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Abstract: Organolithium reagents can add to the sulfur atom ofmost cases, side reactions such as proton abstraction (thiofh8nes
thiophenes that are substituted by a chlorine atom and fused to anotle, 14 and 15) and lithium-chlorine exchangel@ 16) compete
aromatic system, at -78°C, to give ortho-substituted aryl sulfides. effectively with the ring opening. In the absence of a chlorine
substituent or an “acidic” proton, as in compouh8snd17, there is no
reaction at all, even in ether at room temperature. 2,5-Dichloro-3,4-
dinitrothiophenel8 gave only decomposition products and the 4did

is attacked to give the butyl ketone at -78°C.

While working on thieno[3,2-d]thiazolel!, we encountered an

unexpected reaction. Treatment Jofwvith butyllithium at -100°C and

addition of N-chlorosuccinimide yielded a product containing a butyl

group and an extra chlorine atom. This unknown compound was ther H

oxidized to the sulfoné, which was identified by X-ray crystallography N N R Nﬁ/N\‘(

(scheme 1 and figure 1). This addition product could be explained by tth{’sI?*R' @R. @E\g/s o
s s

addition reaction of the butyl group to the sulfur atom of the thiophene,

with subsequent ring opening and trapping of the vinylic aBivith 5" R=NH, R'=C| 9 R=HR'=Cl
N-chlorosuccinimide. 6" R=H R'=4-FCgH, 10" R=PhCH(OH) R'=C! 12'
. 72 R=Me R'=4-FCgH, 11 R=CIR'=COOH
1.2 BuLi/ -100°C N 87 R=Me R=H
N .2BuLi/ - [ NCS R .
e — =~ v 5 R
s~ 8 3 s, 8% ] /A
R
1 Bu O /@\ S
cl cl O N ClI™" g~ TCOMH 15 R=Cl R'=H
N MCPBA N — s 16 R=R'=CI
¢ cl afr cl " 14 17 R=R'=Ph
§7 g CH,Cl, s™>gto 18 R=CI R'=NO,
i 3 r.t. 6h ]
Bu Bu
Scheme 2
Scheme 1

The only thiophenes we have found that react with BuLi by addition to
the sulfur are represented by the two 2-chlorothieno[3,2-d]thiaZoles
and19° (scheme 1 and table 1) and the fused thiophenes substituted by a
chlorine atom in position 3 (table 2). In the case of the two

cl 2-chlorothieno[3,2-d]thiazoles. and 19, the intermediate anior2

y ~Cl obtained after addition of an organolithium salt can be trapped with the
o more reactive electrophiles to yield substituted (E)-chloroalk@@es
[\ 7 N

with retention of configuration. As shown in table 1, this anion is not
nucleophilic enough to react with ethyl iodide and benzyl bromide.

Table 1. Addition of electrophiles to the anion generated by BuLi
attack on 5-chloro-2-methylthieno[3,2-d]thiazole

Figure 1. X-ray structure of sulfone 4 o]
N 1) 1.2 BuLi/ -78°C N\,
x—( I\>—C| o E
Although addition of alkyllithiums to sulfur in thioethéralisulfides §78 2)E ST
and dithioketaf$is known, there are few reports on addition to a sulfur 1 X=Me 2,20ag Bu
) . ) . . 19 X=NHAc
atom included in an aromatic heterocycle with subsequent ring
cleavage; known heterocycles reacting this way are X E E # Yield
imidazo[2,1-b]benzothiazolds  1,4-dithiin€ and isothiazols Me PhCHO PhCH(OH) 20a 77
Evidences for the addition of butyl- and phenyllithium to thiophenes Me NCS a 2 84
were reported for 3,4-dichloro-2,5-dimethoxythiophene at room Me NHLCL H 20b 7
. . Me PhCOCI PhCO 20¢ 62
temperature, but the only products of the reaction were dibutyl and 2
. ) vy W ish tin thi ) AcNH PhCHO PhCH(OH) 20d 81
diphenyl sulfides respectivély We wish to report i is pape ASNH Mel Me 20¢ 70%
examples of this addition reaction of organolithiums to thiophenes, at  acNH NCS cl 20f 562
-78°C or below, and evidence supporting the proposed mechanism. AcNH CH,=CHCH,Br CH,=CHCH, 20g 10‘;
a,|
We first tried to determine what are the structural features that can  ANH Ed Et O&b
AcNH PhCH,Br PhCH, 0

promote such ring cleavage on a thiophene. Scheme 2 lists all the

. - o ; a) 2.2 equiv. BuLi, b)20b was the major product
heterocycles that failed to give any addition of BuLi to the sulfur. In
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For the thiophenes of table 2, a slightly different pathway is followed bythe thiophene ring vary with the structure of the substrate (tables 3 and

the reaction. The electron withdrawing effect of the 3-chloro

4).

substituent, along with its easy elimination, probably facilitates the aple 3. Organolithium reaction with 5-chloro-2-methylthieno-

addition of butyllithium to the sulfur to give the chloroalkyB8
(scheme 3). Then lithium-chlorine exchange gives the alkyne &iion
which adds to the electrophile. Addition of BuLi to the
thieno[3,2-d]thiazole 21 and lithium-chlorine exchange with the
chloroalkyne intermediat80 compete with each other. In the presence
of 2.2 equivalents of BuLi, the ratio of produ@&26is 1:2, while use

of 3.3 equivalents gave a ratio of 2:1. In the last three entries of table

the chloroalkyne was not detected when an excess of BuLi was added.

should also be noted that the benzylic alcoB8|27 and28 are slowly
oxidized by air to give the corresponding phenyl ketones.

cl
ci
YV
N —» N
A°',‘“</s | v AcN—( | BuLi
H 2 Li S s u
A } 30
Buli BulLi
. Ph
Li
2 OH
A A
AcN—( PhCHO  pcN—(
Y .Bu |
Li S H S -Bu
3 25
Scheme 3
Table 2. Reaction of 3-chlorothiophenes with BuLi
cl Bali
A\
s Y 2)PhCHO 5-Bu
Thiophene T Product Yield
# C) # R (%)
cl
N 25  PhCH(OH) 63
2 2R =
AcNH%sIsS' 8 26 cl 32
OTHP cl
N
227 [T S—ci 100P 27 PhCH(OH) 82
Z s
cl
23" ©j\g—(:l 7g° 28  PhCH(OH) 71
S
ci
2419 @E\%,Ph g 29 Ph 71
s

a) 3.3 equiv. Buli, b) 2.3 equiv. BuLi, c¢) 1.2 equiv. BuLi; hydrolysis with sat.
NH,Cl at -78°C

We then tried to determine which organometallic species can give ris
to this attack on the sulfur atom of thiophenes and found that this

specific to aryl- and alkyllithium salts; Grignard, cuprate, organozinc
reagents, as well as cyanide, lithium enolates, lithium
triethylborohydride (Super-Hydride) and diisobutylaluminum hydride
did not react at all. The reaction with organolithiums is not general: th
more basic sec-BulLi affords preferentially products arising from
hydrogen abstraction while the behavior of tert-BuLi and PhLi towarc

[3,2-d]thiazole

N 1)1.2RLi/-78°C
— | —_—
1 S 2) PhCHO
Ci Ph
N ﬁph OH
1 — | + N
S OH 4 Nyg¢l
$ _<s l R 33
20a,32a-¢c R
R # Yield® # Yield®
Me 32a 35 33 S
n-Bu 20a 77
sec-Bu 32b 22 33 31
tert-Bu 32¢ 54
Ph no reaction
a) unoptimized yields
Table 4. Organolithium reaction with 2,3-dichlorobenzo-
[b]thiophene
cl 1 ) 2.5RLi/-78°C cl
s 2 ) E s
= 28, 34ac 35a.-b
R E # Yield # Yield
Me PhCHO 34a 79
n-Bu PhCHO 28 71
sec-Bu NH,C1 34b 12 35a 80
tert-Bu PhCHO 35b 93
Ph NH,CI 34¢ 36 35a 51

Ring opening of thiophen®s and other sulfur containing
heterocycle®21 was reported to occur via another route (scheme 4).
3-Bromothiophen&6 can be metallated in position 3 and cleavage of
the thiophene ring can then occur at room temperature in ether. The
thiolate anion38 can add to an electrophile such as butyl bromide
(generated in the first step or added later during the reaction). Product
29 (table 2) was obtained by this method from 3-bromo-2-
phenylbenzo[b]thiophe’&® (the bromo analog of4). We do not
believe that this mechanism is operating here for the following reasons:
1) the ring opening reported in this paper occurs at -78°C or below while
ring opening of 3-lithiothiophenes happens at room temperature, 2) the
products3 and 20a-g (scheme 1 and table 1), along with the addition
products obtained with t-BuLi3@c table 3) and PhLi34g table 4),
cannot be rationalized using this mechanism, 3) addition of sec-BulLi to
24 and hydrolysis with NRCI produced the sec-butyl thioethdd
(scheme 5) which cannot arise from the attack of the thiG@ten

X Li

liﬁwl_\ﬁv

S
BulLi BuBr v) 37

ﬁ—»ﬁ

| BuBr |

25%
—»

Scheme 4
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sec-butyl chloride at -7822 and 4) lithium chlorine exchange on a
2,3-dichlorothiophene would occur preferentially with the 2-chloro
substituent.

cl
s 2) NH,CI
24

Scheme 5 5.
6.

In summary, fused thiophenes substituted by at least one chlorine c/a

1) sec-BuLi
-78%C

40 42% 41 29%

react with organolithium reagents, at -78°C, by addition to the sulfur.

The anion generated after ring opening can then add to electrophiles or

give elimination products when there is a leaving group in position 3 of

the thiophene ring. The reaction is not general and is highly depende8!
on the substitution pattern of the thiophene and the nature of thg
organolithium species. Side reactions, such as proton abstraction and

lithium-chlorine exchange, compete with the ring opening. Thiophenes
that are not fused to another aromatic ring do not give rise to thig

reaction, the
2,5-dimethoxythiophene at room temperag.ire

Typical experimental procedure?3

only known exception being

4-(Butylthio)-5-(2,2-dichloroethenyl)- 2-methylthiaz 3:

Butyllithium 1.6 M in hexane (2.4 ml, 3.36 mmol) was added dropwise1 :
to a solution of 5-chloro-2-methylthieno[3,2-d]thiaz1 (544 mg, 2.87

mmol) in THF (8 ml) at -100°C under nitrogen. The mixture was stirred
at -100°C for 5 min and a solution of N-chlorosuccinimide (795 mg,

5.95 mmol) in THF (8 ml) was then added slowly. The mixture wasi16.
stirred at -78°C for 15 min and was quenched with saturate;ClIH 17

The product was extracted in ethyl acetate, dried oveSC, and

concentrated under reduced pressure. The crude residue was purified by
flash chromatography with 2.5% EtOAc/hexane to yield 673 mg (84 %>
of 3 as an oil*H NMR (400 MHz, CDC}) & 7.08 (s, 1H), 2.74 (t, J=7.3

Hz, 2H), 2.69 (s, 3H), 1.55 (m, 2H), 1.40 (m, 2H), 0.90 (t, J=7.3 Hz.

3H); 13C NMR (400 MHz, CDG}) 3 167.2 (C), 150.5 (C), 129.8 (C), 19

124.3 (C), 120.2 (CH), 38.5 (G), 31.2 (Ct}), 21.5, 19.9, 13.5 (C3);

IR (KBr) 3030, 2980, 2920, 2860, 1735, 1605, 1490, 1460, 1430, 1270,

1170, 1050, 900, 720 ck MS (+Cl, Cky) m/z 282 (M+1, 100), 284

(M+3, 78). Anal. Calcd for 7gH,13CILNS,: C, 42.56; H, 4.64; N, 4.96;

S, 22.72; CI, 25.12. Found: C, 42.85; H, 4.79; N, 4.94; S, 22.60; Cl,
24.92.

21.
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