, F(000) = 616. Plates, crystal dimen-
sions 0.33 x 0.20 x 0.08 mm, u(Mo-Ka) = 87.69 cm™.

Data collection and processing

Siemens P4RA-M18X diffractometer, room temperature,
graphite-monochromated Mo-Ka radiation (45 kV, 50 mA),
wl26 scan mode, 3690 reflections measured (2.05 < 0 < 27.97°,
—15<h=<15 —-1=<k=<5, —1=<1=< 26), of which 1449 with
I >2c(l) were unique [merging R=0.017 after absorption
correction based on  scans] and were retained for structure
analysis. No crystal decay was observed during collection.

Structural analysis and refinement

Direct methods (SHELXS86)“ (all non-H-atoms) followed by
full-matrix least squares (SHELXL93).** Non-H-atoms aniso-
tropic and H-atoms (located in AF maps) isotropic. The weight-
ing scheme w=1/[c*%(F,) + (0.0528 P)>+ 0.9379 P], with
P =(F.,2 + 2 F2)/3, gave satisfactory agreement analyses. Final
R and wR(F? were 0.034 and 0.089 for 125 parameters,
S =1.09. Maximum and minimum features in AF synthesis were
0.67 and —0.47 e A3, respectively. Scattering factors were from
SHELXL93.** Most of the calculations were carried out on a
Digital Alpha 3000/800 computer. Tables of final fractional co-
ordinates and full lists of bond distances and bond angles for
compound 6 have been deposited at the Cambridge Crystallo-
graphic Data Centre.t
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