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An expeditious, solvent-free, and high yield conversion of ketones, flavones, isoflavones, lactones, amides, and esters to the corresponding
thio analogues is described utilizing Lawesson’s reagent in a process that circumvents the use of dry solvents and excess of the reagent.

The synthesis of thio analogues of ketones, flavones, (tricyclohexyltin) sulfide with boron trifluoridéd bis(tri-
isoflavones, lactones, amides, and esters has received conmethylsilyl) sulfide with CoCJ-6H,0,’® and thiation ofgem-
siderable attention due to the biological importance of these dichlorides with sodium hydrogen sulfidethioacetic acié
molecules, their rich photochemistry and their usefulness  or potassium xanthat&.Most of these lengthy procedures,
as precursors for the synthesis of a variety of organic however, require an excess of reagents and involve the use
compounds:® This basic transformation has been ac- of aromatic hydrocarbon solvents such as toluene, xylene,
complished by several reagents, namely, phosphorus penta-

sulfide/ab hydrogen sulfide in the presence of aéidyis- (7) (a) Scheeren, J. W.; Ooms, P. H. J.; Nivard, R. Byhthesid973,
149. (b) Dash, B.; Dora, E. K.; Panda, C.Feterocyclesl 982,19, 2093.
(c) Staudinger, H.; Freundenberger, Ghem. Ber 1928, 61, 1576. (d)
* To whom correspondence should be addressed at the National Risk Steliou, K.; Mrani, M.J. Am. Chem. S0d982,104, 3104. (e) Capperucci,
Management Research Laboratory, U.S. Environmental Protection Agency, A.; Degl'lnnocenti, A.; Ricci, A.; Mordini, A.; Reginato, Gl. Org. Chem.

26 W. Martin Luther King Dr., MS 443, Cincinnati, OH 45268. 1991,56, 7323. (f) Staudinger, H.; FreundenbergerCiiganic Syntheses
(1) Peters, R. H.; Crowe, D. F.; Avery, M. A,; Chong, W. K. M.; Tanabe, Wiley: New York, 1943; Collect. Vol. I, p 573. (g) Schonberg, A.; Schutz,

M. J. Med. Chem1988,32, 1642. O.; Nickel, S.Chem. Ber.1928,61, 1375. (h) Schonberg, A.; Frese, E.
(2) de Mayo, P.; Sydnes, L. K.; Wenska, &.Org. Chem1980, 45, Chem. Ber1968,101, 694. (i) Cava, M. P.; Levinson, M. Tetrahedron

1549, and reference cited therein. 1985,41, 5061. (j) Jones, B. A.; Bradshaw, J.CGhem. Re»1984,84, 17.

(3) Reynaud, P.; El Hamad, Y.; Davrinche, C.; Nguyen-Tri-Xuong, E.; (k) Pedersen, B. S.; Scheibye, S.; Nilsson, N. H.; Lawesson, BWD
Tran, G.; Rinjard, PJ. Heterocycl. Cheml992,29, 991. Soc. Chim. Belgl978,87, 223. (I) Pedersen, B. S.; Scheibye, S.; Clausen,
(4) Kraemer, I.; Schunack, WArch. Pharm. (Weinheim, Ger986, K.; Lawesson, S.-@ull. Soc. Chim. Belgl978,87, 229. (m) Scheibye,

319, 1091. S.; Shabana, R.; Lawesson, S.-O.; RoemmingT&rahedron1982, 38,
(5) Bhattacharya, B. K.; Singh, H. H.; Yadav, L. D. S.; Hoornaert, G. 993. (n) Shridhar, D. R.; Reddy Sastry, C. V.; Vishwakarma, L. C.; Narayan,
Acta Chim. Acad. Sci. Hund.982,110, 133. G. K. A. S. S.Org. Prep. Proced. Int1980,12, 203. (0) Scheibye, S.;
(6) Meijs, G. F.; Rizzardo, E.; Le, T. P. T.; Chen, Makromol. Chem. Kristensen, J.; Lawesson, S.-Detrahedron1979,35, 1339. (p) Brokke,
1992,193, 369. M. E.; Christensen, B. EJ. Org. Chem1958,23, 589.
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benzene, or triethylamine and pyridine under dry conditions,
affording only modera}te. yields of products. The_2,41bns( Table 1. Solvent-Free Synthesis of Thioketones, Thioflavones,
methoxyphenyl)-1,3-dithiaphosphetane 2,4-disulfide, known gng Thioisoflavones

as Lawesson’s reagent, has been commonly used for the
efficient conversion of oxygen functionalities into their thio
analogues™ However, these conventional methods usually
require excess of the Lawesson’s reagent<{3.5 molar
equiv) in lengthy reactions (2—25 h) that are conducted in 1
dry hydrocarbon solvents at elevated temperatures and result
in generation of side products.

Initially introduced in 1986, the chemical application of
microwaves has now become an area of interest for the
synthesis of a wide variety of compounds and efficient
functional group transformations under solvent-free condi- O
tions?1° The advantages of microwave-expedited chemical
transformations are cleaner reactions, shorter reaction times,
and the ease of manipulation. The reactions under solvent- 4 O 4 96 7m
free conditions are especially appealing as they provide the ‘ O
opportunity to work in an open vessel, thus circumventing

Entry Product? Time Yield Ref.
(Min) (%)

3 97 7k

96 7k
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the risk of high-pressure development in reaction vessels. 0
In view of the limitation of the existing methods and as a 5 @ 3 % 12
part of our ongoing program to develop solvent-free reac-
tions® we now report a rapid and solventless synthesis of S
thioketones, thioflavones, thioisoflavones, thiolactones, thio- O O ; 0 12d
amides, and thionoesters (Scheme 1). The simple process in O [
Scheme 1 3 95 12a
R, - S i OCH
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3 92 12b
its entirety involves mixing the substrates with the Lawes-
son’s reagent followed by exposure to microwave irradiation
under solventless conditions. OCHs

The most common methods employed for the synthesis ) . .

. . . . aProducts are characterized by comparison of their mp, IR, and NMR
of th|0k?t0nes involves the reaction of ketones with hydro_gen (*H and%C) spectra with those of authentic sample¥ields refer to pure
sulfide in the presence of acléiphosphorus pentasulfide in  isolated products.
the presence of basg?Lawesson’s reagenit,or thiation of
gem-dichlorides with reagents such as sodium hydrogen
sulfide/" thioacetic acid? and potassium xanthdten dry

media. In our process the carbonyl compounds are simply
mixed with Lawesson’s reagent (0.5 equiv) and then irradi-
. ; : ated under solvent-free conditions that do not require any

(8) Gedye, R.; Smith, F.; Westaway, K.; Ali, H.; Baldisera, L.; Laberge, L . . .

L.: Rousell, J Tetrahedron Lett1986,27, 279. acidic or basic media. We have found that this solvent-free
(9) For an overview of solvent-free reactions accelerated by exposure to environmentally benign approach is quite general and is

microwave irradiation see: (a) Varma, R. Green Chem1999, 43-55. ; ; ; ;

(b) Varma, R. SClean Prod. Processe$999,1, 132. (c) Varma, R. S. appllcable for th_e_ preparation of a variety of thioketones

Microwave-Assisted Reactions under Solvent-Free “Dry” Conditions. In USing an unmodified household microwave oven.

Microwaves: Theory and Application in Material Processing 1V; Clark, Elavones and isoflavones are well-known naturally oc-
D., Sutton, W., Lewis, D., Eds.; Ceramic Transactions 80; American . . . . . ..
Ceramic Society: Westerville, OH, 1997; pp 35365. (d) Caddick, S. curring plant phenolics with an array of biological activitiés.
Tetrahedron1995,51, 10403. (e) Bose, A. K.; Banik, B. K; Lavlinskaia, ~ The corresponding thio analogues of flavones and isoflavones

N.; Jayaraman, M.; Manhas, M. Shemtechl 997,27, 18. (f) Majetich, . . . .
G- Hicks, R.J. Microwave Power Electromagn. Enerd995,30, 27. (q) have received less attention due to limited methods available

Abramovich, R. A.Org. Prep. Proced. Int1991,23, 683. for their preparation; only moderate yields are obtained-(38
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Table 2. Synthesis of Thioamides and Thiolactones under Table 3. Solvent-Free Synthesis of Thionoesters
Solvent-Free Conditions

Entry Product? Time Yield Ref.
Entry Producf® Time  Yield Ref. (Min) (%0)b
(Min) (%)b

s
5 1
3 85 16a
1 97 71 OCH,
H)J\N(CH3)2 2 ©)L
S
? jj\ 2 87 7 ’ OCH,CH 3 96 16b
H,C NH, 2-Hs
s N
3
3 ©)LNH2 2 93 71 OCH, 88 léc
s (H,C),

4 OCH3

4 NHPh 2 97 71 m 4 8  16d
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S
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H,C” “NHPh 5 @A)LOCHs 3 6 166

S

@YOCHQCHz 84 16f
s
7 @i;\ 3 98 Tn
H = @WOCH CH
7 e 3 89 16f
SN
8 3 98 70

a All the products are viscous liquidsProducts are characterized by
comparison of their IR and NMRUd and 13C) spectra with those of the

CH;0, X authentic sample$.Yields refer to pure isolated products.
9 3 94 -
CH,0 S

of the reaction. The conventional reactions are not only time-
z consuming and afford poor yield of the desired product but
92 p . S . .
require excess of the reagent due to significant side reactions.
Thionoesters are useful building blocks for the assembly
of a variety of organic compounds* They can be readily

—_
o
W

OCH3

aProducts are characterized by comparison of their mp, IR, and NMR

1 1 ; ; ; (10) For cleavage-deprotection reactions, see: (a) Varma, R. S.; Chat-
(0 ana™ O) shectra with those of authentic sampleields refer 0 pU'e o joe, A, k.; Varma, MTetrahedron Lett1993,34, 3207. (b) Varma, R.

S.; Chatterjee, A. K.; Varma, MTetrahedron Lett1993, 34, 4603. (c)
Varma, R. S.; Varma, M.; Chatterjee, A. K. Chem. Soc., Perkin Trans.
11993, 999. (d) Varma, R. S.; Lamture, J. B.; Varma, Ttrahedron

. - . . Lett.1993 34, 3029. (e) Varma, R. S.; Saini, R. Ketrahedron Lett1997,
84%) using phosphorus pentasulfide under refluxing condi- 35 623 (1) varma, R. S.; Meshram, H. Netrahedron Lett1997,38,
tions in dry benzene or xylerié Our solid-state microwave  5427.(g) Varma, R. S.; Meshram, H. Netrahedron Lett1997, 38,7973.

; it ; i (h) Varma, R. S.; Dahiya, R.; Saini, R. Ketrahedron Lett1997,38, 8819.
!rradlatlon pl’OtOCQl affordg thioflavones a,m,d thioisoflavones For condensation-cyclization reactions, see: (i) Varma, R. S.; Dahiya, R.;
in almost quantitative yields by admixing flavones or Kumar, S.Tetrahedron Lett1997,38, 2039. (j) Varma, R. S.; Dahiya, R.
isoflavones with the Lawesson’s reagent (Table 1). A variety Syniett1997, 1245. (k) varma, R. S.; Dahiya, R.; Kumar,T&trahedron

. . Lett. 1997,38, 5131. (I) Varma, R. S.; Saini, R. ISynlett1997, 857. (m)
of substituents on the aryl ring are well-tolerated, and the yama RS- Dahiya, Rl. Org. Chem1998,63, 8038. (n) Varma, R. S.;

reaction leads to completion in all the cases. Kumar, D.; Liesen, P. 1. Chem. Soc., Perkin Trans.1P98, 4093. For

; v oxidation reactions, see: (0) Varma, R. S.; Dahiya,;TRtrahedron Lett.
This general approach can be extended to the high-yield ;597 35 5043 () Varma, R. 5. Saini, R. K- Meshram, H.Tétrahedron
synthesis of thiolactones and thioamides which are useful Lett.1997,38, 6525. (q) Varma, R. S.; Dahiya, R.; Saini, R.Ttrahedron
i i i i Lett. 1997 38, 7029. (r) Varma, R. S.; Saini, R. K.; Dahiya, Retrahedron

prgcursors TOI‘ awide Var.IEty of organic mo.lecullwanogs . Lett.1997,38, 7823. (s) Varma, R. S.; Dahiya, Retrahedron Lett1998,
thiocoumarins, related thiolactones, and thioamides (aliphatic,39, 1307. (t) Varma, R. S.; Saini, R. Retrahedron Lett1998,39, 1481.

aromatic, and cyclic) exemplify the versatility of this simple For reduction reactions, see: (u) Varma, R. S.; Saini, RTé&rahedron

. Lett. 1997,38, 4337. (v) Varma, R. S.; Dahiya, Retrahedron1998,54,
pl’O'[OCO| (Table 2}'7 In the case of lactones and amides, Only 6293. (w) Varma, R. S.; Naicker, K. P.; Liesen, P.T&trahedron Lett.

0.5 equiv of Lawesson’s reagent is needed for completion 1998,39, 8437.
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desulfurized with Raney nickel to produce the corresponding
etherst® The synthesis of 1,3,4-oxadiazolésyhich possess
significant activity as herbicides, fungicides, and plant cell
growth factors, require thionoesters as precurdér€onse-

(11) Welton, A. F.; Tobias, L. D.; Fiedler-Nagy, C.; Anderson, W.; Hope,
W.; Meyers, K.; Coffey, J. W. IiPlant Flazonoids in Biology and Medicine
Cody, V., Middelton Jr, E., Jr., Harborne, J. B.,Eds.; Alan R. Liss: New
York, 1986; p 231. (b) Havsteen, Biochem. Pharmacoll983,32, 1141.

(12) (a) Baker, W.; Clarke, G. G.; Harborne, J.B.Chem. Socl954,
998. (b) Dudley, K. H.; Miller, H. W.; Corley, R. C.; Wall, M. E. Med.
Chem.1967, 10, 985. (c) Dean, F. M.; Goodchild, J.; Hill, A. \3J..Chem.
Soc. C1969, 2192. (d) Baker, W.; Harborne, J. B.; Ollis, W.D.Chem.
Soc 1952 1303. (e) Baruah, A. K.; Prajapati, D.; Sandhu, JI&rahedron
1988,44, 6137.

(13) (a) Baxter, S. L.; Bradshaw, J. $.0rg. Chem1981,46, 831. (b)
Bradshaw, J. S.; Jones, B. A.; Gebhard, J.®rg. Chem1983 48, 1127.

(c) Jones, B. A.; Bradshaw, J. S.; Brown, P. R.; Christensen, J. J.; Izatt, R.
M. J. Org. Chem1983,48, 2635.

(14) Reynaud, P.; El Hamad, Y.; Davrinche, C.; Nguyen-Tri-Xuong, E.;
Tran, G.; Rinjard, PJ. Heterocycl. Cheml992,29, 991.

(15) Kraemer, I.; Schunack, WArch. Pharm. (Weinheim, Ger1)986,
319, 1091.

(16) (a) Latif, K. A.; Ali, M. Y. Tetrahedron1970, 26, 4247. (b)
Pedersen, B. S.; Scheibye, S.; Clausen, K.; Lawesson, BHOSoc. Chim.
Belg. 1978, 87, 293. (c) Misharev, A. D.; Takhistov, V. \Org. Mass
Spectrom1981,16, 99. (d) Raap, RCan. J. Chem1968,46, 2251. (e)
Hartke, K.; Kunze, O.; Hoederath, V&ynthesisl985, 960. (f) Couture,

A.; Huguerre, E.; Grandclaudon, P. Org. Chem1990,55, 4337.

(17) Experimental Section: General Procedure.The preparation of
6,7-dimethoxythiocoumarin is representative of the method employed. A
mixture of 6,7-dimethoxycoumarin (1 mmol) and Lawesson’s reagent (0.5

guently, we have broadened the scope of this solvent-free
protocol by preparing valuable thionoesters (Tabl&®3ih
this case, our process requires 0.8 equiv of the Lawesson’s
reagent for complete conversion to the corresponding
thioesters, which is a dramatic improvement over existing
methods. Normally, 2:63.0 equiv of the reagent is needed
in lengthy reactions (2625 h) which is presumably respon-
sible for the decomposition of the Lawesson’s reagent.

In conclusion, we have developed a general, rapid, and
solvent-free protocédl for the synthesis of thio analogues
of ketones, flavones, isoflavones, lactones, amides and esters
which are widely used in organic synthesis. Our eco-friendly
solventless method avoids the use of excess amount of
Lawesson’s reagent and precludes the use of dry hydrocarbon
solvents such as benzene, xylene, triethylamine, or pyridine.
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dissolved in dichloromethane and adsorbed on silica gel and purified by
silica gel column chromatography using hexane as initial eluent followed
by ethyl acetate/hexane (1:9 v/v) which afforded the pure 6,7-dimethoxy-
thiocoumarin: yield 94%; mp 195—98C; IH NMR (CDCl) 6 3.94 (s,
6H, OCH;), 6.86 (s, 1H, C8—H), 7.01 (s, 1H, C5—H), 7.15 (d, 1H=

mmol, in the case of esters, 0.8 mmol), was taken in a glass tube and mixed9.3, C3—H), 7.38 (d, 1HJ) = 9.3, C4—H);13C NMR (CDCk) 6 57.21,

thoroughly with a spatula. The glass tube was then placed in an alumina
bath inside the microwave oven (900 W) and irradiated for 3 min (see Tables
1-3 for the time required for individual compounds). On completion of
the reaction, followed by TLC examination, the colored material was

700

57.36,f 100.57, 107.10, 108.09, 114.61, 128.02, 135.93, 148.18, 154.18,
197.80; Mass: [M] 222. In the case of flavone (entry 6, Table 1) and
coumarin (entry 8, Table 2), the reactions were conducted on relatively
larger scale (5 mmol) with reproducible results in terms of yields.
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