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A novel and efficient route to 4-halogenatiesubstituted 2(#)-pyridinones has been developed via a
one-pot domino process of readily availabteacetyla-carbamoyl ketene dithioacetals with Vilsmeier
reagents. These 4-halogenatedr)(pyridinones constitute useful intermediates due to the easy elaboration
on either the pyridinone core (by the displacement of the halogen atom) or functionality transformation
(dithiocarbonyl functionality) and have proven to be a useful synthetic scaffold in the synthesis of the

bio- and pharmacologically important fused-ring diazepine core.

Introduction

Domino reactions are highly efficient processes that allow
the synthesis of complex molecules starting from simple
substrates and proceeding in a straightforward fashipming
our research on syntheses of heterocyéliand carbocyclic
compound$ by domino reactions, some useful methods have
been developed starting from functionalized ketene dithioac-
etals34 which are versatile synthons in organic synthédis.
our continuing research, we have found that the polyfunction-

(1) For reviews, see: (a) Padwa, A.; Bur, S.Retrahedron2007, 63,
5341-5378. (b) Tietze, L. FChem. Re. 1996 96, 115-136. (c) Tietze,
L. F.; Beifuss, U.Angew. Chem., Int. Ed1993 32, 131-163. (d) De
Meijere, A.; Von, Zezschwitz, P.; Brase, Scc. Chem. Re2005 38, 413~
422. (e) Enders, D.; Grondal, C.;"Hiy M. R. M. Angew. Chem., Int. Ed.
2007, 46, 1570-1581.

(2) Zhang, Z.; Zhang, Q.;
Int. Ed. 2007, 46, 1726-1729.
(3) (8) Liu, J.; Wang, M.; Li, B.; Liu, Q.; Zhao, YJ. Org. Chen007,
72, 4401-4405. (b) Dong, D.; Bi, X.; Liu, Q.; Cong, FChem. Commun.

2005 3580-3582. (c) Zhao, L.; Liang, F.; Bi, X.; Sun, S.; Liu, Q. Org.
Chem.2006 71, 1094-1098. (d) Bi, X.; Dong, D.; Li, Y.; Liu, QJ. Org.
Chem.2005 70, 10886-10889. (e) Liang, F.; Zhang, J.; Tan, J.; Liu, Q.
Adv. Synth. Catal2006 348 1986-1990.

(4) (@) Zhang, Q.; Sun, S.; Hu, J.; Liu, Q.; TanJJOrg. Chem2007,
72, 139-143. (b) Bi, X.; Dong, D.; Liu, Q.; Pan, W.; Zhao, L.; Li, B.
Am. Chem. SoQ005 127, 4578-4579.
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alized pyridinones, 4-halogenatédsubstituted 2(H)-pyridi-
nones, can be easily prepared by a one-pot domino reaction of
readily availablex-acetyla-carbamoyl ketene dithioacet4l$
with Vilsmeier reagent$8 In this paper we describe the results
of the synthesis of 4-halogenat&substituted 2(H)-pyridi-
nones and their primary applications in the synthesis of fused-
ring diazepine core structures.

2(1H)-Pyridone derivatives have attracted considerable at-
tention because of their diverse pharmacological and biological

(5) For reviews, see: (a) Dieter, R. Retrahedron1986 42, 3029-
3096. (b) Junjappa, H.; lla, H.; Asokan, C. Vetrahedrorl99Q 46, 5423~
5506. (c) Kolb, M.Synthesid99Q 1747-1771. (d) lla, H.; Junjappa, H.;
Barun, O.J. Organomet. Chen2001 624, 34—40.

(6) Ouyang, Y.; Dong, D.; Yu, H.; Liang, Y.; Liu, QAdv. Synth. Catal.
2006 348 206-210.

(7) Selected examples for the syntheses of pyridinones starting from
polarized S,S- and N,S-ketene acetals: (a) Chakrabarti, S.; Panda, K.; Misra,

C.; lla, H.; Junjappa, HSynlett2005 1437-1441. (b) Mahata, P. K;
Syam, Kumar, U. K.; Sriram, V.; lla, H.; Junjappa, Hetrahedron2003
59, 2631-2639. (c) Purkayastha, M. L.; Bhat, L.; lla, H.; Junjappa, H.
Synthesid 995 641-643. (d) Schirok, H.; Alonso-Alija, C.; Michels, M.
Synthesi005 3085-3094. (e) Anabha, E. R.; Asokan, C. 8ynthesis
2006 151—155.

(8) Amaresh, R. R.; Perumal, P. Tetrahedron1999 55, 8083-8094.
In this report, Perumal et al. described the preparation of 2-imkho-2
pyrancarboxaldehydes from N-substituted acetoacetamides using Vilsmeier
reagent (DMFPOCE).
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tion of complex natural product8.In the syntheses of 2H)-
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Results and Discussion

In the initial experiments, based on our previous research on

pyridone derivatives, the most general approach for accessingth® reactcicirl]s ofx-acetyl ketene dithioacetals with Vilsmeier
substituted 2-pyridinones is from acyclic substrates which often "éagentsf-*“the reaction ofi-acetyla-carbamoyl cyclic ketene

incorporate a Michael addition as the key steéplowever, these

dithioacetallal® with Vilsmeier reagent (DMFPOCE) was

methods are not general for the preparation of halogenated orS€lected as the model reaction. It was found thahlorovinyl

N-substituted 2(#)-pyridinones which are essential for further
elaboration of the 2()-pyridinone coré? To the best of our

knowledge, only one route has been reported in the literature

describing the synthesis of halogenatdeubstituted 2(H)-
pyridinones starting from acyclic substratétn 2002, Dechoux

ketene dithioacet&?al was obtained in 90% yield by reacting
lal with 2.0 equiv of POG in DMF at room temperature for
4—5 h (Scheme 3). To our delight, when the reactiorlal
(1.0 equiv) with POC (2.0 equiv) was performed in DMF at
100°C for 50 min, the 4-chlordN-substituted 2(H)-pyridinone

and co-workers reported a synthetic route to this class of 321 could be isolated in 87% yield (Scheme 3 and Table 1,
compounds which centered on a Michael-type addition between€Ntry 1). On the other hand, it was observed that whaf
an amine and a methyl propiolate followed by bromocyclization (1-0 €quiv) was treated with excess P@(3.0 equiv) in DMF

of the ensuing)-dienaminoestet®@ This method required long

reaction times (ca. 48 h). Later, an extension of this methodology

at 100°C for a longer reaction time (up to 2 h) under otherwise
identical conditions as abovB8alwas produced in 85% vyield

was achieved by Vounatsos and co-workers through the and further formylation was not observed. This apparently is
utilization of microwave heating (Scheme 1), and the reaction 9u€ to the stronger electron deficiency of the cor&at and

time was reduced to 30 min but with lower product yields<29

is different from our recent observations on the Vilsmeier

53%)13> Most recently, we have reported the preparation of Haack reaction of 1-acetyl-1-carbamoyl cyclopropanes (Scheme

4-chloro-2(H)-pyridinones via the VilsmeierHaack reaction
of 1-acetyl,1-carbamoyl cyclopropanes (Schemé32ht the

2).13¢ The structure of3al was determined based on its
spectroscopic and analytical data and confirmed by X-ray crystal

. . . . ialb
same time, as our interest continued in the development of @nalysis.

synthetic applications of functionalized ketene dithioacét&ls?
we also found that 4-chloro/bromg-substituted 2(#)-pyri-
dinones could be prepared via a domino reaction-afcetyl-
a-carbamoyl ketene dithioacetals with Vilsmeier reagents.

(9) (a) Li, Q.; Mitscher, L. A.; Shen, L. LMed. Res. Re 200Q 20,
231-293. (b) Jayasinghe, L.; Abbas, H. K.; Jacob, M. R.; Herath, W. H.
M. W.; Nanayakkara, N. P. DJ. Nat. Prod.2006 69, 439-442. (c)
Nagarajan, M.; Xiao, X. S.; Antony, S.; Kohlhagen, G.; Pommier, Y.;
Cushman, MJ. Med. Chem2003 46, 5712-5724. (d) Cox, R. J.; O’Hagan,
D. J. Chem. Soc., Perkin Trans.1P91 2537-2540. (e) Thorsett, E. D.;
Latimer, L. H.Curr. Opin. Chem. Biol200Q 4, 377-382.

(10) (a) Scriven, E. F. VIn Comprehensie Heterocyclic Chemistry

Katritzky, A. R., Rees, C. W., Eds.; Pergamon Press: Oxford, 1984; Vol.

2. (b) Elbein, A. D.; Molyneux, R. dn Alkaloids: Chemical and Biological
Perspecties Pelletier, S. W., Ed.; Wiley: New York, 1981; Vol. 5, pp
1-54. (c) Fodor, G. B.; Colasanti, Bh Alkaloids: Chemical and Biological
Perspecties Pelletier, S. W., Ed.; Wiley: New York, 1985; Vol. 3, pp
1-90. (d) Torres, M.; Gil, S.; Parra, MCurr. Org. Chem2005 9, 1757
1779.

(11) (a) Aggarwal, V.; Singh, G.; lla, H.; Junjappa, Synthesis982
214-216. (b) Datta, A.; lla, H.; Junjappa, H. Org. Chem199Q 55, 5589—
5594. (c) Chuit, C.; Corriu, R. J. P.; Perz, R.; ReyeT€trahedronl986
42, 2293-2301. (d) Cainelli, G.; Panunzio, M.; Giacomini, D.; Di Simone,
B.; Camerini, R.Synthesisl994 805-808. (e) Marcoux, J.-F.; Marcotte,
F. A.; Wu, J.; Dormer, P. G.; Davies, |I. W.; Hughes, D.; Reider, R. J.
Org. Chem 2001, 66, 4194-4199.

(12) (a) Stille, J. KAngew. Chem., Int. EA986 25, 508-524. (b) Choi,
W.-B.; Houpis, I. N.; Churchill, H. R. O.; Molina, A.; Lynch, J. E.; Volante,
R. P.; Reider, P. J.; King, A. Oletrahedron Lett1995 36, 4571-4574.
(c) Houpis, I. N.; Choi, W. B.; Reider, P. J.; Molina, A.; Churchill, H.;
Lynch, J. E.; Volante, R. PTetrahedron Lett1994 35, 9355-9358. (d)

Conreaux, D.; Bossharth, E.; Monteiro, N.; Desbordes, P.; Vors, J.-P.;

Balme, G.Org. Lett.2007, 9, 271-274. (e) Sun, Z.; Ahmed, S.; Mclaughlin,
L. W. J. Org. Chem 2006 71, 2922-2925. (f) Kawai, R.; Kimoto, M.;
lkeda, S.; Mitsui, T.; Endo, M.; Yokoyama, S.; HiraoJl.Am. Chem. Soc.
2005 127, 17286-17295.

(13) (a) Agami, C.; Dechoux, L.; Hebbe, S.; MoulinasSynthesi2002
79—-82. (b) Adams, J.; Hardin, A.; Vounatsos, F.Org. Chem 2006 71,
9895-9898. (c) Pan, W.; Dong, D.; Wang, K.; Zhang, J.; Wu, R.; Xiang,
D.; Liu, Q. Org. Lett.2007, 9, 2421-2423.
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The above result indicates a novel and efficient route to
4-halogenatedl-substituted 2(#)-pyridinones'3 with the nature
of further elaboration of the 2H)-pyridinone core and an active
dithiocarbonyl functionality, from readily available acyclic
starting materials. Therefore, the scope of this reaction was
extended to some other substrate§R = —(CHy,)3) or 1b (R
= Et) with variable R and Rgroups under the above optimal
conditions, and the results are described in Table 1. It is obvious
that the electronic effects of substituents at the nitrogef (R
have little influence on this reaction. All of the selected
substrates, bearing an aryl group (with either an electron-
donating or electron-withdrawing group on the benzene ring)
and an aliphatic group at the nitrogen, could efficiently react
with DMF—POCE to give the corresponding 4-chlorbl-
substituted 2(H)-pyridinones 3 in high vyields (75-87%,
Table 1, entries £8). More importantly, the reaction also pro-
ceeded smoothly even in the case of using the substrates with
a sterically hindered ortho-substituted aromatic amine unit, for
examplela4—1a7, and the desired producBa4—3a7 were
obtained dominantly in high yields (Table 1, entries?. In
addition, the desired 4-bromo-2{)-pyridinone3a9 was also
obtained under the identical conditions as above in good
yield by reactinglal with the DMFPBr; system (Table 1,
entry 9).

(14) (a) Zhao, Y.-L.; Zhang, W.; Wang, S.; Liu, Q.Org. Chem2007,
72, 4985-4988. (b) Liu, Y.; Dong, D.; Liu, Q.; Qi, Y.; Wang, ZOrg.
Biomol. Chem2004 2, 28-30. (c) Sun, S.; Liu, Y.; Liu, Q.; Zhao Y,;
Dong, D.Synlett2005 1731-1734. (d) Zhao, Y.-L.; Liu, Q.; Zhang, J.-P.;
Liu, Z.-Q. J. Org. Chem2005 70, 6913-6917. (e) Zhao, Y.-L.; Zhang,
W.; Zhang, J.-Q.; Liu, QTetrahedron Lett2006 47, 3157-3159.

(15) Crystal data foBal CisH12ClsNOS,, red crystal,M = 392.75,
monoclinic,P21/c, a = 8.7752(9) A,b = 22.221(2) A,c = 8.8261(9) A,
a =90.00, 8 = 97.234(2}, y = 90.00, V= 1707.33) R, z=4,T =
293(2),Fooo = 880,R; = 0.0383,wR, = 0.0827; for the details please see
Supporting Information.
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R X=Cl,Br
1a R = -(CHy)3- 3a R? = (CHp),CHoX
1bR=Et 3bR?=Et
entry substrate R, R R R2 X time (min) yield* (%)
1 lal (CHyp)3 4-Cl-CHs (CH).CHCI Cl 50 3al1(87)
2 la2 (CHy)s CeHs (CHp).CHCI Cl 50 3a2(87)
3 l1a3 (CHz)s 4-CH30-C6H4 (CH2)2CH20| Cl 50 3a3 (79)
4 lad (CHp)3 2-CHs-CgHa (CH).CHCI Cl 55 3a4(80)
5 1lab5 (CHy)3 2-(CHg)2-CeH3 (CH).CH.CI Cl 60 3a5(77)
6 1la6 (CHyp)3 2-Cl-CsHa (CHp).CHCI Cl 50 3a6(77)
7 la7 (CH2)3 2-CH30-CgH4 (CH,).CHCI Cl 45 3a7(75)
8 1a8 (CHyp)3 CHs (CH).CHCI Cl 50 3a8(81)
9 lal (CHy)s 4-Cl-CgH4 (CHp),CH,Br Br 30 3a9(50)
10 1b1 Et 4-Cl-GsHq Et Cl 50 3b1(87)
11 1b2 Et CsHs Et Cl 50 3b2(75)
12 1b3 Et 4-CH0-CGgH4 Et Cl 50 3b3(92)
13 1b4 Et 2-CH-CgH4 Et Cl 55 3b4(90)
14 1b5 Et 2-(CHg)2-CeH3 Et Cl 60 3b5(72)
15 1b6 Et 2-Cl-GeH4 Et Cl 55 3b6(87)
16 1b7 Et 2-CH;0-CgH4 Et Cl 45 3b7(87)
17 1b8 Et CHs Et Cl 50 3b8(77)
18 1b1 Et 4-Cl-GsHq4 Et Br 30 3b9(60)
19 1b2 Et CsHs Et Br 30 3b10(50)
20 1b7 Et 2-CH;0-CgH4 Et Br 30 3b11(59)
21 1b8 Et CHs Et Br 30 3b12(50)

a|solated yields.

Ina fgrther extension of these_ st_udies with the consideration tag| g 2. Synthesis of 1-Arylpyridine-2,4(1H,3H)-diones 4c
of the impact of the ketene dithioacetal moiety, the above
reaction was then examined by changing the R group of o o
substrated. From the results shown in Table 1, the reactions POCI; or PBr3 o
of acyclic ketene dithioacetaléb with Vilsmeier reagents | DMF, 100-150 °C \
(DMF—POCk or DMF—PBF;) were also successful and yielded S 7 s s
the corresponding 4-chloro/bromo-2{tpyridinones3b in good

1
= N’R

NHR!

to high yields (Table 1, entries #21). However, under ' e

essentially the same conditions as above, in the case of the time yielda
reactions of a-acetyla-carbamoyl ketene dithioacetalsc entry  substrate R (h) product (%)
containing the 1,3-dithiolan moiety with Vilsmeier reagents 1 1cl 4-Cl-CgHy4 2 4cl 75
(DMF/POCE or PBm), we did not isolate the desired 4-halo- 2 1lc2 CeHs 2 4c2 73
genated 2(H)-pyridinones but obtained the corresponding 1 igi g:(ccﬁg?ggm % jgi ;g

3-(1,3-dithiolan-2-ylidene)-1-arylpyridine-2,4{13H)-diones4c
in high yields (Table 2, entries-34). In addition, it was found
that no reaction occurred whedal or 4cl was treated with
(DMF/POCE, 1.0—3.0 equiv) at 106-150°C for 2—3 h due to were conducted, respectively. Under conditions identical to those
the electron-deficient nature of the pyridinone core. However, above, the haloformylation produstvas exclusively produced
the existence of the electron-withdrawing dithiocarbonyl group in 80% yield by reactingld with POCE (2.0 equiv) in DMF
of 4-halogenated\-substituted 2(H)-pyridinones3 can make followed by treatment with aqueous NaOH (Scheme 4). On the
these compounds good candidates to serve as precursors foother hand, the reaction @al (Scheme 3) with 1.0 equiv of
further synthetic transformations (see Scheme 6). POCE in DMF at 100°C for 40 min gave 2(#H)-pyridinone

In order to gain insight into the mechanism of the reaction, 3alin 70% vyield.
the reactions ofx-acetyla-carbamoyl ketene dithioacetatl On the basis of the above experimental results together with
anda-chlorovinyl ketene dithioacet@al with POCk in DMF the related report¥;814b-14¢ the possible mechanisms for the

a|solated yields.

J. Org. ChemVol. 72, No. 24, 2007 9261
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SCHEME 4. Reaction of 1d with Vilsmeier Reagent
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SCHEME 5. Proposed Mechanisms for the Formation of 3
and 4c
~N
\I’“i-m N
o O o} ‘ NHR! ‘ NR'
NHR! OO BT NHR! POCk orPBr o X x o
| | DMF, 100 °C I |
RS™ "SR RS™ "SR RS” "SR RS™ "SR
1 2 A B
Z "NR!
H =
N R=-CH)s NN
-HNMe,
HL x Do 3a X=Cl,Br
X H
Sy s
U 1 A NR
[R R=C.Hs X XNg
c -HNMe, s e
H*lR = (CHyp), 3b X=Cl,Br
>Ry
/
NR? 1
17 H,0 7R
X o NHMe, O (e}
| HX |
S s s
[
D 4c

formation of pyridinone8 and4 are proposed and depicted in
Scheme 5. Initially, thet-chlorovinyl keteneS S-acetal2 would
be formed in situ and then react further with excess Vilsmeier
reagent to give the ammonium salt intermediateThen, a
nucleophilic attack of the amide nitrogen at the positive carbon
of the methylene moiety leads to an intramolecular cyclization
of A into B with elimination of HX (Scheme 5). Under the
acidic conditions, the protonation of the carbararbon double
bond of intermediatd8 may lead to carbocation intermediate
C (Scheme 5%%17and the further transformations of intermedi-
ate C would depend on the degree of the overlap of theSC
orbitals of the alkylthio moiety with the carbocation system.
To the intermediat&€ with diethylthio or 1,3-dithiane unit,
the overlap of the €S orbitals of alkylthio moiety with the

Chen et al.

conformationally more mobile 1,3-dithiane and diethylthio
systems. Thus, the intermediafe would be formed by the
reversibility of the protonation process of intermedi&g62
which is followed by sequential hydrolysis and elimination of
dimethylamine and HX (X= ClI, Br) to give the productc
(Scheme 5).

In order to get insight into the synthetic potential and further
architectural elaboration of the 24}-pyridinone coré? of the
reactive 4-halogenated 2{}-pyridinone 3, the reactions of
compoundb7 with selected aromatic amines were investigated.
It was discovered that the regioselective nucleophilic substitution
reactions of3b7 with phenylamine and 4-methylbenzylamine
could easily proceed in refluxingrt-butyl alcohol to give the
corresponding 4-arylamino-2)-pyridinonessa and6b in 90%
and 95% vyields, respectively (Scheme 6). On the other hand,
when substituted-phenylenediamines were subjected to the
identical conditions as above, the corresponding béajfAof]-
diazepine-2-thionega and 7b were obtained in 60% and 65%
yields, respectively (Scheme 6). Therefore, the transformations
from 3b7 to 7 provide an efficient route to the biologically
important diazepine coré.

Conclusion

In summary, we have demonstrated a novel and efficient
synthesis of 4-chloro/bromid-substituted 2(#)-pyridinones3
via a one-pot domino reaction ofacetyla-carbamoyl ketene
dithioacetalsla and 1b with Vilsmeier reagents. In addition,
the 1-arylpyridine-2,4(#,3H)-diones4c were also obtained in
high yields froma-acetyle-carbamoyl ketene dithioacetéls.
The possible mechanisms of the domino reaction-@icetyl-
a-carbamoyl ketene dithioacetals with Vilsmeier reagents are
proposed, and the overlap of the-S orbitals of the alkylthio
moiety of a-acetylo-carbamoyl ketene dithioacetals with the
m-system seems crucial to the orientation of products. The
simplicity of manipulation, good to high yields, high efficiency,
and readily available or cheap starting materials make this
synthetic strategy most attractive for academic research and
potential applications. On the basis of this reaction, the bio-
and pharmacologically important diazepine core can be con-
structed simply by reacting with diamines. Further studies to
expand the synthetic applications of these functionalized
4-halogenated 2(1)-pyridinones3 are in progress.

Experimental Section

carbocation system is favorable and the carbocation intermediate General Procedure for Preparation of 3 (3al as Example).

C is relatively stable. Subsequently, the attack of the halide ion

X~ (X = Cl, Br) leads to the cleavage of the-G bond of
intermediateC,'” followed by elimination of dimethylamine to
give the corresponding produ@db and 3a (Scheme 5).
Compatratively, to the intermediatewith 1,2-dithiolane moiety
(R = (CHy)), the overlap of the €S orbitals with the

To a stirred solution ofal (1.0 mmol, 327 mg) in DMF (10 mL)
was added POgI(2.0 mmol, 0.18 mL) in one portion at room
temperature. Then the reaction mixture was heated to°COfor

50 min. Afterlalwas consumed (monitored by TLC), the reaction
mixture was poured into water (50 mL), followed by basification
with saturated aqueous NaH@6blution to adjust the pH value of
the solution to 7, and extracted with @El, (10 mL x 2). The

carbocation system is less favorable than that in the case of thecombined organic extracts were dried over anhydrous MgSO

SCHEME 6. Reactions of 3b7 with Aromatic Amines
e Hsco HsCO
. J e g R
7N RONHZ Z N @ » N Y
NH; \ N\ /
NS S0 T Sy T,
Q t-BuOH. reflux t-BuOH, reflux N (e}
R 87 "SCH,CH, §7 T SCH,CH, H s
6aR =TT  yield=90% 367 TaR!=1T  vield=60%

6b R =CH; vield =95%
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7bR'=CH; vield =65%
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filtered, and concentrated under reduced pressure to yield thechromatography (acetone/hexand/9, v/v) to give 242 mg (75%)

corresponding crude product, which was purified by silica gel
chromatography (acetone/hexand/15, v/v) to give 341 mg (87%)
of 3alas a red crystal. Mp 119120 °C. *H NMR (CDCls, 500
MHz) 6: 2.25 (quint,d = 7.0 Hz, 2H), 3.56 (tJ = 7.0 Hz, 2H),
3.66 (t,J = 6.5 Hz, 2H), 6.41 (dJ = 7.0 Hz, 1H), 7.30 (dJ = 7.5
Hz, 1H), 7.33 (qJ = 8.0 Hz, 2H), 7.45 (dJ = 8.5 Hz, 2H).13C
NMR (CDCls, 125 MHz) 6: 30.2, 33.6, 43.8, 108.8, 128.1 (2C),
129.8 (2C), 135.2, 135.4, 137.1, 138.3, 142.2, 157.8, 222.8. IR (KBr,
cm1): 842,931, 1014, 1048, 1102, 1310, 1530, 1583, 1603, 1648,
3446. MS (ESI)mv/z 394 [(M + 1)]*. Anal. Calcd (found) for
CisH1.CIsNOSy: C, 45.87 (45.97); H, 3.08 (3.05); N, 3.57 (3.46).
General Procedure for Preparation of 4c (4cl as Example).
To a stirred solution ofc1 (1.0 mmol, 313 mg) in DMF (10 mL)
was added POgI(2.0 mmol, 0.18 mL) in one portion at room
temperature. Then the reaction mixture was heated td Cdor 2
h. After 1c1 was consumed (monitored by TLC), the reaction
mixture was poured into water (50 mL), followed by basification
with saturated aqueous NaHg6blution to adjust the pH value of
the solution to 7, and extracted with @B, (10 mL x 2). The
combined organic extracts were dried over anhydrous MgSO

of 4c1 as a yellow crystal. Mp 206202 °C. *H NMR (CDCls,

500 MHz) o: 3.40-3.48 (m, 4H), 6.01 (dJ = 8.5 Hz, 1H), 7.23
(d,J=8.0 Hz, 1H), 7.31 (dJ = 8.5 Hz, 2H), 7.46 (dJ = 8.5 Hz,

2H). 13C NMR (CDCk, 125 MHz) 6: 32.8, 33.7, 104.0, 113.5,
123.7 (2C), 125.1 (2C), 129.7, 134.1, 136.2, 157.5, 175.0, 187.4.
IR (KBr,cm™1): 708, 954, 1023, 1317, 1410, 1644, 3428. MS (ESI)
m/z 324 [(M + 1)]*. Anal. Calcd (found) for @H;10CINO,S;: C,
51.93 (52.11); H, 3.11 (3.14); N, 4.33 (4.45).

General Procedure for Preparation of 6 and 7 (6b as
Example). To a stirred solution oBb7 (1.0 mmol, 339 mg) in
t-BUuOH (15 mL) was added 4-methylbenzylamine (1.0 mmol, 107
mg) in one portion. Then the reaction mixture was heated at reflux
for 10—12 h until compound3b7 was consumed (monitored by
TLC). The solution was cooled and then poured into water (50
mL) and extracted with CkCl, (10 mL x 3). The combined organic
extracts were dried over anhydrous MgS@ltered, and concen-
trated under reduced pressure to yield the corresponding crude
product, which was purified by silica gel chromatography (acetone/
hexane= 1/6, v/v) to give 390 mg (95%) db as a yellow crystal.

Mp 152-153°C. H NMR (CDCls, 500 MHz)¢6: 1.35 (t,J=7.5

filtered, and concentrated under reduced pressure to yield theHz, 3H), 2.37 (s, 3H), 3.14 (4} = 7.5 Hz, 2H), 3.79 (s, 3H), 6.04

corresponding crude product, which was purified by silica gel

(16) (a) Okuyama, T.; Toyoda, M.; Fueno, Can. J. Chem1986 64,
1116-1123. (b) Okuyama, T.; Kawao, S.; Fujiwara, W.; Fueno].TOrg.
Chem.1984 49, 89-93. (c) Okuyama, TAcc. Chem. Re4.986 19, 370-
376. (d) Liu, Q.; Che, G.; Yu, H.; Liu, Y.; Zhang, J.; Zhang, Q.; Dong, D.
J. Org. Chem2003 68, 9148-9150. (e) Dong, D.; Ouyang, Y.; Yu, H.;
Liu, Q.; Liu, J.; Wang, M.; Zhu, JJ. Org. Chem2005 70, 4535-4537.

() Liu, J.; Liu, Q.; Yu, H.; Ouyang, Y.; Dong, DSyn. Commur2004 34,
4545-4556.

(17) Minami, T.; Okauchi, T.; Matsuki, H.; Nakamura, M.; Ichikawa,
J.; Ishida, M.J. Org. Chem1996 61, 8132-8140.

(18) (a) Lu, S.-M.; Alper, HJ. Am. Chem. SoQ005 127, 14776~
14784. (b) Bibas, H.; Moloney, D. W. J.; Neumann, R.; Shtaiwi, M.;
Bernhardt, P. V.; Wentrup, Cl. Org. Chem2002 67, 2619-2631. (c)
Liu, G.; Li, L.; Kou, B.; Zhang, S.; Zhang, L.; Yuan, Y.; Ma, T.; Shang,
Y.; Li, Y. J. Comb. Chenm2007, 9, 70—78. (d) Abrous, L.; Hynes, J., Jr.;
Friedrich, S. R.; Smith, A. B., lll; Hirschmann, Rrg. Lett.2001, 3, 1089—
1092. (e) Tikhe, J. G.; Webber, S. E.; Hostomsky, Z.; Maegley, K. A;;
Ekkers, A.; Li, J.; Yu, X.-H.; AImassy, R. J.; Kumpf, R. A.; Boritzki, T. J.;
Zhang, C.; Calabrese, C. R.; Curtin, N. J.; Kyle, S.; Thomas, H. D.; Wang,
L.-Z.; Calvert, A. H.; Golding, B. T.; Griffin, R. J.; Newell, D. R.. Med.
Chem.2004 47, 5467-5481.

(d,J=8.0Hz, 1H), 7.01 (¢J = 7.0 Hz, 3H), 7.15 (dJ = 8.0 Hz,

1H), 7.16-7.25 (m, 4H), 7.28 (tJ = 7.0 Hz, 1H), 14.29 (s, 1H).

13C NMR (CDC, 125 MHz)9: 11.5,21.3, 31.5, 56.1, 96.8, 112.4,
113.1, 121.0, 126.2 (2C), 129.3, 129.6, 130.3, 130.4 (2C), 134.9,
137.0, 140.3, 154.9, 157.0, 161.5, 221.0. IR (KBr,émn 3065,
2921, 2790, 1649, 1536, 1496, 1381, 1302, 1262, 1233, 1104, 1024,
886, 778. MS (ESIym/z 411 [(M + 1)]*. Anal. Calcd (found) for
CooH2oN20,S,: C, 64.36 (64.51); H, 5.40 (5.47); N, 6.82 (6.96).
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