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at 180° in a sealed tube for 24 hr., and then treated as de-
scribed under (1) above. The chloroform extract, on evap-
oration, furnished 1.4 g. (23%) of an oil; this was con-
verted into a yellow picrate which was identified as 4-bromo-
2,6-lutidine picrate® by m.p. and mixed m.p. (183.5-185°),

Reactions of 4-Chloro-2,6-lutidine 1-Oxide. (1) With
Sodium Sulfite.—A mixture of 8 g. (0.064 mole) of sodium
sulfite, 5 g. (0.032 mole) of chloro compound, 20 ml., of
water, and 25 ml. of 959, alcohol was heated at 180° in a
sealed tube for 12 hr. The red reaction mixture was evap-~
orated to dryness and the resinous material was extracted
four times with boiling methyl alcohol. Evaporation of the
extract furnished 6.6 g. (929%) of resinous material which
was dissolved in the minimum quantity of water and acidi-
fied with three times its volume of coned., hydrochloric
acid. After cooling and filtration, the solution was evapo-
rated to dryness and the residue fractionally recrystallized
from methyl alechol to yield a product identified as 2,6-
lutidine-4-sulfonic acid (VII) by equiv. wt., and its ultra-
violet spectrum in 0.1 N HOI (Amax 278 my, emax 9,200). The
expected 2,6-lutidine-4-sulfonie acid 1-oxide had a different
ultraviolet spectrum in 0.1 N hydrochloric acid (Apax 217
My, €max 13,390; Amex 268 my, emax 9700).

(2) With Phosphorus Trichloride.—A solution of 7 g.
(0.044 mole) of 4-chloro-2,6-lutidine 1-oxide in 100 ml. of
ice-cold chloroform was slowly treated with 12 ml. (1.12
mole) of phosphorus trichloride. The solution was allowed
to warm up to room temperature over 2 hr. and then refluxed
on the steam bath for 1 hr. The cold solution was decom-
posed with ice, made alkaline with aqueous sodium hy-
droxide, and extracted three times with chloroform. The
chloroform extract, after drying over magnesium sulfate,
furnished 6.6 g. (1009%) of oil on evaporation; this was
quantitatively converted into a picrate m.p. 160.5-162°
alone or when mixed with authentic 4-chloro-2,6-lutidine
picrate.’

(3) With Sodium Borohydride-Aluminum Chloride.®—
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Three and three-tenths milliliters of 1.0 3 aluminum chlo-
ride in diglyme was cautiously added to an ice cold mixture
of 0.8845 g. (0.0056 mole) of chloro compound and 10 ml. of
1.0 M (0.01 mole) sodium borohydride also in diglyme,
After standing at room temperature for 3 hr,, the reaction
mixture was decomposed with 2 N hydrochloric acid. Five
hundred and sixty milliliters of hydrogen was evolved
at 33.5° and 735 mm. compared with 1080 ml. for a
blank experiment run without chloro compound under
similar conditions, indicating that 1 mole of compound
had required 0.9 mole of borohydride for reaction. The
acidic solution was evaporated to dryness and the residue
extracted with hot alcohol. Picric acid precipitated from
the alcoholic extract 4-chloro-2,6-lutidine picrate, identified
by m.p. and mixed m.p.

(4) With Iron and Acetic Acid.—The 4-chloro-2,6-luti-
dine 1-oxide hydrochloride obtained from a sealed tube reac-
tion of 5 g. (0.03 mole) of 4-nitro-2,6-iutidine 1-oxide with
hydrochloric acid was suspended in 25 ml. of hot (100°) gla-
cial acetic acid and 3 g. of iron powder was cautiously added
down the reflux condenser. After 2 hr. heating at 100°, the
mixture was diluted with water, made alkaline with aqueous
sodium hydroxide, and steam distilled. Chloroform ex-
traction of the distillate furnished 0.5 g. (12%) of liquid
which was converted by picric acid into 4-chloro-2,6-lutidine
picrate again identified by m.p. and mixed m.p.
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2-Thienyllithium has been alkylated and arylated to give 2-substituted thiophene derivatives in 45659, yield. 3-Methy!-
thiophene on metalation with n-butyllithium or phenyllithium and carbonation gave 4-methylthiophene-2-carboxylic acid
(61-68%) and 3-methylthiophene-2-carboxylic acid (19%), while phenylsodium led to 4-methylthiophene-2-carboxylic acid

(58%) and 3-methylthiophene-2,5-dicarboxylic acid (11%,).

The methods which are used for preparing alkyl-
thiophenes can be divided into two types. The
first involves the ring closure of either a hydro-
carbon with sulfur or of a y-dicarbonyl compound
with phosphorus sulfides. The second starts with
the thiophene nucleus and proceeds through the
preparation of carbonyl derivatives and their
reduction by any of the standard procedures.?
The direct introduction of alkyl substituents into
the thiophene ring by means of metal halides or

(1) This study was supported by a grant from the Lithium Corpora-
tion of Ameriea.

(2) H. D. Hartough, “Thiophene and Its Derivatives,' Interscience
Publishers, Ine., New York, 1952,

other acidic catalysts has been studied by some
workers.?

Both 2-thienylmagnesium iodide? and 2-thienyl-
sodium? react with allyl bromide to give 2-allyl-
thiophene. 2-Thienylsodium, obtained by the
action of sodium amide in liquid ammonia on
thiophene, can be alkylated with alkyl bromides to
give monoalkyl compounds in 50-709, yields.t
However, side reactions such as the dialkylation of
the thiophene ring—i.e.,, the formation of 2,5-
dialkylthiophene—also take place.

(8) Grischewitsch-Trochimovski, J. Russ. Phys. Chem. Soc., 48,
201 (1911).

(4) I.J. Spilners and R. Levine, unpublished observa.tion;
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It was of interest to study the reactivity of 2-
thienyllithium for these reactions. In this con-
nection, it should be pointed out that 2-thienyl-
lithium condenses with esters®® and ketones’ to
give carbinols.

Thiophene was metalated in high yield when it
was treated with n-butyllithium (one equivalent)
in ether solution. The alkylations were effected by
using equivalent quantities of alkyl halides,
generally bromides, except for dimethyl sulfate
and benzyl chloride (Table I). The over-all

TaBLE I
2-ALKYL- AND 2-ARYLTHIOPHENES

C Ly

S
Alkylating or Yield, M.P. or B.P,
Arylating Agent R % M,
Dimethyl sulfate CH, 65 111« 747
Ethyl bromide C:H; 61 132-134 750
n-Butyl bromide »-C,H, 47 181-182% 750
n-Octyl bromide n-CsHy; 45.6 120 8
257 750°¢
Benzyl bromide  C¢Hz;CH, 62 132-134 126
1,2-Dibromo-
ethane CH,CH,Br”/ 56 88 8¢
CsH; 11.9¢ 427
Bromobhenzene  CeH; 30.6% 427
2,5-Diphenyl-
thiophene  21.6  152-1537

¢ F. 8. Fawcett, J. Am. Chem. Soc., 68, 1420 (1946).
bV, Mever and W. Kreis, Ber., 17, 1559 (1884). ¢ V. Schwei-
nitz, Ber. 19, 644 (1886). ¢ Seeref. 9. ¢ Seeref.8. /Two
equivalents of 2-thienyllithium and 1 equivalent of 1,2-
dibromoethane were used. ¢ Tetrahydrofuran was the
solvent. The arylation was effected at room temperature
overnight. * W. Kues and C. Paal, Ber., 19, 3141 (1886).
¢ Tetrahydrofuran was the solvent. The arylation was
effected at reflux for 3 hr. 7 8. Kapf and C. Paal, Ber., 21,
3053 (1888).

reactions are shown in the following equations.
The decrease in yields of the products as the chain

\ l + "l_‘C‘AHQLi -
S RX
3 LN + LiX
. ) | Li + n-C3Hy» @—R

length of the alkyl group in the primary halides
increases is in accord with the decrease in the
reactivity of these halides. sec-Butyl bromide
did not give any alkylated product probably be-
cause of the competing reaction of dehydrohalo-
genation. From the interaction of two equiv-
alents of 2-thienyllithium with one equivalent of
1,2-dibromoethane, none of the expected 1,2-
bis(2-thienyl)ethane was obtained and only 1-
bromo-2(2-thienyl)ethane (5.69,) was isolated.
Here, also, the dehydrohalogenation of the 1,2-
dibromoethane was probably the main side re-
action.
(5) D. W. Adamson, J. Chem. Soc., 885 (1950).

(6) P. A. Barrett and 8. Wilkinson (to Welcome Foundation Ltd.),
Brit. Patent 683,978.

(7) L. Berger, A. Ziering, and J. Lee, J. Org. Chem., 12, 907 (1947).
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The last-named thiophene derivative has been
made earlier by the reaction of phosphorus tri-
bromide on 2-hydroxyethylthiophene. Benzyl chlo-
ride, being a very reactive halide, gave, as was
expected, the highest yield of the alkylated product
(2-benzylthiophene, 629;), which had been pre-
pared earlier by Steinkopf and Schubart® by the
condensation of thiophene with benzyl alcohol in
the presence of zinc chloride. Ethyl chloroacetate
did not alkylate thiophene and only polymeric
material was formed.

Bromobenzene does not ordinarily function as an
effective arylating agent and only an 189 yield
of diphenyl was formed?® when a mixture of phenyl-
lithium and bromobenzene in ether was allowed
to stand for seven days at 0°. This reaction is
believed to proceed through a benzyne interme-
diate. Recently,? tetrahydrofuran has been used as
a solvent for a number of reactions involving organo-
metallic reagents. This solvent is particularly val-
uable for reactions which either do not proceed in di-
ethyl ether or which proceed at a very slow rate and
inlow yields in this solvent. These earlier observa-
tlons suggested that the arylation of 2-thienyl-
lithium in tetrahydrofuran be studied. There-
fore, n-butyllithium was prepared in tetrahydro-
furan® and thiophene was metalated with this
reagent at —15°.  An equivalent of bromobenzene
was added and, after the reaction was allowed to
stand overnight at room temperature, 2-phenyl-
thiophene was isolated in 12.99, yield. In a
second experiment, after the bromobenzene had
been added and the mixture was allowed to warm
up to room temperature 1t was refluxed for three
hours. In this way a mixture of 2-phenylthio-
phene (30.69%,) and 2,5-diphenylthiophene (21.6%)
was obtained. It would appear that either some
2,5-dilithiothiophene was formed or that part of
the 2-phenylthiophene was metalated and then
arylated.

Schick and Hartough!! have reported that 3-
methylthiophene is metalated by reaction with
sodium in the presence of alkyl or aryl halides
such as ethyl bromide, n-butyl bromide, and
bromobenzene in diethyl ether. Carbonation ap-
parently gave exclusively 4-methyl-2-thiophene-
carboxylic acid, I, in 429, yield. In this connec-
tion it should also be noted that the formation of
4-methyl-2-alkylthiophenes through a Wurtz-Fit-
tig coupling of 3-methyl-5-sodiothiophene with
alkyl halides has also been observed.!? Grono-
witz!? and Sicel claimed that 3-methylthiophene is

(8) W. Steinkopf and I. Schubart, Ann., 424, 1 (1920).

(9) G. Wittig and W. Merkle, Ber., T5, 1491 (1942),

(10) H. Gilman and B. J. Gaj, J. Org. Chem., 22, 1165 (1957).

(11) J. W. Schick and H. D. Hartough, J. Am. Chem. Soc., 70,
1845 (1948).

(12) J. A. Blanchette and E. V. Brown, J. Am. Chem. Soc., 74,
1849 (1952).

(13) 8. Gronowitz, Arkiv. Kemd., 19, 361 (1954).

(14) J. Sice, J. Org. Chem., 19, 70 (1954),



May, 1962

metalated exclusively in the 3&-position by its
reaction with zn-butyllithium in diethyl ether.
Gronowitz!? claimed that carbonation of this
reaction mixture gives 4-methyl-2-thiophenecar-
boxylic acid, I, in 689 yield while Sice!* claimed to
have obtained exclusively 4-methyl-2-thenalde-
hyde (619%) by its reaction with dimethylform-
amide.

However, our observations in this connection have
been quite different. 3-Methylthiophene was meta-
lated with both n-butyllithivm and phenyllithivm in
diethyl ether and the mixtures were carbonated by
reaction with Dry Ice. From both reactions mixtures
of carbozylic acids were solaled. These mixtures
were separated into their components: 4-methyl-
thiophene-2-carboxylic acid, I, (61-689,) and 3-
methylthiophene-2-carboxylic acid, II, (19%,) by
chromatography on a Florisils column. The
relative proportions of the two acids were nearly
the same with these two reagents. Obviously,
metalation did not take place exclusively in the 5-
position of 3-methylthiophene. The use of phenyl-

CH;

CH; | CH
Hzoc—usj ’ ﬂSJ—cozH Hgoc—[’S]C COH

I II 111

sodium as the metalating reagent resulted in
some dimetalation leading to a mixture of 4-
methyl-2-thiophenecarboxylic acid (I) (58%) and
3-methylthiophene-2,5-dicarboxylic  acid  (III)
(11.59,). None of II was detected. It appears
that since phenylsodium is probably a stronger
base than the lithium reagents, it is able to di-
metalate 3-methylthiophene to some extent. An
authentic sample of ITI was prepared by reaction
of 2,5-dilodo-3-methylthiophene with phenyllithium
followed by carbonation. These results are sum-
marized in Table II.

TasLE I
METALATION OF 3-METHYLTHIOPHENE TO GIVE

CH, CH; and CHs
oo s][ [[SI‘ com now—L I con
I

S
11 111
Metalating — Products
Reagent %1 % 1 % 111
Phenyllithium 68 19 0
n-Butyllithium 61 19 0
Phenylsodium 58 0 11

It appears reasonable that the mixture of the
lithium derivatives which was formed by the
metalation of 3-methylthiophene(IV) is predomi-
nantly 2-lithio-3-methylthiophene. Thus, both hy-
perconjugative and inductive effects would be
expected to decrease the acidity of the hydrogen
atom on the 2-carbon atom of IV to a greater
extent than it would the hydrogen atom of the

(15) Adsorbent marketed by Floridin Company, Tallahassee, Fla.
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5-carbon atom. In this connection earlier work
from this laboratory® has shown that when IV is
acylated with a series of anhydrides under acidic
conditions, two isomeric ketones, V and VI, are
formed. Since these reactions involve the elec-
trophilic -attack of the potentially available
carbonium ion from the anhydride on the thio-
phene ring it is not surprising that in contrast to
the metalation reactions, the acylations give
ketones VI as the major products.

CH;
u P i (RCO),0

S BF4(C;H:),0
v
. 0 0 \
CH; I I CH;
H-—ESI——(:—*R + R—( ‘.S.' H
Y VI
Experimental

The reactions were effected under an atmosphere of dry,
oxygen-free nitrogen. The solvents and other chemicals
used were commercial products and were dried and distilled.
Tetrahydrofuran was freed from peroxides and moisture
before use by refluxing over sodium for 2 hr., followed by
distillation. Lithium ribbon was supplied through the
courtesy of Lithium Corporation of America, The ab-
sorbent, Florisil, was supplied through the courtesy of the
Floridin Company, Tallahassee, Fla.

Alkylation and Arylation of Thiophene. (a) In Ether.—
n-Butyllithium (0.3 mole) in ether was prepared according
to the method of Gilman.” Thiophene (0.3 mole), diluted
with an equal volume of dry ether, was added dropwise at
0° and the mixture was then stirred at room temperature
for 1 hr. The reactor was cooled to —15 to —20° and the
halide (0.3 mole), diluted with an equal volume of dry ether,
was added. The reaction mixture was then refluxed for
18 hr. (With a reaction time of 1 hr at room temperature
and 1 hr. at reflux benzyl chloride gave only a 109, yield of
2-benzylthiophene and much of the unchanged halide was
recovered.) The reaction mixture was cooled to room
temperature and was poured over crushed ice. The ether
layer was separated, washed with water, dried, and frac-
tionated.

(b) In Tetrahydrofuran.—Tetrahydrofuran (90 ml.) was
placed in a three-necked flask fitted with a slip-sealed
stirrer, a condenser, and a jacketed addition funnel. The
air was swept out of the reactor with dry nitrogen and a
steady flow of the gas was maintained throughout the
reaction. Lithium ribbon (3.0 g., 0.43 g.-atom) was intro-
duced. The suspension was cooled to —25°. n-Butyl
chloride (18.5 g., 0.2 mole), diluted with tetrabydrofuran
(90 ml.), was placed in the addition funnel. It was cooled
and a few milliliters were added to the rapidly stirred sus-
pension of lithium in tetrahydrofuran to initiate the reaction.
When the reaction had started as indicated by the appear-
ance of cloudiness, the rest of the halide was added over the
course of 1 hr. while the cooling bath was maintained at
—-30° to —35°. Then the mixture was stirred for 1 hr.
with the cooling bath at —25°.

was added at —15° and the mixture was stirred for 2 hr.
Bromobenzene (31.4 g., 0.2 mole) was then added. The
cooling bath was removed and the mixture was allowed to
stand overnight. The contents of the flask was poured over

(16) M. W. Farrar and R. Levine, J. Am. Chem. Soc., 72, 3695
(1950).

(17) H. Gilman, J. A. Beel, C. G. Brannen, M. W. Bullock, G. E.
Dunnp, and L. 8. Miller, J. Am. Chem. Soc., T1, 1499 (1949).

Thiophene (16.8 g., 0.2 )
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crushed ice. The two layers were separated. The aqueous
layer was extracted with ether and the extract added to the
tetrahydrofuran solution. The combined organic phases
were dried and fractionated. The solvents were removed at
20 mm. Unchanged bromobenzene (27 g.) distilled at
60° at 20 mm. 2-Phenylthiophene (3.8 g., 11.9%) dis-
tilled at 140° at 20 mm. and soon solidified to colorless
crystals, m.p. 42°18 Very little residue remained in the
distillation flask.

In a second experiment, after the addition of bromoben-
zene, the reaction mixture was allowed to warm to room
temperature and it was then refluxed for three hours. It
was then processed as described above. After removing the
solvents, 2-phenylthiophene (10.6 g.) distilled at 140° at 20
mm. and soon solidified to colorless crystals (9.8 g., m.p. 42°,
30.6%). The residue in the distillation flask was recrystal-
lized from petroleum ether (b.p. 60-70°) and then from
95% ethanol to give almost colorless plates of 2,5-diphenyl-
thiophene (5.1 g., m.p. 152-153°, 21.69).14

Metalation of 3-Methylthiophene. (a)With Phenyllithium.
—Phenyllithium (0.5 mole) was prepared in 200 ml. or
anhydrous ethyl ether. 3-Methylthiophene (49 g., 0.5
mole), diluted with an equal volume of ether, was added
dropwise and after the addition the mixture was refluxed
for 2 hr. It was carbonated by pouring over a slurry of
Dry Ice and ether. After the disappearance of the Dry
Ice, enough water was added to dissolve the solids. The
ether layer was separated and was washed with water.
The washings were added to the aqueous layer. The com-
bined aqueous layers were cooled and acidified with con-
centrated hydrochloric acid. The precipitate was filtered,
waghed with ice water, and dried to give 67.2 g. of a mixture
of crude acids.

A sample of the mixed crude acids (400 mg.) was dis-
solved in benzene and chromatographed on a column of
Florisil (18 g. of adsorbent in a column 16 in. long and
/s in, in diameter). The column was developed with 200
ml. of benzene. The solvent was drained. Nothing was
recovered from the percolate. Small portions of the column
were removed from the top, treated with dilute hydrochlorie
acid, and extracted with ether. The first 6 in. gave 4-meth-
ylthiophene-2-carboxylic acid (I), m.p. 122°; literature
value, m.p. 122°1® mixed m.p. with benzoic acid, 85-90°.
The next 1!/, in. contained a mixture of acids. The next

(18) W, Kues and C. Pali, Ber., 19, 3141 (1886).
(19) H. D. Hartough and L. G. Conley, J. Am. Chem. Soc., 69, 3096
(1947).
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1!/, in. of the column gave 3-methylthiophene-2-carboxylic
acid (II}, m.p. 148°.** The mixture was refractionated.
Finally, 288 mg. of I and 78 mg. of II were obtained repre-
senting a total yield of 689, of I and 199, of IL.

(b) With n-Butyllithium.—The reaction was carried out
a8 above except that n-butyllithium was used in place of
phenyllithium, By chromatography the yields of the
acids I and II were found to be 619, and 199, respectively.

(¢) With Phenylsodium.—Phenylsodium (0.2 mole) was
prepared according to the method of Raynolds and Levine.2
3-Methylthiophene (19.6 g., 0.2 mole), diluted with an equal
volume of dry benzene, was added and the mixture was
stirred at room temperature for 2 hr. Subsequent carbo-
nation and processing gave 22 g. of mixed crude acids.

A sample of the crude acid (1.0 g.) was extracted with
10 ml. of benzene. A part (140 mg.) remained undissolved.
The extract was chromatographed on a column of Florisil.
From the top part of the column 15 mg. of a substance,
which was the same as the above undissolved residue, and
750 mg. of 4-methylthiophene-2-carboxylic acid (I} were
recovered. None of IT was isolated. The material which
was sparingly soluble in benzene was allowed to crystallize
and wes then recrystallized from hot water to give white
needles of 3-methylthiophene-2 5-dicarboxylie acid (III),
m.p. 278°,

Anal. Caled. for C;HiO,8: C, 45.16; H, 3.22. Found:
C, 44.96; H, 3.50. The yield of I was 589, and that of III
was 11.5%,.

3-Methylthiophene-2,5-dicarboxylic Acid (III).—2,5-Di-
iodo-3-methylthiophene?! was synthesized in 66.7%, yield
by a modification of the directions of Minnis?? for preparing
2-iodothiophene, using twice the quantities of yellow mer-
curic oxide and iodine.

2,5-Diiodo-3-methylthiophene (21 g., 0.06 mole) was
diluted with dry ether (20 ml.) and added dropwise over 15
min, to phenyllithium (0.3 mole) in ether. A precipitate
was formed immediately. The mixture was refluxed for
.5 hr. and was then carbonated with Dry Ice. The reaction
wag processed as usual and the crude acid was collected.
It was washed with benzene to remove any benzoic acid
and crystallized from hot water. The needles (8.4 g,
75%) melted at 278° and showed no depression when a
mixed melting point was performed with the product from
the previous reaction,

(20) 8. Raynolds and R. Levirne, J. Am. Chem. Soc., 82, 472 (1960).

(21) W, Steinkopf and W. Hanske, Ann., 5382, 236 (1937).
(22) W. Minnis, Org. Syntheses, Coll. Vol. 11, 357 (1943).



