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esis of 2,2":5',2"-Terthienyl

B. J. J. SmeetsR. H. Meijer! J. Meuldijk} J. A. J. M. Vekeman$,and L. A. Hulshof*'

Eindhowven University of Technology, Laboratory of Macromolecular and Organic Chemistry and Procesi®iment
Group, P.O. Box 513, 5600 MB Eindhoven, The Netherlands

Abstract:

The objective of this study was the design of a scaleable process
for the synthesis of 3—4 mol ofo-terthienyl from 2,5-dibromo-
thiophene and thienylmagnesium bromide in a 10-L stirred tank
reactor. In THF the Grignard reagent, thienylmagnesium
bromide, was readily formed from 2-bromothiophene and
magnesium. To avoid crystallization the maximal concentration
was limited to 1.4 M. Furthermore, the novel combination of
THF and NiCl ;[bis(diphenylphosphino)benzene] allows for fast
double coupling of the Grignard reagent with 2,5-dibromo-
thiophene. The concentration of catalyst could be limited to 0.5
mol % based on the amount of 2,5-dibromothiophene. An
adapted workup procedure was developed, in which-octane
was used to separate the magnesium salts from the desired
product. The reaction was performed in a (semi)batch-wise
operated reactor. A global model for the coupling step proved
to predict the results at 0.1-, 1-, and 10-L scales very accurately.
The heat of reaction evolved in the coupling step was valorized
and could be handled easily. Mixing of the feed stream and the
reactor content proved to be another important factor in the
scaling-up of the a-terthienyl synthesis.

Introduction

In the fine chemical industry most chemicals are produced
in (semi)batch-wise operated multipurpose plants. Short-
market life cycles and relatively low production volumes
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Figure 1. Selected two-step synthesis obi-terthienyl: a

Grignard synthesis of thienylmagnesium bromide followed by
its Ni(0)-catalyzed coupling with 2,5-dibromothiophene.

processes, the synthesis of' 522" -terthienyl -terthienyl)
was selected. This compound is one of the most general
building blocks in the field of conducting polymets.
Many synthetic routes towardsterthienyl are reported,
but most of them are not applicable to large-scale production
since hazardous solvents or reactants or both, or too many
reaction steps with low yields are involved. A two-step
preparation involving the formation of thienylmagnesium
bromide and its subsequent Ni(0)-catalyzed coupling with
2,5-dibromothiophene (TBywas selected, see Figure 1.
The optimization comprised amongst other things the
selection of a suitable solvenpreferably the same in both
steps, the concentration of the reactants, the reaction tem-
peratures and, in addition, an efficient catalyst for the
coupling step. Since both reaction steps are exothermic, a
reaction calorimetric study was performed to determine the
heat of reaction. With the results found during the optimiza-

characterize the wide variety of chemicals produced in these
plants. The demand for a short time-to-market of new
chemicals is a challenge for batch process design. A fast
and systematic approach is required in the scale-up that
allows an early recognition of scale-up issues before (pilot)
plant process implementatidnTo develop tools and a
methodology for fine chemical scale-up of catalytic batch
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(3) Tourillon, G.Handbook of Conducting PolymerSkotheim, T. A., Ed.;
Marcel Dekker: New York, 1986x-Terthienyl has been prepared by ring-
closure of 1,4-bis(2-thienyl)-butane-1,4-didhand of 1,4-bis(2-thienyl)-
1,3-butadiyné? It has also been prepared by Pd-catalyzed-agy! coupling
of the Stillé® and Suzuki typé?” Most frequently, however, the Ni-catalyzed
aryl—aryl Kumada coupling is selecté8While Pd catalysts serve as aryl
aryl coupling mediators with boronates and stannanes (Suzuki; Stille), the
use of nickel catalysts definitely is to be preferred with Grignard reagents
(Kumada). In comparison with other homogeneous -aayyl coupling
methods the described Ni-dppp-catalyzed coupling of 2-thienylmagnesium
bromide with 2,5-dibromothiophene in diethyl ether necessitates minor
quantities of catalyst, presumably reflecting the intrinsic high reactivity of
the system aryl Grignard-Raryl halide. The replacement of the solvent
(diethyl by dipropyl ether}? of the halide (dibromide by diiodid&)and of
the catalyst (Ni-dppp by Ni-dppf) has been investigated.

10.1021/0p020044n CCC: $25.00 © 2003 American Chemical Society



B 100

- | | |90
180
170
| {860

yield (%)
|
|
g
yield (%)

140
| 130
— i | 120
i i 1110

Bis =
24 6 3 £ 8, 71, L0
2 4;;{802‘5,%0}' 4’?&@,?06@0 30

Figure 2. Yields of products in the formation of the Grignard reagent (right), and of a-terthienyl (left) respectively in various
solvents as a function of time, 1.5 mol % NiCJ(dppp) was used as catalyst in the coupling step. The temperature was at reflux for
diethyl ether (35°C) and THF (67 °C); other solvents were heated to 90C. At 100% conversion the concentration of the Grignard
reagent was approximately 2 mol/L.
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Figure 3. Various ligands screened to tune the selectivity and activity of the Ni catalyst.

tion of the reaction system and kinetic data for the coupling both steps since it gave reasonably high yields and is
reaction a semibatch process was designed for the productiocommercially available in large quantities.

of a-terthienyl on a 10-L scale in a fully automated (semi)- Glymes have been considered as solvent for this process.

batch-wise operated reactbr. However, it turned out that the ligating power of monoglyme
is so high that it stabilizes the active nickel catalyst, giving

Optimization Studies rise to a colorless and inactive Nig@honoglyme complex.

Solvent SelectionMost nickel-catalyzed coupling reac- Hence, glymes were also abandoned for the formation of
tions between a Grignard reagent and a bromo compoundthe Grignard reagent.
are carried out in diethyl ether in the literatdr8ince diethyl Catalyst Selection.Variation of the phosphine ligands
ether is not appropriate for scale-up, a number of more attached to nickel changes the activity of the nickel catalysts.
applicable solvents were selected. The selected solvent should\part from steric and electronic effects of more or less
be cheap, not harmful to the environment, and easy to electron-rich ligands the bite angle of the ligand plays a
recover. Additionally, the reactions should proceed with high crucial role® Several ligands (Figure 3) were selected for
conversion rates in the solvent to increase productivity and screening on selectivity and productivity. The results are
reduce production costs. depicted in Figure 4.

Ethers are known to be good solvents for both the A substantial difference in activity of the catalysts in
Grignard and coupling reactions; therefore, a screen of different solvents was observed (see Figure 4). In THF the
ethereal solvents was carried out. The length and type ofbest catalysts seem to be Ni(@ppe) and particularly NiGl
the ether alkyl chains influenced the results as is depicted in
Figure 2 (4) (a) This reactor is desgib_ed_in: Soldaa.t,Ghemisch2weekb.laﬂ999,§, .

i i 18. (b) Hersmis, M. C.; Spiering, A. J. H.; Waterval, R. J. M.; Meuldijk, J.;

Several solvents performed well in the Grignard step as  vekemans, J. A. J. M.; Hulshof, L. fOrg. Process Res. De2001,5, 54.

becomes apparent from Figure 2. For the coupling step ) (Ta) l;]anger\]/elﬂ-\/_ossy_tB-_t'V'-\Eﬁ_l?gir:al Polyifgggh'?g)e%«'vnivgrsititjdlfui;keﬂj
. . . - ecnnische universiteit: inanoven, . ynberg,recl. lrav.
diethyl ether remained the best solvent, wittepropyl ether Chim. Pays-Bag996 115 119. (c) Albers, WTetrahedronL 995 51, 3895.

and THF as good alternatives. (d) Cunningham, D. DJ. Chem. Soc., Chem. Comm@:887,13, 1021. (e)
The differences in yields are caused by variations in the P{“aﬁ'dK-?nle;Bg'I ftffgfgmnl%z 22, 3347. (f) Carpita, A.; et al.
" . - . etrahedro ,41, .
solubility of the catalysts and in stabilization by the solvent. ) gosierom, G. E.; Reek, J. N. H.. Kramer, P. C. J.: van Leeuwen, P. W. N.

Finally, THF was selected as the most favorable solvent for M. Angew. Chem., Int. EQ001,40, 1828.
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Figure 4. Screening tests for various catalysts in selected solvents (THF, dibutyl ether, di-n-propyl ether, and diethyl ether).
Except for the two at the right, NiCl; is used as metal center. The procedure for the screening tests is given in the Experimental
Section.

(dppbenz). The bite angles of these ligands are comparable. 100 ) —i—¥ "
In di-n-butyl ether and dir-propyl ether several catalysts £ 80
showed a similar but inferior activity. =

Optimization of the Reaction System.n the screening g 60 S iR Sl
tests for the solvent and catalyst the combination of THF 8 4 P
with NiCly(dppbenz) gave remarkably high yields of the B
desireda-terthienyl. This system was selected for further g 20
optimization tests. Factors such as concentration of the 0
catalyst, concentration of 2,5-dibromothiophene in the reac- 0 5 10 15 20 25
tion mixture, temperature of the reaction mixture, and the Time thiours)
?hc:glg?und;ate of the Grignard reagent have been included in Figure 5. Influence of the temperature in K, [TBr Jo= 0.4 M,

T . . ) ) 0.5% NiCly(dppbenz), tagq (Grignard) = 15 min.

In Figures 5-10 the yields are given as a function of time.

Higher temperatures increased the reaction rate as ex- 100 - 1
pected. In experiments at low temperatures the activity of - A — =

the catalyst started to decrease when the conversion reached
about 60%. At elevated temperatures this fall in performance
was not observed. This is presumably due to product
inhibition by a reversible coordination of-terthienyl to the

Ni center.

At room temperature an optimum addition time of 15 min
for the Grignard reagent was determined on 0.1-L scale.
Faster addition resulted in product inhibition again, while
slower addition diminished the concentration of the Grignard T _
reagent and hence the reaction rate. When the temperaturé’gure 6. Influence of the addition time of the Grignard
was increased, this effect disappeared. At this addition rate"29€Nt [TBralo = 0.4 M, 1.5% NiCl;(dppbenz), 25°C.
of the Grignard reagent the rate of heat production was reagent used. To guarantee a high selectivity the excess of
modest, and no severe precautions had to be taken to controGrignard reagent was set at 5%.
the reaction temperature. Conclusions of the Optimization Study.The coupling

The results in Figure 7 demonstrate that the reaction ratereaction should be performed at reflux temperature (see
with decreasing amounts of catalyst decreases more tharFigure 5). The addition rate is not important for the final
proportionally. The lower productivity with 0.5 mol % vyield when a sufficiently high temperature is applied, and it
catalyst could be improved by an increase in temperature.allows control of the temperature (see Figure 6). The amount

The concentration of the TBnfluenced the reaction rate, of catalyst can be reduced to 0.5 mol % (see Figure 7) at
see Figure 8. Another effect of high concentration was a reflux, and the catalyst cannot be recycled. Recycling of the
decrease in selectivity, giving more 2[dthiophene as the  catalyst at higher loadings was not considered. Finally, a
major byproduct. Therefore, the maximal concentration of concentration above 0.4 M of the starting material gives
TBr, was fixed at 0.4 M. lower yields (see Figure 8).

Increasing the excess of the Grignard reagent favored the On the basis of the above-mentioned conclusions a
reaction rate. Unfortunately, the formation of undesired-2,2 reaction procedure was developed at 100-mL scale (see
bithiophene was also related to the amount of Grignard Experimental Section).

60 —+—0min —=— 5 min

40 —&—15min  —<30min

20

Yields terthienyl (%)

0

0 5 10 15 20 25
Time (hours)
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recrystallization either from-octanen-hexane, on-butanol
as depicted in Figure 10.

_—
§ ‘ Two crystallization cycles fronm-octane yieldedx-ter-
E thienyl with the desired purity.
g | e 15mol % Scale-Up of thea-Terthienyl Synthesis. In the scale-
E e ‘ T up of thea-terthienyl synthesis three aspects proved to be
E 20 o BTG important. First the mixing of the feed stream, second the
heat transfer to remove the heat of reaction, and finally the
0% : : : : ' handling of the suspension containing magnesium salts
. ® " 8 0 = during workup.
Tong AP The desired degree of feed-stream mixing was determined
Figure 7. Influence of the amount of catalyst, [TBr]o = 0.4 by visual inspection and was accomplished at a stirring speed
M, tagd (Grignard) = 15 min, 25°C. of 400 rpm at 1-L scale. At this stirring speed the heat
160 . o transfer between the reactor content and the jacket was
F,;___ e = sufficient to remove the heat of reaction. The heats of
S 80 A A reaction for the Grignard synthesis and the coupling step were
= measured with a Mettler Toledo RC1/e reaction calorimeter.
E B ——-0aM The results are shown in Table 1. The adiabatic temperature
B upe A5 rise (ATag was calculated in the usual wéy.
8 =10 By feeding the Grignard reagent to a solution of 2,5-
> 204 dibromothiophene the heat that had to be removed could be
i . ‘ . . . controlled. The feeding time was calculated by simultaneous
5 & ® A 2 g5 solution of the mass and energy balances:
Time (hours) dV(t)
Figure 8. Influence of [TBrjo, 0.5% NiCly(dppbenz), tad “at - Fn @
(Grignard) = 15 min, 25°C.
d(V(1)Cy)
100 | —4—a - —at~ FinCain T VOR, 2
z d(Tm®Cy(t
g 60 - —+—5 % excess of Grignard reagent % = FinPinCp,in(Tin -T)+ UA(TJ- -T)+
O 5
E 40 | —=— 10 % excess of Grignard reagent —AHR.V(t 3
- 20 | —a—20 % excess of Grignard reagent (A-ARVE) )
where
0 . . ; :
0 5 10 15 20 25 30 Fin = feed stream (fis)
Time (hours) Ca = concentration of the feed (kmolAn
Figure 9. Influence of the excess of the Grignard reagent, QA ; Fgggggg p;?:s(’)f(lt(ﬁg feed (kmolfrs)
[TBr2]o = 0.4 M, 0.5% NiCl(dppbenz), tags (Grignard) = 15 C, = heat capacity of the reactor contents (1200 Jjg
?I?om&zz?qlc AH = reaction heat production (kJ/kmol)
' ’ U = heat exchange coefficient (45 JAik-s)
A = heatexchange area{m
Workup T; = temperature of the jacket (K)

The traditional workup for reactions involving Grignard T,
reagents is the addition of water, followed by an extraction ) . i )
step’ This method could not be used for a scaleable process! "€ feeding time is governed by the requirement that the
since it was found that THF formed soluble complexes with €mperature of the reaction mixture should be°&7 This
magnesium salts. These complexes remained in the organidS theoretically met vv_hen the addition times for the Grignard
phase and led to an off-spec product. A new workup method éagent were 35 min at 1-L and 65 min at 10-L scale,
had to be developed. Addition afoctane, removal of THF respectively. In.pract|ce the addltlon times were shd’rter_. _
by distillation, and heating th@-octane to reflux led to The magnesium salts formed during the reaction precipi-
dissolution of all a-terthienyl. After siphoning off the t&ted whenn-octane was fed to the reactor. These salts
o-terthienyl solution, the precipitated magnesium salts were Showed a tendency to stick to the reactor wall when mixing
washed with hoh-octane (110C) twice. The total volume ~ Was not efficient. A pitched-blade impeller was used, and
of n-octane (approximately 1.5 times the original amount of according to measurements the lowest stirring rate to keep
THF) was allowed to cool to room temperature, yielding
bright yellowa-terthienyl as product (95% yield). The purity ~ (8) AT = —
of the o-terthienyl could be improved from 95 to 99% by

temperature of the reaction mass (K)

AHC,

mG,

with AH = heat of reaction (kJ/mol)C, = total amount of the starting
material (mol of 2-bromothiophene and 2,5-dibromothiophene in the

(7) Furniss, B. S.; Hannaford, A. J.; Smith, P. W. G.; Tatchell, A. R/digel's Grignard synthesis and the coupling step, respectivelyy total mass
Textbook of Practical Organic Chemistnpth ed.; Vogel, A. I., Ed,; of the reaction mixture (kg)C, = heat capacity of the reactor contents
Longman Scientific & Technical: Harlow, UK; Wiley: New York; 1989. (kJ/kg-K).
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Figure 10. Purity of a-terthienyl obtained after repeated crystallizations (A) and the fraction of isolated product, compared to the

initial amount of crude a-terthienyl (B).

Table 1. Reaction enthalpies and the adiabatic temperature rise f

or both reaction steps

Co (mol) AH (kJ/mol) M (kg) C, (kJ/kg-K) ATa4(°C)
Grignard synthesis 0.84 (2-bromothiophene) —471.90 0.650 1.85 329.64
coupling step 0.40 (2,5-dibromothiophene) —248.13 0.900 2.03 54.32

aBased on 2-bromothiopheneBased on 2,5-dibromothiophene.

the solids in suspension was 360 rpm. According to the
“Zwietering” relation 4 a just-suspended stirring rabéng)
of 380 rpm was predictel.

N, = Slvo.ldg_z(g(w))o.%(lo

mso.lsI oS
) ok B o

where

Nmin lowest stirring rate (rpm)

D = diameter of the impeller (m)

S, S = constants (forthe Rushtonturbing =1.4,
S,=1.5; pitched-bladeS, = 0.9,5,=1.5

v = kinematic viscosity (1ffs)

d, = particle diameter (m)

g = gravity constant (m?

ps o = density of the solid and liquid phase (kghm

ms, m = total mass of solids and liquid, respectively (kg)

T = reactor diameter (m)

The following relations for the cake resistanag &nd
filterability (k) could be used to predict the behavior of a
suspension upon filtratiol, and this could be used in the
selection of a proper filtration unit:

2APA
r= tfnterH_\h7 (5)
HV
k=—""— (6)
AtfilterAP
where
tirer = filtration time (s)
AP = pressure drop (% 10* Pa)
A = filtration area (2x 1073 m?)
H = cake height (m)
V = filtration volume (1x 1074 m3)

In Table 2 the cake resistance and filterability are collected

for three different suspensions. The cake resistance and,g

filterability determine the filtration type at different scafés.
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The filterability and cake resistances of various suspen-
sions shown in Table 2 indicate that a good separation
between the solid and liquid phases is possible by pressure
filtration or centrifugation.

The synthesis ofi-terthienyl was performed on 1-L scale
according to the optimized recipe as mentioned before. The
yields were comparable to the small-scale experiments, and
the reaction heats could be handled smoothly. The results
of the 1-L experiments are summarized in Table 3.

To ensure the control of the temperature in the reactor
the Grignard reagent was fed over 40 min. In the first run it
was noticed that mixing between the feed stream and the
reactor content was very poor. In the second and third run,
mixing was improved by higher impeller speeds and an
increased clearance between the pitched-blade impeller and
the reactor bottom. The overall yield of isolatederthienyl
after crystallization was in all cases between 90 and 92%
based on 2,5-dibromothiophene (98% purity).

Ten-Liter Experiment. On 10-L scalé the recipe was
identical to the procedure used at 1-L scale multiplied by a
factor of 6 (maximal filling of the reactor). The stirring speed
during the reaction was scaled according to &t 7

(9) The addition time of the 10-L run was estimated from the mass and energy
balances to be 65 min and turned out to be 60 min, whereas the addition
time for 1-L scale was estimated to be 35 min, and in practice 40 min. The
addition times for the Grignard reagent were estimated under the requirement
that the temperature of the reaction mixture was®7reflux). For 1000-L
scale the addition time was estimated to be 4 h. No chances of accumulation
in the experimentals were ever observed. The temperature rise after additions
was complete before heating to reflux was started. On larger scale when
the Grignard would be added at higher temperatures, reflux would be
advantageous for even a shorter addition time due to the removal of heat
by improvement of the heating transfer capacity of the condenser.

(10) Zwietering, Th. NChem. Eng. Scil957,8, 244.

(11) (a) Svarovsky, LKirk-Othmer Encyclopedia of Chemical Technolpgghn
Wiley & Sons: New York, 1994. (b) Meeten, G. H.; Smeulders, J. B. A.
F.Ind. Eng. Chem. Re4996,35, 4810. (c) Motta Raimondo (Oxon ltalia
Spa.). CH623057, May 15, 1981.

(12) (a) Personal communications from Van Buel, M.; Christis, H. DSM Fine

Chemicals, Venlo, The Netherlands. (b) Jennings, J. Rrganomet. Chem.

1987,325, 25. (c) Klokov, B. AOrg. Process Res. De2000,4, 122.

Custers, J. P. A.; Hersmis, M. C.; Meuldijk, J.; Vekemans, J. A. J. M.;

Hulshof, L. A. Org. Process Res. De2002, 6, 645.



Table 2. Filtration times, cake heights, cake resistance, and filterability for different suspensions

run filtration times (s) cake heights (m) cake resistance3m filterability (m3/kg)
magnesium salts in a solution afterthienyl in THF 64 0.024 1.92x 1012 1.88x 107°
magnesium salts in-octane at 110C 28 0.014 1.36x 1012 2.91x 107°
o-terthienyl inn-octane at room temperature 16 0.013 6.38x 1012 5.23x 107°

Table 3. One-liter synthesis ofa-terthienyl, 200 mL of THF with TBr , in the reactor, 600 mL of 1.4 M Grignard solution is
added in 40 min, pitched-blade impeller

[Br,T] % catalyst excess of Grignard temperature stirring speed yield T3
run (mol/dr?) (NiCl,[dppbenz]) reagent (%) (°C) (rpm) (%)
1 0.5 0.5 10 30-67 300 95
2 0.5 0.5 5 40-67 400 95
3 0.3 0.25 5 40-67 400 98

aAfter 1.5 h, based on 2,5-dibromothiophene and determined by GC analysis.

in the 10-L experiment was also 280 rpm.
The Grignard reagent was fed to the 2,5-dibromothiophene 50 b &0 o ¥

solution in 60 min. The heat of reaction was used to heat up Time (minutes)

the reactor content as could be calculated from €68.1 g e 17, Conversion of 2,5-dibromothiophene as a function

After addition of the entire amount of Grignard reagent, the of time at different reaction scales.T = 60 °C, [Tg] = 0.4 M,

reaction mixture was stirred for another 30 min at reflux 0.5 mol % NiCl(dppbenz), addition time Grignard reagent (1.4

temperature, leading to complete conversion of the 2,5- M): 15 min (0.1 L), 40 min (1 L), and 60 min (10 L).

dibromothiophene. catalyst combination in the coupling of 2,5-dibromothiophene

The conversion of 2,5-dibromothiophene at different ih 2 i\ of thienvl . bromide. THF i
scales could be described very accurately by simultaneous”"! equiv ol thienyimagnesium bromide. IS ap-

solution of eqs 1—3 as becomes obvious in Figure 11. plicable as solvent in the large-scale productionoeter-

When the reaction was complete, THF was distilled off; th'Tnyle'.':.Ce |ttr?|vest'a .h'gth yleltd C?nq plugty. rati
in the meantimen-octane was added slowly. Timeoctane h addition, the optimization study nciudes concentration

solution was heated to reflux temperature. The impeller was of _the reactants, reaction temperature, ?‘dd“‘on rate of the
Grignard reagents, and excess of the Grignard reagent. The

stopped, and the magnesium salts that settled on the bottom". . or - 0 .
were separated from theterthienyl solution by siphoning n?ughest conversions are 99% with a selectl\(lty of 92%. Thls
means that some of the byproduct formation occurs via a

off the latter into another vessel to crystallize. The final g

conversion was 100% with a selectivity of 92%. The main parallel rEactlon. h | i th

byproduct was 2,2bithiophene. After a second crystallization q A workup proc;adure as been deve opeql o optaln the

the yield of bright yellow colored.-terthienyl was 85% with es_|red purity (99 A’)'. In this procedure T.HF IS .d'St'"ed off
while hot n-octane is fed to the reaction mixture. The

I 0,

a purity of 98.7%. magnesium salts precipitate while-terthienyl stays in
solution. After filtration/siphoning off the solution, it is
cooled, and thex-terthienyl is obtained in good yields. A
simple model for the semibatch reactor is able to describe
the coupling step adequately. Finally, the scale-up to 10 L
(14) Pedersen, B. S.; Scheibye, S.; Nilsson, N. H.; Lawesson, BulD.Soc. has been successful.

Chim. Belg.1978,87, 223.

(15) Carpita, A.; Rossi, R.; Veracini, C. Aletrahedron1985,41, 1919.
(16) (a) Yui, K.; Aso, Y.; Otsubo, T.; Ogura, Bull. Chem. Soc. Jpr1989,62,

0

Nmin Nmin i
= 100 -
(Do.ss . C D085, ™ ‘ - s 8 e
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Conclusions
A novel combination of THF and Ni@ldppbenz) has
proven to be very efficient in the coupling as a solvent/

Experimental Section

1539. (b) Crisp, G. TSynth. Commun989,19, 307. General Experimental. NiCl,-6H,0 was obtained from
88 SronogvitZMS-:TPetevaKD*%tefogyC!e%99OyS30,tgfg-?g 6 107 Aldrich. 2,5-Dibromothiophene (95% pure), and 2-bromo-
umada, M.; Tamao, K.; Sumitani, Krg. Synth. ,58, . . 0 .
(19) Morand, P.; Leitch, L. C.; Mac Eachern, A.; Arnason, J. J. Can. Patent thlophene (97A] pure) "Yere also purchased from Aldrich.
1267904, 1990. Ligands for the preparation of the catalysts were purchased

(20) Tamao, K.; Kodana, S.; Nakajima, M.; Kumada, M.; Minato, A.; Suzuki, from different suppliers in purity Varying between 95 and
K. Tetrahedron1982,38, 3347. 98%. All ch ical d with furth ificati
(21) Rossi, R.; Carpita, A.; Ciofalo, M.; HoubenGazz. Chim. 1tal199Q 120, 0. chemicals were used without further pur ication.

793. All solvents were distilled prior to use and stored under dry
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argon gas on activated molecular sievé$.and'3C NMR In the coupling reactions the Grignard reagent (50 mL,
spectra were recorded in CDQlith a Varian Gemini 300, 1.4 M) was added in 15 min to a solution of 2,5-
400, or 500 MHz. The proton chemical shifts were calibrated dibromothiophene (0.030 mol, 7.26 g) in THF (20 mL) at
to tetramethylsilane (TMS), whereas the carbon chemical room temperature. In the latter solution the catalyst, NiCl
shifts are reported in ppm downfield of TMS using the [dppbenz] (0.15 mmol, 60 mg) was dispersed. After addition
resonance of the deuterated solvent as the internal standardbf the Grignard reagent the temperature was raised to reflux
GC analyses were performed using a Zebron ZB-35 column temperature.
on a Perkin-Elmer autosystem. Conversion and yields were  In the workupn-octane (50 mL) was added in 2 min, and
determined with the aid of 1,3,5-tri-tert-butylbenzene as the the THF was distilled off. The resulting suspension of
internal standard. Reaction calorimetric tests were performedmagnesium salts angtterthienyl inn-octane was heated to
on 1-L scale in a RC-1. Large-scale reaction was carried 110 °C followed by siphoning of the hat-octane solution.
out in a 10-dré fully automated (semi)batch-wise operated The magnesium salts were washed twice with 25 mL of hot
reactor. This Belatec reactor is able to perform under a n-octane, and the combinedoctane fractions were cooled
variety of conditions: a temperature range frer80 to 200 to room temperature, yielding-terthienyl as a bright yellow
°C, solvent distillation, different agitator types, a pressure product after smooth filtration and drying under vacuum
range from 0.03 to 1.1 bar. The reactor is controlled by a (6.72 g, yield 90%).
PLC, a special computer, which monitors physical data (batch  1H NMR (CDCls;, 300 MHz): 6 = 7.20 (s, 2H), 7.11 (s,
history) and secures optimal process and safety conditions. 2H), 7.06 (s, 2H), 7.01 (s, 2H)}:3C NMR (CDCk, 300
Procedure for Screening TestsAn oven-dried 40-mL MHz): 6 = 137.07, 136.14, 127.84, 124.26, 77.00.
Radley Carousel reaction tube was flushed with argon before  Ten-Liter Scale. During the formation of the Grignard
it was charged with 2,5-dibromothiophene (10 mL of 0.4 reagent 2-bromothiophene (7 mol, 1141 g) was added in 4
M) dissolved in the solvent of choice, mixed with catalyst h to a slurry of 1.3 equiv of magnesium turnings in THF
(1.5 mol %) and 2-thienylmagnesium bromide (10 mL 0.9 (4.5 L). Addition was carried out at reflux temperature. After
M). This mixture was stirred at room temperature during 5 addition of all 2-bromothiophene the mixture was kept at
h. Small aliquots were taken for GC analyses. reflux temperature during 1 h. The stirrer was stopped, the
Syntheses of Different Catalystsin a 100-mL flask  Grignard reagent was filtered to remove the excess of
NiCl,-6H,0 was dispersed in methanol. The dispersion was magnesium, and the resulting solution was kept under argon
thoroughly purged with argon for 2 h. The different ligands prior to use.
were added (1.1 equiv), and the resulting dispersions were |n the coupling reactions the Grignard reagent (4.5 L, 1.56
stirred during 24 h at reflux temperature. The color of the M) was added in 45 min to a solution of 2,5-dibromo-
solid in the dispersion changed from green to orange/red thiophene (3 mol, 726 g) in THF (2 L) at room temperature.
(except for the synthesis of Nigitippf], where a purple solid | this solution the catalyst, Nig[dppbenz], (14 mmol, 8.29
was formed). After filtration and drying under vacuum the q) was dispersed. After addition of the Grignard reagent the
solids were stored under argon and used without further temperature rise was complete, £, = 338 K), and the

purification. Yields varied around 95% for all syntheses. The yeaction mixture was heated to reflux temperature for another
purity was checked by elemental analysis and UV absorption. por.

Original Procedure for the Synthesis ofo.-Terthienyl. In the workupn-octane (5 L) was added, and the THF
A solution of 2.5 equiv of 2-thienylmagnesium bromide in \yas distilled off at atmospheric pressure. The resulting
diethyl ether was reacted with 2,5-dibromothiophene in the gyspension of Mg salts in-octane was heated to 11G.
presence of a catalytic amount Nifelppp]. After S h at  The hotn-octane solution was siphoned off, and the salts
reflux, 0.1 M HCl was added, and the mixture was extracted \yere washed twice with hotoctane (2.5 L). The combined
with toluene. The volume of toluene was reduced Dy p qctane fractions were cooled to room temperature, yielding
distillation, and the product was obtained by the addition of ¢ _terthienyl as a bright yellow product after a smooth
cold methanol. After recrystallization yields up to 60% were fiiration and drying under vacuum (678.5 g, yield 90.8%).

reporteck” . . A second crop could be obtained by cooling thectane to
New Procedure for the Synthesis o&-Terthienyl (100- 253 K (50.6 g, total yield 97.5%).

mL Scale). During the formation of the Grignard reagent,
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