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The intramolecular thia-anti-Michael addition starting from readily availablkenoyl«'-carbamoyl
ketene-§9)-acetalsl containing a 1,3-dithiolane moiety was developed. In particular, in the presence of
aliphatic primary amines, a series of tetrasubstituted thiophene derivatives, 2-(alkylamino)-5-alkyl-4-
hydroxythiophene-3-carboxamides were synthesized via tandem fragmentation, substitution, and
intramolecular thia-anti-Michael addition reactionslofvhere amine played the dual roles of a base and

a nucleophile. The intramolecular thia-anti-Michael addition, as the key step, proceeded in a regiospecific
manner and showed a general scope toffsibstituents of enoneks A possible mechanism for the
formation of the multisubstituted thiophenes was proposed. By this research, a new and efficient route
to various tetrasubstituted thiophene derivatives was created.

Introduction

The Michael reaction is one of the most fundamental
approaches for the formation of new carbararbon and
carbon-heteroatom bonds.Among the manifold carbon
carbon and carbonheteroatom bond-forming reactions, the
Michael addition is especially valuable for creating a new bond
selectively at theg-position ofa,5-unsaturated carbonyl com-
pounds or the electrophilic alkenes and alkynes in which the
electron-withdrawing groups (EWG) act in concert for main-
tenance of the regioselectivityIn recent years, however, some
reactions, known as anti-Michael additioh$§,contra-Michael

(1) (a) Perimutter, RConjugate Addition Reactions in Organic Synthesis
Pergamon Press: Oxford, 1992. (b) Jung, MOBmprehensie Organic
SynthesisTrost, B. M., Fleming, I., Semmelhack, M. F., Eds.; Pergamon:
Oxford, 1991; Vol. 4, pp £67. (c) Bergman, E. D.; Ginsburg, D.; Pappo,
R. Org. React.1959 10, 179-555. (d) Krause, N.; Hoffmann-Roder, A.
Synthesi001, 171-196.

(2) Reactions withf,S-bis(trifluoromethyl) carbonyl compounds as
conjugate acceptors: (a) Coyanis, E. M.; Delladdea, C. O.; Haas, A,;
Winter, M. J. Fluorine Chem.2002 117, 185-192. (b) Keese, R.;
Hinderling, C.Synthesid4996 695-696. (c) Hass, A.; Lieb, M.; Schelvis,
M. J. Fluorine Chem1997, 83, 133-143. (d) Martin, V.; Molines, H.;
Wakselman, CJ. Org. Chem1992 57, 5530-5532. (e) Eberle, M. K;
Keese, RHelv. Chim. Actal99§ 81, 182-186.
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additions! 1,3-additions nucleophilico-additions? or reverse
additions!® have been reported and, among these reports, the

(3) Reactions with benzoyl(trifluoromethyl)acetylene as a conjugate
acceptor: Bumgardner, C. L.; Bunch, J. E.; Whangbo, MJ.HDrg. Chem.
1986 51, 4082-4083.

(4) Additions of organocopper reagents and heteroatom nucleophiles to
1-phenylseleno-2pttoluenesulfonyl)ethyne: (a) Back, T. G.; Bethell, R.
J.; Parvez, M.; Wehrli, DJ. Org. Chem1998 63, 7908-7919. (b) Back,

T. G.; Wehrli, D. Tetrahedron Lett1995 36, 4737-4740.

(5) Additions of organolithium reagents t,-unsaturated secondary
amides: Klumpp, G. W.; Mierop, A. J. C.; Vrielink, J. J.; Brugman, A.;
Schakel, M.J. Am. Chem. S0d.985 107, 6740-6742.

(6) Intramolecular nucleophilic addition reactions to carboarbon triple
bonds: (a) Rudorf, W.-D.; Schwarz, Rynlett1993 369-374. (b) Rudorf,
W.-D.; Schwarz, RTetrahedron Lett1987, 28, 42674270.

(7) Addition of organolithium reagents to secondary chiral cinnamyl
amides: (a) Bremand, N.; Marek, |.; Normant, JTEtrahedron Lett1999
40, 3379-3382. (b) Bremand, N.; Marek, I.; Normant, J. Fetrahedron
Lett. 1999 40, 3383-3386.

(8) Addition of organolithium reagents ta,3-unsaturated carboxylic
acids: (a) Plunian, B.; Vaultier, M.; Mortier, CGhem. Commuri.998 81—

82. (b) Aurell, M. J.; Banuls, M. J.; Mestres, R.; Munoz, Eetrahedron
1999 55, 831-846. (c) Aurell, M. J.; Banuls, M. J.; Mestres, R.; Munoz,
E. Tetrahedron1999 57, 1067-1074.

(9) (a) Trost, B. M.; Dake, G. Rl. Am. Chem. S0d.997, 119, 7595~
7596. (b) Shvo, Y.; Arisha, A. H. . Org. Chem2001, 66,4921-4922.

(c) Shim, J. O.; Park, J. C.; Cho, C. S.; Shim, S. C.; Yamamot@&hém.
Commun2002 852—-853.
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\/oz_éz R, = COOH ﬁRz | R4NH, /{\/l[RZ 2 Intermediate 1
Rs =0 Ro=2/4-Pyridyl|  RyR,S™ SR, (PathB) Ry N7 NHR, ketene-§,3-acetals (R = COOH), we obtained tetronic acid
(Path E) ‘ ‘ Ra derivatives (Scheme 1, path¥under acidic conditions via
sy Base 2 R the pyridinium-induced intramolecular oxa-anti-Michael addi-
HS Ry = CONHPh Na;S e tion, and more recently, a series of tetramic acid derivatives
Ra 0 Rs= 2/3/4-Pyridyl (Pathc) Rs™ 87 SRy (Scheme 1, path F) were prepared froralkenoyl«’'-carbam-

N or 2/3/4-NO,CeHs

Ph
(Path F)

aFor Paths A-C, Ry = CH,CHgs. For Paths B-F, R;,R; = (CH,CHy).

intelligent method for redirecting the regioselectivity of the
addition of a nucleophile from the classigibddition mode to
ana-addition by simply changing the base is quite remarkéble.
Over the past decades, the utilityafoxo ketene-$S)-acetals
as versatile intermediates in organic synthesis has been recog
nized!? In our research on the chemistry of functionalized
ketene-§,9-acetalsi® we found that the easily available and
structurally flexible a-alkenoyl ketene§,§-acetals showed
fascinating structural features as novel organic intermedtates.
On one hand, as a useful five-carbon 1,5-bielectrophilic double
Michael acceptor, six-membered carbo/heterocycles including
highly substituted phenols (Scheme 1, path A), functionalized
2,3-dihydro-4-pyridones (Scheme 1, path B), and 2,3-dihy-
drothiopyran-4-ones (Scheme 1, path C) were synthesized on

the basis of [5G+ 1C]142[5C + 1N],14b.14cand [5C+ 1SJ4d

annulation strategies, respectively. Asokan and co-workers

reported the synthesis of substituted 2,3-dihydrtdiopyran-

4-ones via dimsyl anion mediated tandem fragmentation cy-

clization reactions ofi-alkenoyl ketene&,3-acetals containing
a 1,3-dithiolane moiety (Scheme 1, path ®)Except for the

above examples based on Michael addition reactions, on the

other hand, starting from the correspondmglkenoyl cyclic

(10) (a) Kamimura, A.; Murakami, N.; Yokota, K.; Shirai, M.; Okamoto,
H. Tetrahedron Lett2002 43, 7521-7523. (b) Kamimura, A.; Murakami,
N.; Kawahara, F.; Yokota, K.; Omata, Y.; Matsuura, K.; Oishi, Y.; Morita,
R.; Mitsudera, H.; Suzukawa, H.; Kakehi, A.; Shirai, M.; Okamoto, H.
Tetrahedron2003 59, 9537-9546.

(11) Remarkable reports on redirecting the regioselectivity of addition
of a nucleophile from the classicgtaddition mode to am-addition, see:
ref 9a and Trost, B. M.; Gunzner, J. L.; Yasukata, TEtrahedron Lett.
2001, 42, 3775-3778.

(12) For reviews on the synthesis and application-@ixo ketene-$9)-
acetals, see: (a) Dieter, R. Retrahedron1986 42, 3029-3096. (b)
Tominaga, Y.J. Heterocycl. Chem1989 26, 1167-1204. (c) Junjappa,
H.; lla, H.; Asokan, C. V.Tetrahedron199Q 46, 5423-5506. (d) Kolb,
M. Synthesid99Q 171-190. (e) Junjappa, H.; lla, HRhosphorus, Sulfur
Silicon 1994 35, 95-96. (f) Junjappa, H.; lla, H.; Mohanta, P. K. In
Progress in Heterocyclic Chemistréribble, G. H., Gilchrist, L. T., Eds.;
Pergamon Press: Oxford, 2001; Vol. 13, Chapter 1, pp4

(13) Selective examples: (a) Liu, Q.; Che, G.; Yu, H.; Liu, Y.; Zhang,
J.; Zhang, Q.; Dong, DJ. Org. Chem2003 68, 9148-9150. (b) Sun, S.;
Liu, Y.; Liu, Q.; Zhao, Y.; Dong, D.Synlett2004 1731-1734. (c) Zhao,
Y.-L.; Liu, Q.; Zhang, J.-P.; Liu, Z.-QJ. Org. Chem2005 70, 6913~
6917. (d) Yin, Y.; Wang, M.; Liu, Q.; Hu, J.; Sun, S.; Kang;T&trahedron
Lett. 2005 46, 4399-4402. (e) Ouyang, Y.; Dong, D.; Yu, H.; Liang, Y.;
Liu, Q. Adv. Synth. Catal2006 348 206-210.

(14) annulation: (a) Bi, X.; Dong, D.; Liu, Q.; Pan, W.; Zhao, L.; Li, B.
J. Am. Chem. So@005 127, 4578-4579. (b) Dong, D.; Bi, X.; Liu, Q.;
Cong, F.Chem. Commur2005 3580-3582. (c) Zhao, L.; Liang, F.; Bi,
X.; Sun, S.; Liu, QJ. Org. Chem200§ 71, 1094-1098. (d) Bi, X.; Dong,
D.; Li, Y.; Liu, Q. J. Org. Chem2005 70, 10886-10889.

(15) Samuel, R.; Nair, S. K.; Asokan, C. Bynlett2001, 1804-1806.

oyl cyclic ketene-§,5)-acetals with NaOEt as the base via aza-
anti-Michael additior$° However, these anti-Michael addition
reactions were limited to thet,5-enones bearing a strong
electron-withdrawing aryl group at th&position (Scheme 1,
paths E and F)¢

For the aza-anti-Michael addition (Scheme 1, patA®Fp
slightly wider scope t@-substitutes oft-alkenoyl ketene§,9-
acetals than the oxo-anti-Michael addition (Scheme 1, pdfti E)
was observed, and the mechanism of carbamoyl anion redirected
intramolecular aza-anti-Michael addition was propo$&dis
part of our continuing research on the synthetic applications of
a-alkenoyl ketene§,3-acetals*%we became interested in the
exploration of the corresponding intramolecular thia-anti-
Michael addition. On the basis of the findings just mentio#ed,
together with the observations made by Trost and Dake
(phosphine redirected-addition of amides to alkynoatéspnd
Yokozawa and co-workers (stroAg effect of the aminyl anion
to the carbonyl of the enone by a conjugated ch#irthe
research plan of intramolecular thia-anti-Michael addition from
a nucleophilic sulfur anion to the,-enones was designed
(Scheme 2). We anticipated that under basic conditions, similar
to the work by Asokan and co-worke¥s,a sulfur anion
intermediate could be generated by the fragmentation of the
1,3-dithiolane moiety oft-alkenoyle!'-carbamoyl keteneqS)-
acetalsl.’>18Indeed, in the presence of aliphatic primary amines
and upon heating, a series of tetrasubstituted thiophene deriva-
tives19202-(alkylamino)-5-alkyl-4-hydroxythiophene-3-carboxa-
mides 2, were synthesized from open-chain precurdovsa
amine-mediated tandem fragmentation, substitution, and in-
tramolecular thia-anti-Michael addition reactionseélkenoyl-
o'-carbamoyl keteneSS)-acetalsl containing the 1,3-dithiolane

(16) (a) Bi, X.; Liu, Q.; Sun, S.; Liu, J.; Pan, W.; Zhao, L.; Dong, D.
Synlett 2005 49-54. (b) Bi, X.; Zhang, J.; Liu, Q.; Tan, J.; Li, B.
Unpublished results.

(17) Sugi, R.; Yokoyama, A.; Furuyama, T.; Uchiyama, M.; Yokozawa,
T.J. Am. Chem. So@005 127, 10172-10173.

(18) For the ring opening of 1,3-dithiolane, please see: (a) Luh, T.-Y.;
Lee, C.-F.Eur. J. Org. Chem2005 3875-3885. (b) Tanimoto, S.; Oida,

T.; Hatanaka, K.; Sugimoto, Tletrahedron Lett1981, 22, 655-658. (c)
Tanimoto, S.; Oida, T.; Kokubo, T.; Okano, Bull. Chem. Soc. Jpri982

55, 339-340. (d) Wilson, S. R.; Georgiadis, G. M.; Khatri, H. N.; Bartmess,
J. E.J. Am. Chem. S0d98Q 102 3577-3583. (e) Wilson, S. R.; Caldera,
P.; Jester, M. AJ. Org. Chem.1982 47, 3319-3321. (f) lkehira, H.;
Tanimoto, S.; Oida, T.; Okano, M. Org. Chem1983 48, 1120-1122.
(9) Ikehira, H.; Tanimoto, S.; Oida, Bull. Chem. Soc. Jpril983 56,
2537-2538.

(19) The thiophene ring structure is widespread in nature, and many of
the thiophene derivatives are biologically active. Thiophene derivatives are
also widely utilized as functional materials in dyes and liquid crystals and
as components of organic conducting polymers. For reviews, see: (a)
Russell, R. K.; Press, J. B. l@omprehensie Heterocyclic Chemistry ;lI
Katritzky, A. R., Rees, C. W., Scriven, E. W. F., Padwa, A., Eds.;
Pergamon: New York, 1996; Vol. 2, pp 67929. (b) Goeb, S.; De Nicola,

A.; Ziessel, R.Synlett2005 1169-1177. (c) Jesberger, M.; Davis, T. P.;
Barner, L.Synthesi2003 1929-1958.
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moiety. As the key step, the thia-anti-Michael addition pro- TABLE 1. Reaction of 1a with Benzylamine under Different
ceeded in a regiospecific manner and showed the general scop&onditions

to the B-substitutes of enonek By this research, not only a o 0 o 4
new and efficient route to various tetrasubstituted thiophene MNHPh BnNH,

derivatives has been created but also the subtle situatien e S 5_{ NHPh
efficiency on redirecting the regioselectivity of the addition of J c NHBn

a nucleophile from the classicgb-addition mode to an

a-addition—may be understood as an important conéépt16-22 1a 2a
In this paper, the experimental results were presented in detail la BnNH, T time  2ayield?
and the possible reaction mechanism was proposed. enry (mmol) (mmol) (°C)  solvent  (h) (%)

1 1.0 1.2 rt CHCN 30 no reaction
Results and Discussion 2 1.0 12 reflux CHCN 15 19

3 1.0 1.2 120 DMF 6 72

Synthesis of the Substrates 1The substratesy-alkenoyl- 4 1.0 12 90 DMSO 3 52

a-carbamoyl ketene§(S)-acetalsl (Scheme 2), were prepared 2 1-8 ;(2) gg gmgg 8-; 22
in excellent yields either by the condensation reactions of the 2 10 o 120 DMSO 24 no reaction

corresponding 2-(1,3-dithiolan-2-ylidene)-3-oxobutanamides with i
aldehydes or by amination of the corresponding 2-(1,3-dithiolan- ~ *!solated yields after column chromatography.
2-ylidene)-3-oxopent-4-enoic acids (for details see Supporting

Information). TABLE 2. Scope of the Intramolecular Thia-anti-Michael
Synthesis of Thiophene Derivative 2aThe initial experi- Addition Reaction of 1
ments were carried out between 5-(4-chlorophenyl)-2-(1,3- o O 6 9
dithiolan-2-ylidene)-3-oxdN-phenylpent-4-enamidel§) and Ry NHR, RsNH R,
benzylamine under different conditions (Table 1). No product | Tse N [/ NHRy
was observed (monitored by TLC) when the reactiofi@f1.0 7 oM NHR,
mmol) and benzylamine (1.2 mmol) proceeded for 30 h in
acetonitrile at room temperature (entry 1). Under reflux condi- 1 2
tions, the reaction ofa and benzylamine took place but was substrates products time 2 yield
sluggish. After 15 h, to our delight, a white solid was obtained &Y 1 Ri R R 2 () @
upon workup and the only product was characterized as 1 la  4-ClPh Ph  Bn 2a 07 88
5-(4-chlorobenzyl)-2-(benzylamino)-4-ox¢-phenyl-4,5-dihy- 2 b  4-FPh Ph Bn 2b 10 85
drothiophene-3-carboxamidi on the basis of its spectra and 3 lc  2-ClPh Ph- Bn  2c 10 87
; . 4 1d  3-NOPh Ph  Bn 2d 12 86
analytlcal datgl, althqugh f[he y|eld_ was low (entry 2). The g le  Ph Ph  Bn 2e 15 80
reaction conditions, including reaction temperature, solvents, ¢ 1  PhCH=CH Ph  Bn 2 15 81
and the feed ratio afaand benzylamine, were then optimized. 7 1g t-Bu Ph  Bn 2g 3.0 63
In the case of DMF as the solvent and stirring at 2@0for 6 8 1h  4-MePh Ph Bn 2h 35 70
h, the reaction ofLa (1.0 mmol) with benzylamine (1.2 mmol) 9 1 4-MeOPh Pho Bn 21 45 66
afforded the desired produgt in 72% vyield (entry 3). When 10 L 84-0CHCHOPh Ph Bn — 2j 30 75
. . 11 1k 2-furyl Ph  Bn 2k 25 79
D_MSO was used as the solvent, the reaction gmm 52% 12 1 2-thienyl Ph  Bn ol 25 80
yield at 90°C for 3 h (entry 4), wherea®a was given in 88% 13 1a  4-CIPh Ph Et om 07 86
yield when the reaction temperature was raised to°T2ith 14 la  4-CIPh Ph nBu 2n 07 87
the reaction time of only 0.7 h (entry 5). The molar ratio of 15 1m  4-CIPh n-Bu Bn 20 07 87
16 in  4-CIPh H Bn 2p 10 81

(20) Selected examples for the fascinating electronic and optical proper-  2|solated yields after column chromatography.
ties: (a) Roncali, JChem. Re. 1992 92, 711-738. (b) Nalwa, H. SAdw.
Mater. 1993 5, 341-346. (c) Su, Y. Z.; Lin, J. T; Tao, Y.-T.; Ko, C.-W.; ) . ) .
Lin, S.-C.; Sun, S.-SChem. Mater2002 14, 1884-1890. (d) Shirota, Y; benzylamine to the substraia in the above experiments is
Kinoshita, M.; Noda, T.; Okumoto, K.; Ohara, J. Am. Chem. So@00Q 1.2:1.0. A further increase of the amount of benzylamine did

122 11021-11022. (e) Zen, A.; Bilge, A.; Galbrecht, F.; Alle, R.; Meerholz, . . .
K. Grenzer. J.: Neher, D.: Scherf, U.: Farrell, JLAM. Chem. So@006 not improve the yield of the produ2a (entry 6). Comparatively,

128 3914-3915. in the absence of benzylamine, the reaction could not proceed
(21) For representative reports on the synthesis of substituted thiophenesefficiently (entry 7).

from open-chain precursors, see: (a) Bartolo, G.; Giuseppe, S.; Alessia, F. ; ; At
Org. Lett. 2000 2, 351-352. (b) Fazio, A.- Gabriele, B.: Salerno, G.. Destri,  oYNthesis of Thiophene Derivatives 2ap. Under the

S.; Tetrahedronl999 55, 485-503. (c) Ong, C. W.; Chen, C. M.; Wang, ~ OPtimized conditions described above (Table 1, entry 5), a range
L. F.; Shieh, P. CTetrahedron Lett1998 39, 9191-9192. (d) Stephensen,  of reactions betweem-alkenoyl ketene$S)-acetalsl (1.0

H.: Zaragoza, FJ, Ct’t%éhggnggaée(zf') 6096 6097, () Marshall, J. 2. mmol) and amines (1.2 mmol) were carried out at 20in

uBay, W. J.Synle : ang, M.; Ai, L.; Zhang, J.-Y.; - -

Liu, Q.. Gao, L.-X.Chin. J. Chem2002 20, 15911597. DMSO (Table 2). First of all, the influence of the nature of the
(22) (a) Ponticello, G. S.; Freedman, M. B.; Habecker, C. N.; Katharine substitutes Ron the efficiency of the anti-Michael addition

Holloway, M.; Amato, J. S.; Conn, R. S.; Baldwin, J.1.0rg. Chem. reaction was examined in detail. Thus, the substitutesdte

1988 53, 9—13. It was described, in this paper, that under the conditions ; o ; ~ ;
of refluxing 2-mercaptothiophene atett-butyldimethylsilyl 3-(4-pyridyl)- selected to have either electron-withdrawing or electron-donating

acrylate in THF with BN the normal Michael adduct was obtained; —Properties and varied from alkyl to aryl and heteroaryl groups.
however, the corresponding anti-Michael adduct was formed when 3-(4- As a result, in both cases of the electron-withdrawing and
pyridyl)acrylic acid was taken as the Michael acceptor under the identical _ ; ; ; in_antio
conditions. (b) Lewandowska, E.; Chatfield, D.Eur. J. Org. Chem2005 el.eCtron dong_tmg subgtltutesa,Rhe intramolecular thia-anti
3297-3303. (c) Chatfield, D. C.; Augsten, A.; D'Cunha, C.: Lewandowska, Michael addition reactions of were proved to be successful

E.; Wnuk, S. FEur. J. Org. Chem2004 313-322. and yielded the desired thiophene derivati2és good to high

8008 J. Org. Chem.Vol. 71, No. 21, 2006
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yields (Table 2, entries-112). To further confirm the structures
of 2, the single crystals oR2a with an electron-deficient
4-chlorophenyl group angi with an electron-rich 4-methoxy-
phenyl group were grown. Fortunately, the structures of both
2a and2i were established by X-ray diffraction analysis (see
Supporting Information, Figure S3jThe single-crystal X-ray
diffraction of 2 indicates that the thiophen@snly exist in the
ketone form, which is consistent with the results of the
correspondingH NMR and 13C NMR spectra (for copies of
the NMR spectra, see Supporting Information).

All the above results indicated the efficiency of the anti-

Michael reaction. The scope of the reaction system was extended
to the substrates containing various alkyl, aryl, and heteroaryl

groups at theg-position of the o,f-unsaturated carbonyl
compoundsl. It was found from Table 2 that the substrates
containing an electron-deficient group at ff¥position of enone

JOC Article

SCHEME 3. Proposed Mechanism for the Intramolecular
anti-Michael Addition Reactions of 1

g 9 O o 0 o o
R1/\o¢)jf\LNHR2 RsNH, R1/\/kjfLNHR2 R1/\)YLNHR2
@
s” s SRS s Vg
\/ \_é 1)

- RgNH;
heat
1 A B
o
e & o o
RsNH AN
— RN ONHR, 3_2.R1AC€(MNHR2 —— 2
e~ 57 NHR,
c D

regiospecific addition of a sulfur anion to theposition of the
o,f-enones led to the production of multisubstituted thiophenes
2. Certainly, further experiments and calculations are needed

exhibited higher reactivity than the substrates containing an to clarify the reasons for thex-addition, rather than the

electron-rich group at thé-position. In particular, the reactions
of 1a—d (R; = 4-CIPh, 4-FPh, 2-CIPh, and 3-NPh, respec-
tively, entries 1-4) gave higher yields (8588%) and a shorter
reaction time (0.71.2 h) than those olg—I| (entries #12,
reaction time of 2.54.5 h and yields of 6380%). Nevertheless,
the molecular versatility of the products with variablg, Ry,
and R groups meets the need for the library synthesis.

B-addition to such kind of an,3-enone syster1516b.22,24,25

Conclusion

In summary, the first example of intramolecular thia-anti-
Michael addition starting from alkenoyl compounds, the cor-
respondingr-alkenoyl ketene§,J-acetals, has been developed.

Next, under conditions identical to those above, we examined Variousf-substituents, including alkyl, aryl, and heteroaryl, with

the thia-anti-Michael reactions by changing the carbamoyl unit
of 1 or using other amines instead of benzylamine. The
experiments gave the following results: (1) reactiongatvith

an electron-deficient or electron-rich nature could furnish the
regiospecific anti-Michael addition. The preliminary application
of this anti-Michael addition provides a facial and efficient

ethylamine and butylamine for 0.7 h gave the desired products @PProach for the preparation of multisubstituted thiophene

2m and2nin 86% and 87% isolated yield (entries 13 and 14),
respectively; (2) onlyla was recovered for the reaction ba
with aniline or triethylamine for 8 h; (3) the reaction @m
(carbamoyl unit= butylcarbamoyl; R = p-CICeH,4) with
benzylamine for 0.7 h led to the desired intramolecular thia-
anti-Michael adduc2oin 87% yield (entry 15); (4) the reaction
of 1n (carbamoyl unit= carbamoyl; R = p-CICgH,) with
benzylamine for 1.0 h led to the desired prod@ptin 81%
yield (entry 16); (5) reaction ofla with diethylamine or
dibutylamine fo 6 h (repeated 5 times for each) led to a
complicated mixture with a large amount b intact; (6) the
reaction oflo (carbamoyl unit= dimethylcarbamoyl; R=
p-ClCgH,) with benzylamine for 1.5 h led to the formation of
N-benzyl-3-(4-chlorophenyl)acrylamide in 90% isolated yield
(the reason for this is currently not clear); and (7) the reaction

of the same substrate as that described by Asokan et al.

(carbamoyl unit= H; R; = p-CIC¢H,4, Scheme 1, path D) with

benzylamine gave no product, and the substrate was recovere

in 95% vyield.
Possible Reaction MechanismOn the basis of the above

experimental results, we proposed a possible mechanism for.

the formation of thiophene derivativ@sas depicted in Scheme

3. Mediated by the amine and upon heating, deprotonation at

one of the methylene groups of the dithiolane mdfetyshould

derivatives. The molecular versatility of the products meets the
need for the library synthesis. Further work on the extension of
the scope of the anti-Michael addition reaction, its mechanism,
and its synthetic applications is in progress.

Experimental Section

Synthesis of 2a-p. General procedure for the preparation of
2a—p (with 2a as an example): To a solution afalkenoyle!'-
carbamoyl keteneg9)-acetalla (448 mg, 1.0 mmol) in DMSO
(4 mL) was added benzylamine (0.13 mL, 1.2 mmol) at room
temperature. The reaction mixture was heated to ¥2Qunder
stirring for 0.7 h. After cooling to room temperature, the mixture
was poured into brine (10 mL) and extracted withCH (3 x 5
mL). The combined organic phase was washed with water {8
mL), dried over anhydrous MgS(filtered, and concentrated under
reduced pressure. The crude product was purified by column
chromatography (silica gel, petroleum ether/diethyl etive6:1)

0 give 2a as a white solid (394 mg, 88%): mp 14446 °C; 'H

MR (CDCl;, 500 MHz)¢ 3.00 (dd,J = 10.0, 14.0 Hz, 1H), 3.56
(dd,J=4.0, 14.0 Hz, 1H), 4.18 (dd,= 4.0, 10.0 Hz, 1H), 4.19
4.57 (m, 2H), 7.08 (tJ = 7.5 Hz, 1H), 7.18 (dJ = 8.5 Hz, 2H),

(24) (a) Rudorf, W.-D.; Schwarz, Bynlett1993 369-374. (b) Rudorf,
W.-D.; Schwarz, RTetrahedron Lett1987 37, 4267-4270. In these two
reports, reaction of 4-phenyl-3-butyn-2-one and 1-phenyl-1-pentyn-3-one
with carbon disulfide in the presence of sodium hydride in DMF followed

have triggered the ring-opening reaction to generate the by alkylation afforded a mixture of isomeric 2-alkylthio-6-phenyi-4

intermediate thiolate aniorB,®> which was stabilized via
delocalization of the negative charge to give intermed@te
The displacement of the vinylthio group Gfby an amine (8V)

gave rise to the formation @.14P.Finally, the intramolecular

(23) X-ray diffraction data for2a and 2i have been deposited in the
Cambridge Crystallographic Data Centre with supplementary publication
numbers of CCDC 29909624 and 603091 Zi). The CIF files are also
available in the Supporting Information.

thiopyrans and 5-alkylthio-2-benzylidene-8{Rthiophenones in a ratio of
about 4:1.

(25) To gain insight into the reaction mechanism of this thia-anti-Michael
reaction, the deuterium labeling experiment was carried o@. 2.0 equiv)
was added slowly to the reaction mixturelafand benzylamine in DMSO
at 120°C. As a result, deuterated thiophene derivafeeD was formed.

It was observed from theH NMR spectra of2a and 2a-D that there are
obvious changes in the range o6f = 2.9-4.3 ppm (see Supporting
Information, Figure S2). The disappearance of th&oupling in the'H
NMR spectrum of2a-D indicates that the methylene group is deuterated
during the intramolecular thia-anti-Michael addition process.
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7.24-7.39 (m, 9H), 7.59 (d) = 7.5 Hz, 2H), 10.87 (s, 1H), 10.94  National Natural Sciences Foundation of China (20272008) is
(s, 1H);13C NMR (125 MHz, CDC}) 6 193.3, 181.2, 163.1, 137.0, gratefully acknowledged.

134.7,134.0, 132.1, 129.5 (2C), 128.1 (2C), 127.9 (2C), 127.8 (2C),

127.4, 126.5 (2C), 122.8, 119.3 (2C), 97.3, 55.4, 48.9, 36.9; IR . . . . .
(KBr, cm1) 3731, 3649, 3063, 1649, 1546, 1091, 750: MS calcd Supporting Information Available: Experimental details,

mz 448.1, found 449.4 [(M+ 1)]*. Anal. Calcd for GsHpr- spectral data for compounds-3, *H NMR spectrum of deuterated
CIN,O,S: C, 66.88; H, 4.71; N, 6.24. Found: C, 66.79; H, 4.65; thiophene derivativ@a-D (Figure S2), and CIF data f@a and?2i.
N, 6.18. This material is available free of charge via the Internet at

http://pubs.acs.org.
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