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Field of the invention

The present invention relates to novel substituted 1,2,4-trioxanes useful as antimalarial

“agents. The invention also relates to a process for the preparation of novel substituted

1,2,4-trioxanes. More particularly, the invention relates to a process for the preparation of
6-[c-(hydroxyalkoxy substltuted aryl)vmyl] -1,2,4-trioxanes and their esters useful as

novel antimalarial agents.

Bacicground of the invention: _
Malaria is a killer disease in tropical countries. It is caused by Plasmodium. The four
species of Plasmodium that infect human beings are P. vivax, P. malariae, P. ovale and
P. falciparium. Some of the species that infect animals are P. yoelii in mice and P.
cynomolgi in monkeys. These species cause severe complications in the patient that cause
the patient to lapse into 2 coma and ultimately leads to death. In many parts of the world,
there are several strains of Plasmodium that are resistant to drugs such as chloroquinone,
mefloquine, halofantrine, quinine etc. More tham 270 million people suffer from the
disease and more than 1.2 to 1.7 millien die every year, Mortality among children under
the age of 5 is common because such children are sensitive on account of their lack of
immunity to the disease.

The need of the hour therefore is to develbp novel anti-malarial drugs that can

counter drug-resistant malarial infections.

Objects of the invention:

The main objective of the invention is to provide novel substituted 1,2,4-trioxanes
useful as antimalarial agents. |

Another objective of the present invention is to provide novel intermediate
compounds also capable of being used as anti-malarial agents.

Yet another objective of the present invention is to provide a process for the
preparation of hydroxy-functionalized trioxanes and their esters of general formula 1, a
new series of antimalarial agents. D

~This Sheet Has Been R

TR I Illl



Still another object is to provide a process for the preparation of intermediate

compounds that exhibit anti-malarial properties.

Detailed description of the invention:

Accordingly. the invention provides novel substituted 1.2.4-trioxanes useful as
antimalarial agents. The invention also provides a process for the preparation of hydroxy-
functionalized trioxanes and their esters having general formula. 1. wherein R and R;
represent hydrogen. alkyl group such as methyl, ethyl, propyl; R; and- R, represent
hydrogen, alkyl group such as methyl. ethyl; propyl. aryl such as phenyl or a carboxy

alkyl group such as CHCH>CO;H; X represents hydrogen or lower alkoxy such as OMe,

0—0 Ry
e R (2 X ><
i
X
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Z represents O or OCO. These compounds have been tested against multi-drug resistant
P. yoelii in mice and several of them show promising antimalarial activity. Some of these
compounds with promising antimalarial activity have been tested aganst . ¢ynomolgi in
monkeys and have been found effective. The invention thus relates to pharmaceutical
industry. The trioxanes of general formula 1 are new chemical entities and they have not
been prepared earlier. Trioxanes of general formula 1 are oil-suitable and can be
administered as solution in oil such as groundnut oil. Some of the compounds of formula
I are hemisuccinate derivatives and are soluble both in oil and aqueous NaHCOs solution
and can be administered as a solution in groundnut oil or aqueous NaHCO3. The mode of
administration can be oral, intramuscular, subcutaneous or intravenous. The said

compounds, the preferred compounds and the intermediate compounds are described

:



herein below with reference to the accompanying drawings and examples which have
been provided merely to illustrate the invention and should not be construed as

limitations on the inventive concept.

Brief description of the accompanying drawings:
In the drawings that accompany,
Fig 1 represents the sequence of the process of the invention wherein-compound of

formula 2 is converted to compound having formula 1.

Fig 2 representé in series the structures of compounds 9 to 42

Wherein fig 2(a) represents the structural formulae of compounds 9 to 16,

fig 2(b) represents the structural formulae of compounds 17, 18, 19, 20, 21, 22¢ and 22b.
fig 2(c) represents the structural formulae of compounds 23, 24, 25, 26, 27 and 28.

Fig 2 (d) represents the structural formulae of the compounds having formula 29 to 36.

Fig 2(e) represents the structural formulae of the compounds having formula 37 to 42.

Formula 2 shown in figure lincludes compounds of structural formulae 9 and 10 of the
drawings. Formula 4 shown in figure 1 includes compounds of structural formulae 11 and
12 of the drawings. Formula 5 shown in figure 1 includes compounds of structural
formulae 13 and 14 of the drawings. Formula 6 shown in figure 1 includes compounds of
structural formulae 15 and 16 of the drawings. Formula 7 shown in figure 1 includes
comi)ounds of structural formulae 17 and 18 of the drawings. Formula 8 shown in figure
1 includes compounds of structural formulae 19 and 20 of the drawings. Formula 1}

shown in figure 1 includes compounds of structural formulae 23 to 42 of the drawings.

Similarly, in figure 2(a), the compounds 11 to 16 are intermediate compounds.



Accordingls, the present invention provides a process for the preparation of novel  substituted

1,2.4-trioxanes and their esters of general formuia 1T which comprises reacting hydroxyacetophenones

of formula 2 wherein X represents hydrogen or lower alkoxy such as OMe, with «-haloesters  of
formula 3 whersin R, and R; represent hydrogen, alkyl group such as methyl, ethyl, propyl and Y
represnts halogen such as Cl or Br, in the presence of a base optionally in an organic solvent at a
temperature in the range range of room temperature to refluxing temperature to give keto-esters of general
formula 4, wherein R,, R; and X have the same meaning as above ; reacting keto-esters of general
formula 4 under Reformatsky condition in an aprotic organic solvent in the temperature range of room
temperature to refluxing temperature to give f-hydroxyesters of general formula 5, wherein R;, R; and
X have the same meaning as above ; dehydrating S-hydroxyesters of formula 5 using a catalyst in an
organic solvent at a temperature in the range of room temperature to refluxing temperature to give o, B-
unsafurated esters of genéral formula §, wherein R, R; and X have the same meaning as above ;'reducin,g
o.,B-unsaturated esters of general formula § with a complex metal hydride such as LiAlH, in an ether
solvent at 4 temperature in the range of 0°C to room temperature to give allylic alcohols of formula 7
wherein Ry, R;, X have the same meaning as above ; oxygenation of allylic alcohols. of formula 7 in
presence of a sensitizer in an organic solvent at a temperature in the range ot_'___-10°C to room
temperatuie to give p-hydroxyhydroperoxides of general formula 8 wherein R), R;, X have the same
meaning above ; isolating and then reacting or reacting in situ B-hydroxyhydroperoxides of formula 8
with compounds containing aidehyde or ketone group in presence of an acid catalyst in an organic
solvent at a temperature in the ragge of 0°-C to room temperature to give hydroxy-fuctionalized 1,2.4-
trioxanes of general formula 1, wherein Ry, R, and X have the same meaning as above, R, Ry are
hydrogen, alkyl group such as methyl, propyl, aryl group such as phenyl, naphthyl or part of a cyclic
systen, Rs is H and Zis O ; reacting hydroxy-finctionalized trioxanes of general formula 1, wherein
RisHand Z is O with an acid ch!dridc or anhydrides in presence of a base in an organic solvent at a
temperature in the range of 0°C to room temperature to give trioxane esters of general formula 1, wherein
R,, Ry, Rs, Rq and X have the same meaning as above, R, is alkyl group such as methyl, ethyl, propyl, aryl
group such as phenyl, cari)oxyalkyl such as CH;CH,CO,H ; Z is 0O-CO.

In the process hydroxyacetophenones of formula 2 are reacted with a-haloesters of formula 3 in
presence of a base such as Na,CO;, K,CO,; KHCO;, in an organic soivent such as acetone,
dimethylformamide, dimethylsulfoxide or without solvent, to give ketoesters of general formula 4. These

ketoesters can be isolated and purified by standard laboratory methods such as crystallization or



c;hrom:uography using an adsorbent such as silica gel. All ketoesters of general formula 4 except
11a (formt.lla 11, R, =R, =X =H), e (formula 11, R, =H, R, = Me, X = H) and 12a (formula 12, R, =
R: = H) are new compounds and they have not bcén prepared carlier. Ketoesters 11a, 11c and 12a e
known compounds. [(a) Chim Ther., 8, 874 (1973), Indian J. Chem., 24, 119 (1985), Chon:,
Abstracts, 124, 8616¢ (1996)], o

In the process ketoesters of general formula 4 are reacted with ethyl bromoacetate and Zn in an
aprotic solvent such as benzene, diethyl cther, to give B-hydroxyesters of general formula 8. These
B-hydroxyesters can be isolated and purified by standard lab&alory met‘hods such as column
chromatography using an adsorbent such as silica gel and a2 hydrocarbon solvent in combination with
ethyl acetate as eluent or can be used without purification in the next step. B-hydroxyesters of general
formula 5 are new compounds and they have not been prepared earlier. These hydroxy esters of
general formula 5 have an additional ester group as part of substitution in the aromatic ring.

In the process dehydration of B-hydroxyesters of geneal formula § is accomplished in an
hydrocarbon solvent such as benzene, toluene, CH,Cl,, in the presence of a catalyst such as I, p-
tolusnesulfonic acid, P;0s, or acidic resin such as Amberlyst-15 to give o,B-unsaturated esters of
general formula 6. These unsaturated esters can be isolated and purified by standard laboratory methods
such as chromatography using an adsorbent sucﬁ as silica gel. o,B-Unsaturated esters of general formula 6
have an addition ester group as part of substitution in ihc aromatic ring. These esters of general formula
6 are new compounds and they have not been prepared earlier.

In the process reduction of o, B-unsaturated esters of general fornula 6 is done by reacting the
compound with a complex metal hydride such as LiAlH, in an ether solvent such as diethyl ether, THF,
to give allylic alcohols. of general formula 7. These allylic alcohols of general formula 7 have an
addition hydroxyl group as hydroxyalkoxy substitution in the aromatic ring. These allylic alcohols of
general formula 7 can be isolated and pwrified by standard laboratory methods such as
chromatography using an adsorbent such as silica gel and a hydrocarbon solvent in combination with
ethy! acetate as eluant. Compounds of general formula 7 are new chemical entities and they have not been
prepared earlier. '

In the process allylic alcohols of general formula 7 are converted to B-hydroxyhydroperoxides of -
formula 8 by passing oxygen gas in the solution of the alcohol in an organic solvent and in the presence
of a dye and a light source which provides visible light._Thc dye which acts as a sensitizer i.e. converts

triplet oxygen to highly reactive singlet oxygen, may be such as methylene blue, Rose Bengal,



ctraphenylporphine. Organic solvent used may be such as CH;Cl,, CH;CN, acctone, mcthanol, benzene.
These B-hydroxyhydroperoxides of general formmla 8 can be isolated and purified by known laboratory
methods or can be used iz siw, without purification and isolation, tn the next step.  These f-
hydroxyhydroperoxides of formula 8 arc new chemical entitics and they have not been prepared
earlier. Furthermore, these {3-hydroxyhydroperoxides have an estra hydroxyl group in the form  of
hydroxyalkoxy substitution in the aromatic ring. The novel feature of these B-hydroxyhydroperoxides is
that this extra hydroxyl group which is present as a hydroxyalkoxy substituent in the aromatic ring, does
not take part in the nex: reaction i.e. condensation of hydroperoxides with aldehyde and ketones zmd thus
provide 1,2,4-trioxanes which carry a hydroxy group suitable for further derivatization. |

In the process -hydroxyhydroperoxides of general formula 8 are comverted to hydroxy-
functionalized 1,24-triovxanes of general formula I (Rs =H, Z = 0) by reacting these
hydroperoxides with carbonyl compounds of formula 21-22 in presence of an acid catalyst in a.n
aprotic organic solvent. The carbonyl compounds wused may be such as benzaldehyde,
naphthaldehyde, acetone, ethyl methyl ketone, methyl propyl ketone, metlyl isobutyl ketone, 4-
heptanone, S-nonanone, G-undecanone, - dibenzy! ketone and the such as, cyclic ketone such as
cyclopentanone, cyclohexanone, cycloheptanone, bicyclic ketone such as norcomphor (22a) and tricyclic
ketone such as 2-adamantanone (22b). The acid catalyst used may be HCI, H,SO,, p-toluene sulfornic
acid, BFs.OEL,, acidic resin such as Amberlyst-15. The organic solvent used may be CH,Cl,, CHCl;,
benzene, CHaCN. These trioxanes of general formuia 1 (R; = H, Z = Q) are stable compounds and can be
isolated and purified by standard chromatographic techniques using an adsorbent suchi as silica gel and 2
hydrocarbon solvent in combination with polar organic solvent as eluant. These trioxanes of general
formula 1 (Rs = H, Z= 0) are new chemical entities and they have not been prepared earlier. The novel
tature of these trioxanes is that they are equipped with 2 primary hydroxyl group suitable for making
derivatives of these trioxanes. This hydroxyl group is part of alkoxy substimenf in the aromatic ring.
These trioxanes of gensral formula 1 (Ri=H, Z=0) have been tested against malarial parasites in
animal models and several of iht_:m show very promisiné antimalarial aclivity, both  against
chloroquine _s;tnsitivc and éhloroquine resistant malarfa. These trioxanes are oil-soluble and can be
administered as solution in oil such as groundnut oil. Some of these trioxanes have- shown significant
gamatocidal activity.

In the procéss reaction of trioxénes of general formula 1 (Rs = H, Z = O) with acid chlorides of

formula 29 or acid anhydrides of formula 30 wherein R, is alkyl group such as methyl, ethyl, propyl,



arvl group such as phienyl, s done inoan aprotie organe solvent in the presence of a base to give
troxane esters of general formula T whersin R 18 alkyl group such as mcl.hyl. ethvl. propyl. aryl group
such as phenyl, Z ts OCQ. In the reaction hydroxyl group of vioxanes of formula 1 {(Re H. Z = Oy s
esterified. The acid  chiorides and  acid anhyvdssdes nsed may be such as acetyl chloride, bensovl
chloride, propiontc mﬂzydridc, butyric anhydride, heptanoic anhdride.  The base can be such ay Bk
pyvridine, with or without the catalyst such as d-dimethylaminopyridine (DMAP). The organic  solvem
used may be such as CH.Cl:. CHClL,. THF, CHLCN. These trioxanes of general formula 1 (Rg = alkyl.
aryl. Z= 0CQ) can be isolated and purified by known laboratory methods such as crystallization or
chromatography using an adsorbem such as silica gé,-l and hydrocarbon selvent in combination with
polar organic solvents as zluant. The trioxanes are new chemical entities and they have not been
prepared earlier. These trioxanes are oil-soluble and can be administercd as solution in edible oil such as
groundnut oil. Some of the trioxanss of general formula 1 (R = alkyl, aryl, Z = GCO) have shown
promising antimalarial activity in animal models.

In the process trioxanss of formula 1 (R; = H. Z = 0) are rsacted with succinic anhvdride in an
aprotic solvent in presence of tertiary  amine wﬁh or without the presence of  4-
dimethylaminopyridine (DMAP) to give carboxy funclionalized trioxanes of general formula 1 (R< =
CH,CH,CO.H, Z= OCO). The tertiary amine may be such as EuN, pyridine. Aprotic organic solvent
may be such as CH;Cl,, CHCl;, CH;CN, toluene, THF. In the reaction, the hydroxyl group of the trioxanes
1[Rs=H,Z= 0} is esterified. The frioxanes of general formula 1 (R; = CH,CH,COH, Z = 0CQO)
have a carboxy!l group and are soluble in agueous bicarbonate or carbonate sofutions. Thus they can
be administered both as solution in oil or aqueous bicarbonate/carbonate seolutions. Trioxanes
of general formula 1 (Rs; = CH,CH,CO:H, Z = OCO) can be isolated and purified by known laboratory
methods such as given above. Trioxanes of general formula 1 (Rs = CHCH,COH, Z = OCO) are

ew chemical entities and tﬁey have not been preparsd earlier. Some of these trioxanes have shown
promising antimalarial activity against both chloroquine-sensitive and resistant malaria in animal
models. Some of these trioxanes alsa show significant gamatocidal activity.

The invention is ﬁl'rmer ilhis.lralcd by the following examples which should not, howeve;', be

construed to limit the scope of the present invention,



Example 1
Ethy! (4-acetylphenoxy)acetate (compound 11z, formula 1L, R, = Ry;=X=H)

A mixwre of p-hydroxyacclophenone (S0 g).  ethyl chloroacstate (60 mi). K, (O (120 g)
in acetone (450 ml) was refluxed with stirring for 24 h. The reaction mixiure was filtered and the
residue was washed with acetone. The combined filterate was concentrated and the residuc was
redissolved in ether. the ether extract was washed with aqueous NaOH, and then with water, dricd.
concentrated and purificd by chromatography on silica gel using hexans - ethylacetate as eluant to give
63.3 g (77% yield) of 1la, m.p.64-68°C.

Compound 11a was also prepared using the conditions as given in table 1.

- Table 1
o-Haloester Solvent Base Temp. Time Yield(%)
Ethyl bromoacetate DMF K;CO, Roomtemp. 5h 16
Ethyl chioroacetate - DMSO K;CO4 Roomtemp. 6h 68
Ethyl bromoacetate neat K,;CO4 Roomtemp. 13h 61
Ethyl chloroacetate neat KHCO; 120°C 75h 42
Ethyl chloroacetate . neat- Na,CO. . 120°C 14h 9

p-Hydroxyester 13a (formula 13, RI=R2= X= H)

' To a mixture of ketoester 11a (20 g) zinc metal (12 g), L (20 mg) in benzene was added ethyl
bromoacetate (10 ml) dropwise. The reaction mixture was refluxed for another 7 hr, cooled, acidified
with aqueous HCI, benzene layer was separated and the aqueons layer was extracted with benzene.
Combined organic extract was washed witﬁ water and then aqueous NaHCOs, dried and concentrated.
The crude product was purified by column chromatography on silica gel using mixture of hexane
and ethylacetate’ as cluant to furnish 13a (63% yield) of p-hydroxyester as an oil.

Compound 13a was also prc;i:'ired using the conditions given in table 2,



Table 2

a-Haloester : Solvent Tenp. Time

Ethyl chloroacetate Benzene Reflux ~21h used in the next
step without
purification

Ethyl bromoacetate  Ether Room'temp. 35h usedinthe next
step without
purification

a,ﬂ-Unsatmted ester 15a (formula 15, R, =R, =X=H)

A mixture of B-hydroxyester 13a (10 g) and P,O; (4 g) in benzene (150 ml) was refluxed for 2.5
h. The reaction mixture was filtered and the filtrate was concentrated to' give 10 g of crude product which
was purified by column clu'omatdgraphy on silica gel using hexane - ethylacetate as eluant to give 5.13 g
(56% yield) of o,B-unsaturated ester 15a as an oil.
Allylic alcohol 17a (formula 17, Ry =R;=X=H) _

- To astirred and ice-cooled mixture of LIAIH, (6 g) in dry ether (400 ml) was added dropwise a
solution of o,B-unsaturated ester 15a (12 g) in ether. The reaction mixture was stirred in ice-bath for §
h. and then quenched with water and 10% NaOH. The organic Jayer was separated, dried on Na,SO, and
concentrated to give 8.84 g of crude product which was purified by column chromatography to
furnish 5.67 g (59%) of allylic alcohol 17a ; m.p. 83-86°C.
3-[4-(2nydroxyethoxj)phenyI]-I-hydroxy-but-?a-en-zhydroperoxide (compound 19a, general
formula 19,R, =R, =H,X=H) '

(H A solution.of allylic alcohol 17a and methylene blue (15 mg) in ethénol (60 mf) wag irradition
with a 250 watt tungston-ﬁa.logen lamp at -10°C while a slow stream oxygen was passed through the

reaction mixture for 9.5 h. The reaction mixture was diluted with water and extracted with ether. The

ether extract was concentraled and the crude product was chromatographed onsilica gel using CH,Cl,
- ether as eluant to give 650 mg (28% yield) of B-hydroxyhydroperoxide 19a.

(2) A solution of allylic alcohol 17a (1 g), tetr:q)hcnylporph-ine (50 mg) in CHCl; (60 ml) was
photooxygenated at r.t. for 6 h. B-Hydroxyhydroperoxide 19a separated as a solid. It was washed with
ether to give 500 mg (44% yield) of tic pure 19a.



Trioxane 23al (formula 23 R, = R =X = H, R,, R, = -CI;,CH,;CH,CH,)

(1) Two-pot pracedure = A nuxtwe of B-hydroxyhydroperoxide 19a (900 mg), cvelopentanone (2 mid
and p-mlucﬁc sulfome acid (S0 mgh in acetonitrile (10 ml) was stirred al room temperature for 3.5 N,
The reaction mixture was Jiluted with- saturated aqueous NalHCO:  and extracted with cther. The
ether wxtract  was concentrated and the crude product was purified by chromatography (elution with
ethylacstate-hexane ; | : 9 to furmish 510 mg (44% yield) of trioxane 23al.

2) One-pot procedure : A solution of alcohol 17a (3.5 g) and methylene blue (10 mg) in CH.CN (65
ml) was imadiation with a tangston halogen lamp at 0°C for 7.5 hwhen a slow siream of oxygen was
passed through the reaction mixture to give B-hydroxyhydroperoxide 19a as‘indicated by TLC. To the
reaction mixture were added cyclopentanone (6 ml) and p-toluenesulfonic acid (50 mg) and the reactjon

mixture was stirred at r.t. for 2 days. Workup and purification by chromatography furnished 1.14 g (23%

yield based on alcohol 17a) of trioxane 23al. -
Acetate of trioxane 23al [compound 31al, formula 31, R, =R, = H; R;, Ry = CH,CH,CH,CH, ; R«
=CH;; X=H]j ' '

A solution of trioxane 23al (200 mg) in pyridine (6 ml) ‘was treated with acetic anhydride (0.5
mi) and the resulting mixture was left in refrigerator (~ 5°C) overnight. The reaction mixture was diluted |

with water and extracted with ether. Ether extract was washed sequen'cia.lly with water, 10% HCI,

water, and then dried (N2,SO,) and concentrated. The crude product was 'puriﬁed by column

. chromatography on silica gel to give 180 mg (91% yield) compound 26al as an oil.

Example 2
Benzoate of trioxane 23al [compound 31a5, formula 31, R,= R, = H ; R;, R = CH,CH,CH.CH: ;
Res=Ph; X =H] '

A solution of trioxans 23al (180 mg) and benzoyl chloride (0.5 ml) in pyridine (3 ml) was lefi
atr.t overnight The reaction mixture was diluted with water, extracted with ether, Ether extract on usual

processing followed by column chromatography on silica gel using hexane - ethylacetate as eluant

" furnished 100 mg (42% yicld) of benzoate 3145 as an oil. ,

Example 3
Trioxane 23a2 (formula 23, R; =R,=X = H, R,, Ry = -CH,CH,CH;CH,CH;-)

A ‘solution of allylic alcohol 17a (1 -g) and methylenc blue (15 mg) in acetonitrile was
photooxygenated at 0°C for 6.5 h. as above and then reacted with cyblohexanonc (2 ml) using p-

toluenesulfonic acid as catalystatr.t. for S h. The crude product obtained after workup as above

10



wits  purificd by chiromatography to give 0.86 g (87" yield based on the alcohol 17a) to furmish
1.2 4-trioxane 23a2.

Example 4

Trioxane 23a3 (formula 23, R, = R:=X=H : R, = R, = Me)

(1) From B-hydroxyhydroperoxide 19a

To a solution of B-hydroxyhydroperoxide 19a (100 mg) in a acctone (5 ml) was added one
drop- of conc. HCI and the relaction mixture was stirred at r.t. for 30 minutes. The reaction mixture was
concentrated under vacuum and the crude product was purified by éﬁromatogranh,\-' w silica gel using
hexane - ethylacetate as eluant to give 60 mg (52% vield) of trioxane 23a3.

(2) F’rom allylic alcohol 172

A scution of allylic alcohol 17a (1 g) and Rose Bengal (5 mg) in acetone (40 ml) was
photooxygenated at -8°C for 6 b To this reaction mixture were added 3 drops of conc. HCl and the
reaction mixture was left overnight at r.t. The solvemt was removed under vacuum and the crude
product was chromatographed on silica gel as above to fumish 340 mg (26% yield based on allylic
alcohol 17a) of trioxane 23a3. '
Example 5
Trioxane 27a (formula 27, R, = R, = X = H)

A solution of allylic alcohol 17a (2 g) and methylene blue (5 mg) in CH;CN (60 ml) was
photooxygenated at 0°C for 6 h to give B-hydroxyhydroperoxide 19a as indicated by TLC. To this
reaction mixture 2-adamantanone (2 g) was added and the reaction mixture was stirred for 1 h when p-
toluenesulfonic acid (10 mg) was added and the réaction mixture was stirred for another 6 h alz room
temperature. The reaction was quenched with aqueous NaHCOs, diluted with water and extracted
with ether. Ether extract was washed with water, dried (N2,S0,) concentrated and the crude product
was purified by chromatography on silica gel to fumish 1.9 g (57% yield based on alcohol 17a) of
trioxane 27a as an oil.

Acetate of trioxane 272 [compmfnd 35al, formula 35, R, =R = H ; Rsy= CH; ; X=H]

A mixture of trioxane 27a -(200 mg), acetic aphydride (1 ml) in pyridine (4 mi) was lefl at r.L.
overnight. The reaction mixture was diluted with water and extracted with eihcr. Ether extract was
washed with water, 10% aqueous HCI, water, dried (N2,S0,) and concentrated to give 200 mg of crude
product which was purified by chromatography on silica gel (8 g, elution with 50% EtoAc in CH,CL;)

to give 178 mg (80% yield) of acetate 35al as an oil.
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Hemisuccinate of trioxane 275 [compound 411, formula 4], Ry = R, =H ;X =1i]

A mixture of trioxane 27a (2 g) and succinic anhydride (3 g) in pyridine ( 20 ml). was lefi at r.1.
overnight. The reaction mixture was diluted with water and extracted with cther. The extract was
washed with water. 10% HCI, water, dried (Na,SQ.) and concentrated to-give 2.3 g of crude product
which was purified by chromaiography on silica gel (25 g, eluted with 50% =zther in CH,CL,) to give
1.5 g (60% yicld) of hemisuccinate 41a as a highly viscous material.

Example 6
Trioxane 23a13 (formula 23, R, = Ry =X =H; R;, R¢ = H, I-naphthyl)

A solution of allylic alcohol 17a (1.0 g) and methylene blue (70 mg) in CH,CN (50 ml) was
photooxygenated at.-10 to 0°C for 6 h. To one-half of this reaction mixture were added I-
naphthaldehyde (1 ml) and p-toluene sulfonic acid (20 mg) and the reaction mixture was kept at 5°C
overnight. Usual workup followed by purification by chromatography furnished trioxane 17al3) in 32%.
yield.

Hemisuccinate of trioxane 23a13 [compound 37a4, formula 37, R; = R, = H ; R;, Ry = H, 1-naphthyl;
X=H] _

To an ice-cooled mixture of 23213 (120 mg) and succinic anhydride (200 mg) in CH,CI, (20
ml) were added friethylamine (0.2 ml) and 4-dimethylami®pyridine (30 mg) and the reaction mixture .
was left overnight at r.t. Workup as above followed by column chromatography on silica gel using
CH,CL, . ether as eluant furnished hemisuccinate 37a4 as an oil (100 mg ; 67% yield).

Example 7
Ethyl 2-(4-acetylphenoxy)isobutyrate (compound 11h Formula 11, R1=R2=Me; X=H)

A mixtre of p-hydroxyacetophenone (14 g), ethyl 2-bromoisobutyrate (21 g) and K,CO; (40
g) in acetone (260 ml) . was refluxed with stirring for 19 h. The reaction mixture was diluted with water
and extracted with benzene. Usual processing of the benzene extract furnished 10.5 g (41% yield) of keto
ester 11b as an oil.

Compound 11b was also prepared using the conditions as given in table 3.
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Table 3

a-Haloester T Solvent Base Temp. Tims  Yield(y)
Ethyi 2-bromoisobutyrate Isobutyl K;CO: Retlux 11h 30
methyl
Ketone
" DMSO K.CO. Room temp. 21h 27
" DMSO K,CO. 50-60°C 21h 22
" neat K,C0O; 120°C 14h 49

B-Hydroxyester 13b (formula 13, R,, = R; = Me, X =H)

To arefluxing mixture of ketoester 11b (12 g), zinc (6 g),T; (70 mg) in benzene (200 ml) was
added dropwise ethyl bromoacetatz (7 ml) and the reaction mixtixrc was refluxed for 7 hr. Work up
and purification by chromatography on silica gel (hexane - EtoAc on eluant) furnished 45% yield of B-
hydroxyester 13b. '

o, B-Unsaturated ester 15b (formula 1S, R, = R, = Me, X=X)

To a refluxing mixture of ketoester 11b (10.5 g), zinc (5 g), L (40 mg) in benzene (200 ml) was
added, dropwise a gélution of ethyl bromoacetate (S ml) in benzene (50 ml) and the reaction mixture was
refluxed for 7 h. The reaction mixture was cooled and acidiﬁed with 10% aqueous HCI. Benzene layer
was separated and the aqueous layer was extracted with benzene (2 x 150 ml). The combined organic
extract was washed with water and aqueous NaHCO; solution, dried (Na,SO.) and concentrated to give
B-hydroxyester 13b which was used in the next without isolation and purification.

The crude 13b as obtained above was dissolved in benzene (200 ml), I (50 mg) was added the
reaction mixture was refluxed for 1.75 h. The reaction mixture was cooled, washed with aqueous sodium
mi.osulphar.s and then with water, dried (N2,30,) and concentrated. The crude product was
puriﬁed' by column chromatography to furnish 6.80 g (51% yield) of o, B-unsaturaled ester 15h.

Allylic alcohol 17b (formula 17, R, = R, = Me ; X = H)

To a stirred and ice-cooled mixture of LiAIH, (5 g) in dry cther (450 ml) was added dropwisc a
solution of o.,B-unsaturated ester 15b (6.2 g) in dry ether. The reaction mixture was stirred for S h. and
then quenched with water and 10% aqueous NaOH. The organic layer was separated. The residue was
washed with ether and the combined organic extract was dried (N2,SO,), concentrated and the crude

product was purified to give 3.0 g (66% yield) of altylic alcohol 17h, as an oil.
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3-{4-(2-Hydroxy- 1.1-dimethyl-ethoxy)phenyl|- 1-hydroxy-hut-3-en-2-hydroperoxide (compound 19h,
formula 19, R, .= R,=Me, X=H)

A solution of alivlic alcoho! 17h (1.40 g) and methylens blue (100 mg) in CHyCN (45 ml) was
irradiated with a 500 wan tungsten-halogen lamp at 0°C for $ h while a slow stream of oxygen was
passed through the reaction mixture. The reaction nuxture waé conceatrated 1o 20 ml and then diluted
with water (20 ml) and extracted with ether (3 x 25 ml). The combined ether extract was washed with
water, dried (N2;SO,), concenrated and purified by chromatography on silica gel 1o furnish 860 mg (61%o
yield) of B-hydroxyhvdroperoxide 19b as an oil.

Trioxane 23b1 (formunla 23, R, =R, =Me,X=H;R;, Ry = -CHz-'CHz-CHz—CHr)

A slution of allylic alcohol 17h (680 mg) and methylene blue (15 mg) in CH:CN (60 ml) was

photooxygenated at 0°C for 3.25 h to give B-hydroxyhydroperoxide 19b as indicated by TLC. This

~reaction mixture was divided into two equal parts. To one part were added cyclopentanone (2 ml) and

PTSA (25 mg) and stirred at r.t. for 2.75 h. Usual workup followed by chromatography on silic gel
furnished 240 mg (6-3% yield based on allylic alcohiol 17b) of trioxane 23b1.

Hemisuccinate of trioxane 23bl [compound 37b1, formula 37, R, = R, = Me ; R;, Ry =
CH,CH,CH,CH, ; X=H] ' '

A solution trioxane 23b1 (1 g) in CH,Cl; (40 ml) was reacted with succinic .anhydride as above
and the product was purified by chromatography as above to fumish 1.23 g (93% yield) of
hemisuccinate 37b1.

Example 8
Trioxane 23b2 (formula 23, R, = R, =Me, X=H ; Rs, Ry = -CH,-(CH,);-CHz-)

To one half of the photooxygenated mixture from the above example were added cyclohexanone
(2 mi) and PTSA (25 mg) and the reaction mixture was stirred at rt. for 2.75 h. Normal workup
followed by purification by chromatography on silica gel column gave 230 mg (46%'yie!d based on the
allylic alcohol 17b usec_i) of trioxane 23b2.

Example 9 )
Trioxane 27b (formula 27, R, = R, = Me, X=H)
A mixture of allylic alcohol 17b (2.0 g) and mecthylene blue (100 mg) in CH,CN (60 ml) was

photooxygenated at 0°C for 6.5 h. To this reaction mixturc were added 2-adamantanone (3.0 g) and p-
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tolueacsaltonic  acid (100 mg) and the reaction mixture was et al room lc:hpcmluw averniglt. The
reaction mixture was quenched with aqueous NalHCQ,, diluted with water and extracted with ether. The
cther extract was washed with water, dried (Na,SO.) and concentrated. The crude product was
purified by chromatography on silica gel column to give 1.61 g (89% yicld based on allylic alcohel
]‘;b) of 1,2 4-trioxane 27h. m.p. 100-102°C. .

Trioxane 27h was obtained in 44% yield when the condensation with 2-adaniumanone was done

using Amberlyst-15 as catalyst. _ '

| Acetate of trioxane 27h {compound 35bl, formula 35, R, = R, = Me; R<=CH;;X= Hj

A solution of trioxane 27b (200 mg) and acetic anhydride (1 ml) in pyridine (4 ml) was reacted at
r.t overnight. Workup as above. followed by column chromatography on silica gel fumished 0.21 g of
acetate 35b1 as a viscous material.

Example 10
Propionate of trioxane 27b [compound 35b2, formula 35, R, =R, =Me ; Rs=Et ;X = H]j

To an ice-cooled mixture of 27b (300 mg) and propionic anhydride (1.2 ml) in CH,Cl, (10
ml) were added- triethylamine (0.8 ml) and 4-dimethylaminopyridine (20 mg) and a left overnight ar r.t.
Usual workup as above followed by column chromatography on silica gel furnished 310 mg (91% vield)
of propionate 35b2 as a colourless oil.

Example ;1
Hexanoate of trioxane 27b [compound 35b4, formula 35, R, =R; =Me; Rs = n-pentyl ; X = H]

A mixmure of trioxane 27b (300 mg) and hexanoic anhydride (1 ml) in CH,Cl, (15 mi) was reacted
in presence of triethylamine (0.5 ml) and 4-dimethylamino pyridine (20 mg) at r.t for. 1 h. Workup as
above followed by column chfomalography on silica gel furnished 330 mg (89% yield) of hexanoate 35h4
as an oil. ' |
Example 12
Hemisuccinate of trioxane 27b {compound 41b, formula 41, R, = R;, =Me; X=Hj

To a stirred and ice-‘cooled mixture of trioxane 27h (2.3 g) and succinic anhydride (2.5 g) in
CH.Cl, (100 ml) wers added Lrieté&lmninc (2.5 ml) and 4-dimethylamino pyridine (50 mg) and the
reaction mixture was stirred at r.t. for 2 h, concentrated under reduced pressure, acidified (50 ml of
10% HCI._‘; and extracted with ether (3 x 150 ml). Ether extract was washed with water (3 x 100 ml),
dried (N2,30,) and concentrated under reduced pessure to give 3.1 g of crude material which was

chromatographed on silica gel (50 g, eluted with 50% ether in hexane) to give 2.3 g solid which was
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aystallied from ot -hexae o give LY o (68%  yicld) of henisuccimate 41 ay while cx}si;xls. hp
Y6-99°C. _

Simthr yiwclds of 41b were obtuncd when the reaction was dene in absence of 4-

dimclh_vl:unindp_vm!im-
Example 13
Ketoester 11f (formula 11, R, = R; = H, X = Ome)

Compound 11f was prepared from 3-methoxy-4-hydroxyacetophenone (formula 9. X = Ome) in
84% yield following the procedure used for the preparation of comp;und 11a as given in examplz 1.
B-Hydroxyester 131‘ (formula 13, R, = R; = H,X = OMc¢) |

To a refluxing mixture of ketoester 11g (21 g), zinc (6 g), and catalytic amount of iodine in
benzene (400 ml) was added dropwise ethyl bromoacetate (15 ml) and the reaction mixture was
refluxed for 8 hr. Work up ax.xd purification as given in example 1 furnished 20 g (71% vyield) of -
hydroxyester 131.

o, f3-Unsaturated cster 151 (formula 15, R, = R, = H, X= OMe)

B-Hydroxyester 13f (20 g) was dehydrated with P,Os in refluxing benzene as above and the
crude product was purified by column chromatography on silica gel to furnish 10.5 g (55%) of «,B-
unsaturated ester 15£. .

Allylic alcohol 17f (formula 17, R; =R, = H ; X= OMe)

o,B-Unsaturated ester 15f (1.2 g) was reduced with LiAlH. (240 mg) in dry ether (25 mI) at
0°C. Work and purification was done according to the procedure as given above to give 260 mg (29%
yield) of allylic alcohol 17f. - - '
~ Trioxane 27f (formula 27, R, = R, = H; X = OMe)

A solution of allylic alcohol 17f (550 mg), adamantanone (340 mg) and methylene blue (15
mg) in CH;CN (40 mi) was photooxygenated as above for 6 h. 10 give -hydroxyvhydroperoxide 191
(formula 19, R, = R, = H, X = OMe) as indicated by TLC. To this reaction mixture was added p-
toluenesulfonic acid (20 mg) and was lefl -at room temperﬁmrc overnight. Workup as above followed
by chromazograpﬁy on silica gel furnished 180 mg (19% yield based on the allylic alcohol 171 used) of
1,2,3-trioxane 27f.

Hemisuccinate for trioxane 27f (compound 41f, formula 41, R, = R, = H, X = OM¢)
Hemisuccinate 411 was prcparca from trioxane 27 in 80% yield following the procedure uscd for

preparation of compound 41a as given in example 5.
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[Example 14
Ketoester 11g (formula 11, R, = R; = Me, X = OMe¢)

A mixture of 4-hydroxy-3-methoxyacetophenone (15 g) ethyl 2-bromoisobutyrate (22 mly and
K;CO, (45 g) in acetone (450 ml) was refluxed for 27 h. Most of the solvent was distilled off and the
reminder was diluted with water and extracted with ether, ether extract dried on Na;SQ. and concentraled.
The crude product was chromatographyed on silica gel (elution with 5% sthylacetate in hexane) to furnish

~ 4.41 g (18% yield) of ketoester 11g as an oil.
B-Hydroxyester 13g (formula 13, R, = R; = Me, X = OMe) -

A mixture of ketoester 11g (4.4 g), zinc (3 g) and ethyl bromoacetate (2.5 g) in benzene was
refluxed for 7 hr. Work up as above to give 6.0 g of crude product which was Qsed in the next step
without purification.

o, B-Unsaturated ester 15g (formula 15, R, = R, = Me, X = OMe)

B-Hydroxyester 13g (crude product 6.0 g as obtained above) was dissolved in benzene (100
ml), L, (40 mg) was added the reaction mixture was reﬂuxed for 6 hr. Workup and purification
effected as above furnished 2.7 g (49% yield, based on ketoester 11g) of ¢ B-unsaturated ester 1Sg as an
oil.

Allylic alcohol 17g (formula 17, R; = R, = Me : X = OMe)

-~ a,B-Unsaturated ester 15g (1.9 g) was reduced with LiAIH, (1.8 g) in dry ether at 0°C as above.
Normal worla..lp followed by chromatography furnished 1.1 g (76% yield) of allylic alcohol 17g as an oil.
Trioxane 27g (formula 27, R; = R, = Me ; X = OMe) _

A solution of allylic alcohol 17g (1.1 g) and methylene blue (20 mg) in acetonitrile (50 ml) was
photooxygenated as abo‘{e at 0°C for 7 h. to give Q-hydroxyhydr‘operoxide 19g (formula 19, R, =R, =
Me, X = OMe) as indicated by TLC. The rcaxﬁtion_.mixture was divided into two equal parts. One part
was reacted with 2-adamantanone (500 mg) in presence of conc. HCI (4 drops) at room temperature
overnight. Usual workup followed by chromatography fumished 300 mg (34% yield based on the
alcoho! 17g used) of tripxane 27% as thick oil.

Example 15 . '
\ Trioxane 23gl1 (formula 23, R, = R, = Me ; X= OMe ; R;, Ry = -CH,CH,CH,CH.-)

The other half of the reaction mixture as obtained in the above experiment was reacted with
cyclopentanone (I ml) inpresence of conc, HCI (5 draps) at r.t. overnight. Usual workup followed by

purification furnished 210 mg (28% yield based on alcohol 17g) of trioxane 23g1.
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Example 16
Ketoester 12a (formuls 12, R; = R; = H)

A mirture of 3-hydroxyacetophenone (5 g), cthyl chloroacetas (5.6 ml) and K,CO. (7.5 @) was
heated at 65°7 with stirring for 13 h. It was cooled to room temperature, diluted with water (50 ml) and
extracted with cther (2 x 100 ml). Ether extract was washed with water (3 x 50 ml), dried (Na,SO,).
concentrated and chromatographyed on silica gel using 50% ethylacetare - hexane as eluant to give 4.52 ¢
(49% yield) of ketosster 12a as an oil.
a,B-Unsaturated ester 16a (formnla 16, R; =R, =H) _

To a refluxing mixture of ketoester 12a (15 g), zinc (6 g), iodine (70 mg) in benzene (350 mi)
was added dropwise sthyl bromoacstate (8 ml) and the reaction mixturs was refluxed for 9 hr. The
reaction mixture was cooléd, acidified with aqucous- 10% HCI, benzene layer was separated and the
aqueous layer was extracted with benzene. The combined benzens extract was washed with water,
aqueous NaHCO;, dried (N2;SO,) and concentrated to give 14a which was dehydrated with P,0; (5 g) -
using the procedure as given in example 7, and the final product was purified by colunm
chromatography on silica gel (hexane - ethylacetate as eluant) to furnish 14.75 g (45% based on 12a) of
16a as an oil.

Allylic alcohol 18a (formula 18, R, = R, = H)

To astirred and ice-cooled mixture of LIATH, (8 g) in dry ether (400 ml) was added dropwise a
solution of a,B-unsaturated ester 16a (11 g) in dry ether and étirred the reaction mixture in ice bath for 6
h. It was quenched with H;O and 10% NaOH. The organic layer was separated and the residue was
washed with ether. The combined ether extract was dried (Na,SO.), concentratcd and purified by
column chromatography on silica gel using hexane - ethylacetate as cluant to give 5.8 g (74% yield) of
allylic alcohol 18a.

Trioxane 24al (formula 24, R, = R, = H ; R,;, R, = CH,CH,CH,CH,)

A solution of allylic alcohol 18a (1.0 g) and Rose Bengal (5 mg) in acetonitrile (65 mg) was
photooxygenated at 0°C for 7 h. to give B-hydroxyhydroperoxide 20a (formula 20, R, = R; = H) . as
indicated by TLC. To this _;eaction mixture were added cyclopentanone - (1.5 ml) and p-
toluenesulfonic acid (15 mg) and the reaction mixture was stirred at room temperature for 4 h. Workup
as above followed by chromatography on silica gel column furnished 600 mg (43% yield base‘d on

altlylic alcohol 18a) of trioxans 24al.
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Heniisuccinate of trioxane 2'“'” (compound 38al, formula 38. R, = R; = H : R = R, =
CH.CHCHLCH,)

A solution trioxane 24al (60 mg) and succinic anhydride (2.0 g) in p'_\'rhim-: % ml) was
stirred al room temperature overnight The reaction mixture was diluted with water and extracted
with cther. The ether extract was waslied with water, 10% aqueous HCI, water, drivd (Na $0,) anc
concentrated. The crude product on puriﬁcd'by chromatography on silica gel using CH.Cl, - other as
elvant furnished 780 mg (98% vield) of hemisuccinate 38al.

Example 17
Trioxane 28a (formula 28, R, = R, = H) _

A solution of allylic alcohol 18a (1.0 g) and methylene bluz (5 mg) in CH,C1; (65 mg) was
photooxygenated as above at 0°C for 10 h. To the reaction mixture were added 2-adamastanone (1 g) and
p-tolusnssulfonic acid (15 mg) and the reaction mixture was kept at room temperature overnight. Ustial
workup as above followed by purification by chromatography on silica gel column fimished 350 mg
(21% yield based on allylic alcohol 182) of trioxane 28a as a thick oil.

Hemisaccinate for trioxane 28a (com_pound 42a, formula 42, R, =R, = H)

Hemisuccinate 42a was prepared in 91% yield by reacting trioxane 28a with succinic anhydride
following procedure as given in the above example.
Example 18
Ketoester 12b (formula 12, R, = R, = Me)

A mixtre of 3-hydroxyacetophenone (5 g) ethyl 2-bromoisobutyrate (5.4 ml) and K,CO; (7.5 g)
was heated at 120°C for 6 h. The reaction mixture was diluted with water, extracted with ether. Ether
extract was washed with water, dried, concentrated and chromatographyed on silica gzl to fumish 1.82 g
(22% yield) of ketoester 12b as an oil. '
a,B-Unsaturated ester 16b (formula 16, R, = R, = Me)

To a refluxing mixture of ketoester 12b (14.6 g), zinc (7.3 g) and iodine (50 mg) in benzene (400
ml) was addzd dropwi§e a solution of ethyl bromoacetate (7.3 ml) in benzene (50 ml) and the reaction
mixture was refluxed for 14.5 ];r when it was cdolcd, acidified with 10% aqueous HCL DBenzene
tayer was separated, washed with aqueous NaHCO;, dried and concentrated to give }i‘hydroxy ester 14b

which was used in the next step without purification.

19



e crude B-hydroxyester 14b as ohlaincd above wax dissolved in benzene (300 mb, P05 (10 g)
wils added and the mixture was refluxed for 3 h lisual workup  followed h_\',' <cliromatography
tunished G.f-unsatrated 2ster 16b (7 2. 42% vicld based on 12h). .
Allylic alcohol 18b (formuta 18, R, = R, = Mc) R

To a stirred and icz-cooled mixture of LiAlll, (3.2 g) in dry ether (450 ml) was added a
solution of «,B-unsaturated 16b (3.6 g). The reaction mixture was stirred for 2.5 h. in ice bath. [t was
quenched with water and 10% aqueous NaOH. Ether layer was s-.:paralefl and concentrated to give 2.6
gofresidus which was chromatographed on silica gelto give 2.3 g (.-86'% yield) of allylic alcohol
18b. ' |
Trioxane 24bl (formula 24, R, = R, = Me ; Ry, Ry = CH,CH,CH,CH,)

A mixture of allylic alcohol 18h (300 mg) and methylene blue (20 mg) in CH;CN (40 mi) was
photooxygenated at 0°C for.‘5.5 h. to give B-hydroxyhydroperoxide 20b (formula 20, R, =R, = Me) as
indicated by TLC. The reaction mixture was divided in two cqual parts. To one-half of this
reraction were added cyclopentanone of (1 ml) and PTSA (40 mg) and the reaction mixture was
stirred at room temperature for 5 h. Usual workup followed by chromatography on silica gel furnished
170 mg (81% yield based on alcohol 18b) of trioxane 24b1. '

Hemisuccinate for trioxane 24bl (compound 38bl, formula 38, Ri =Ry, =Me; R;, Ry = _
CH.CH.CH,CH;)

To an ice-cooled solution of trioxane 24b1 (200 mg) and succinc anhydride (400 mg) in CH,Cl,
(20 ml) were added Et;N ( 1 ml) and 4-dimethylamino-pyridine (DMAP, 20 mg) and the reaction mixture
was stirred at room temperature for 1.5 h. The solvent was removed under vacuum, acidified with 10%
aq. HCI and extracted with ether. Ether extract was washed with waler, concentrated and puriﬁed by
chromatography on silica gel to give 230 mg (92% yield) of compound 38b1 as an oil.

Trioxane 24b2 (formula 24, R, = R, = Me, R;, R, = CH,CH,CH,CH,CH,)

To the other half of the photooxyge:raxédlnimure obtained as in the above cxpefimenl were.addcd
cyclohexanone (1 ml) and PTSA (49 mg) and the reaction mixture was stined at r.t. for 5 h. Workup
and chromatography on silica gel column as above fumish;d 110 mg (50% yield based on alcoho] 18b) of
trioxans 24h2.
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Hemisuccinate for tioxane 24b2 (compound 38h2, formula 38, R, = R;. = Me ; Ry, Ry =
CH,CH,CH,CH, CHi;)

Trioxane 24b2 (250 mg) was reacted with succine anhydride (350 mg) in CH,Cl, (20 ml) as
above and the crude product was purified by chromatography on silica gol using 25% cther in CH,Cl, as
eluant to give 280 mg (%7% yield) of compound 38h2 as an. oil.

Example 19 _
Trioxane 28b (formula 28, R, = R, = Me)

A solution of allylic alcohol 18b (300 mg) and methylene blue 7_70 mg) in CH;CN (30 ml) was
photooxygenated at -8°C for 6 h. To the reaction mixture were added 2-adamantanone (300 mg) and p-
toluenesulfonic acid (S0 mg) and left at room temperature overnight. The solvent was removed under
vacuum and the residus was diluted with aq. NaHCOQ; and water and extracted with ether. The ether

-extract was washed with water, dried, concentrated and chromatographed on silica gel to furnish 310 mg
{62% yield) of trioxane 28b as an oil.
Hemisﬁccinate of trioxane 28b [compound 42b, formula 42, R, = R, = Me]

To a stirred ice-cooled mixture of trioxane 28b (100 mg) and succinic anhydride (200 mg) in
CH;Cl (10 ml) were added triethylamine (0.5 ml) and 4-dimethylamino pyridine (20 mg) and the
reaction mixture was stirred at r.t. for 3 hr. The reaction mixture was concentrated under reduced.
pressure, acidified with 10% aquoeus HCI and extracted with ether (2 x 20 mi). The ether extract was
washed with water dried (N2,S0,), concentrated and purified by column chromatography on silica gel
to give 100 mg (80% yield) of hemisuccinate 42b as a thick oil.

Example 20
Ketoester 11c (formula 11, R, = H, R, = Me, X = H)

A mixture of 4-hydroxyacetophenone (5 g), ethyl 2-bromopropionate (5 ml) and K,CO; (7.5 g)
was heated at 120°C for 7.5 h. The reaction mixture was extracted with ether, washed with water, dried,
concentrated and chromatographed on silica gel to furnish 1.8 g (21% yizld) of 11c, m.p. 64-72°C.
a,B-Unsaturated ester I§c (formula 15, R; = H;R; = Me, X =H)

To a refluxing mixture ofke;;)cster 11c (25 g), Zn (6.5 g) and iodine (50 mg) in benzene (250 mi)
was added dropwise ethyl bormoacetate (12 ml) and the reaction mixture was refluxed for 7 h. The crude
product (13c) obtained afler usual workup was dehydrated with iodine (2 g) in benzene (100 ml) by
refluxing for 4 h. The reaction mixture was washed with a slution of sodium thiosulphate, concentrated and

purified by chromatography on silica gel 1o give 14.6 g (47% yield) of 15c¢ as an oil.



“Allylic atcohol 17¢ (formula 17, R, = I, R, = Me, X = ) -

o, B-Unsaturated ester 15¢ (5.0 g) was reduced with LIAITH, (3 g) 1 dry cther (250 ml) as above
to give 2.7 g allylic alcehol 17c. |
Trioxane 23¢ (formula 25, R, = Me. R; = X = H)

A solution of allylic alcohol 17¢ (1.5 g) and methylene blue (10 mg) in CHCN (45 ml) was
photooxygenated as above for 6 h. to give f-hydroxyhydroperoxide 19¢ (formula 19, R, =Me ;R; = X =
H). One third (corresponding 16 500 mg of 10¢) was taken and reacicd with norcomphor (1.0 g) in
presence of catalytic amount of p-!oluencsulfoni.c acid at r.t. for 3 h l\.!sual ‘workup followed by
chromatography on silica gef column furnished 300 ing (38% yield based on the allylic alcobol 17¢
used) of trioxane 25c. '

Example 21
Ketoester 11d (formula 11, il, =H,R;=Et,X=H)

A mixture of 4-hydroxyacetophenone (5.0 g), ethyl Z-bx'onlobut)'rme (5 ml) and K,CO; (7.5 g) was
heated at 120°C for 7.5 h. Workup followed by purification of the crude product as above (example 20)
furnished 3.9 g (42% yield) of compound 11d as an oil.

«,B-Unsaturated ester 15d (formula 15, R; = H, R, = Et, X=H)

To 2 refluxing mixture of ketoester 11d (3.5 g), Zinc (2.0 g), iodine (50 mg) in benzene (50 ml)
was added ethyl bormoacetate (1.5 mi) and the reaction mixture was refluxed for 5 h. It was acidified with
10% HCI, benzene layer was separated and concentrated and the crude product was purified by
chromatography to give 2.45 g (52% yield) of 13d. Compound 13d (2.4 g) was dehydrated in refluxing
benzene using P,Os as catalyst. Workup followed by column chromatography on silica gel as above
furnished 2.0 g (88% yield) of ester 15d as an oil. '

Allylic alcohol 17d (formula 17, R, =H; R,=Et; X=H) _

o.,B-Unsaturated ester 15d (2.7 g) was reduced with LiAlIH. (1.5 g) in dry ether .(150 ml) and the
crude product was purified by ctvomé!ography on silica gel using hexane - sthylacetate as eluant 10 give
1.2 g of allylic alcohol 17d. . )

Trioxane 27d (fornula 27, R, = Et, R, = X = H) |

A solution of allylic alcohol 174 (1.2 g) and methylene blue (10 mg) in CH;CN (40 mi) was
photooxygenated as above for 7 h. to give B-hydroxyhydroperoxide 19d (formula 19, R, ='Et; R, =X =
H) as indicated by TLC. To one half of this reaction mixturc were added adamantanone (600 mg) and

PTSA (10 mg) and the reaction mixture was stirred at 5.t for 2 L Usual workup foflowed by
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chromatography ou s:hica gel turnished 300 mg (30% yicld based ou the alivlic alcoliol 17d used) of
trioxane 27d as oil.

Example 22

Ketoester 11e (formula 11, R, = H, R, = n-pentyl, X = H)

A mixture of 4-hydroxyacetophenone (5.0 g), clhyi 2-bromoheptanoate (8.3 g) and K,CO; was
heated at 120°C for 7.5 h. The reaction mixture was extracted with ether. Ether extract was washed with
water, dried, concentrated and chromatographed on silica gel to ﬁxrnis!;‘9.l g (89% yield) of compound
1le, as an oil.
o,B-Unsaturated ester 15e (formula 15, R, = H, R; = n-pentyl, X = H)

To a refluxing mixture of ketoester 1le (25 g), Zn (7.5 g), iodine (100 mg) in benzene (450 ml)
was added ethyl bormoacetate (9 ml) dropwise and the resulting mixture was refluxed for 5.5 h. It was
acidified with 10% HCI, benzene layer was separated, washed with aq. NaHCO, solution, dried and
concentrat_ed to give B-hydroxy-ester 13e which was used without purification in the next step.

Crude product 13e as obtained above was dissolved in benzene (350 ml), iodine (100 mg) was
added and the mixture was refluxed for 2.5 h, The reaction mixture was washed with a solution of sodium
thiosulphate, dried, concentrated and chromatographed on silica gel (elution with 5% ethyl acetate -
hexane) to give 22.1 g (71% yield) of o, B-unsaturated ester 15e as an oil.

Allylic alcohol 17e (formula 17, R, = H ; R, = n-pentyl ; X=H)

o,B-Unsaturated ester 15e (12 g) was reduced with LiAIH, (10 g) in dry ether (600 ml) at 0°C as
above to give 8.3 g of crude product which was purified By chromatography on silica gel to furnish 6.5
g (71% yield) of allylic alcohoi 17e. , |
Trioxane 23el (formula 23, R, = CH,CH;CH,CH,CHs ; R; =X = H, R;, Rq = -CH,CH,CH;CHz-)

A solution of alcohol 17e (2 g) and methylene blue (100 mg) in CH,CN (60 mi)_ was
photooxygenated at 0°C for 4.5 h. to give B-hydroxyhtydroperoxide 1%e¢ (formula 19, R; =
CHZCHZCHZCHzCﬂg ; R2 = X =H) as indicaled by TLC. One half this photooxygenated reaction mixture
was reacted with cyclopentanone (2 ml) in presence of PTSA (50 mg) at r.t. for 5.5 h. Usual workup
and chromatography on silica gel column to furnish 610 mg (45% yicld based on allylic alcohol 17e
used) of trioxane 23el.

Trioxane 27e (formula 27, R, = CH,CH,CH,CH,CH; ; R, =X=H)
To the other half of the photooxygenated mixture as obtained in the above example weré added 2-

A
adamantanone (1 g) and PTSA (50 mg) and the reaction mixuture wa stirred at r.t. for 5 h. Usual workup
IS
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followed by chromatography un silica gel column  using hexane - cthylacetate as cluant tunnshed 780
mg (76% yield based on allylic'alcohol 17¢ uscd) of trioxane 27¢ as a thick oil.
Hemisuccinate of trioxane 27¢ [compound 41e, formula 41, R, = H, R, = n-pentyl; X = I{]

To astimed and ice-covled mixwre of trioxane 27¢ (200 mg) and succinic anhydride (200 mg) in
CH,C!; (20 ml) were added tricthyluminz (0.5 ml) and 4-dimethylamino pyridine (20 mg) and the

reaction mixture was stirred at r.t. for 1.5 h. Workup as above followed by purification by colunn

. chromatography on silica gel fumished 200 mg (82% yield) of hemisuccinate 41e as-a colourless oil.

Using the above procedures the following hydroxy-functionalized trioxane and their esters were

also prepared.

'Trioxane 23a4 (formula 23, R, = R,= X = H ; Ry. R, = Me, Et) ; 36% yield

Trioxane 23a5 (formula 23, R, = Ry=X=H, R;, R. = Me, CH;CH;CH,) ; 43% yield
Trioxane 23a6 (formula 23, R, = R,= X =H, Ry, Ry = Me, CH,CHMe,) ; 29% yield
Trioxane 23a7 (formula 23, R, =R, = X =H, R; =R, = n-propyl) ; 21% yield

Trioxane 23a8 (formula 23, R, =R, = X =H, R; = R, = n-butyl) ; 11% yield

Trioxane 2329 (formula 23, R, =R, =X=H, Ry = R. =n-pentyl) ; 16% yield

‘Trioxane 23a10 (formula 23, R, =R, =X =H, Ry, Rs = -CHa(CH:)-CH;-) ; 16% yield

Trioxane 23ail (formula 23, R, =R; =X =H;R;, R = -CH,-CH,-CO-CH;-CH;) ; 6% yield
Trio;:ane 23al12 (formula 23, R, =R,=X=H, Rs, Ry =H, -CgH) ; 45% yield

Trioxane 23al3 (formula 23, R, =R, =X=H, R;, Ra = H, 1-naphthyl); 38% vieid

Trioxane 23b3 (formula 23, R, =R,=Me, X=H, R;, R, =H, 1-naphthyl}; 7% yield

Trioxane 23b4 (formula 23, R, =R,=Me, X =H, Rs, R, = CHy(CH;)~CH3) ; 15% yield
Trioxane 23c1 (formula. 23, R, R; =H, Me ; X =H, Rs, Ry = -CH,-CH;-CH,-CH;-) ; 42% yield
Trioxene 23c2 (formula 23, R, R, = H, Me ; X = H, Ry, Ra = -CHy-(CH)s-CHa) ; 46% yield
Trioxane 23d1 (formufa 23, Ry, R, = H, Et: X = H, R, Ry = -CH;-CH;-CH,-CH,-) ; 33% yield
Trioxane 23¢2 (formula 23, R,, R, = H, n-pentyl ; X = H, Ry, Ra=-CH;~(CH,)-CHz) ; 54% yield
Trioxane 23e3 (formula 23,R,, R, = H, n-pentyl ; X =H, R;, R = -CH;-(CH,)+-CH,) ; 38% yield
Trioxane 23e4 (formula 23, Ry, R; =H, n-pentyl ; X =H, R;, Ry = -CH,-(CH;)s-CH,) ; 15% yield

Trioxane 23e5S (formula 23, R,, R, =H, n-pentyl ; X =H, R;, R, =Me) ; 54% yield

Trioxane 23f1 (formula 23, R, =R, =H; X =OMe; R;, R, = -CH,-CH,-CH,-CH,) ; 27% yield
Trioxane 23f2 (formula 23, R, =R,=H; X =0Me, Ry, R = -CH;<(CH,)5-CHa) ; 16% yicld
Trioxane 23g1 (formula 23, R, =R, =Me; X =OMe, R;, R4= -CH,-CH,-CH,-CH:-) ; 28% vyield
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Trioxane 24a2 (lormula

24.R, =R, -

H Ry Ry~ -CHGOH 1-CH;) 5 4 1% vield

Trioxane 24a3 (formula 24. R, = R, = H; R R, = -CH{C1;),-CH;) ; 60% vield
Trioxane 24b3 (formula 24, R, = R,; = Mc © R,, R. = H, 1-naphthyl) ; 24% vicld
Trioxane 25a {fonmula 25, R, = R, = H); 34% yicld

Trioxane 25¢ (formula 25, Ry, R; = H, Mc); 39% yield

Trioxane 25d (formula 25. R,, R; = H, Et) : 15% vicld

Trioxane 25e (formuia 25,R,,R, =
Trioxane 26a (formula 26,R,,R;=
Trioxane 26b (formula 26, R;, R;

Trioxane 27¢ (formula 27, Ry, R; =

Trioxane 28b (formula 28, R,,R; =

Compound 31a2 (formul:a 31;R, =

Compound 3123 (formula 31 ;R; =R

Compound 31a4 (formula 31; R, =
yield
Compound 31as (formula 31; R, =
yield
Compound 31a6 (formula3l; R, =
Compound 31b1 (formula 31, R,
Compound. 32b1 (formula32;R; =
Compound 32b2 (formula 32 ; R,
Compound 32h3 (formula32; R, =
Compound 33ai (formula 33 ; R, =
Compound 33a2 (formula 33 ; R, =
Compound 33a3 (formufa 33 ; R,

Compound 34b (formula34; R, =

Compound 35b3 (ionnula 35;R; =R

Compound 35b5 (formula 35; R,
Compound 36b (formula 36 ; R,
Compound 37al (formula 37 ; R,
Compound 37a2 (formula 37; R, =

H n-pentyl) ; 35% vicld
=H) ; 23% vield

=Me) ; 53% yield

H, Me) ; 39% yield

Me) ; 27% yield

R;=X=H; Rs, R = -CH,;-CH,-CH;-CH,- ; R; = Et) ; 80% yield
=X =H ; R;, R« = -CH,-CH,-CH,-CH,- ; Rs = n-Pr) ; 78% yield -

R:= X H; R; Ry = -CH; CH,-CH;-CH;- ; Rs = n-hexyl) ; 75 %0
R; =X =H; R;, R« = -CH,-CH,;-CH,- CH; ; Rs = phenyl) ; 42%
R;=X=H; Ry, Rs= H, I-naphthyl ; Rs=CH;); 36% yield

=R, =Me, X=H;R;, Re=H, 1-naphthyl ; R, =CH,); 90% yield
R, =Me; R;, R = -CH,-CH,;-CH,-CH,- ; Rs = Me) ; 89% yield

=R; =Me; R;, Ry = -CH;-(CH.);-CH;- ; Rs = Me) ; 86% yield
R, =Me; R;, Ra =H, 1-naphthyl ; Rs =Me) ; 73% yield
R;=X=H;R; =Me); 82% yiceld
R, =X=H; R; =Et); 76% yield

=Rz =X =H; Rs =n-hexyl) ; 83% yield

R; = Me, Ry =Me) ; 94% vield

R;=Me; X=H;R:= n-Pr) ; 57% yield

=R, =Me; X=H,; R; = n-hexyl) ; 95% yield
=R,= Ry =Me); 91% yicld |
=R,=X=H;R;,Rs= :CHZ-CH,-CH;-CH;-) ; 87% yield
R; = X=H;Rs Ra= -CH,-(CH,),-CH;-) ; 40% vield
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Cmnpouhd 37a3 (formula 37 . R; = R; = X =H Ry = Ry = Me) ; 70% yicld

Compound 3724 (fornla 37 R, =R: = X =H Ry =Rq= H. I-naphthyl) : 66%s yvicld
Campound 37b2 (formuia 37 ; R, =R, = Me, X = H; R;, Ry = -CH,;-(CH,):-CH.:-) . 8620 yicld
2
=H, n-penthyl, X

Compound 37b3 (formula 37 ; R, = : TR
Compound 37¢1 (formula 37 : R, R, =H:R; Re= LCH:CHy-) : 79% yield
Compound 37f1 (formula 37 ; R, = R; = H, X = OMe ; R;, Ry = -CH,-CH;-CH,-CH;-) ; 76% vield
Compound 38a2 (formula 38 ; R, =R, = H ; Rs, Re= -CH; (CH,)5-CHy-} : 90% vield

Compound 38b1 (formuia 38 ;R,=R;=Me;R3, Re= -CH;-CH;-CH;-EHz-).; 9295 vield
Compound 38b2 (formnula 38 ; R, =R, =Me; R;, R = -CH;(CH;);-CH;-_) ; 887, yield
Compound 38b3 (formula 38 ;R; =R, =Me: Ra, R, = H, l-naph.myl) ; 87% vicld

Compound 3%a (formula 39 ; R, =R;=X=H); 97% yield

Compound 40b (fonnulé 40 ; R, = R; =Me) ; 96% yield

Compound 41f (formula 41; R, =R, =H; X = OMe); 80% yield

Compound .41g (formuiz 41 ;.R1 =R, = Me, X=0Me)

Compound 42a (formula 42; R_,'= R; =H); 91% yield
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Antimalarial Activity

The antimalarial activity of the test compounds was cvaluated in rodent using multidrug

resistant strain of Plasmoduim yoeiii Niguriensis in swiss mice,

General Precedure : Random bred swiss mice of either sex (20 = 2 gm) were  inoculated
intraperitoneally with 1 x 10* 2. y;:aei':t (MDR) parasites on day zéro. The treatment with test
compounds were administered to groups of 6 mice each at different dose levels ranging between 24-
96 mg/kg/day. The trioxanes wefe dissolved in groundnut oil (or 50% sodium bicarbonate solutions in
case of hemisuccinaxe.derivmives) and were administered via intramuscular or oral route for 4.
consecutive days (day 0-3)..

Blood smears from experimental mice were observed on day 4 and 7, day 10 and thereafier at regular
interval till day 28 or death of the animal. The parasitaemia level on day 4 was comparsd with the
vehicle control group and the percent suppression of parasitasmia in treated groups was calculated.

For determing the curative dose of a compound the treated mice were observed till day 28. The dose
at which no parasitaemia develop during the observation period has been recorded as the curative dose.

The antimalarial data is summarized in Table-4.
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Table 4. Antimalarial activity of substituted trioxanes against multi drug resistant siran of
Plasmodium voeli: Nigeriensis in swiss mice

Compd. R|;me Dose No. of %0 Suppres-  Cured/
No. mg/kg animals siton on Treated
day-4
23al _ im 96 6 100 1/6
im 48 S 100 ~ /5
23a2 im 96 5 100 0/5
im- 48 5 100 1/5
23a4 im . 96 6 70 0/5
23b1 im 9% 5 98 2/5
23b2 im 96 5 100 2/5
23c1 im 96 6 100 .3/6
23c2 im 9% 6 100 0/6
23el im 96 5 100 1/5
23e2 im 96 6 92 0/5
2311 im 96 5 100 0/s
im 48 'S 100 0/5
2312 im . 96 5 97 0/s
23g1 im 96 6 93 o6
24al im 96 6 . 160 0/6
24a2 im 96 _ 6 ' 89 0/6
24a3 Cim . 9 6 100 0/6
24b2 im %6 6 83 0/6
25a im 96 6 100 T3
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Trioxane 27a, 27h ande their hemisuccinates 41a and 41b were evaluated for bleod schizontocidal
activity against Plasrusdium cyromolge and Plasmodiim inowlest w Rhesus monkeys using the following
protocol: |

For activity against P. cynomoigi, rhesus monkeys were inoculated intravenously with 1 x 1o*
parasitized RBC and the treatment was initiated when the parasitaemia level reached abave 0.5%. For
activity against P. imowles: the rhesus monkeys were inoculated intravenously with 1 x 10 parasitized
RBC and the treatment was initiated at 0.1% parasitacmia level.

Compounds 27a and 27b were dissolved in groundnut oil and aclr'r;inistcred in various regimens for
3-5 days via oral or intramuscular (im) routes. Hemisuccinates 41a and 41b were dissolvéd,in %
bicarbonate solution and administered similarly by oral, im or iv routes.

The blood smears from the treated monkeys were examined once daily to record parasitacmia
clearance time and subsequent recurrence of parasitaemia. The animals in which no recrudescence was’

observed upto day 60 were recorded as cured. The antimalarial data is summerized in table § and table 6.

Table S : Antimalarial activity of trioxanes against Plesmodium cynomolgi in rhesus monkey model

Compound  Route Dose Regimen Time for complete  Cure rate
mg/kg x days clearance of
parasitasmia (hr)
27a im 10.0x4 Divided 48 22
im 10.0x4 Single 48 3/4
im - 7.5x4 Single 48 172
im 5.0x4 Divided 48-72 172
oral 200x 5 Divided 72 27?2
oral 20.0x 5 Divided 48 3/3 ‘
oral 15.0x% 5 Divided 48 3/3
oral - 10.0x5 Divided 48 072
27b im - 15.0x4 Divided 48 272
im 10.0x4 Divided 72 212
oral 20.0x 5 Divided 48 212
oral 20.0x5 Divided 72 212
oral 15.0x5 Divided 72 272
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41a im 10.0x4 Divided 48 4/4

im 10.0x 4 Single 48 21
im 7.5x4 Single 48 142
oral 00xS Divided 48 313
oral 0.0x4 Divided 48 2:2
oral 15.0x 5 Divided 48 072

41b iv 10.0x4 Divided 48 272
im 10.0x4 Divided 48 22
im "10.0x4 Single 48-72 0/2
oral 200x5S Divided 48-72 22
oral 10.0x 5 Divided 96 5 072
oral 200x1+ Divided 48-72 5/
10.0x4

Table 6 : Antimalarial activity of trioxanes against P. knowlesi in rhesus monkey model

Compound  Routs Dose . Regimen Time for complete  Cure rate
mg/kg x days clearance of
. parasitaemia (hr)

27a im 200x4 Divided 48 2/2
im 15.0x4 Divided 48 272
im 10.0x4 Divided 48 02
im - 5.0x4 Divided 72 072
oral 150x4 Divided: 48-72 : 22

41a " im 20.0x4 Divided 48 /2
im 15.0x4 .. Divided 48 12
oral 30.0x4 Divided 48 1
oral 15.0x4 Divided 48 0/2
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CGamelocytocidal Aclivity

Compounds 27a and 41a were also tested for gametocytocidal activity according to the following

protocol :

Different batches of 3 to 4 days old naive Anopreles stephensis mosquiloes arc allowsd to
engorge blood from gametocyle carrying infected host (rhesus monkey infected with P. cenomieor or
hamster infected with P. yoe1) at different time intervals prior to and after administration with a single
dose of the test compound. The blood fed miosquitoes were maintained for the next 7-10 days mn an
insectorium to allow development of oocysts. A comparison of mosquito infectively rate and oocyst

numbers-in pre-treatment versus post-treatment provided index for gametocytocidal potential of the test

agent.
Compound 27a and 41a showed complete loss of infectivity in mosquite batches fed 24 h_post-

treatment with SO mg/kg (im, single dose) in F. yoelfi model and 20 mg/kg (im, single dose) or 30 mgrkg

(oral, single dose) in P. cyrnomolg: model.

34



Claime

1 Novel substituted 1.2 4-trioxancs of formul 1 wherein R, R; are hydrogen. alks | group such s

methyl, ethyl, propyl ; Ry, Ry are hydiogen. alkvi group such as methyl, cthyl. arvl such  as phenvt,

naphthyl, R.is hvdrogen. alkyl group such s methyl, ethyl, propyl. arvl such as phenyt. or

carboxyalkyl group such as CH,CH.C O, . 7 1x OO or OCO.

N —
PUSTS T

2. Novel trioxanes as claimed in claim | wherein te said compounds having structural formias

23al1-23a13, 23b1-23b3, 23c1-23¢2, 2341, 23el-23e5, 23f1-23|‘2, 23g1 as shown below.

h0\><§/

23al

23a2

?323 Ri, R =
23a4 R, R,=
23a5 R,R;=
23a6

2327 R, R, =
23l38 R,.R;=
23a%9 R, R;=
23a10 R,R;=
23211 R, R, =
23al2 Ry, R,

Rh Rz = H., H H X=H N R:, R4 = CHzCHzCHzCHz
Ri,R:=H,H; X=H;R;,R.= CH,CH,CH,CH,CH,

HH;
HH;
H H;

X=HRs; Ry=Me, Me
X=H;R31R4=M6’Ex
X=H;R;, Ry=Me, CH,CH,CH,; .

Ri,R;=H,H; X =H; R;, R, = Me, CH,CHMe,

HH:

=H,H;
H H:

H,H.
H,H;
=HH;

X=H; Ry, Ra = n-propyl, n-propyl
=H | R;, R« = n-butyl, n-butyl
X.= H; Ry, Rq = n-pentyl, n-pentyl
X =H; Ry, Ry = -CH,-( CH,)-CH;,-
X =H; Ry, R = CH,CH,;-CO- CH,CH,
X =H Ry, Re=H, phenyl

23a13 Ry, R; =H, H; X =H; Ry, Ry =H, 1-naphthyl

23h1

Rlv RZ

=Me, Me; X = H; Ry, R, = CH,CH,CH,CH,
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B

33h2 Ry Ry= Me, Me: X=H; Ry Re = CH 'H:CHCH.CH,

23h3 R.R;=
23h4 R, R, =

23cl R R;=

23¢2 R,.R;=
23d1 R, R;=
23el R,.R;=
23e2 R, R;=

23e3 R, Rz =

23e4 R|,R;
23e5 R, R;=
23f1 R, R,=

2312 Rl, Rz =

ngl R], Rz

3. Novel trioxanes as claimed in claims 1 wherein the said compounds having the structural formulas

Me, Me: X =H ; Ra. R, = [, 1-naphthyl

Me. Me; X = H ; Ry, Ra = CH.-i Clia-CH;

= H. Me: X =H; Ry, Re = CH,CHLCH,CH,

H, Me: X =H: Ry, Ro = CH;CH,CH,CH;CH;
H. Et; X =H; Ry, Ry = CH.CI1,CH,CH,

H. n-pentyl’; X = H ; Ry. Rq = CH,CH;CH,CH:
H, n-pentyl ; X = H: Rs, Ry = CH;CH;CH,CH;CH,
H. n-pentyl ; X = H : Ry, Ra = - CHo(CH,)CH;
H. n-pentyl : X =H ; Rs. Ra = - CHy{CH,);CH,
H, n-pentyl ; X =H ; R3, Rs = Me, Me

H,H; X =OMe ; Ry, R =- CH,CH,CH,CH,
H,H: X = OMe ; Ry, Ru = CH,-(CH,),-CH;
Me, Me ; X = OMe ; Ry, R. = CH,CH,CH,CH,

24al, 24b1, 24b3 as shown below.

g
T
o < O

w4 .‘R?

24al R,,R;=H, H; Ry, R = CH;CH,CH,CH;

24a2 R,,R;=H,H; R;, R. = CH;-(CH;);-CH;

24a3 R,,R;=H,H; R;, Rq = CH;-(CH,).-CH,
24b1 _R;, Ry =Me, Me ; Ry, Re = CH,CH,CH,CH,
24b2 R, R, =Me, Me ; R, R = CH,CH,CH,CH,CH;
24b3 R;, R;=Me, Me ; R;, R =H, I-naphthyl

4. Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulas

25a, 25c, 25d, 2Se as shown below.,

36

ACX I



o e (AR

25¢ R;,R;=H, Mc, X=H.
25d. R, R;=H,Et, X=H
25¢ R, R;=H, n-phenyl, X=H

Novel trioxanes as claimed in c¢laim 1 wherein the said compounds having the structural formulas

/{[ 0—0
N,
0
o
R!>/\Ry

262 R, R,=H,H
26b R;,R;=Me,Me
Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulae

274, 27b, 27¢, 27d, 27¢, 271, 27g as shown below.

26a, 26b as shown below.

)

L= T

27a R, ,R;=H,H;X=H

27 R,,R;=Me,Me;X=H
27¢ R, R;=H,Me; X=

27éd R,,K;=H,Et; X=H

27¢ Ry, R;=H,n-pentyl; X=H
27 Ry,R;,=H,H;X=0Me¢
27g  Ri,R;=Me, Me; X=0Me
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Novel trioxanes as claimed in claim | wherein the said compounds having the structural formulac

28a, 28b as shown below.

g ' .
A

28a R,,R;=H,H
286 Ry, R;=Me, Me

Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulas

31a1-3186, 31b1 as shown below.

31al1 R, R;=H,H; X=H; R, Ry=CH,CH;CH;CH,; Ry, = CH;
31a2 R,,R;=H,H; X=H; R, R =CH,CH,CH,CH,; R; =Et
3183 Ry, R;=H,H; X=H; Ry, Ry = CH,CH;CH;CH; ; R = n-propyt
31a4 R, R;=H, H; X=H;R;, R = CH,;CH,CH,CH;; Rs = n-hexyl
31a5 R,,R;=H, H; X=H; Ry, R«= CH,CH,CH,CH,: Rs = Ph

31a6 R, R,=H,H; X=H; R Rq=H, l-naphthyl; R: = CH,

31b1 R, R;=Me, Me; X=H; R;, Ra = H, 1-naphthyl; R; =Me
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10.

11.

12

Novel trioxanes as clamned in claim 1 wherein the said compounds having the structural formulace
32b1-32h3 as shown below,

]
PEaEN . ,} ﬁ—-ﬂ\ R]
[ \\ P T
u \ . _

“ T S ARy M m

3_21)1 R| Rz MC Mc Rs, Ra CH:CH;CH:CH: N Rs = Me
32h2 R,, Rz Me Me; R’c, Rs= CH;CH}CH:CH:CH; , Ri Me
32b3 R,,R;=Me, Me; Ry, R, = H, I-naphthyl; R;=Me

Novel trioxanes as claimed in ¢laim 1 wherein the said compounds having the structural formulae

33a1-33a3 as shown below.

/u /{HC |

X
33al R},R2=I'LH X= H.R_f.:" e
33a2 R, R,=H H;X=H;R,=Et
33a3 Ry, R;=H,H; X=H;R;=n-hexyl

Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulae

34b as shown below..

34h R;,R;=Me,Me;R;=Me
Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulae
35al, 35b1-35b5 as shown below.
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12 Novel trioxanes as clamied wm chkum 1 wherein the said compounds having the structural formulae

3Sal, 35b1-35h5 ax shown below,

#
| ooa |
= K / \ /] \
. / !
- r A ‘
. } b] R'l i " \\ N \_\ —_/l
R - A T
L SN
0 R

ssar morommmx-meneve | (I ERR) OO
’ * c L M S *

35bl R, R;=Ms,Mc; X=H;R:=Me
35b2 R,,R;=Me,Me; X=H ;Rs=Et
35h3 R,,R;=Ms, Me; X=H,; Rs;=n-propvi
"35b4 Ri, Rz =Me, Me; X =H; Ry = n-pentyl
35h5 R;, R;=Me, Me; X=H; R; =n-hexyl
13.  Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural fonnulae

36b as shown below.

36b R, R;=Me, Me;R.=Me
14. . Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulae

37al-37a4, 37b1-37h3, 37el, 37f1 as shown below.

S j \Q_
HOJ\/\ 7: [

T

0 ,X :

-7
J

37al R, Rz = H, H N X=H ; Rg, Ri= CH;CH;CH;CHZ
37a2 Ry, R;=H,H; X=H; R, R, = CH,CH,CH,CH,;CH,
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7a3 i, R, - L H; X =H; R R = Me, Me
7a4 R, R, = H.H; X=H;Rs Ri=H, -naphthvl
37b1 R,,R; Me, Me; X =1, R, Ry = CH,CH,CH,CH;
37b2 R, R, - Me¢, Me; X=H R, R, = CH;CH:CH,CH.
37b3 . R, R, = Mg, Mc; X =H; R;, Ry =H, 1-naphthy!
37el R, R, =H, n-pentyl ; X = H; Ry, Ry = CH,CH,CH,CH,
37(1  R,.R;=H, H; X=0Me; Ry, R« = CH;CH,CH,CH,
15.  Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulas

38a1-37a2, 38b1-38b3 as shown below.

(9]
(97}

T

e & o

o ~¢ U\ oH
et /‘/\(

38al Ry, R:=H, H; R, Ry= CH,CH,CH.CH; '

38a2 R,,R.=H, H; R;, R = CH,CH,CH;CH,CH,
381 R;,R,=Me, Me;R;, R4 CH,CH,CH;CH,
3802 R,, R,=Me, Me; R;, Rq= CH,CH.CH;CH,CH,
38b3 R,, R;=Me, Me; Ry, Ra=H, 1-naphthyl .

16.  Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulac

JEQEN

3%9a R,R:=H,H;X=H

17.  Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural formulac

39a as shown below.,

HO \/\r 05

40b as shown below.
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18.

19.

20.

40b R, R;=

= Me, Me

Novel rioxanes as claimed in claim | wherein the said compounds having the structural formulas

41a, 41b, 41e, 411, 41g as shown below.

0

HO/\/\‘"/ ~ /

Ry

41a _ Ri, R,
41b R, R
4dle R, R,=
41f R, R;=
41g R, R,=

v
A

=H,H;X=H
=Me, Me; X=H
H, n-pen
H,H;X= OMe
Me, Me; X=0Me

T O I

Novel trioxanes as claimed in claim 1 wherein the said compo'unds having the structural formulae

42a, 42b as shown below.

42a R, R;
42b R, R;

=Me, Me

A process for the preparation of novel substituted 1,2 4-trioxanes and their esters of general

formula 1 which comprises reacting hydroxyacetophenones of 2 whercin X represents hydrogen
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1.

or fower alkexy such as OMe, with w-halossters of formula 3 wherein Ry and R; represent
fiydrogen, alkyl group such as methyl, ethyl, propyl and Y represnts halogen such as Clor Br, in
e presence of a base optionally in an organic solvent al a (emperature  in the range range of
room temperature to refluxing temperature 1o give keto-esters of general formula 4, wherein Ry, R;
and X have the same meaning as above ; reacting keto-esters  of general formula 4 under
Reformatsky conditicn in an aprotic organic solvent in the temperature range of roum temperature
to refluxing temperanuee to give -B-hydroxyesters of general formnula 5, wherein R;, R; and X
have the same meaning as above ; dehydrating B-hydroxyesters of forihula S using a catalyst in
an orgénic solvent at a temperature in the range of room temperature to rc’ﬂﬁxing temperature to
give o B-unsaturated esters of general formula 6, wherein R, R; and X have the same meaning as
above ; reducing o,B-unsaturated esters of general formula 6 with a complex metal hydride
such as LiAlH, in an ether solvent at a temperature in the range of 0°C to room temperature to
give ailylic alcohols of formula 7 wherein Ry, Ry, X have the same meaning as above ; oxygenation
of allylic alcohols of formula 7 in presence of a sensitizer in an organic solvent at a temperature
in the range of -10°Cto room temperatre to -give B-hydroxyhydroperoxides of general
formula 8 Wwherein R,, R,, X have the same meaning above ; isolating and then reacting or reacting
in situ B-hydroxyhydroperoxides of formuta 8 with compounds containing aldehyde or ketone
group in presence of an acid catalyst in an organic solvent at a temperature in the range of 0°C
to room temperature to give hydroxy-fuctionalized 1,2 4-trioxanes of general formula 1, wherein
Ry, R; and X have the same meaning as above, R, R, are hydrogen, alkyl group such as methyl,
propyl, aryl g:;oup such as phenyl, naphthy! or part of a cyclic system, Rs is H and Zis O ;
reacting hydroxy-functionalized trioxanes of general formula 1, wherein R is Hand Z is O with
an acid chloride or anhydridés in presence of a base in an organic solvent at 2 temperature in the
range of 0°C to room temperature to give trioxane esters of general formula 1, wherein Ry, Ry, R,
R4 and X have the same meaning as above, R; is atky! gréup such as methyl, ethyl, propyl, aryl
group such as phenyl, carboxyalkyl such as CH,CH;CO,H ; Z is O-CO.

A process as claimed in claim 20, wherein the substituted acetophenones of formula 2 are
reacted with o-haloesters of formula 3 in presence of a base such as KaHCO;, Na,CO4,
K;COs,, in an organic solvent such as acetone, DMSO, DMF.

A process as claimedinclaim 20  wherein Reformatsky reaction is carried out by reacting

ketoesters of formula 4 with ethyl bromoacetate and Zn in an aprotic organic solvent such

benzene, di cthylcthcr, THF.
A
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28.

29.

30.

31.

A process as claimed in claim 20 whercin dehydration of -hydroxyesters of formula S is
effected in a hydrocarbon solvent such as benzene, toluene, CH;Cl,, using a catalyst such as ;.
P;0s. p-toluenc-sulfomic acid, acidic resin such as Amberlyst-15.

Aprocess as claimed inclaim 20 whercin the reduction of esters of forwmla 6 with LiAlIH, is
carried out in an ether solvent such as dicthyl ether, THF.

A process as claimed in claim 20 wherein, the ox"ygcnznion is cfiected by photooxygenation
of allylic alcohols of formula 7 in an organic solvent such as acetone, CH:CN, CH.Cl,,
methanol, ethanol, using a dye (sensitizer) such as methylene “blue,_ Rose Bengal, tetraphenyl
porphins.

A process as claimed in claim 20 wherein condensation of B-hydroxyhydroperoxides of
formula § with aldehydes and ketones of formulae 21-22 is done in an organic solvent such as
CH,Cl,, CHCI,, b;nzenc, CH,CN, using as acid catalyst such as HCI, H;SO,, p-toluene
sulfonic acid, BF,.OE, acedic resin such as Amberlyst-15.

A process as claimed in claim 20 whersin  esterification of bydroxy-functionalized
trioxanes of formulae 23-28 with acid chlorides of formulz 29 or an acid anhydride of formula 30
is dons in an organic solvent such as CH,Cl,, CHCl,;, THF, CH;CN in presence of base such as
Et3N, pyridige, dimethylaminopyridine.

A process as claimed in claim 20 wherein hemisuccinate derivatives of formulae 37—42 are
prepared in an organic solvent such as-CH,Cl;, CHCl;, CH;CN, toluene, THF, in presence of a
base such as Et;N, pyridine, dimethylaminopyridine.

A process asclaimedinclaim 200  wherein the compounds containing aldehyde and ketonic
group are of formulas 21-22 given in the drawing wherein R, and R, are hydrogen, alkyl group
such as methyl, efhyl, aryl such as phenyl, naphthyl, araalkyl such as benzyl, or part of a cyclic

system.

. A process as claimed in claim. 20 wherein acid chlorides and acid anhydrides used are

having the formulae 29 and 30 wherein Rs represent alkyl group such as methyl, ethyl, propyl,

aryl such as phenyl.
A process for the preparation of novel substituted 1,2,4-trioxanes and their esters substantially

as herein described with reference to the examples and the drawings accompanying this

* c L M S *
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