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The reactions of thiophene- and 2-thiolene-1,1-dioxides bearing electron-withdrawing groups (EWGs) with C-, O-, and S-
nucleophiles lead to regio- and stereo-selective formation of Michael adducts in high yields.

Thiophene-1,1-dioxides and their derivatives have been broadly
investigated in organic,! bioorganic? and materials3 chemistry.
On the contrary, EWG-bearing thiophene-1,1-dioxides are poorly
investigated substances of this class. Recently, we developed an
effective and convenient procedure for the synthesis of substituted

thiophene-1,1-dioxides* and reported several EWG-containing
derivatives, which possess extremely high dienophilic activity
in Diels—Alder reactions.5 As the extension of the study, we have
examined some EWG-activated thiophene-1,1-dioxides and 2-thio-
lene-1,1-dioxides in the reactions with C-, O- and S-nucleophiles.*
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3a R2 = SO,Me, 96%

la R'=CI,R*=SO,Me 3b R2=CO,Me, 91%
1b R! = Br, R? = CO,Me
OR
7
4a R=Me,R' =, R2—SOZMe 93%

4b R=Et R' = Br, R> = CO,Me, 82%

Scheme 1 Reagents and conditions: i, 2-methylindole, THF, room tem-
perature, 2 h; ii, N,N-diethylaniline, THF, room temperature, 3 h; iii, ROH,
THF, room temperature, 30 min.

Based on our previous discovery, we assumed the highly
electrophilic nature of these thiophene-1,1-dioxides; thus, sub-
strates 1a and 1b were chosen for the further investigation. We
found that 1a and 1b easily react with weak carbon nucleo-
philes such as 2-methylindole and N,N-diethylaniline (Scheme 1).

T NMR spectra were recorded on a Bruker-400 MHz FT spectrometer
using CDCl; as the solvent unless otherwise specified. The chemical
shifts are given in & scale with tetramethylsilane as internal standard.
Analytical TLC was performed on Merck silica gel plates (60 F-254).
Initial thiophene-1,1-dioxides la—c were synthesised by oxidation of
corresponding thiophenes.#@-(®), Adduct 5 was prepared according to
the developed procedure.>(@

General procedure for Michael reaction. Michael reaction of 1a,b and
5 (1 mmol) with nucleophile (1 mmol) was carried out in anhydrous
THF (5 ml). For initial adduct 5 reaction mixture was stirred in the presence
of flame-dried KF or CsF (1 mmol). All procedures were conducted at
room temperature except mono-addition of the diethylmalonate to S
which was carried out at 0-5 °C. The end of the reaction was detected by
TLC. After the reaction was complete, the reaction mixture was passed
through a short column of silica gel eluting with hexane-EtOAc (2:1).
The eluent was evaporated in vacuo to give the pure Michael adduct.

2a: yield 88%, reddish oil. 'TH NMR, o: 2.42 (s, 3H, Me), 3.12 (s, 3H,
MeSO0,), 4.96 (dd, 1H, C3H, J 3.1, 5.3, 8.6 Hz), 5.06 (d, 1H, C2H, J 5.3 Hz),
7.04 (d, 1H, C*H, J 3.1 Hz), 7.05-7.14 (m, 2H, arom.), 7.34-7.37 (m,
2H, arom.). 3CNMR, 9: 41.72, 58.56, 73.85, 78.48, 130.94, 136.58.
Found (%): C, 46.49, H, 3.87. Calc. for C,,H,,CINO,S, (%): C, 46.73,
H, 3.92.

3a: yield 96%, red oil. 'H NMR, 0: 1.26 (t, 6H, 2MeCH,, J 7.1 Hz),
3.10 (s, 3H, MeS0,), 3.46-3.50 (m, 4H, 2MeCH,), 6.58 (d, 1H, CH,
J 5.0 Hz), 6.68 (d, 2H, arom., J 8.9 Hz), 7.60 (d, 1H, C2H, J 5.0 Hz),
7.65 (d, 2H, arom., J 8.9 Hz). 13C NMR, 6: 13.22, 44.45, 43.77, 109.88,
114.62, 128.81, 135.60, 139.05, 143.57, 148.42, 149.33. Found (%):
C, 52.46, H, 5.49. Calc. for C,sH;(NO,S, (%): C, 52.76, H, 5.61.

3b: yield 91%, red oil. 'H NMR, d: 1.24 (t, 6H, 2MeCH,, J 7.1, 14.0 Hz),
3.29 (s, 3H, MeCO,), 3.44-3.49 (m, 4H, 2MeCH,), 6.60 (d, 1H, CH,
J 5.3 Hz), 6.71 (d, 2H, arom., J 9.1 Hz), 7.62 (d, 1H, C2H, J 5.3 Hz),
7.68 (d, 2H, arom., J 9.1 Hz). 13C NMR, 6: 13.24, 44.66, 53.07, 108.58,
116.04, 127.58, 131.09, 132.55, 139.47, 146.22, 148.43, 158.29. Found
(%): C, 59.60, H, 5.74. Calc. for C,H,;NO,S (%): C, 59.79, H, 5.96.

4a: yield 93%, yellowish oil. 'H NMR, 0: 3.37 (s, 3H, MeSO,), 3.58
(s, 3H, MeO), 4.53 (d, 1H, C2H, J 2.3 Hz), 5.00 (m, 1H, C3H), 6.76 (d,
1H, C4H, J 3.5 Hz). 3C NMR, 9: 41.72, 58.56, 73.85, 78.48, 130.94,
136.58. Found (%): C, 27.29, H, 3.61. Calc. for C¢HyClOsS, (%): C,
27.64, H, 3.48.

4b: yield 82%, yellowish oil. 'H NMR, o: 1.28 (t, 3H, MeCH,0, J 7 Hz),
3.35 (s, 3H, MeS0,), 3.68-3.87 (m, 2H, MeCH,0), 4.55 (d, 1H, C2H,
J 2.5 Hz), 5.08 (m, 1H, C3H), 6.76 (d, 1H, C*H, J 3.8 Hz). 13C NMR, &:
41.75, 58.60, 73.81, 78.45, 130.91, 136.61. Found (%): C, 29.99, H, 4.02.
Calc. for C;H,,ClIOsS, (%): C, 30.60, H, 4.04.

216 Mendeleev Commun. 2006

Thiophenedioxides exhibit dual reactivity in the addition of the
nucleophiles. For instance, thiophenedioxide la serves as a
Michael acceptor in the reaction with 2-methylindole giving rise
to trans-adduct 2a regioselectively and in high yield. Meanwhile,
unexpected results were obtained in the reaction of 1a or 1b
with N,N-diethylaniline. Based on spectroscopic data, products
3a and 3b can be regarded as the products of SgAr reaction of
N,N-diethylaniline with electrophiles 1a and 1b. These unusual
results have never been observed in the chemistry of thiophene-
1,1-dioxides; on the contrary, a Michael-type reaction for this
nucleophile is usually anticipated. The most reasonable mecha-
nism for this substitution implies C—C couplings of the SyAr-
SgAr type, a class of reactions, which requires a very strong
reactivity of electrophilic partner and is very difficult to achieve
in the benzene series.® Thus, the result of the reaction can be
best explained as described in Scheme 2 with reference to the
reaction of 1b with N,N-diethylaniline. We assume the forma-
tion of a zwitterionic Wheland-Meisenheimer intermediate. Base-
catalysed proton elimination followed by rearomatization and
facile loss of a halogen ion results in substitution product 3b.%2

H — —
Et N b Et N O
/ N / N R
Et Et Br 5  OMe
O O
u +B
—H*
Et — -
— Br~ N\ — 0
3p <«—— N
B Br 5,  OMe
O O
Scheme 2

This mechanistic assumption allows us to clarify differences
between the reaction pathways of 2-methylindole and N,N-di-
ethylaniline. The latter could act as a base (unlike 2-methyl-
indole) and participate in the rate-limiting step of the substitu-
tion reaction. Whereas N,N-diethylaniline serves as a nucleo-
philic agent and a base simultaneously, the 2-methylindole does
not possess required basicity and, thus, undergoes Michael-type
reaction.

Next, we found that the O-nucleophiles MeOH and EtOH
reacted with 1a much more easily at room temperature in THF
for 30 min to give regio- and stereoselective corresponding
Michael adducts 4a (93%) and 4b (82%). Therefore, in examined
transformations, the reaction pathway depends on the structure
of thiophenedioxide, as well as on the nucleophilic agent.

Finally, the reactions of thiolen-1,1-dioxide 5 with various
nucleophiles were investigated for comparison (Scheme 3).%
Previously, we found that thiophen-1,1-dioxide 1c¢ easily forms
5 as the Diels—Alder adduct with 2,3-dimethylbutadiene.5@ The
latter adduct represents another example of Michael acceptor.
‘We have now examined the effective route of Diels—Alder reaction
followed by Michael addition, which leads to complex multi-
functional molecules starting from one thiophen-1,1-dioxide.

Product 5 does not react with alcohols and 2-methylindole
even under elevated temperatures in contrast to starting thiophene-
1,1-dioxides. However, more nucleophilic p-methoxythiophenol
easily gives product 7 within several minutes at room tempera-
ture in a nearly quantitative yield. The Michael adduct is formed
as a single diastereomer, one of eight possible. Thus, the results
lead us to the conclusion that Michael reactions with C- and
O-nucleophiles need appropriate activation. Recently, we have
shown that KF may act as a selective and mild base in activation
of CH acids.” In the presence of KF, ethanol and isopropanol
form corresponding trans adducts in high yields. Note that the
reaction of 5 proceeds with competitive formation of by-product
6 due to elimination of the MeSO, group and subsequent addi-
tion of the methylsulfinyl anion to the activated double bond
(Scheme 3). Previously, we observed such a rearrangementé®
at a higher temperature; however, in the presence of KF, product
6 is formed even at room temperature. Other organic bases,
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such as pyridine, triethylamine and 1,8-diazobicyclo[5.4.0]-
undec-7-ene (DBU), as well as inorganic bases, did not provide
desirable selectivity in the formation of a target Michael adduct.
In the presence of these bases, the reaction led exclusively to
the formation of product 6.

We found that KF also provides the mild activation of CH
acids such as nitromethane and diethylmalonate. The reaction,
similarly to one with alcohols, leads to stereoselective forma-
tion of Michael trans adducts and simultaneous elimination of
the MeSO, group. The remarkable result was obtained in case
of diethylmalonate. Product 10 of double addition is formed
regardless of the amount of a base and/or a nucleophile. How-
ever, the use of CsF at low temperatures allowed us to obtain
mono adduct 11 selectively.

The assignment of the substitution spatial orientation in all
of the prepared Michael adducts was carried out by analysing
NOESY connectivities, as well as long-range hetero-correlation
methods. The only one stereoisomer was observed for adduct 7
having four asymmetric centres. The cis-ring junction resulted
from the rule of the Diels—Alder reaction.>@

The analysis of the molecular models revealed a favourable
dihedral angle of ca. 180° for the protons H(C2?) and H(C?3).
This fact is corroborated by the unexpectedly high value of
their vicinal coupling 3Jyy 11.3 Hz. Unlikely, this coupling in
the other frans-Michael adducts bearing less bulkier groups
ranges around 2 Hz. These assignments are supported by the X-
ray structure determination of 6.5?) It should be noted that the
presence of two EWGs at C2 and C3 also decreases 3Jyy; coupling
between corresponding protons. Therefore, we observed relatively
low 3Jyyy in most adducts comparing with this coupling in 7.

In conclusion, we showed that both functionalised thiophene-
1,1-dioxides and thiolene-1,1-dioxide 5 undergo the reactions

¥ 7: yield 91%, colourless solid, mp 189 °C. 'HNMR, o: 1.62 (s, 3H,
Me), 1.73 (s, 3H, Me), 2.37 (m, 1H, CH,, C*Hp), 2.66 (m, 1H, CH,,
C7Hp), 2.78 (m, 1H, CH,, C*H,,), 2.86 (m, 1H, CH,, C’H,), 3.05 (m, 1H,
C3aH), 3.08 (s, 3H, MeSO0,), 3.30 (s, 3H, MeSO,C'), 3.36 (t, 1H, CH-S,
J11.3,22.2 Hz), 3.84 (s, 3H, MeO), 4.47 (d, 1H, CH-SO,Me, J 11.3 Hz),
6.93 (d, 2H, arom., J 8.9 Hz), 7.55 (d, 2H, arom., J 8.9 Hz). !13C NMR,
d: 18.57, 19.41, 28.62, 29.41, 38.00, 39.17, 43.02, 45.64, 55.40, 79.55,
84.68, 115.37, 118.59, 122.81, 124.43, 137.98, 161.37. Found (%): C,
46.10, H, 5.42. Calc. for C,yH,;0,S, (%): C, 46.13, H, 5.30.

8a: yield 87%, colourless oil. 'HNMR, 0: 1.26 (t, 3H, MeCH,, J 7.0 Hz),
1.73 (s, 3H, Me), 1.75 (s, 3H, Me), 2.74-2.79 (m, 2H, CH,), 2.99-3.12
(m, 2H, CH,), 3.35 (s, 3H, MeSO,), 3.69 (m, 1H, MeCHH), 3.86 (m,
IH, CH,CHH), 439 (d, 1H, CH, J 2.0Hz), 489 (br.s, 1H, CH).
I3C NMR 9: 18.55, 19.39, 28.66, 29.48, 38.04, 39.22, 43.02, 45.67,
55.40, 79.66, 115.41, 138.00, 161.41. Found (%): C, 48.69, H, 6.31.
Calc. for C,3H,,05S, (%): C, 48.73, H, 6.29.

8b: yield 69%, colourless oil. 'HNMR, o6: 1.22 (d, 3H, 2CHMe,
J 6.1 Hz), 1.24 (d, 3H, 2CHMe, J 5.9 Hz), 1.72 (s, 3H, Me), 1.74 (s, 3H,
Me), 2.67-2.76 (m, 2H, CH,), 2.97-3.12 (m, 2H, CH,), 3.35 (s, 3H,
MeSO,), 4.04 (m, 1H, CHMe), 4.35 (d, 1H, CH, J 2.0 Hz), 4.95 (br. s,
1H, CH). 13C NMR, ¢: 18.37, 18.42, 21.24, 22.90, 26.27, 32.56, 41.53,
72.80, 73.92, 80.75, 120.88, 121.76, 135.77, 142.44. Found (%): C,
50.16, H, 6.54. Calc. for C,,H,,05S, (%): C, 50.28, H, 6.63.

9: yield 82%, yellowish solid, mp 211 °C. 'H NMR ([2Hg]acetone) 0:
1.72 (s, 3H, Me), 1.76 (s, 3H, Me), 2.81-3.12 (m, 4H, CH,), 3.19 (s, 3H,
MeSO,), 4.21-4.29 (m, 1H, CH,NO,), 4.36 (br. s, 1H, CH), 4.50-4.53
(m, 1H, CH,NO,), 5.47 (d, 1H, CH, J 2.0 Hz). 3C NMR ([?Hg]acetone)
d: 19.10, 19.85, 29.58, 40.38, 42.61, 55.89, 72.29, 80.01, 118.47, 124.91,
129.05, 130.10. Found (%): C, 42.78, H, 5.22. Calc. for C,,H,;NOS,
(%): C,42.97,H, 5.11.

10: yield 42%, yellow oil. 'HNMR ([2HgJacetone) d: 1.20 (t, 6H,
MeCH,, J 7.0 Hz), 1.73 (s, 6H, Me), 1.76 (s, 6H, Me), 2.92-3.08 (m,
8H, CH,), 3.33 (s, 6H, MeSO0,), 3.65-3.74 (m, 2H, MeCH,), 3.80-3.88
(m, 2H, MeCH,), 4.93-4.95 (m, 4H, CH). 13C NMR ([2H]acetone) 9:
13.90, 19.16, 19.88, 29.97, 42.40, 42.91, 49.33, 61.63, 66.01, 80.70,
118.48, 125.53, 127.32, 130.57, 158.43, 159.47. Found (%): C, 49.10,
H, 5.61. Calc. for CooH,0,,S, (%): C, 49.13, H, 5.69.

11: yield 82%, colourless solid, mp 163 °C. 'HNMR, ¢: 1.27-1.31
(m, 6H, 2MeCH,), 1.69 (s, 3H, Me), 1.73 (s, 3H, Me), 2.84-2.98 (m,
4H, CH,), 3.33 (s, 3H, MeSO,), 3.97 (d, 1H, CH, J 3.8 Hz), 4.07 (m, 1H,
CH), 4.21-4.31 (m, 2MeCH,), 4.80 (d, 1H, CH, J 4.3 Hz). 13C NMR, 6:
13.84, 18.30, 18.43, 26.36, 30.90, 34.04, 40.90, 41.07, 52.25, 62.49,
62.61, 76.34, 120.90, 121.46, 135.26, 141.26, 166.32, 166.47. Found (%):
C,49.71, H, 6.12. Calc. for C,gH,c04S, (%): C, 49.75, H, 6.03.
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with a variety of nucleophiles. Thiophenedioxides exhibit dual
reactivity towards C-nucleophiles: SyAr carbon—carbon couplings
or Michael reaction. A number of transformations including
stepwise introduction of carbocyclic moiety followed by func-
tionalization regio- and stereoselectively giving rise to corre-
sponding adducts in high yields.
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Science Support Foundation.
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