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ABSTRACT

A convenient and efficient procedure has been devel oped for the synthesis
of (Z)-3-Chloromethyl enethiochroman-4-ones and the chlorination method
has not reported before. The chlorination agent, reaction temperature, pres-
sure and reaction time of the chlorination reactions were studied and the
probable chlorination mechanism was conjectured. The structures of the
novel compounds had been confirmed by *H-NMR, M S, element analysis
and IR spectrum. Their antifungal activity was tested by micro dilution
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broth susceptibility for ten kinds of fungi. These compounds exhibited

potent antifungal activities toward tested fungi.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Broad spectrum of biological activity of
thiochromanone derivatives stimul ated extensive
studiesin thefield of thiochromanones chemistry.
Some 3-site-substituted thiochromanones werere-
cently shown to be active against fungi; such as 3-
bromo@, 3-mannich bass**4, 3-enzylidyne’>®, 4,3-
d-triazol 0™ and so on. Chloromethyl ene substituted
at 3-site has not been reported, in this paper three
novel (Z)-3-Chloromethylenethiochroman-4-one
deriveatives were designed and synthesized by a
novel chlorination (2-chloroacetyl chloridewas used
as chlorinetion agent); their antifungal activity was
tested by micro dilution broth susceptibility for ten
kindsof fungi.

EXPERIMENTAL

The IR spectra were recorded in KBr on a

SHIMADZU FTIR-8400S spectrometer with Fourier
transform. The*H NMR spectrawas measured on a
Bruker Avance-400 spectrometer from solutionsin
CDCI,usng TMS(*H) asinternal references. Themass
spectrawere obtained on an Agilent LC-MSD Trap
XCT G2446A HPLC-MS spectrometer. Elemental
Andysis(C, H, N, S) wasredized on Carlo Erba 1106
EA instrument. The progress of reactionswas moni-
tored by TLC on silicagel HF254 plates using ethyl
acetate-petroleum ether (1:10) as el uent; Spotswere
observed at 254 nm using ultraviolet lamp or visuaized
by treatment withiodinevapor. The purity of products
wasmonitored by HPL C us ng Hmethanol H-water (79:
21) aseluent.

3-phenylthiopropanocicacids(l.1,1.2,1.3) (general
procedure)

Substituted benzenethiol s (50mmol) mixed withthe
3-chloropropanoic acid (60mmol) and 50% sodium hy-
droxide solution (5mL) ina250mL round bottom flask
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under microwave 5-6min. Thereactant wascooled to
ambient temperatureand HCI (1mol/L) wasadded, a
lot of white precipitant were created. The precipitate
wasfiltered off, washed with water and recrystallized
from ethanol®7. Theyield of product (I.1-1.3) is81-
88%.

Thiochroman-4-ones(I1.1,11.2,11.3) (general pro-
cedure)

Compounds(I) (10mmol) mixed with concentrated
sulfuric acid (8mL, 98%) at room temperaturefor 12
h. The concentrated sulfuric acid wasdiluted by water,
collected thesolid product and recrystallized from etha-
nol®7, Theyield of product (I1.1-11.3) is 78-85%.

4-oxothiochroman-3-car baldehydes(111.1,111.2,
111.3) (general procedure)

Ethyl formate (20mmol) and sodium methoxide
(40mmol) wasdissolvedin toluene (50mL), 10mmol
of the Substituted thiochromanones| wasd owly added
at 5°C, and the mixture was stirred for 10 h. The or-
ganic phasewas extracted threetimeswith water and
the combined agueous phasewas acid regulated (pH =
4) with HCI, alot of yellow precipitant were created.
Theprecipitatewasfiltered off, washed withwater. The
yield of product (111.1-111.3) is84-93%.
6-methyl-4-oxothiochroman-3-car baldehyde(111.1)

Yield: 89%; HPLC: 95%; m.p.: 88-89°C; yel-
low; solid; APCI-MS my/z: [M]* 207.1; *H-NMR
(CDCI,, 400 MHz): & = 2.345 (s, 3H), 3.250 (m,
2H),4.202 (m, 2H), 7.211 (m, 2H), 7.354 (s, 1H), 9.628
(d, J=3.650Hz, 1H). Anal. Calcdfor C H, O.S: C
65.01; H 5.76; S 14.75. found: C 64.05; H 4.89; S
15.55.

6-fluoro-7-methyl-4-oxothiochroman-3-
carbaldehyde(111.2)

Yield: 91%; HPLC: 96%; m.p.: 91-92°C; yellow;
solid; APCI-MSm/z: [M]* 224.9; "H-NMR (CDCl,,,
400 MHz): 8=2.299(d, J=1.360Hz, 3H), 3.195 (m,
2H),4.104 (m, 2H), 7.106 (d, J=3.480Hz, 1H), 7.361
(s, 1H), 9.598 (d, J=4.012Hz, 1H). Anal. Cacd for
C,,H,FO,S: C 59.28; H 4.35; S 14.08. found: C
58.92; H 4.05; S 14.30.

6-chlor 0-4-oxothiochroman-3-car baldehyde(111.3)
Yield: 85%; HPLC: 92%; m.p.: 103-104°C; yel-
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low; solid; APCI-MS m/z: [M]* 226.65; *H-NMR
(CDCl,, 400 MHz): 3.209 (m, 2H),4.218 (m, 2H),
7.356 (d, J = 5.907Hz, 1H), 7.665 (t, J = 9.417Hz,
2H), 9.651 (d, J = 3.524Hz, 1H). Anal. Calcd for
C,H,ClOS: C 53.45; H 3.24; S 13.15 found: C
52.99; H 3.11; S14.15.

(2)-3-chloromethylenethiochroman-4-ones(1V.1,
1V.2,1V.3) (general procedure)

Compounds (111) (10mmol) and 2-chloroacetyl
chloride (15mmol) wasdissolvedin dichloromethane
(40mL) in a sealed tube (100mL), and the mixture
was stirred at 50°C for 2 h. The organic phase was
washed twicewithwater and dried dichloromethane
under reduced pressure, alot of yellow solid were
created. The solid was purified by silicagel column
chromatography, € uting with dichloromethane: petro-
leumn ether =1: 10(v/v). Theyield of product (1V.1,
1V.2,1V.3) is 74-89%.

(Z)-3-chlor omethylene-6-methylthiochroman-4-
one(1V.1)

Yield: 76%; HPLC: 95%; m.p.: 64-65°C; yel-
low; solid; IR spectrum(KBr), v: 1585.38, 1600.81,
1658.67 cm™'; APCI-MSm/z [M]* 224.1; *H-NMR
(CDCl,, 400 MHz): 6 = 2.355 (s, 3H), 4.002 (d, J=
0.800Hz, 2H), 7.211 (m, 2H), 7.354 (s, 1H), 7.948
(s,1H).Anal. Calcdfor C ,H,CIOS: C58.80, H 4.04,
S14.27. found: C 58.86, H 3.94, S 14.19.

(Z)-3-chloromethylene-7-fluoro-6-
methylthiochroman-4-one(1V.2)

Yield: 85%; HPLC: 96%; m.p.: 65-67°C; yellow;
solid; IR spectrum(KBr), v: 1587.31, 1606.59,
1660.60 cm'; APCI-MSm/z [M]* 242.1; *H-NMR
(CDCIl,, 400 MHz): & =2.299 (d, J = 1.360Hz, 3H),
4.000 (d, J=0.920Hz, 2H), 7.106 (d, J = 3.480Hz,
1H), 7.361 (s, 1H), 7.759 (d, J = 10.000Hz, 1H).
Anal. Calcd for C H.CIFOS: C 54.44, H 3.32, S,
13.21. found: C54.53, H 3.28, S13.17.

(2)-6-chlor o-3-chlor omethylenethiochr oman-4-one
(V.3

Yield: 79%; HPLC: 92%; m.p.: 83-84°C; yellow;
solid; IR spectrum(KBr), v: 1581.52, 1662.52 cm!;
APCI-MS mVz. [M]* 244.1; 'H-NMR (CDCI,, 400
MHz): 6 =4.022 (d, J=0.952Hz, 2H), 7.269 (d, J =
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6.608Hz, 1H), 7.375 (t, J = 10.644Hz, 2H), 8.101 (d,
J = 2.352Hz, 1H). Andl. Calcd for C H.Cl,OS: C

49.00, H 2.47, S 13.08. found: C 49.07, H 2.41, S
13.07.

Antifungal activity invitro

Theantifunga activity of thiochromanones(l11.1,
[11.2,111.3,1V.1,1V.2, 1 V.3) was compared with am-
photericin B from known micro dilution broth suscepti-
bility test method. The stock solutionsof conjugates
viz. (1.3, 111.2,111.3,1V.1,1V.2,1V.3) dongwitham-
photericin B were prepared in DM SO. The stock so-
lution of each of these compoundswas seridly diluted
(64.0, 32.0, 16.0, 8.00, 4.00, 2.00, 1.00, 0.500, 0.250,
0.125 mgL 1) and added to RPM 11640 HmediumH,
after which astandardised bacterial suspensionwas
added.

Antifungd activity testin vitrowasdoneon multire-
sgtant fungi specidly causinginfectionsinhumanbeng,
for example, C. ahicas, C. tropicalis, C. neoformans,
E. floccosum, M. gypseum, A. niger, S. schenekn, C.
Krusal, C. parapsilosis, C. glabrata. Theresultshave
beentabulated (see TABLE 1).

Therewereencouraging resultsreveded onthean-
tifungal activities. All (Z)-3-chloromethy-
lenethiochroman-4-one derivateivesespecialy (1V.1)
exhibited potent antifungal activities toward C.
neoformans, and had sel ective activity against other
tested fungisfor instance (1V.1) toward C. glabrata, C.
Krusa and M. gypseum; (1V.2) toward C. neoformans,
M. gypseum and C. parapsilosis; (1V.3) toward C.
abicas, C.tropicdis, C. neoformans, E. floccosum, S.
schenek and C. parapsilosisa so exhibited potent anti-
funga activities. But three compounds had no signifi-
cant activity againgt A. Niger. All 4-oxothiochroman-
3-carbal dehydesd so exhibited antifungal activitiesto-
wardstested fungis, but their activitieswasnot as po-
tent as (Z)-3-chloromethylene-thiochroman-4-one
derivateves.

RESULTSAND DISCUSSION

The goal of the present work wasto find condi-
tions for the preparation of (Z)-3-chloro-
methylenethiochroman-4-onesand study their antifun-
gd activity. We used areported convenient procedure
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TABLE 1: Minimuminhibitory concentration (MIC), corre-
lation diagram (in mgL 1) of compoundsagainst fungi strain.

Compounds
Fung e 2 1.3 1v.1 1v.2 1v.3 AmB D('\\j'/\?)o
C. abicas 32.0 64.0 640 8.00 32.0 400 0500 ----
C.tropicalis 32.0 64.0 320 32.0 16.0 4.00 8.00
C. neoformans 64.0 16.0 32.0 0.500 1.00 4.00 1.00
E. floccosum 32.0 64.0 640 ---- 320 200 1.00
M. gypseum  32.0 32.0 320 4.00 4.00 16.0 16.0
A. niger 64.0 32.0 ---- - -m o 1.00
S. schenek 16.0 64.0 64.0 8.00 16.0 4.00 2.00
C. Krusei 32.0 32.0 640 4.00 8.00 32.0 16.0
C. pargpsilosis 64.0 32.0 16.0 8.00 4.00 2.00 1.00
C. glabrata 320 ---- 320 2.00 8.00 16.0 2.00

(-----) No activity.

for thesynthesisof thiochromanones(l 1) by microwave-
H,SO, heterocydlization of accessiblebenzenethiowith
3-chloropropanoic acid®9. A hydrogen atomin posi-
tion 3 of the thiochromanonesis capable of being re-
placed by formyl group, used reactionswith ethyl for-
mate and sodium methoxidein tolueneto givethe cor-
responding 4-oxothi ochroman-3-carbal dehydes(111)
as a result of ester condensation. The 4-
oxothiochroman-3-carba dehydes(111) reacted with 2-
chloroacetyl chloridein dichloromethaneto givethe
corresponding (Z)-3-chloromethylenethiochroman-4-
ones(IV) asaresult of an unreported HssmpleH and
efficient chlorination. Figure 1isthe synthetic route of
target compounds. The antifungal activity of (2)-3-
chloromethy-lenethiochroman-4-ones (1V.1, 1V.2,
I'V.3) wascompared with amphotericin B from known
microdilution broth susceptibility test method. Thelow-
est concentration of (Z)-3-chloromethylene-
thiochroman-4-onesin mgL ™ that prevented invitro
growth of fungi has been represented asMIC (mini-
mum inhibitory concentration) shownin TABLE 1.
Laboratory experiments showed that (Z)-3-
chloromethylenethiochroman-4-ones (I'V) exhibitsan
effectinagainst fungi; for instance, it exhibited potent
activity of against C. neoformans.

We used dichloromethane as sol vent for chlorina-
tion of the 3-carba dehyde group in 4-oxothiochroman-
3-carbaldehydes(111) by the action of 2-chloroacetyl
chloride, acetyl chloride or thionyl chloride. 4-
oxothiochroman-3-carba dehydes(111) reacted withthe
2-chloroacetyl chloride at a ratio of 1: 1.5 in
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Figurel: Thesyntheticrouteof tar get compounds.
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Figure2: A probablechlorination mechanism.

dichloromethane, theyidld of products(1V) increased
from 41-56% (room temperature, atmospheric, 18h)
to 76-85% (50°C, sed ed tube, 2h). Compounds(l11)
reacted with acetyl chlorideor thionyl chloridealsoa a
ratio of 1: 1.5in sealed tube, the solution was stirred
for 2h at 50°C, the yield of corresponding products
(V) is 36-49% or 61-70%, so 2-chloroacetyl chlo-
ridewas sel ected as chlorination agent.

A probablechlorination mechanismisillustrated by
figure2. Itinvolvestautomeric transformation of thed-
dehyde form of 4-oxothiochroman-3-carbal dehydes
(111) into enol form (A) which form hydrogen bond be-
tween hydroxyl group and carbonyl group to givein-

termediate(B) having activated nucleophilic oxygen cen-
ter. Attack by the oxygen atom on the C = O carbon
atom of 2-chloroacetyl chloridegivesstructure (C) and
chloride ion. The 3-carbon atom at the conjugated
doublebond isattacked by chlorideionto give struc-
ture (D) whichis stabilized by electron transfer and
stripped carboxylic acidsto givestructure (1V).

CONCLUSION

Theaim of thisstudy wasto develop an efficient
synthetic approach to construct various (Z)-3-
chloromethylenethiochroman-4-onesand to screenfor
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possibleantifungd activities. Thenovd chlorination of
the 4-oxothi ochroman-3-carbal dehydes reacted with
2-chloroacetyl chloride is a simple and efficient
HmethodH, it shorten reaction time, not require Hhigh
temperatureH, s mplified synthes sprocessand enhance
product yidd.Theefficient synthetic gpproach disclosed
herein had lead to quick output of a series of (Z)-3-
chloromethylenethiochroman-4-onesfor theevauation
of antifungal activities. Therewereencouraging results
reveded ontheantifunga activities. All derivativeses-
pecially compounds(1V.1) and (1V.2) asthe potent in-
hibitor for C. neoformans, and had selective activity
againg other tested fungi but had no significant activity
aganstA. niger.

The conditions for the preparation of (E)-3-
chloromethylenethiochroman-4-onesand their antifun-
gdl activity aredtill instudy.
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