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Abstract 
The title compound, C36H50S4, lies about an inversion 
centre and the four thiophene rings are nearly coplanar. 
The outer rings are tilted by 3.6 (5) ° from the inner 
rings. Each decyl chain is in the trans conformation 
and all C atoms are nearly coplanar. The dihedral angle 
between the aliphatic plane defined by atoms C41-C47 
and the thiophene ring plane is 8.6 (1) °. There is slight 
disorder of the last three atoms of each decyl chain and 
all those of the outer thiophene rings, with occupancy 
factors of 65:35. 

Comment 
Recent progress in the synthesis of conjugated poly(3- 
alkylthiophenes) (P3AT) with flexible alkyl side chains 
of various lengths has stimulated interest because they 
are easily processed and maintain electrical and optical 
properties comparable to those of the unsubstituted poly- 
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thiophenes (Genies et al., 1990). It is assumed that the 
7r-conjugated coplanar conformation of the backbone 
chain is retained after long-chain substitutions at suitable 
positions (Roux et al., 1993). 

In order to elucidate the structure-property relation- 
ship of novel conducting materials, oligothiophenes 
have been considered as model compounds for the 
parent polymer (Liao et al., 1994). However, because 
of the difficulty of crystallization, X-ray data for oligo- 
thiophenes, especially those with long alkyl substituents, 
are scarce. 

In a previous paper, the effects of alkyloxy sub- 
stituents on the conformation of bithiophene were 
reported (Pelletier et al., 1995). In order to elucidate 
the long-side-chain effect on P3AT, we have synthesized 
and structurally characterized the dialkyl-substituted title 
quaterthiophene, (I), a model for poly(3-decylthiophene) 
(P3DT). 

S '-"--~( CH229Me 

(CH2)9 Me 

(13 

A n  ORTEPI I  (Johson, 1976) drawing of the molecular 
structure of (I) with the atomic labelling is shown 
in Fig. 1. It is of interest that the molecule has a 

1 centre of symmetry at the midpoint of C2---C2(~- x, 
l 2 y, -z).  The two inner thiophene rings are coplanar 
within 0.12 °. The outer thiophene rings and the last 
three atoms of each side chain are disordered in the 
proportion 65.0(4):35.0(4). The S atoms in adjacent 
thiophene rings adopt the anti  conformation in the major 
conformer, thus minimizing steric crowding. However, 
in the minor conformer, the S atoms are syn between 
the outer and the inner thiophenes. This result lends 
support to previous proposals that although the anti  
comformer dominates, the syn conformer exists in a 
small amount, thus generating structural defects in the 
backbone chain (Salaneck et al., 1988). The molecular 
plane of each of the outer rings is only slightly tilted 
from that of the inner rings, with the dihedral angles 
between their mean planes being 3.6 (5) ° in the major 
conformer and 5.0 (7) ° in the minor conformer. Similar 
observations were noted for alkyl-substituted penta- 
thiophene and hexathiophene (Liao et al., 1994). The 
aliphatic chain (C41-C50) is in a zigzag conformation 
and nearly planar. The aliphatic plane defined by atoms 
C41-C47 is inclined with respect to the plane of the 
adjacent thiophene ring by 8.6 (1) °. The average C- -C  
distance in the aromatic rings is 1.411 ,~,, and that in the 
decyl chains is 1.520 ,~. It is observed that the C6--$7 
bond [1.758 (7)~,] is longer than the other C--S  bonds 
in the molecule. This feature has been noted previously, 
for example, in terthiophene and dimethylterthiophene 
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Fig. 1. ORTEPII (Johnson, 1976) drawing of the title molecule. 
Ellipsoids correspond to 40% probability. 

(Georges, 1997). The average C---C---C angle in the 
decyl  chains is 114.8 °. The C-----C---C angles involving 
the thiophene rings range from 110.1 to 132.9 °, with an 
average value of  119.6 ° . 

The molecular  planes are al igned almost perpendic- 
ular to each other in the c-axis direction. Unl ike  most 
other oligothiophenes,  no r - s t ack  is formed in the crys- 
tal. The molecules are held together in the crystal by 
van der Waals forces only. 

E x p e r i m e n t a l  

Details of the synthesis of (I) have been described elsewhere 
(Donat-Bouillud et al., 1998). The starting material, 4,4'-di- 
decyl-2,2'-bithiophene, was synthesized according to the liter- 

ature method of Bellet&e et al. (1995). Bromine (13.5 mmol) 
was added to a solution of this compound (2.7 mmol) in 
chloroform (15 ml). The resulting mixture was stirred for 3 h 
and then quenched with 50 ml of a 1 M NaOH solution. Pure 
tetrabromo-2,2/-bithiophene was obtained by flash chromato- 
graphy using hexane as eluent. This compound (6.62 mmol) 
and [PdC12 { 1,1'-bis(diphenylphosphine)ferrocene}] (70 mg) in 
dry diethyl ether (80 ml) were then refluxed for 72 h under 
nitrogen with a Grignard reagent (derived from 26.5 mmol 
of magnesium and 26 mmol of 2-iodothiophene in 50 ml of 
dry diethyl ether at room temperature), to prepare 4',3"-di- 
bromo-3',4"-didecyl-2,2':5',2" :5",2'"-quaterthiophene. This 
compound was then debrominized by reaction with an excess 
of BuLi, followed by hydrolysis with distilled water. The crude 
product, (I), was washed with water and dried with MgSO4. 
Suitable single crystals were grown by slow evaporation of a 
petroleum ether solution. 

Crystal data 

C36H50S4 Cu Ka radiation 
Mr = 611.00 A = 1.5418 ,~ 
Monoclinic Cell parameters from 25 
C2/c reflections 
a = 36.149 (11) ,~ 0 = 20-22 ° 
b = 5.4710 (10).,~, # = 2.66 mm -~ 
c = 18.673 (7) A T = 293 (2) K 
fl = 109.47 (3) ° Platelet 
V = 3481.8 (18) ,~3 0.37 x 0.36 x 0.12 mm 
Z - 4 Translucent light red 
Dx = 1.166 Mg m -3 
Dm = 1.16 Mg m -3 
Dm measured by flotation in 

aqueous ZnC12 

Data collection 
Nonius CAD-4 diffractom- 2406 reflections with 

eter I > 2(r(/) 
w/20 s c a n  Rint = 0.023 
Absorption correction: 0max = 69.79 ° 

by integration (ABSORP; h = - 4 4  ~ 44 
Gabe et al., 1989) k = - 6  ~ 6 
T~n -- 0.42, Tm~x - 0.74 l = - 2 2  ~ 22 

12 272 measured reflections 5 standard reflections 
3308 independent reflections frequency: 60 min 

intensity variation: 1.1% 
Refinement 

Refinement on F 2 
R[F 2 > 2o'(F2)] = 0.048 
wR(F 2) = 0.133 
S = 1.076 
3308 reflections 
202 parameters 
H atoms constrained 
w = l/[(r2(Fo 2) + (0.0861P) 2] 

where P--  (F 2 + 2F2)/3 
(A/O ' )max  = 0 . 0 1 8  

z~ipmax = 0.352 e A -3 
Apmin = -0.282 e ~ -3  
Extinction correction: 

SHELXL96 (Sheldrick, 
1996) 

Extinction coefficient: 
0.00042 (8) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

o 

Table 1. Selected geometric parameters  (A, °) 
S 1--C2 ! .723 (2) S7a--C6a 1.758 (7) 
S I - -C5  1.729 (2) S7b--C8b 1.705 (13) 
C4----C41 1.501 (3) S7b----C6b i.758 (12) 
S7a---C8a 1.703 (7) 
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C2--S I--C5 91.9 ( ! ) C8a--S7a----C6a 
C3---C2--S i 1 i 0.6 (2) C9a--C8a--S7a 
c2i------C2--S 1 i 20.9 (2) C 10a----C6a--S7a 
C5-----C4-----C4 ! i 24.7 (2) C5---C6a--S7a 
C3--C4----C4 ! ! 24.2 (2) C8b---S7b--C6b 
C4---C5--S I I i i.8 (2) C9b--C8b--S7b 
C6a---C5--S I 115.5 (3) C ! 0b---C6b---S7b 
C6b------C5--S I i 24.9 (5) C5------C6b---S7b 

C4----C4 I---C42----C43 -- 176.6 (2) 
C4 I---C42----C43---C44 178.7 (2) 
C42----C43---Cn.'!. C45 - 176.5 (2) 
C43---C44 C45----C46 176.6 (3) 
CA.~ C45--C46---C47 -177.1 (3) 
C45--<246--C47--C48a - 177.0 (3) 
C45--C46--C47---C48b i 58.0 (6) 
C46--C47----C48a---C49a - i 77.6 (4) 
C47---C48a--C49a---C50a 147.7 (6) 
C46--C47--C48b---C49b - 17 i .8 (7) 
C47----C48b----C49b---C50b - 128.6 (9) 

Symmetry code: (i) ½ - x, ½ - y, - z .  

91.0 (3) 
115.0 (4) 
107.7 (6) 
120.8 (4) 
87.2 (7) 

113.3 (12) 
113.0 (9) 
108.8 (7) 

The disorder of the thiophene ring and the decyl group were 
treated separately. First, the major peaks in the AF map were 
found around the outer thiophene ring after the first cycles of 
refinement. Two models were built for the outer thiophene ring 
and restraints (same 1,2 and 1,3 distances as in the inner thio- 
phene with s.u.) were employed in the subsequent refinements. 
A free variable 2 was given to the occupation factor of 
one of the two models. The subsequent refinements gave the 
propor t ion 65.0 (4):35.0 (4) for the two  models .  For  the decyl  
chain, two reasonable  mode l s  for the last three C a toms were  
found  f rom the A F  map;  a free variable was then given to 
the occupat ion  factor  of  one of  the two models .  Dur ing  the 
ref inement ,  restraints o f  the 1,2 and 1,3 distances a m o n g  a toms 
C47--C50 were  applied.  Suprisingly,  a very s imilar  proport ion,  
65:35, was obta ined for the two  mode l s  after ref inement .  
Therefore ,  a c o m m o n  free variable was g iven  to the two  parts 
o f  disorder  in the next  ref inement .  The  propor t ion was found  
to be 65:35 with an s.u. o f  0.4. In the final ref inement ,  the 
occupat ion  factors were  fixed at 0.65 and 0.35. All non-H 
a toms  were  ref ined  anisotropical ly  in the  major  con fo rmer  and 
isotropically, except  for the S a toms,  in the minor  conformer.  
The  same d i sp lacement  parameter  was applied to the three 
d isordered a toms (C48-C50) .  H a toms were  constra ined to 
the parent  site us ing a r iding model  and refined isotropical ly 
( C - - H  0 .93-0 .98  A). The  isotropic d i sp lacement  parameters  
were adjusted to 1.5U~q for methyl  C a toms or 1.2U~q for 
non-methy l  C atoms.  A final verification of  possible  voids 
was pe r fo rmed  us ing PLATON (Spek,  1995). 

Data collection: CAD-4 Software (Enraf -Nonius ,  1989). 
Cell re f inement :  CAD-4 Software. Data  reduct ion:  NRC-2 and 
NRC-2A ( A h m e d  et al., 1973). Program(s)  used to solve 
structure: SHELXS96 (Sheldrick,  1990). Program(s)  used to 
refine structure: NRCVAX (Gabe et al., 1989) and SHELXL96 
(Sheldrick,  1996). Molecular  graphics:  ORTEPII (Johnson,  
1976) in NRCVAX. Software  used to prepare material  for 
publicat ion:  NRCVAX and SHELXL96. 
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electronic archives (Reference: FG 1393). Services for accessing these 
data are described at the back of the journal. 

References 
Ahmed, F. R., Hall, S. R., Pippy, M. E. & Huber, C. P. (1973). NRC 

Crystallographic Computer Programs for the IBM~360. Accession 
Nos. 133-147. J. Appl. Cryst. 6, 309-346. 

Bellet~te, M., Mazerolle, L., Desrosiers, N., Leclerc, M. & Durocher, 
G. (1995). Macromolecules, 28, 8587-8597. 

Donat-Bouillud, A., Mazerolle, L., Gagnon, P., Goldenberg, L., Petty, 
M. C. & Leclerc, M. (1998). Chem. Mater. 9, 2815-2821. 

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius, 
Delft, The Netherlands. 

Gabe, E. J., Le Page, Y., Charland, J.-P., Lee, F. L. & White, P. S. 
(1989). J. Appl. Cryst. 22, 384-387. 

Genies, E. M., Boyle, A., Lapkowski, M. & Tsintavis, C. (1990). 
Synth. Met. 36, 139-182. 

Georges, G. (1997). PhD thesis, Universit6 de Montrfal, Canada. 
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 

National Laboratory, Tennessee, USA. 
Liao, J.-H., Benz, M., LeGoff, E. & Kanatzidis, M. G. (1994). Adv. 

Mater. 6, 135-138. 
Pelletier, M., Brisse, F., Cloutier, R. & Leclerc, M. (1995). Acta Cryst. 

C51, 1394-1397. 
Roux, C., Bergeron, J.-Y. & Leclerc, M. (1993). Macromol. Chem. 

194, 868-877. 
Salaneck, W. R., Ingan~, O., Theman, B., Nilsson, J. O., Sj6gren, 

B., t3sterholm, J. E., Bredas, J. L. & Svensson, S. (1988). J. Chem. 
Phys. 89, 4613-4913. 

Sheldrick, G. M. (1990). SHELXS96. Beta test version 03. Program 
for the Solution of Crystal Structures. University of G6ttingen, 
Germany. 

Sheldrick, G. M. (1996). SHELXL96. Beta test version 03. Program 
for the Refinement of Crystal Structures. University of G6ttingen, 
Germany. 

Spek, A. L. (1995). PLATON. Molecular Geometry Program. Version 
of July 1995. University of Utrecht, The Netherlands. 

Acta Cryst. (1998). C54, 555-557 

trans-2,3-Diiodo-2-butene- 1,4-diol 
MARIANNE Svz~S L0rrEN, a BJCRN D~a~rrt3s, b BERrr 
FJh~RTOFT a AND J o  KLAVENESS a 

aSchool of  Pharmacy, University of  Oslo, PO Box 1068, 
Blindern, N-0316 Oslo, Norway, and bDepartment of  
Chemistry, University of  Oslo, PO Box 1033, Blindern, 
N-0315 Oslo, Norway. E-mail: marianlo@ kjemi.uio.no 

(Received 28 May 1997; accepted 23 October 1997) 

Abstract 
The crystal structure of trans-2,3-diiodo-2-butene-l,4- 
diol ,  C4H61202,  has been refined in space group 141/a, 
using data collected at 150 K. Bond angles around the 
sp2-hybridized C atom show significant deviations from 
120 ° . 

Comment  
The title compound, (I), was prepared by iodine addition 
to the corresponding acetylene as described by Iserson 
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