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ABSTRACT KEYWORDS
8-(1-Phenyl-vinyl)-6, 7, 10-trioxa-spiro [4.5] decaneissynthetic derivative 1,2, 4-trioxane;
of Artemisinin (1, 2, 4-trioxane is supposed to be a pharmacophore of Artemisinin;
Artemisinin) whichisawell known antimalarial drug fromleavesof Artemi- NMR;
siaannuafindinchina. 8-(1-Phenyl-vinyl)-6, 7, 10-trioxa-spiro [4.5] decane IR;
and itsfour different derivatives were synthesized using well standardized FAB-MS.

method. These compounds were purified by simple column chromatogra-
phy and successfully analysed using HINMR, IR and FAB-M S techniques.

© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Maariaisamagor parasitic disease, affecting over
100 countriesof thetropica and subtropical regionsof
theworld. Around 300-500 millionclinica casesof ma
lariaarereported every year, of which morethanamil-
liondieof severe and complicated casesof malaria?.
Theincreasing resistance of causal parasite, Plasmo-
diumto the contemporary antimaarid drugs, including
chloroquine, hasfurther complicated themaariaprob-
lem. Against thisscenario, isolation of atemisinin (1) as
theantimaarid principleof Chinesetraditiond herb, Ar-
temisiaannua, isamajor milestonein the history of
ma ariachemotherapy. Artemisninisvery effectiveand
safeagaing chloroquine (CQ) sendtiveand chloroquine
(CQ) resistant strains of Pfalciparumbut hascertain
limitationslikepoor oil and water solubility and high

rate of recrudescence. Hencealot of effortshave been
put to devel op semi synthetic derivativesof atemisinin.
Ether derivativesof artemisinin® havethe advantage
of better oil solubility and are prepared by treating
dihydroartemisinin with an appropriate alcohol inthe
presenceof anacid catdyst. Artemether (2) and arteether
(3) (Figure 1) arethetwo most important derivatives of
artemisinin. Both of them show better oil solubility and
improved activity and arecurrently inclinica use.
Theantimdarid activity of atemesninanditsclini-
caly useful derivativessuch asartemether (2), arteether
(3), and artesunic acid (4) (Figure 1) isduetothe pres-
enceof 1,2,4-trioxane moiety intheir molecular struc-
ture. Because of thelimited availability of artemisinin,
currently thefocusisonthesynthessand antimaarial
assessment of sructurdly smplified 1,2,4-trioxanesand
avariety of methodsof their synthesi shasbeen reported
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inresent yeard®7. Incontrast, 1,2,4-trioxepanes, the
next higher homologsof 1,2,4-trioxanes and the next
obvious candidatesfor structure activity relationship
(SAR) studiesinthisarea, havereceived only limited
attention. Only afew methods of their synthesishave
been reported’®!Y, the number of compounds synthe-
gzedissmal.

OR OCOCH,CH,COOH

Figurel

A well standardized method by photooxygenation
routefor the preparation of 1,2,4-trioxepaneshasbeen
used for the preparation of 3-(1-Phenyl-vinyl)-1, 2, 5-
trioxa-spiro undecaneandit’sfour derivatives. Thekey
steps of this method are (i) preparation of c-
hydroxyhydroperoxides by photooxygenation of
homodlylicacoholsand (ii) acid catalyzed condensa
tion of these hydroxyhydroperoxideswith variouske-
tonesto furnish 1,2,4-trioxepanes (SCHEME 1),
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Inthisarticle, wereport the preparation of 3-(1-
Phenyl-vinyl)-1, 2, 5-trioxa-spiro undecane (5) and its
four derivatives (5a-€).

EXPERIMENTAL

Procedure

Aromatic ketones (1a-€) weretaken, which were
subjected to Reformatsky reaction using ethylbromo
acetate, zincandiodine crystalsin benzeneto furnish
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B-hydroxy ester, which on dehydrationusingpTSA fur-
nish a-B and -y isomersof unsaturated esters (2a-e
and 3a-€), -y unsaturated esterswereisomerized (3a-
€) to a-B unsaturated ester (2a-€). a-2 unsaturated
esterswerethen reduced using LAH, to furnish allyl
alcohols, these allyl acohols (4a-e) were then
photooxygenated us ng methyleneblue, oxygenandvis-
iblelight furnished respective 3-hydroxy-hydroperox-
ideswhich werecondensed with cyclopentanoneusing
conc. HCl ascatalyst to furnish, after column chroma:
tography over silicagel (60-120 mesh), respecting
trioxanes (5a-5e).

Gerneral section

All apparatus were oven-dried prior to use. The
progressof al thereactionwasmonitored by thinlayer
chromatography over slicagel coated TLC plates. The
spotson TLC plateswere devel oped by thefollowing
devel oping agents: iodine vapours, sprayingwith an
aqueous solution of vanillinin 10% sulphuric acid fol-
lowed by heating at 150°C. Chromatographic purifica:
tion was performed over Merck and Spectrochem Pvt.
Ltd, silicagel (60-120mesh). Infrared spectra(cm?)
wererecorded on Perkin-Elmer FT-IR RX-1 spectro-
photometer. H NM R spectrawere recorded on Bruker
DPX-200 spectrometers. Tetramethyl silanewas used
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asaninterna standard. Chemica shiftsarereportedin
ppmrelaiveto TMS. Coupling constantsarereported
inHertz (Hz). Splitting patternsare designated as (s,
singlet; bs, broad singlet; d, doublet; t, triplet; g, quad-
rate; dd, doublet of doublet; m, multiplet). FAB-MS
were recorded on JEOL SX 102 spectrometer using
argon/xenon (6kV, 10mA) asthe FAB gas. Glycerol or
m-nitrobenzyl dcohol wasused asmatrix. Mdting points
of thecompounds were recoded on Complab melting
point apparatus and were uncorrected. All chemicals
and reagents were obtained from Aldrich (USA),
Spectrochem Pvt. Ltd. (India) and Lancater Pvt. Ltd
(UK). Unless otherwise stated, room temperaturewas
approximately 30°C.

General procedureand characterization data

1. General procedurefor the preparation of o,
unsatur ated ester s(preparation of (3a) asrepre-
sentative)

A mixtureof 37.7gm crude (2a) and 2gm of pTSA
in benzene (300ml) wasrefluxed on oil bath fitted with
acondenser and Deen stark apparatusinitidly for 2hrs
till no morereactant left and then for an additional 1hr
to isomerize 3-y unsaturated ester to a-3 unsaturated
ester. Reaction mixture was cooled and washed with
saturated NaHCO, solution. Organic layer was de-
canted and aqueous layer was extracted with 3x50ml
of ether, combined organiclayer wasdried over anhy-
drousNa,SO,, concentrated and purified by column
chromatography over silicagel (60-120 mesh) using
EtOAc:Hexane (5:95) as eluant furnished 21.77gm
(55% vyield) of product (3a) an oil. IR (Neat, cm?)
1628.7,1713.8; H NMR (200MHz, CDCI ., 0131
(t,3H,=7.1Hz), 2.57 (d, 3H, J=1.2Hz), 4.21 (q, 2H,
J=7.1Hz), 6.13(d, 1H, J=1.2Hz), 7.33-7.49 (m, 5H,
Ar-H).

Compound (3b-e) werepr epar ed by thesamepro-
cedure

1.1. Compound (3b) (3-p-Tolyl-but-2-enoic acid
ethyl ester)

Yield 59%, ail, IR (KBr, cm)1628,1716.7; H'NMR
(200MHz, CDCl,) 5 1.31 (t, 3H, J= 7Hz), 2.36 (5,
3H), 2.56 (d, 3H, J=1Hz), 4.21 (g, 2H, J=7Hz), 6.12
(d, 1H, J=1Hz), 7.12-7.74 (m, 4H).

= Fyl) Paper
1.2. Compound (3c) (3-(4-M ethoxy-phenyl)-but-2-
enoic acid ethyl ester)

Yield56%, ail, IR (KBr, cm%)1605.2, 1706.2; H-NMR
(200MHz, CDCl,), 51.22(t, 3H, J=7HzZ), 2.48(d, 3H,
J=0.7H2), 3.73 (s, 3H), 4.12 (q, 2H, J=7Hz), 6.02 (d,
1H, J=0.8Hz), 6.80 (d, 2H, J=8.6Hz, Ar-H), 7.34-
7.39(d, 2H), (s, 1H).

1.3. Compound (3d) (3-(4-Chlor o-phenyl)-but-2-
enoic acid ethyl ester)

Yield 60%, oil, IR (KBr, cmr?), 1629.7, 1712.7; H*
NMR (200MHz, CDCl), 51.31 (t, 3H, J=7H2), 5 2.54
(d, 3H, J=0.6Hz), 4.21(q, 2H, J=7Hz), 6.10 (d, 1H,
J=0.7Hz), 7.31-7.43 (m, 5H, Ar-H).

1.4. Compound (3e) (3-(4-Fluor o-phenyl)-but-2-
enoic acid ethyl ester)

Yield 66%, oil, IR (KBr, cmr?), 1631.7, 1712.7; H*
NMR (200MHz, CDCl,), § 1.31 (t, 3H, J= 7.1H2),
2,55 (d, 3H, J= 1Hz), 4.21 (g, 2H, J= 7.1Hz), 6.09
(d, 1H, J=1Hz), 7.01-7.09 (m, 2H), 7.42-7.49 (m,
2H).

2. General procedurefor thepreparation of allyl
alcohol (preparation of 4aasrepresentative)

Toanicecooled durry of LAH (6gm, 0.15mol) in
dry ether (300ml), takeninallL R.B.flask, kept at O-
10°C, under nitrogen atmosphere with continuous
stirring, 20gm(0.11mol) of compound (3a) wasadded
viadroppingfunnd. Thereaction mixturewasstirred,
till no morereactant was|eft. Reaction mixturewas
quenched by gradua addition of water, thenfinaly with
10% NaOH, till asludge settled at the bottom. The
ether layer was decanted and the sludge was washed
with 3x50 ml of ether, combined organic layer was
concentrated and purified by column chromatography
over silicagel (60-120 mesh) using EtOAc:Hexane
(10:90) as eluant furnished 11.06gm (71% yield) of
product (4a) asoil. IR (Neat, cm?) 1648.1, 3359.5;
H* NMR (200MHz, CDCl,), 2.06 (s, 3H), 2.37 (s,
1H, -OH, replaceable with D,0), 4.34 (d, 2H,
J=6.6Hz),5.95 (dt, 1H, J=6.6Hz, J=1.2Hz), 7.24-7.52
(m, 5H). Compound (4b-4€) were prepared by the
same procedure

2.1. Compound(4b) (3-p-Tolyl-but-2-en-1-ol)
Yidd 73%, ail, IR (KBr, cm) 1647.1, 3359.8; HNMR
- @W CHEMISTRY
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(200MHz, CDCl,), § 1.45-1.46 (d,1H, -OH replace-
able with D,0), 2.06(s, 3H), 2.34 (s, 3H), 4.35 (d,
2H, J=6.7Hz),5.93(t, 1H, J6.6HZz), 7.08-7.33 (m,4H,
Ar-H).

2.2. Compound (4c) (3-(4-M ethoxy-phenyl)-but-2-
en-1-ol)

Yield 78%, ail, IR (KBr, cm?) 1604.8, 3345.4 (broad);
H*NMR (200MHz, CDCl,), 6 1.6-1.7 (s, 1H, -OH
replaceablewith D,0), 2.05(s, 3H), 3.80 (s, 3H), 4.34
(d, 2H, J=6.7Hz), 5.91 (t, 1H, J=6.7Hz), 6.86 (dd,
2H, J=6.7, 2Hz), 7.35 (dd, 2H, J=6.7, 2Hz).

2.3. Compound (4d) (3-(4-Chlor o-phenyl)-but-2-en-
1-al)

Yidd 62%, oil, IR (KBr, cm?), 1646.2, 3337(broad),
H*NMR (200MHz, CDCl,), 51.49 (s, 1H, -OH re-
placeablewith D,0O), 2.05 (s, 3H), 4.34-4.37 (d, 2H,
J=6.2Hz),5.95 (dt, 1H, J=1Hz, 7THZz), 7.26-7.36 (m,
5H, Ar-H).

2.4. Compound (4e) (3-(4-Fluor o-phenyl)-but-2-en-
1-al)

Yidd 78%, ail, IR (KBr, cm?), 1646.8, 3278.1(broad);
H! NMR (200MHz, CDCI,), 51.49 (s, 1H, -OH
replaceble with D,0), 2.05 (s, 3H), 4.35 (d, 2H J=
6.1Hz),5.92(t, 1H, J=6Hz), 6.96-7.04 (m, 2H), 7.33-
7.40 (m, 2H).

3. General procedurefor thepreparation of 1,2,4-
trioxane (pr epar ation of 8-(1-Phenyl-vinyl)-6, 7, 10-
trioxa-spiro[4.5] decane5a asrepresentative)

A solution of dlyl adcohoal (4a)(500mg, 0.002mol)
methyleneblue (5mg) in acetonitrile (25ml) takenina
doublejacketed round bottom flask, maintained bel ow
0to-10°C through ultracryostat. Oxygen was bubbled
into thereaction mixtureand mixturewasirradiated with
vighblelight by meansof tungsten-ha ogenlamp (500W),
till no more reactant was left in reaction mixture.
Reaction mixturewas poured ina500ml R.B.flask, 2ml
of cyclopentanone, 2-4 dropsof conc. HCl wasadded
and reaction mixture stirred at r.t. till no more
hydroperoxide was left. Reaction mixture was
concentrated under reduce pressure and further purified
by column chromatography over silicagel (60-120
mesh) using EtOAc: Hexane(1:99) aseluant furnished
365gm (44% yield) of product [6a] asoil. IR (KBr,

@Wu'c CHEMISTRY co—

cm?) 1597.9, 1112.6; H* NMR (200MHz, CDCl,),
1.60-1.96 (m, 8H), 2.46-2.58 (m, 1H), 3.83 (d, 2H,
J=3.4Hz), 5.27-5.33 (M, 2H), 5.49 (s, 1H), 7.32-7.37
(m, 5H), FAB-MS (M+H), 247

Compounds (5b-e) were prepared by the same
procedure

3.1. Compound (5b) (8-(1-p-Tolyl-vinyl)-6, 7, 10-
trioxa-spiro[4.5] decane)

Yield 40%, oil, IR (KBr, cm?) 1740.3, 1101.7; H?
NMR (200MHz, CDCl,), § 0.87-2.54 (m, 8H), 2.34
(s, 3H), 3.83 (d, 2H, J=6.2Hz), 5.25-5.32 (M,2H),
5.45(s, 1H), 7.14 (d, 2H, J=8Hz), 7.28 (d, 2H, J=8H2).
FAB-MS (M+H), 259

3.2. Compound (5¢) (8-[1-(4-Methoxy-phenyl)-vi-
nyl]-6, 7, 10-trioxa-spir o [4.5] decane)

Yield 48%, Gil, IR (K Br, cm), 1606, 1184.2: H'NMR
(200MHz, CDCl,), 5 1.25-1.82 (m, 7H), 2.48-2.54
(m, 1H), 3.81 (s, 5H), 5.21-5.27 (m, 2H), 5.42 (s,
1H), 6.84(d, 2H, J= 9Hz, Ar-H), 7.33(d, 2H, J=9H2).
FAB-MS (M+H), 276

3.3. Compound (5d) (8-[ 1-(4-Chlor o-phenyl)-vinyl]-
6,7,10-trioxa-spiro[4.5]decane)

Yield 48%, ail, IR (KBr, cmt), 1592.2, 1098.8; H?
NMR (200MHz, CDCL,), § 1.26-1.82 (m, 7H), 2.45-
2.51 (m, 1H), 3.81-3.84 (d, 2H), 5.20-5.33 (m, 2H),
5.48 (s, 1H), 7.26-7.32 (m, 4H, Ar-H). FAB-MS
(M+H), 281.

3.4. Compound (5€) (8-[ 1-(4-Fluor o-phenyl)-vinyl]-
6,7,10-trioxa-spiro[4.5]decane)

Yield 44%, oil, IR (KBr, cn?), 1633, 1162; H'NMR
(200MHz, CDC,), § 1.71-1.91 (m, 7H), 2.45-2.52
(m, 1H), 3.69-3.84 (m, 2H), 5.13-5.36 (M, 2H),
5.44(s, 1H), 6.90-7.06 (m, 2H), 7.32-7.39 (m, 2H).

RESULT AND DISCUSSION

Inthiswork, fivesimple 1, 2, 4,-trioxanes were
synthesized using readily availableand smplestarting
material ingood to moderateyield. Like semisynthetic
artemisnin derivatives, many of thesesynthetic1, 2, 4-
trioxanes are quite stable and can serveas good lead
compound for the devel opment of new antimalartal
compoundswith promising antimaarial activity.
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