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IMPROVED PROCESS FOR THE KUMADA COUPLING REACTION

BACKGROUND OF THE INVENTION

.. FIELD OF THE INVENTION

The mventlon relates to a method for the formation of 3- alkylthrophenes or 3-
arylthlophenes from 3- halothrophenes ‘More particularly, the invention pertains

to improvements on the Kumada coupling reactron for the productlon of 3-

- alkylthiophenes or 3- arylthiophenes.

DESCRIPTION OF THE RELATED ART ..

. Alkyl-and aryl substituted throphenes are important mtermedlates for conductrve

" -polymers. Conducting polymers are materials that possess the electrical

properties of metals yet retam the mechamcal properties of polymers. Such -

~ conductive polymers are matenals that are made conductive when combined with -

a doping ‘material that facrlrtates polymer conductrvrty This is commonly

o referred to in the art as “dopmg the polymer” and provides a lower energy

_threshold for conductivity. Dopmg materials surtable for dopmg of some

conductive polymers include halogens such as iodine, bromme and chlorme

Recent years have lead to the development of conductive polymers that are even

) able to approach the conductrvrty of naturally conductive metals. Today,

conductwe polymers are partrcularly desirable materials for the fabrication of

devices such as optical and electronic devrees e]ectrolummescent devices,

- sensors and shielding materrals
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| The degree of conductivity exhibited by condnctive polymers depends on the

degree of orderon a molecular level. This is due in part to the crystal lattice that
allows. an overlapping pathway for electrons. Included among polymers that have

shown conductive properties when combined with approprlate doping materials

- are polythlophenes Polythiophenes are pamcularly desirable because they

effectively self-assemble into well- ordered, ‘highly conducting nanoscale layers
and have versatile propertles that renders them useful for a wide range of
commercial applications. However, one dnsadvantage of poly(thnophenes) is that
they are not soluble, making them difficult to process. In order to increase the
solubrhty and processablllty it is known to add alkyl chains in the 3-posmon,
thereby obtaining a poly(3-alkylthnophene) '

For example,'vin the article “Nickel- Phosphine Complex-Catalyzed Grignard

'Coup]mg IL Grlgnard Coupling of Heterocyclic Compounds” by Tamao, K.;

Kodama, S.; Nakajlma I.; Kumada, M.; Minato, A.; and Suzukl,K(Tetrahedron
1982, 38, 3347 3354) (herein after “Kumada, et al.”), cross-couplmg reactions of

. heterocychc halides with various Grlgnard reagents in the presence of nickel-

phosphme complexes as catalysts are dlscussed Particularly, the artlcle discusses _.
methods for introducing orgamc groups, e.g. alkyl groups, into ha]ogenated
heterocycles such as five- and six-membered nitrogen or sulfur-containing

heterocychc compounds, using a mckel-phosphme catalyst complexes, such as

- [1,3- bis(diphenylphosphonyl)propane nickel(Il) chloride] (NiCl.dppp)-

| According to Kumada, et al., reaction procedures are described teaching the

mtroductlon of an organic group onto the carbon atom of the heterocycle to which

the halogen has been attached, giving an isomerically pure couplmg product The -

- procedures described by Kumada, et al., however, have been found to generate an
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undesirable dithienyl byproduct that precipitates from reaction mixtures, thus

~limiting the desired product yield.

-~ The present invention is an vimproved process for the coupling reactions desc"ribed

' .by Kumada, et al. The present invention provndes a process for the preparatlon of

3-alkylthiophenes and 3-arylthiophenes at an exceptlonally high yleld

_‘ Spemﬁcally, the invention describes a ‘method for forming a. 3-alkylthnophene or

3-arylth10phene ‘which comprises reacting a 3 halothiophene with an-

. alky]magnesxumhahde Gngnard reagent in the presence ofa catalyst and a 2-

methyl tetrahydrofuran solvent having a reagent concentratlon of at least about

0.5 mol/L in said solvent. It has unexpectedly been found that the use of a 2-

‘methyl tetrahydrofuran solvent allows for lngher concentratlons of the Gngnard

reagent with minimal or no dithienyl side product generatlon The resu]tmg hlgh
ylelds (space yield, kg/l) of the desired 3-alkylthiophene reaction product are

about five times the yleld compared to the well known process descrlbed by.

~ Kumada, et al. ‘The crude yield determmed by gas chromatography of the reaction .

" mixture or selectivity could be mcreased from about 70-80% up to about 97-99%.:

SUMMARY OF THE INVENTION

' The invention prowdes a method for forming a3- alkylthlophene or 3-
. arylth:ophene which comprises reactmg a3- halothlophene with either an

. a]ky]magneSlumhallde or arylmagnesnumhahde Grignard reagent in the presence L

of a catalyst and'a methyl-tetrahydrofuran solvent, wherein the Grlgnard reagent :

is present in an amount of at least about 0.5 mol/L relative to sald solvent.

The invention also provldes a method for forming at'3-all§ylthiophene or 3-

- arylthiophene comprising:
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| ~ a) forming either an alkytnragneéiumhalide or nrylmagneéiumhalide_Grignard

reagent in a methyl-tetrahydrofuran solvent, the Grignard reagent being present in
an amount of at least about 0.5 mol/L relative to said solvent;
b) separately forming a catalyst composition comprising a combination of a

catalyst and a methyl-tetrahydrofuran solvent;

* ¢) combining the catalyst composition wrth the Gngnard reagent and the methyl-

tetrahydrofuran solvent to form a reaction mrxture and
d) thereafter, reacting a 3-halothiophene with said reaction mlxture under

conditions sufficient to produce either a 3- -alkylthiophene or 3-arylthiophene

reaction product.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides an improved process for forming 3-alkyl or 3-aryl-

“substituted thlophenes from 3-halogen-substituted thlophenes A traditional

method of conducting this reaction is described in the: Kumada, et al. article

referenced above. The Kumada method involves the reaction of a 3-

- ;hélothiophene with a Grignard reagent and niekel catalyst with a tetrahydrofuran N

solvent. However, the yield achieved through the Kumada reactron processes or-
processes usmg THF, diethylether or. methyl tertiary-butyl ether (MTBE)
solvents, is limited due to the generation of drthlenyl side-products that mterfere '

with the coupling reaction. It has been unexpeetedly found that the use ofa

A methyl -tetrahydrofuran (methyl-THF) solvent, particularly 2-methyl-.

" tetrahydrofuran, substantially reduces or altogether eliminates the formation of

‘ rnterfermg side-products, allowing for hrgher concentratrons of both the Grrgnard
-~ reagent and the catalyst, and achrevmg a nearly quantltatrve yield of

alkylthiophene or arylthiophene. Methyl-THF is also preferred because 1t is

much safer than other solvents because of its low tendency to form peroxides.
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- .The Gri gnard reagent is prepared using commonly known techmques Grrgnard
: ,reagents are extremely reactwe substances made up of an orgamc group, e. g an
. alkyl or aryl group joined by a hrghly polar covalent bond to magnesrum whrle

- the magnesrum is joined by an onic bond to a halogen.ion, e.g., bromide or

chloride. Grignard reagents are sensitive ‘materials and generally are prepared just - -

‘before use by reacting an orgamc halide, e.g., methyl bromide or. bromodecane,

with magnesium metal in an essentrally completely dry solvent. Further, air is

typically e: excluded from the reaction vessel €.g. by ﬂushmg it with mtrogen

: In the process of the mventlon the Grlgnard reagent is prepared by combmmg

magnesrum metal in a. contamer (eg.a ﬂask) with methyl-tetrahydrofuran In the

preferred embodlment of the invention, the methy]-tetrahydrofuran solvent

.b comprises 2-methyl-tetrahydrofuran. Also useful is 3-methyl-tetrahydrofuran. In

the preferred embodlment of the invention, the magnesium metal and m-THF are

combined at a mole ratio of from about 1: 3 to about 1:6. Next, an orgamc halide,

1 e l- bromoalkane such as 1 bromohexane, 1-bromodecane or 1-bromododecane,

s added to the flask and reacted with the magnesium metal to form a eompound

having the formula RMgX, whereby R is either a C; to Cy alkyl group or a Cs to-

- Cyo aryl group, and X is a halogen. It is within the scope of the invention that the
, a]kyl or aryl groups could have greater than Cy but the best results are anncnpated
‘wnh a C; to Cy alkyl group or a Ce to Cao aryl group. In the preferred

) embodlment of the mventlon R preferably comprlses an alkyl group havmg from =

about 4 to about 20 carbon atoms. More preferably, R comprlses an alkyl group

~“having from about & to about 12 carbon atoms. - This alkyl or aryl group will

ultimately be substituted for the halogen group of the 3- halothlophene reactant,
thus forming the 3-alkylthrophene or 3-arylthrophene of the invention.

. Accordingly, the type of Grrgnard reagent determines which alkylthrophene or
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R ‘arylthiophene is produce‘d.- In the preferred elm_bodiment of the invention, the
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Grignard reagent is preferably an alkylmagneéjumhalide comprising either a
hexylmagnesiumhalidé, decylmagnesiumhalide or a dodecylmagnesiumhalide.
Therefore, the preferred 3-alkylthiophenes of the invéntion are 3-hexylthiophene,
3~decylth10phene and 3-dodecylthiophene. In the formula RMgX X may

- comprise any halogen, but preferably compnses either bromme, chlorine or

jodine. Accordingly, the Grlgnard reagent of the invention preferably comprises
an alkylmagnesiumbromide, alky]magnesxumchlonde or.alkylmagpesnumlodldc,
or an arylmagnesiumbromide, arylmagnesiumchloride or arylmagrt’ésiumiodide. |
Grignard reagents and their formation are well known in the art. In the preferred
embodiment of the invention, the resulting Grignard reagent has a concentratlon "
in m-THF of from about 0.5 mol/L to about 5.0 mol/L, more preferably from .
about 2.0 mol/L to about 4.0 mol/L and most preferably from about 3.0 mol/L to

about 3.5 mol‘/L_.

Useful cata)yst composmons for the invention are also well known Preferred

catalysts include those described in the Kumada, et al. artlcle, which is

o mcorporated herein by reference.  Suitable catalysts include typical nickel and

- 20

25

palladlum catalysts that are well known in the art, including Ni (II), Ni (0), PdD)
‘and Pd(0) compounds. In the-preférred embodiment of the invention, the oatélyst )
may corhprise [»1,3'-bis(d iphenylphosphino)_propane]di'Chloronickel(II), nickel (II): |
acetylacetonate, 1,2-bis(diphenylphosphirto)ethane"nickel(II) chloride, o
d‘ich.liorobis(tripheny]phosphine) palladiunt (ID. Also pfeferred complexes of

 nickel (IT) acetylacetonate and tri-tert-butylphosphine, triadamantylphosphine,
. 1,3-bis(2,4 ,6-trimethylphenyl)imidazolium chloride, 1,3-bis(2,6- |

' dusopropylphenyl), 1,3-bis(2,6- dl1sopropylphenyl)1m|dazol1um chlonde 1,3,4-
- triphenyl-4,5- dnhydro -1H-1,2,4-triazol-5-ylidene, 1'3 diladamantyl lmldazollum

chloride, 1,3-bis(2,4,6-trimethylphenyl)-imidazolidinium chloride, 1,3-bis(2,6-
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dnsopropylphenyl) 1mrdazol|dm1um chlorrde and suspensrons and combmatxons

- thereof, as well as suspensions and combinations of any of the above The most -

- preferred catalyst is 1,3- d1phenylphosphmopropanemckel drchlonde h
5 (Nl(dppp)Clz) | |

The catalyst composition of the invention may be in the form of a suspensionora -

solution. The catalysts above generally consist as suspensions in methyl-

| tetrahydrofuran However, a catalyst so]utlon may be formed by adding a portlon

“of the Grignard reagent to a catalyst-m-THF suspension. In the preferred

embodiment, a catalyst solutron is formed by adding from about 0.9 eqmvalents to:

about 3 .0 equivalents of the Grignard reagent compared to the catalyst compound

more preferably from about 1.5 to about 2.5 equ1valents of said Grignard reagent

compared to the catalyst compou_nd. Qverall, the catalyst preferably comprisesa -

 catalyst compound concentration of from about 0.001 mol % to about 10 mol %

in-said solvent, more preferably from about 0.01 mol % to about 1.0 mol %, and

most preferably from about.0.09 mol % to about 0.1 mol % in.said solvent. Most

- preferably, the catalyst composmon isa suspension of a catalyst compound in-

methyl-THF, which catalyst compound preferably comprises a concentratron of

from about 1% by welght to about 50% by weight of said solvent.

a 3-halothiophene reactant with the alkylmagnesrumhahde or

" varylmagnesnumhallde Gngnard reagent described herein i in the presence of the

catalyst This reaction is known as a metathesis reaction. The halothtophenes

" may comprise any 3- halogenated thiophene, but the halogen is typlcally bromine,

chlorine or iodine. In the preferred embodiment of the invention, the 3-

halothiophene comprises either 3-bromothiophene or 3-chlorothiophene.
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, The reaction processes of the mventlon' may be conducted by first combining the

catalyst composition and Grignard reagent, and then adding the 3- halothiophene.
Alternately, the 3- halothlophene may be combined with the Grignard reagent ..
followed by addmon of the catalyst composition, or first combined with the

catalyst composition followed by addition of the Grlgnard reagent. These

~ sequences of steps are mtended as exemplary and are not intended to be limiting. .

Additional examples of reaction steps are described in the Examples below. For

example, in Example 3, magnesium metal and 1-bromodecane are combmed ina

'100% 2-methyl-tetrahydrofuran solvent along with a Nickel (II) catalyst.

Thereaﬁer, 3-bromothicphene is added to the flask.

The 3- halothlophene may be added neat or wnth a solvent such as methyl THF

| Preferably, the 3- halothlophene is added at a ha]othlophene to Gngnard reagent

mol ratio of from about 0.7:1 equivalents to about 1.2:1 equwalents, more

| preferably from about 0.75:1 eq. to about 1:1 eq., and most preferably from about -

0.8:1 eq. to about 0.85:1 eq. Each of the reactions dlscussed above, i.e. the

formatron of the Gngnard reagent and the Grignard metathesrs coupling reactlon,

" are preferably conducted at reaction temperatures of from about -20°C to about

100°C with a more preferred reactron temperature range of about 0°C to about i

20°C, and a most preferred range of from about 15°C to about 20°C. The process )

results in a nearly quantitative yield of 3-alky]th10phene or 3- arylthlophene

greater than that achieved in any prior art proeess.

AThe: processes of the invention are described with more specificity in the

following non-limiting Examples. -
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‘Reaction Scheiﬁe

A preferred reaction scheme for the process of the invention is as follows:

P N —g NN :
~ Br 2 NethyFTHF | g MgBr.
CgH13Br o CgH13BrMg
165.07 - L 189.37
,j ’ - Ni(dppp)Ck
/ D\ /\/\./\MQBI" it >
: C5H13Bng :
C4H,BrS 189.37 CroHieS
163.03 168.29
EXAMPLEL

10
. 4Added to a flask are 57.1 g (2. 35 mol) of magnesium metal and 700 ml of 2-
, methyl-tetrahydrofuran The flask contents are heated to 60-70°C. A reaction is
| initiated by adding 5 ml of hexylmagnesnumbromlde a N) in 2-methyl-
.‘ tetrahydrofuran to the flask. The Grlgnard reagent concentration in the solvent is
15  3.35mol/L. The flask temperature is increased to 80-85°C. Next, 396g of _
' bromohexane 24 mol) is added to the flask over a period of 2.5 hours. The flask
is then heated to reflux and stirred for an additional two hours. After two hours,
the flask is cooled down to 15-20°C. Thereaﬁer add a suspension of 1.6g of
Ni(dppp)Cl2 catalyst in 5 ml of 2- methyltetrahydrofuran Next overa perlod of E
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. ‘ four hours, add 326.1g (2 mol) of 3- bromothiophene. Let this stir for an

10 .
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additional 16 hours. The reaction mlxture is then hydrolyzed on 1000 m1 HCI
(10% w/w). A -100% conversion is achieved with essentially no bis-thienyl side-

product, and a crude assay of 98.5%.

- According to this procedure 5 runs were carried out.

Ron [Scale 3-Bromo- | 3-Bromo- | 3-Hexyl- | 3-(1-Methyl- Bis-thienyl | -

No. |thiophene |thiophene thiophehe penty])thnophene -
e 0% - |983%  |045% . |042%

2 |4 0% 08.88%  |038%  |0.15%

3 |4 % 9845%  [039%  |04%

7 |4 0% |9%6.76% |039% 0.44%
5 [116 To%  |976%  |037% [0.16%

EXAMPLE 2

Added toa flask are 58.3 g (2.4 mol) of magnesmm metal and 500 ml of 2-
methyl-tetrahydrofuran The flask contents are heated to 60-7 70°C. A reaction is
initiated by adding 5 ml of hexylmagnes:umbromlde (1 N) in 2- methyl-
tetrahydrofuran to the flask. The Grignard reagent concentratlon in the solvent is

4.8 mol/L. The flask temperature is increased to 80- 85°C Next, 396.2g of

' bromohexane 2.4 mol) is added to the flask over a period of 2.5 hours. The flask
" is then heated to reflux and stirred for an additional two hours. - After one hour,

the flask is cooled down to 15-20°C Thereafter, add a suspension of 1.6g of

** Ni(dppp)Cl2 catalyst in 5 ml of 2-methyltetrahydrofuran Next, over a penod of

10
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' 'four hours, add 326.1g v) mol) of 3-bromothrophene Let this stirforan .
' addmonal 16 hours. The reactron mixture is then hydrolyzed on 1000 ml HCI
(10% w/w) A- 100% conversion is achieved with no bls-threnyl side-product, and
- a crude assay .0f 98.5%. Immediate gas chromatography of the reaction product

' ,showed 15.4% 3- bromothnophene 81.1% 3-hexylthiophene and 0.0% bis-thienyl

side-product. GC after one hour showed 8.7% 3-bromothiophene, 88. 0% 3- -
hexylthiophene and 0.0% bis- threnyl side- product GC after 15 hours showed ‘
0.0% 3-bromothiophene, 97.5% 3-hexylthiophene, 0.0% bls-threnyl srde-product _

.and 0.41% 3-(1-methyl-pentyl)thiophene.

'EXAMPLE 3

1, 2 mol of magnesium metal and 1.2 mol of 1-bromodecane are combined in a
100% 2-methyl-tetrahydrofuran solvent, and with.300 mg of (1,3-bis

_ (d1phenylphosphmo)propane)drchloro Nickel (II) catalyst. The Grignard reagent
_concentration in the solvent is 2.6 mol/L. Next, 3- bromothlophene (]eq ) is added

" to the flask. The reactions were conducted at room temperature. Immediate gas

chromatography of the reaction product showed 27.1% 3-bromothiophene, 30. 0%

3 decylthlophene and 0.9% bis- threnyl side-product. GC after one hour showed
0. 0% 3-brom0thlophene, 92.6% 3- decylthiophene and 2. 3% bis-thienyl srde- :

product. GC after 2.5 hours showed 0.0% 3-bromothrophene, 94.6% 3-

- .decylthrophene and 1.9% bis-thienyl snde-product

25
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'EXAMPLE 4 (COMPARATIVE)

- A hexy}magnesiumbromide' Grignard reagent (1 eq.) was jadded to mixture of a.

50:50 tétrahydrbfuran/toluene solvent, 3-bromothiophene (leq.) and 200 mg of a
dlch]oro-b1s(trxphenylphosphme) palladlum(II) catalyst The Grlgnard reagent

- concentration in the solvent is 1 mol/L. The reaction was conducted at 80°C

Immediate gas chromatography (GC) of the reactnon product showed 15.2% 3- .
bromothiophene, 38. 0% 3-hexylthiophene and 17.9% bls-thnenyl snde-product

- GC after one hour showed 2.0% 3- bromothiophene, 40. 7% 3-hexylthnophene and

10
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23.9% bis-thienyl side-product. GC after 2.5 hours showed 1.3%3-

: bromothlophene, 42.1% 3- hexylthnophene 24.3% bis- thlenyl side- product and

2.53% 3- (l-methylpentyl)thlophene This results show a low selectivity using a

' dichloro- bis(triphenylphosphine) palladlum(II) catalyst and 50:50 THF/toluene

solvent. Also an-undesirable amount of bls-thlenyl and 3-(1—

methylpentyl)thlophene side products.

EXAMPLE 5 (COMPARATIVE).

A hexylmagnesiumbromide'Gfigna'rd reagent (1 eq.) was-added to a mixture ofa

' 50:50 THF/toluene solvent, 3- bromothiophene (leq. ) and 200 mg of a dichloro-

bls(tnphenylphosphme) nickel (II) catalyst. The Grignard reagent concentratlon

_in the solvent is 1 mol/L. The reaction was conducted at room temperature

Immedlate gas chromatography of the reaction product showed 7.1% 3-
bromothiophene , 66.8% 3- hexylthiophene and 12.6% bls-thlenyl snde—product
GC after one hour showed 2.2% 3-bromothiophene, 70.4% 3-hexylthiophene and

-13.3% bxs-thlenyl snde-product GC after 2.5 hours showed 2.1% 3-
, bromothlophene 68. 8% 3-hexylthlophene, 14. 0% bls-thlenyl side-product and

12
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0. 23% 3- (1-methylpentyl)throphene The results show better selectrvrty using a

' d1chloro—b1s(tnphenylphosphme) nickel (II) catalyst and 50:50 THF/toluene

solvent than in Example 5, but mcomplete conversion and an undesrrable amount

- of bis—threnyl side product.

- EXAMPLE 6 (COMPARATILE)'

A hexylmagnesmmbromlde Gngnard reagent (1 eq. ) was added to a mixture of a

100% tetrahydrofuran solvent, 3-bromothiophene (leq. ) and with 200 mg of a

dichloro- bls(trlphenylphosphme) nickel (II) catalyst The Grrgnard reagent

concentration in the solvent is 1 mol/L The reaction was conducted at 60°C

. Immedrate gas chromatography of the reactron product showed 9. 6% 3-
v bromothlophene 36:2% 3- hexylthrophene and 25.7% bis-thienyl side-product.
'GC after one tiour showed 6.6%3-bromothiophene, 38.6% 3-hexylth10phene_and
27.1% bls-thlenyl srde-product GC after 2.5 hours showed 3.3% 3-
- bromothrophene 37 7% 3-hexylth10phene and 20.3% bls-threnyl srde-product
- The hrgh temperature (60°C) and 100% tetrahydrofuran solvent gave low

selectivity, mcomplete conversron, and an undesirable amount of bis-thienyl srde

product. .

EXAMPLE 7 (COMPARATIVE)

.' A hexylmagnesiumbromide Grignard reagent (1 eq.) was added toa mixture ofa
" 100% tetrahydrofuran solvent, ’3-b'r'omothiophene (1 eq. ) and with 200 mg ofa
- dichloro- bls(tnphenylphosphme) mckel (II) catalyst. The Gngnard reagent

concentration in the solvent is l mol/L The reaction was conducted at 0°C

13
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Imrnedlate gas chromatography of the reaction product showed 0'09% 3--

' bromothlophene, 82.7% 3-hexylthlophene and 6.6% bls—thlenyl snde—product GC
- after one hour showed 0.09% 3-bromothnophene 82.3% 3 hexylthrophene and |

| - 6.7% blS thlenyl 51de-product GC after 2.5 hours showed 0.5% 3-

10

15

20

25

bromothlophene 81.5% 3-hexylthlophene and 6. 4% bns-thlenyl sxde-product The

low temperature (0°C) gave satlsfactory selectmty but an undesirable amount of -

_ bis-thienyl side product.

' EXAMPLE 8 (COMPARATIVE)

3- Bromothlophene (l eq. ) is reacted wnth a hexylmagnesnumbromlde Grlgnard
reagent (1.2 eq.)in a 100% diethylether solvent and with 200 mg of a dichloro-
bls(tnphenylphosphme) nickel (II) catalyst ‘The Grignard reagent concentration

in the solvent is 2 mol/L. The reaction was conducted at room temperature.
~ Immediate gas chromatography of the reaction product showed 0.2% 3-
: bromothlophene, 74 3% 3-hexylth10phene and 10. 5% bls—thlenyl side-product.
" GC after one hour showed 0 1% 3-bromothiophene, 73.6% 3- hexylthtophene and

11.85% bis-thienyl srde-product GC aﬁer 2.5 hours showed 0.3% 3-
bromothiophene, 73.3% 3-hexylthlophene 10.7% bis-thienyl srde-product and

£ 0.09% 3-(1- methylpentyl)thnophene The diethylether solvent gave complete

conversmn but selectmty was only ~70% and an undesrrable amount of bls-

., thlenyl snde product was formed

14
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EXAMPLE 9 (COMPARATIVE)

3-Bromothlophene (1 eq.) is reacted with a hexylmagnesmmbromlde Grrgnard

- reagent (1.2 eq.) ina 100% drethylether solvent and with 200 mg of a (1 3-bis
(drphenylphosphmo)propane)d1chloro Nickel (II) catalyst The Grignard reagent

concentration in the solvent is 2 mol/L. The reaction was conducted at room
temperature. Immediate gas chromatography of the reaction product showed

0.1% 3-bromothiophene, 91.2% 3 hexylthlophene and 0. 13% bls-thlenyl s1de- "

product. GC after one hour showed 0.2% 3- bromothlophene 90.0% 3- -

hexylthiophene and 0.2% bls-thlenyl side-product. GC after 2.5 hours showed ‘
0.16% 3 bromothlophene 90.7% 3-hexylthiophene, 0. 2% bls-thlenyl 51de-product
and 0.4% 3- (1-methylpentyl)throphene The dxethylether solvent and (1, 3-bis.
(d1phenylphosphmo)propane)d1chloro Nickel an catalyst gave a selectivity of

~90%. This reactlon mixture undesirably forms a solid at the 2 mol/L

concentration and therefore cannot be worked up in a plant scale due to the

inability of the solid to be purged on water which then requlres the addition of

water to the reactlon This may lead to accumulation of water which can

: suddenly react, leadmg to uncontrolled development of heat, and presentmg

serious safety concerns.

EXAMPLE 10 (COMPARATIVE)

3: Bromothlophene (1 eq ) is reacted with a hexylmagnesmmbromlde Grlgnard
‘reagent (1.2 eq.)ina 100% diethylether solvent and with 200 mg ofa drchloro- :

bxs(tnphenylphosphme) palladlum(II) catalyst The Gngnard reagent

. concentration in the solvent is 2 mol/L The reactxon was conducted at room

temperature. Immedlate gas chromatography of the reaction product showed
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| 77. 2% 3 bromothlophene 4.2% 3- hexylthlophene and 0.5% bls—thlenyl side-
: product .GC after one hour showed 78.1% 3- bromothlophene, 4 0% 3-
: hexylthlophene and 0. 2% blS thlenyl side-product. GC after 2.5 hours showed

76.8% 3-bromothiophene, 4 5% 3-hexylthiophene and 0.3% bls-thlenyl side-
product The diethylether solvent and dnchloro bls(tnphenylphosphmo)

- palladium(lI) catalyst gave a bad conversion percentage

EXAMPLE 11 (COMPARATIVE) -

reagent (1.2 eq.) in a 100% dnethylether solvent and with 200 mg of a dlchloro-

' bls(tnphenylphosphme) palladlum(II) catalyst The Grlgnard reagent .

concentration in the solvent is 2 mol/L. The reaction was conducted at 0°C.
Immediate gas chromatography of the reactlon product showed 0.09% 3-

bromothlophene, 81.5% 3- hexylthlophene and 5.3% bis-thienyl SIde-product GC

- after one hour showed 0.09% 3-bromothiophene, 82.5% 3-hexylthnophene and

5.1% bis-thienyl sxde-product GC after2.5 hours showed 0. 07% 3- .
bromothlophene, 82.9% 3-hexylthxophene, '5.2% bis-thienyl side-product and
0.09%3 (1—met‘hylpentyl)thiopltene' ‘The diethylether solvent, 0°C reaction '

. temperature and dlCthl’O bls(tnphenylphosphme) palladium(II) catalyst gave:

| complete conversion and good selectwnty (~80%), but 5 2% bls-thlenyl snde-

B product.
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EXAMPLE 12 (COMPARATIVE)

3- Bromothlophene (1 eq.) is reacted with a hexylmagnesxumbromlde Grignard
. reagent (1.2 eq.) in a 100% drethylether solvent and with 200 mg of a Nickel (II)

' acetylacetonate catalyst. The Gri gnard reagent concentration in the solvent is 2

mol/L The reaction was conducted at room temperature Immedlate gas
chromatography of the reaction product showed 60.0% 3-bromothiophene, 5.7%
3-hexylthiophene and 5.9% bis-thienyl side-product GC aﬁer one hour showed

40.1% 3- bromothrophene 12.7% 3- hexylthrophene 16.2% bls-thlenyl side-
product and 2.4% 3- (1-methylpentyl)thlophene The nickel (II) acetylacetonate

_cata]yst and dlethylether solvent gave incomplete conversron .

EXAMPLE 13 (COMPARATIVE)

3- Bromothiophéne (1 eq.) is reacted with a hexylmagnesiumbromide Grignard

'l_reagent (1.2 eq. ) ina 100% drethylether solvent and with 12.6 mg of a (1,3-bis . |
j (drphenylphosphmo)propane)d1chloro Nickel (II) catalyst. The Grlgnard reagent

concentratlon in the solvent is 2 mol/L. The reaction was conducted at room

| temperature. Immedlate gas chromatography of the reaction product showed

60.9% 3- bromothxophene 27.2% 3-hexylthiophene and 0.3% bis-thienyl side- |

| product. GC after one hour showed 45.6% 3-bromothiophene, 42. 9% 3-

hexylthrophene and 0.3% bis-thienyl srde-product GC after 2.5 hours showed

' 35.6% 3-bromothiophene, 51.8% 3-hexylthiophene, 0.3% bis- thlenyl srde-product
"and 0.31% 3- (1—methylpentyl)thlophene A reduced amount of (1,3-bis
' (drphenylphosphmo)propane)drchloro Nickel (II) catalyst and diethylether solvent .

gave incomplete conversion.
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EXAMPLE 14 (COMPARATIVE)

3-Bromothiophene (1eq.)is reactecl with a hexylmagnesiumbromide Grignard

v reagent (1.2 eq. ) in a 100% diethylether solvent and with no catalyst The

Grignard reagent concentration in the solvent is 2 mol/L. The reaction was

~ conducted at room temperature Immediate gas chromatography of the reactloﬁ

product showed 85.7% 3- bromothlophene 0.5% 3-hexylthiophene and 0. 4% brs-

| thieny] srde-product GC aﬁer one hour showed 85. 7% 3-bromothiophene, 1. 1%
- 3- hexylthlophene and 0.2% bis-thienyl srde-product Thls showsalmost no '

conversion with no catalyst

EXAMPLE 15 (COMPARATIVE)

3- Bromothiophene (1eq.)is reacted with a hexylmagnesiumbromide Grignard.

reagent (1.2 eq. ) in a 100% drethylether solvent and with 12.6 mg of a dichloro- .'.

'bls(tnphenylphosphme) nickel (II) catalyst. The ‘Grignard reagent concentration

- inthe solvent is 2 mol/L. The reaction was conducted at room temperature.

Immediate gas chromatography of the reaction product showed 85.3% 3-

} bromothlophene 1.7% 3 hexylthiophene and 0 5% bis-thienyl snde-product GC
 affer one hour showed 68 0% 3- bromothrophene 3.1% 3-hexylthiophene, 6. 3%
| bls-thlenyl side-product and 0.89%. This shows bad conversmn witha :
~ diethylether solvent and‘a dichloro-bis(triphenylphosphine) nickel (II) catalyst. -
25 ¢ ' ' '
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EXAMPLE 16 (COMPARATIVE)

: 3-Bromothiophene ('1 eq.) is combined in a flask with 1.1 'mol of nragriesium
- metal and 1.15 mol of 1 bromohexane in a 100% THF solvent, and with 815 mg
ofa (1 3-bis (d1phenylphosph1no)propane)drch]oro Nlckel (II) catalyst in’

suspensxon The Grignard reagent concentration in the solvent is 2.2 mol/L ‘The-
reactions were conducted at room temperature Immedlate gas chromatography.

of the reaction product showed 85 3% 3-bromothrophene, 1 7% 3- hexylthrophene :

“and 0.5% bis-thienyl sxde-product GC after 48 hours showed 2. 9% 3-.

bromothrophene 64.5% 3- hexylthrophene 9.8% bns—thlenyl side-product and
3.34% _3-(1-methylpentyl)throphene. This shows bad selectlvxty with a 100% THF .

. solvent.

-EXAMPLE 17 ( COMPARATIV@ ‘

- 3- Bromothiophene (1eq.)is combined in a"ﬂask with 1.2 mol of magnesium

" metal and 1.2 mol of 1-bromohexane in a 50:50 THF/MTBE solvent, and with

600 mg of a (1,3-bis (d1phenylphosphmo)propane)drchloro Nickel (II) catalyst i in

'suspension. The Grngnard reagent concentration in the solvent is 1.3 mol/L The

» reactions were conducted at room temperature Gas chromatography of the

reactron product after 15 hours showed 0. 2% 3 bromothlophene 86.7% 3-

N hexylthlophene 5.6% bis-thienyl side-product and 1.59% 3- (-
' methylpentyl)throphene This shows high bls-thlenyl and 3- (1-
| methylpentyl)thiophene srde-prod,uct formatlon with a 50:50 THF/MTBE solvent.

" Overall, the comparative examp']e's‘ show that the main input factor for the

selectivity is the catalyst, secondly the temperature and solvent is responsible for

the final completion of the selectivity. Expressed in numbers: 60%, 30%, 10%

19
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responsibility. In methyl THF a Grignard reagent concentration of up to 4 mol/L

is possxble

While the preseni invention has been particularly shown and'descr.ibed with-
reference to. prefefred embodiments‘ it will be readily appreciated By those of
: ordmary skill i in the art that varlous changes and modifications may be made -
without departmg from the spirit and scope of the invention. Iti is intended that
 the claims be mterpreted to cover the disclosed embodlment those alternatlves

which have been discussed above and all equnvalents thereto
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‘What is claimed is:

, l A method for formmg a 3 a]kylthlophene or 3 arylthlophene Wthh comprises
A reactmg a3- halothlophene W1th elther an alkylmagnesmmhallde or '
' arylmagnesmmhallde Grlgnard reagent in the presence of a catalyst and a methyl-

tetrahydrofuran solvent, wherein the Grignard reagent is present in an amount of .

at least about 0.5 mol/L relative to said solvent.

2. The method of claim 1 which comprises formmg a 3- (C1 to Czo)
| alkylthlophene .

3. The fnethod of claim 1 'which c'ompri.ses forming a 3-(Cs to C20) arylthiophene.

4. The method of claim 1 wherein said Grignard reagent is present in an amount

" of from about 2.0 mol/L to about 4.0 mol/L relative to said solvent.

5. The method of claim 1 wherein said Grignard reagent is present in an amount | _V

" of from about 3.0 mol/L to about 3.5 mol/L relative to said solvent.

6. The method of claim 1 wherein said solvent comprises 2-methyl-

tetrahydrofuran.

7. The method of claim 1 wherein the Grighard reagen.t "com'p.rises aCsto Cyp
~alkyl m'agnesium.halid.e'. |
* 8. The method of claim 1 where'in'ihe Grignard reagent comprises a

hexylmagnesiumhalide, a 'd'ecylmagnesihmhalide, or. -

a dodecylmagnesiumhalide.
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9. The method of claim 1 wherem said catalyst comprises a material selected

~ from the group conS|stmg of Nl (II), Ni (O), Pd(II) and Pd(O) compounds and

combmatlons thereof

10. The methodb of claim 1 wherein said catalyst is selected from the group -
' con31stmg of [1 3- bls(dlphenylphosph1no)propane]dlchloronlckel(II) mckel (II)
| acetylacetonate 1,2- bls(d1pheny]phosphmo)ethane nickel(II) chloride,.

dlchlorob1s(tr1phenylphosphme) palladlum (I; complexes of mckel an

'acetylacetonate and tri-tert- butylphosphme trladamantylphosphme 1,3- blS(2 4,6-
_ tnmethy]phenyl)lmldazol1um chloride, 1,3-bis(2,6- dnsopropy.lphenyl), 1,3-

bis(2,6-di'isopropylphenyl)im,idazolium chloride, 1,3,4;triphenyl-4,5-dihy'drof]H-
1,2,4-triazol-5-ylidene, 1,3-diadamantyl-imidazolium chloride, 1,3-bis(2,4,6-
trimethylphenyl)-imidazolidinium chloride, 1 ,3-bis(Z,G—diisoprOpylphenyl)-

imidazolidinium chloride and combinations thereof.

- 11. The method of claim 1 whereln said reactmg is conducted at a temperature of

: from about 15°C to about 20°C

12. A method for forming a S;alkylthiophene or 3-arylthiophene oomprising

v a) forming either an alkylmagnesnumhahde or ary]magnesnumhahde Gngnard

reagent in a methyl-tetrahydrofuran solvent the Grignard reagent bemg present in

~ an amount of at least about 0.5 mol/L relatwe to said solvent
" 'b) separately formmg a catalyst composition comprising a combmatlon ofa
25 catalyst and a methyl- tetrahydrofuran solvent; '
, c) combmmg the catalyst composition with the Grlgnard reagent and the methyl-

v tetrahydrofuran solvent to forma reaction mxxture and
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"d) thereafter, reactmg a3 ha]othlophene with said reaction mixture under .

: Acondmons sufficient to produce erther a3- alkylthrophene or 3- arylthlophene

: reactlon product

| 13, The method of claim 12 whnch comprrses formmg a 3-(C1 to Czo)

alkylthnophene

" 14.The method'of claim 12 wh‘ich comprises formin_g a 3-(C6 to Czo) :
) arylthiophen'e.

15. The method of clarm 12 wherem said Grrgnard reagent is present in an

amount of from about 2. 0 mol/L to about 4. 0 mol/L relatlve to said solvent.

16. The method of claim 12 wherein ,said Grignard reagent is present in an

" amount of from about 3.0 mol/L to about 3.5 mol/L relative to said solvent.

- 17. The method of claim 12 wherein said solvent co.mpri.ses 2-methyl-

 tetrahydrofuran.

19. The method of claim 12 wherein said catalyst is present in an amount of from

“about 0.001 mol % to about 10 mol % relative to said solvent.

' 19. The method of claim.12 wherein the Grignard reagent comprises a C4t0 Czo
‘ alkyl.magneSiumhalide. R ' -
25 | . : | : .
- 20. The method of claim 12 wherein said catalyst comprises a material selected

from the group consnstmg of Ni (II), Ni (O), Pd(II) and Pd(O) compounds and

“combinations thereof :
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| 21. The. method of claim 12 wherein said polymerlzatlon catalyst is selected from

_ the group conS|stmg of [1,3- bxs(d1phenylphosphmo)propane]dnchloromckel(ll),

nickel (II) acetylacetonate 1 2- bxs(d1phenylphosphmo)ethane nickel(II) chloride,
d1chlorob1s(trnphenylphosphxne) palladium (II); compl.exes of mckel.(II)_

| aCetylacetonate and tri-tert-butylphosphihe triadamantylphosphine, 1,3-bis(2,4,6- -
: trlmethylphenyl)lmxdazolmm chloride, 1,3-bis(2,6-diisopropylphenyl), 1,3-
~ bis(2,6- dl1sopropylphenyl)lm1dazohum chlorlde 13, 4 tnphenyl-4 S- dlhydro-lH- _

1,2,4-triazol-5-ylidene, 1,3-d1adamantyl-1m1dazol1um ehlorlde, 1,3- bis(2,4,6-

| trimethylbhenyl)’-imidazolidinium chloride, 1?3-biS(2,6-di‘isopr'opylphenyl)-A

~ imidazolidinium chloride and combinations thereof.

22. The method of c]alm 12 further comprlsmg recovermg 3- alkylthlophene or 3-

rylthlophene from said reaction product.

23. The method of clanm 12 wherem said reactmg is conducted at a temperature of

lﬂ from about 15°C to about 20°C,
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