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A simple and efficient method for constructing sulfur heterocycles was developed using a phosphine-catalyzed tandem umpolung addition
and intramolecular cyclization of bifunctional sulfur pronucleophiles on arylpropiolates. The reaction offers a promising route to syntheticall y
useful as well as biologically active heterocycles under neutral conditions.

Sulfur heterocycles continue to receive widespread attentionstruction® The reaction uses diols or catechols that undergo
due to their potential biological activity and pharmaceutical a-O-addition and transesterification on arylpropiolates, both
significance Despite the wealth of traditional methods, there steps being catalyzed lyBusP. This finding stimulated us
is an ongoing search for new, more efficient approaches toto explore the reaction with other bifunctional pronucleo-
form sulfur heterocycles. Among the new synthetic strategies, philes. One of the crucial points for the success of such
a series of organocatalyzed reactions induced by phosphinespproach is chemoselectivity of the first step of the process
have emerged over the past decade as a powerful approacle.g., thea-addition step) for only one of the two nucleo-
to construct oxygen or nitrogen heterocycles. Reactions philes. For this purpose, we were interested on using
employing electron-deficient multiple bond substrates, in bifunctional sulfur nucleophiles to develop a new and simple
particular, have proven to be very efficient for the straight- procedure for sulfur heterocycles preparation (Scheme 1).
forward construction of numerous heterocydds. these  The strong nucleophilic character of the thiol function should
reactions, the phosphine catalyst proceeds through the formafacilitate a chemoselective BusP-catalyzedx-S-addition of
tion of zwiterionic phosphonium intermediate which is able the bifunctional nucleophile on the alkyne. The resulting
to react either with electrophiléer pronucleophilesto gen-  umpolung adduct should then undergo cyclization due to the
erate umpolung adducts that undergo subsequent cyclization.

In this context, we recently described a phosphine-cata-  (3) (a) zhu, X.-F.; Henry, C. E.; Wang, J.: Dudding, T.; Kwon,@g.

lyzed tandem reaction for dioxygenated heterocycles con- Lett.2005 7, 1387-1390. (b) Xu, Z,; Lu, XJ. Org. Chem1998§ 63, 5031~
5041. (c) Zhu, X.-F.; Schaffner, A.-P.; Li, R. C.; Kwon, Org. Lett.2005
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(1) (@ Hansch, C.; Sammes, P. G.; Taylor, J. ®mprehensie 4716-4717. (e) Silva, F.; Sawicki, M.; Gouverneur, ¥rg. Lett.2008 8,
Medicinal ChemistryPergamon Press: Oxford 1990; Vol. 2, Chapter 7.1. 5417-5419.
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Scheme 1. Proposed Route to Sulfur-Containing Heterocydles  Table 1. Preparation of Sulfur Heterocyckes
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of sulfur heterocyclel. N
To test the feasibility of this approach, aryl propiolates 7 ?g‘gi‘:“’_";h y L 1g 91
were reacted with a series of bifunctional sutfaxygen or @J 0
sulfur—nitrogen pronucleophiles in the presencenddusP. N
To our delight, the reaction appeared to be applicable for 8 mhfg?% h s _E " 53
a variety of substrates affording a straighforward route to 5- @J\ o
or 6-membered sulfur-containing rings (Table 1). Mercapto
alcohols, amines, or even amides all participated well to give MeOH N7
. . 9 s N 47
the corresponding arylidene heterocylea—f as pureZ 70°C-12h i
isomers in moderate to good yieltls. <\_} ©
The reaction was also found to proceed successfully when QN _
thioureas are used as bifunctio&N-pronucleophiles lead- 9 ggggm_‘:fh SN b ] 62
ing to 2-iminothiazolidin-4-ones derivativdg—j. The later o 1j

heterocycles are well-known to display several important
bi0|09ical activities' All of these prOdUCtS were obtained in a2 Reactions conducted under argon; the concentration of the substrates
a very simple manner: just mixing the thioureas in the was 0.5 M.PIsolated yields¢ In these reactions, 10% of PTSA were added
presence of alkynoate ana-BusP afforded the desired after_ 2 h at 25°C and the mixture was heated at 1’tDfor 1 h tohelp the

: . cyclization step.
heterocycles which are easily recovered by flash chroma-
tography.

It is noteworthy that, in all of these reactions, no Michael-  The structures of compoundka—j were assigned by
type adduct nor other heterocylic regioisomers were ob- comparison to published NMR d&tand further proven by
served. Besides the desired heterocycles, non cycliz&d the X-ray crystallography of a representative prodlet
adducts2 (Scheme 1) were the only side products that were  Finally, we have undertaken the preparation of arylidene
detected. The abundance of this byproduct seems to berhodanine derivatives. The rhodanine (2-thioxo-4-thiazoli-
related to the nature of the aryl group. For certain alkyne dinone) heterocyle is an interesting core for the development
substrates it was necessary to help the cyclization by addingof biologically active molecules. Arylidene rhodanine-based
catalytic amount of PTSA to get reasonable yields of the molecules, in particular, are known to possess multiple
desired heterocycle (entries 3 and 4, Table 1). biological activities through the inhibition of numerous
targets such as HCV NS3 protedsg;lactamasé? PMT1

(6) The reaction conducted with aromatic amino thiols produced the
desired cyclic products with only poor yields 15%). (8) (a) Erol, S.; Dogan, 1J. Org. Chem.2007, 72, 2494-2500. (b)

(7) (a) OttanaR.; Maccari, R.; Barreca, M. L.; Bruno, G.; Rotondo, A.;  Kasmi-Mir, S.; Djafri, A.; Paquin, L.; Hamelin, J.; Rahmouni, Molecules
Rossi, A.; Chiricosta, G.; Di Paola, R.; Sautebin, L.; Cuzzocrea, S.; Vigorita, 2006 11, 597-602. (c) Rudorf, W.-D.; Schwarz, Rdeterocyclesl986
M. G. Bioorg. Med. Chem2005 13, 4243-4252. (b) Holla, B. S.; Rao, B. 24, 3459-3465.

S.; Sarojini, B. K.; Akberali, P. MEur. J. Med. Chem2004 39, 777— (9) Sing, W. T.; Lee, C. L.; Yeo, S. L.; Lim, S. P.; Sim, M. Bioorg.
783. (c) Mavrova, A. T.; Anichina, K. K.; Vuchev, D. I.; Tsenov, J. A.;  Med. Chem. Lett2001 11, 91-94.

Kondeva, M. S.; Micheva, M. KBioorg. Med. Chem2005 13, 5550~ (10) Grant, E. B.; Guiadeen, D.; Baum, E. Z.; Foleno, B. D.; Jin, H,;
5559. (d) Takasu, K.; Pudhom, K.; Kaiser, M.; Brun, R.; IharaJVMed. Montenegro, D. A.; Nelson, E. A.; Bush, K.; Hlasta, D.Bloorg. Med.
Chem.2006 49, 4795-4798. Chem. Lett200Q 10, 2179-2182.
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followed by a Knoevenagel condensation with aldehydes.
Scheme 2. Phosphine Catalyzed Reaction of Dithiocarbamates W€ were convinced that such compounds would be easily

with Aryl Propiolates Leading to Rhodanine Derivati¥es obtained in a one-pot process through the reaction of
R-NH, (22 equiv) dithiocarbamates (prepared in situ from amines ang) @81
lcs? (11 equiv) arylpropiolates in the presence of u As hoped, this

. reaction was found to proceed successfully at room temper-

S of S ature with a variety of substrates (Scheme 2).
Ar—=—CO,Et ﬁ- = Although the procedure showed some limitations (dithio-
(teaum N o f carbamates prepared from hindered or aromatic amines did

not afford the desired cyclized product; only #heS-adduct

was observed), it presents many advantages over previous
ones. Besides the fact that the reaction is trivial to run, an
added bonus is the easy of product recovery. In many cases
the rhodanine products precipitateiRrOH and are obtained

in good yields as purg-isomet* after simple filtration and
washing. This reaction is therefore well adapted to the
preparation of libraries of these biologically actives com-
pounds.

In conclusion, we have developed a simple and practical
method for the preparation of arylidene sulfur-containing
heterocyles viar-BusP-catalyzed tandemi-S-addition and
intramolecular cyclization. This strategy offers a straight-
forward way for constructing various heterocycles that are
found in many biologically active products. The reaction
should be successfully extended to the preparation of others
interesting heterocyles.
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