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Field of the invention 

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

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

l,2,4-trioxanes. More particularly, the invention relates to a process for the preparation of 

6-[ oc-(hydroxyalkoxy substituted aryl)vinyl]-1,2,4-trioxanes and their esters useful as 

novel antimalarial agents. 

Background 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 animais are P. yoelii m mice and P. 

cynomolgi in monkeys. These species cause severe complications in the patient that cause 

the patient to lapse into a 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 

disea~e and more than 1.2 to 1.7 milltoo. die every year. Mortality among children under 

Hie 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 develop novel anti-malarial drugs .that caq 

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 intennediate 

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 l, a 

new series of antimalarial agents. 
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S1iti another object is 10 pro\"lde a process li.lr the prcparnlion of in1crmedi:1tc 

l.'.ompounds that ~xhibit anti-malari;il p1 opcrtii:s. 

Detailed description of the in\"ention: 

Accordingly. the invention pnivides novel substituted I .~.4-trioxanes useful as 

:mtimalarial agents. The invention also provides a pro·cess for the preparation of hydroxy­

functionalized trioxanes and their esters ha,·ing gen~ral formula I. ~herein R1 and R.-: 

represent hydrogen. alkyl group such as methyl, ethyl, propyl; R.3 and Rt represent 

hydrogen, alkyl group such as methyl. ethyl; propyL aryl such as phenyl or a carboxy 

alkyl group such as CH2CH2C02H; X represents hydrogen or lower alkoxy such as OMe. 

Z represents 0 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 antima"Jarial activity have been tested against P. cynomolgi in 

monkeys and have been found effective. TI1e invention thus relates to pharmaceutical 

industry. The trioxanes of general formula I are new chemical entities and tlH::y have not 

been prepared earlier. Trioxanes of general formula I are oil-suitable a11d can be 

administered as splution in oil such as groundnut oil. Some of the compounds of formula 

I are hemisuccinate derivatives and are soluble both in oil and aqueous NaHCCh solution 

and can be administered as a solution in groundnut oil or aqueous NaHC03. The mode of 

administration can be oral, intramuscular, subcutaneous or intravenous. The said 

compounds, the preferred compounds and the intermediate compounds arc described 
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herein below with reference to the accompanying drawings and examples which have 

been provided merely to illustrate the mvenc ion and should not be constmed 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 

fommla 2 is converted to compound having fomn1la l. 

Fig 2 represents 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, 22c 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 I includes 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 compow1ds of structural 

fomrnlae 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 

compounds of structural formulae 17 and 18 ofthe drawings. Formula 8 shown in figure 

1 includes compounds of structural formulae 19 and 20 of the drawings. Formula 

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

Similarly, in figure 2(a), the compounds 1 ·1 to 16 are intennediate compounds. 
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Acc1wdi11g!:. the present invention provides a process for the prcp:u·ation 11f novel suh~litulcd 

1,2,4-trioxanes and th~ir esters of general fonnula 1 which comprises n·acting hydroxyacct<iphcnones 

of fonnula 2 wherein X represents hydrogen 11r lower alkoxy such as OMc, with u.-haloesters 11f 

fonnula 3 wher~·in R1 and Ri represent hydrogen, alkyl group such as methyl, ethyl, prnpyl :u1d Y 

represnts halogen such as Cl or Br, in the presence of a base optionally in :u1 organic solvent al a 

cemperature in the range range of room temperature to refluxing temperature to give kelo-esters of general 

fonnula 4, wherein R., R2 and X have t11e same meaning as above ; reacting keto-esters of general 

fonnula 4 under Refonnatsky condition in an aprotic. organic solvent in !lie temperature range of room 

temperature to refluxing temperature to give p-hydroxyesters of general fonnula 5, wherein Ri. R2 and 

X have the same meaning as above ; dehydrating P-hydroxyesters of fommla 5 using a catalyst in an 

organic solvent at a temperature in the range of room temperalUre to refluxing tempernrure to give a.,p­

unsaturated esters of general fonnula 6, wherein Ri. R2 and X have the same meaning as above ; reducing 

o:.,(3-unsaturated esters of general formula 6 with a complex metal hydride such as LiAllL in an ether 

solvent at a temperature in the range of 0°C to room temperature to give allylic alcohols of fonnula 7 

wherein Ri. R2, X have the same meaning as above ; ox-ygenation of allylic alcohols of formula 7 in 

presence of a sensitizer in an organic solvent at a temperature in the range of -10°C to room 

temperatute to give p-hydroxyhydropero~ides of general formula 8 wherein Ri. R2, X have the same 

meaning above; isolating and then reacting or re~ in situ p-hydroxyhydroperoxides of fonnula 8 

with compounds containing aldehyde or ketone group in presence of an acid catalyst in an organic 

solvent at a temperature in the ra11ge of 0°C to room temperature to give hydroxy-fuctionalized 1,2,4-

trioxanes of general formula 11 wherein R., R2 and X have the same meaning as above, R3, ~ are 

hydrogen, alkyl group such as methyl, propyl, aryl group such as phenyl, naphthyl or part of a cyclic 

system, R.s is H and Z is 0 ; reacting hydroxy-functionalized trioxanes of general fonnula 1, wherein 

R is H and Z is 0 with an acid chloride or anhydrides in presence of a base in an organic solvent at a 

temperarure in the range of0°C to room temperature to give trioxane esters of general fonnula 1, wherein 

R., R2, R3, R.i and X have the same meaning as above, R, is alkyl group such as methyl, ethyl, propyl, aryl 

group such as phenyl, carboxyalkyl such as CH2CH2C02H ~ Z is 0-CO. 

In the process hydroxyacetophenones offonnula 2 are reacted with a.-haloesters of fonnula 3 in 

presence of a base such as Na2C03, K2C03, KHC03, in an organic solvent 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 
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chromatography using. ;u1 adsorbent sud1 as silica gel. All kcll1cslc:rs l1f general fommla 4 <:x'"·~pl 

1 la (formula 11, R1 -= R2 = X = H), 11~ (timnula 11, R, == H, R2 = Me, X = H) ;md 12a (fonnula 12. R1 ., 

R2 = H) are new compounds and they have: Ill)! been prepar·ed earlier. Kctoesters I I a. l I c alld I 211 ;u·c: 

kn9wn compounds. [(a) Chim. T11.:r., 8, ~74 (1973), !nd.;an J. Chem., 24, 119 (1985), Ch.:n:. 

Abstracts, 124, 86 l 6e ( 1996)1. 

In the process ketoesterS of general fonnula 4 are reacted witJ1 ethyl brnmoacetaie. and 7i1 in an 

aprotic solvent such as benzene, diethyl ether, to give P-hydroxyesters of general fonnula S. 111ese 
--

j3-hydroxyesters can be isolated and purified by standard laboratory met~ods such as column 

chromatography using an adsorbent such as silica gel and a hydrocarbon solvent in combination with 

ethyl a.cerate as eluent or can be used without purification in the next step; p-hydroxyesters of general 

fonnula 5 are new corapounds and they have not been prepared earlier. These hydroxy esters of 
-. 

general fonnula 5 have an additional ester group as part of substitution in the aromatic ring. 

In the process dehydration of P-hydroxyesters of geneal fonnula 5 is accomplished in an 

hydrocarbon solvent such as benzene, toluene, cihCli, in the presence of a catalyst such as 12, p­

toluenesulfonic acid, P20~, or acidic resin such as Amberlyst-15 to give cx.,p-unsaturated esters of 

general fonnula 6. These unsaturated esters can be isolated and purified by standard laboratory mel11ods 

such as chromatography using an adsorbent such as. silica gel. a.,P·Unsarurated esters of general fonnula 6 

have an addition ester group as part of substitution in the aromatic ring. These esters of general fonnula 

6 are new compounds and they have not been prepared earlier. 

In the process reduct~on of a.,~-unsaturated esters of general fonnula 6 is done by reacting the 

compowid with a complex metal hydride such as LiAIH.i in an ether solvent such as diethyl ether, TI-IF, 

to give allylic alcohols. of general fonnula 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 fonnula 7 can be isolated and purified by standard laboratory methods such as 

chromatography using an adsorbent such as silica gel and a hydrocarbon solvent in combination with 

ethyl acetate as eluant. Compound~ of general fonnula 7 are new chemical entities and they have not been 

prepared earlier. 

In the process allylic alcohols of general fomlUla 7 are converted to 13-hydroxyhydroperoxides of 

fonnula 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 "."hi ch provides visible light. The dye which acts as a sensitizer i.e. conve11s 

triplet o:i..-ygen to highly reactive singlet O>..j'gen, may be such as methylene blue, Rose Bengal, 
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11.:traphenylporphinc. Organi~ :wlvcnt used may be su~h as CH1Cl1, CH3CN, acetone, methanol, benzene. 

These P-hydroxyhydroperlixides of general fomu1la 8 ~rut be isolated and purified hy known lahliratt11)' 

methods or can be use.d in srtu, without purifi~ati<ln and is<llation. ir1 the ncx1 step. 111e:-:e r1· 

hydroxyhydroperoxidcs of fonnula 8 arc n~w chemical entities and the~· have rllll been prcpan.:d 

earlier. Fwthennorc, thci;e il-hydro>.."Yhydroperoxides have an extra hydnixyl gniup in the fonn of 

hydroxyalkO>..'Y substinni~-in in the arnmali~ ring. TI1c novel feature lif thcsc P-hydni>..-yhydn-ipernxides i~ 

thal this extra hydroxyl gi·ciup which is present as a hydroxyalkoxy subs.~!t1.1ent in the ar~-.matic ring, does 

not take part in the ne>.."'! n~a.:tion i.e. condensation of hydroperoxides with aldehyde and keltmes and thus 

provide 1,2,4-trioxanes which carry a hydro>..-y group suitable for fortber derivaiization. 

In the proces~ Jl-hydroxyhydroperoxides of general formula 8 are converted to · hydroxy­

functionalized 1,2,4-trioxanes of general fonnula 1 (~ = H, Z = 0) by reacting these 

hydroperoxides with carbonyl compounds of fonnula Zl-22 in presence of au acid catalyst in an 

aprotic organic solvent. The carbonyl compounds used may be such as benzaldehyde, 

naphthaldehyde, acetone, ethyl methyl ketone, methyl propyl ketone, methyl isobutyl ketone, 4-

heptanone, 5-nonanone, 6-undecanone, . dibenzyl ketone and the such as, cyclic ketone such as 

cyclopentanone, cyclohexanone, cycloheptanone, bi(,.-yclic ketone such as norcompbor (22a) and tricyclic 

ketone such as 2-adamantanone (22b). The acid catalyst used may be HCI, H2S04, p-toluene s·tdfornic 

acid, BF3.0Etl, acidic resin such as Amberlyst-15. The organic solvent used may be CH2Cl2, CHCh, 

benzene, CH:,CN. These trioxanes of general formula l (R5 = H, Z = 0) are stable compounds and can be 

isolated and pwified by standard chromatographic techniques using an adsorbent such as silica gel and a 

hydrocarbon solvent in combination with polar organic solvent as eluant These trioxanes of general 

fonnula 1 CR.s = H, Z = 0) are new chemical entities and they have not been prepared earlier. TI1e novel 

feature of these triox:am~s is tha1 they are equipped with· a primary hydroxyl group suitable for making 

derivatives of these trioxanes. This hydrox'Yl group is part of alkoxy substitueat in the aromatic ring. 

These trioxanes of general formula 1 (R~ = H, Z = 0) have b~en tested against malarial para<;ites in 

animal models and several of them show very promising antimalarial activity, both against 

chloroquine sensitive and chloroquine resistant malaria TI1ese trioxru1es ru·e oil-soluble ru1d can l>e 

administered as solution in oil such as groundnut oil. Some of these trioxanes have· shown significant 

gamatocidal activity. 

fa the process reaction oftrioxanes of general fonnula 1 (R.s = H, Z = 0) with acid chlorides of 

fonnula 29 or acid anhydrides of formula 30 wherein R5 is alkyl group such as metbylt ethyl, propyl, 
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;uyl gJ\>up sur.:h as phc11yl. 1s <11111.: in au apr1it11.: 1•rg;um: :;11IH'nt m the prc~cn~·c 111° a bal':l' to g1v1· 

1n1ix;u1e esters of gen~·ra.I formula I wlu .. ·rein R, 1i: alkyl gr1111p such a~ methyl. clft~:I. 1m1pyl. :uyl gr1111p 

sur.:h as phenyl, Z is OCO. In th~· reaction hydnix·yl gnmp ol'trioxancs of fonnula I (R, ! I. Z 0 < J 1 i:-: 

.·s1::rilied. TI1e acid .:l11i)rid-cs and a..: id ;u1hycb ak~ us:.:d may be ~11..:h as ac;:tyl chhiridl.'. b.:n:11yl 

d1lc1ride, propionic ::mhydrid:.:_. butyri.: rull1ydri1.k, h.:pl;uwir.: :u1hJriJe. Tl.Jc ba~.- l'all be :md1 a:-; Et.,~. 

pyri.Jinc, with or without the caia.lyst suc:h as 4-dim:.:thylarninopyridine (DMAP). 111e 11rg;u1ic s1ih.:n1 

used may be such as CH:CI:. CHCh. 111F. CH_,CN. ·111~s~ trioxanes of ,g.eneral fommla l (R_, '"" all-.-yl. 

aryi. Z = OCO) can be isolated and purified by kr11iwn laboratory methods such as r.:rys1alliz:ui<111 1w 

.:hroma1ography using an adsorbent such a~ silii:a gel and hydrocarbon solvcnl in (llffibinatit)IJ \'l.'ilh 

polar organic solvents. as eluant. TI1e trioxancs ;ire new 'hemical entities and they have not b~en 

prepared earlier. These trioxanes are oil-soluble and 'an be adminislered as solution in edible l1il such a.<: 

groundnut oil. Some of the "trioxanes of general fommla 1 (R:< = alJ..-yl, aryl, Z = OCO) have sht1w11 

promising antimalarial activity in animal models. 

In the process trioxanes of formula 1 (R, = H. Z = 0) are reacted \'.'ith succ..~inic anhydride in an 

aprotic solvent in presence of tertiary amine with or v>'ithout the presence of 4-

dimethylaminopyridine (DMAP) to give carboxy timi:tionalized trioxanes of general formula I (R:< = 
CH2CH2COiH. Z = OCO). The tertiary amine may be such as ElJN, pyridine. Aprotic organic solvent 

may be such as CH7Ch. CHCl3, CH,CN, toluene, TIIF. In lhe reaction, the hydroxyl group of the trioxanes 

I (R5 = H, Z = 0) is esterified. The trioxanes of general fonnula 1 (R5 = CH2CH2C02H, Z = OCO) 

have a carboxyl group and are soluble in aqueous bicarbonate or carbonate solutions. Thus they can 

be administered both as solution in oil or aqueous bicarbonate/carbonate solutions. Trioxanes 

0f general formula 1 (R.'l = CH2CH2C02H, Z = OCO) ..:an be isolated and purified by known labt,ratory 

methods such as given above. Trioxanes of general fonnula 1 (R.~ = CH2CHlC02H, Z = OCO) are 

new chemical entities and they have not been prepared earlier. Some of these trioxanes have sh<1wn 

promising antimalarial activity against both chloroquine-sensilive and resistant malaria in ::1.11imi1f 

models. Some of these trioxanes ?Jso show signific:ant gamatocidal activity. 

111e invention is fortl1er illustraled by the following examples \.·llhich slwuld not, lwwever, be 

construed to limit tl19 scope of the present invention. 
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J<:xample I 

Ethyl (4-acetylphcnoxy)i1cetate (compound lla, fonnula 11, R1 = R2 = X = H) 

:\ mi.>.1lm.: of p-hydnixyaci:1<1ph::rwm; (50 g). elhyl i:hlon1a1:::1are (61J 1111.1. }~zCO~ ( 120 g.) 

in acetone (450 ml) wns reiluxed with stin·ing for 24 h. The reaction mi>..1ure wa::: filtcr;!J :u1J th.:­

residue was washed wit11 aceton~. ·n1c combined filterale was 'ooceutr.ited anJ the rt>siduc was 

redissolved in ether. the ether ell."tr.si:t was washed with aqueous NaQ!-1, and lh::n with waler. dried. 

concentrated and purified by chrnmaiography on silica gel using hexane - ethyfai;era1e as eluanr ro give 

63.3 g (7'i% yield) of 1 la, rn.p.64-68:C 

Compow1d Ila was also prepared using the conditions as given in table l. 

Table 1 

cx.-Haloester Solvent Base Temp. Time Yield(%) 

Ethyl bromoacetate DMF K1C03 Room temp. Sb 16 

Ethyl chloroacetale DMSO K1CO, Room temp. 6h 68 

Ethyl bromoacetate neat KiCO, Room temp. 13 h 61 

Et!zyl chloroacetate neat KHC03 120°C 1.5 h 42 

Ethyl chloroacetate ' neat· Na2C03 U0°C 14 b 9 

f3-Hydroxyester 13a (formula 13, RI = R2 = X = H) 

To a mixture ofketoester Ila (20 g) zinc metal (12 g), I.i (20 mg) in benzene was added ethyl 

bromoacetate (10 rlll) dropwise. Th::; reaction mixture was refluxed for anotlter 7 hr, cooled, acidified 

with aqueous HC1, benzene layer was separated and the aqueous layer was extracted with benzene. 

Combined organic e>.."traef was washed with water and then aqueous NaHC03, dried and concentrated. 

111e cnide produc1 was purified by column clu·omatography on silica gel using mixture of hexru1e 

and ethylaceiate· as eluant ll, famish 13e (63% yield) Clf P-hydro>>yester as rui oil. 

Comp.ound 13a was also pre1)ared using the conditions given in table 2. 
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ex.-Hal liestcr 

Ethyl chloroacel.alc Benzene 

Etl1yl bromoacelate Ether 

Table 2 

Temp. Time 

Reflux 21 h used in the ne>.1 
step without 
1nrificarion 

Room temp. 35 h used in the next 
step witl10ut 
purification 

a.,p-Unsaturated ester !Sa (formula 15, R1 = R2 = X = H) 

A mixture of P-hydroxyester 13a (10 g) and P20~ (4 g) in benzene (150 ml) was refluxed for 2.~ 

h. The reaction mixture was filtered and the filtrate was concentr.ued to give 10 g of crude product which 

was purified by colunu1 chromatography on silica gel using hexane - ethylacetate as eluant to give 5.13 g 

(56% yield) of cx.,p-unsaturated ester !Sa as an oil. 

Allylic alcohol 17a (formula 17, R 1 = R2 = X = H) 

To a stirred and ice-cooled mixture ofLiAIIL (6 g) in dry etller (400 ml) was added dropwise a 

solution of o:,p-wisaturated ester !Sa (12 g) in ether. The reaction mixture was stin-ed in ice-baIJ1 for 5 

h. and then quenched with water and lOOAi NaOH. The organic layer was separated, dried on Na;SO,. and 

concentrated to give 8.84 g of crude pr_oduct which was purified by column chromatography t(l 

.furnish S.61 g (59%1) of allylic alcohol 17a; m.p. 83-86°C. 

3-[ 4-(2-Hydroxyethoxy)phenyl]-1-hydroxy-but-3-en-2-hydroperoxide (compound 19a. general 

formula 19, R1 = R2 = H, X = H) 

(1) A solution ofallylic alcohol 17a and methylene blue (15 mg) in ethanol (60 mi) was irradition 

with a 250 watt tungston-halogen lamp a1 -10°C while a slow stream oxygen was pac;sed through the 

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

ether e>.."tract was concentraJ.ed and the crude product was chromaiographcd on silica gel using CH2Cl2 

- ether as eluant to give 650 mg (28% yield) of f3-hydroxyhydroperoxide 19a. 

(2) A solution of allylic aJcohol 17a (l g), tetraphenylporphine (50 mg) in CHCI~ (60 ml) was 

photoo:i..ygenated aI r.t. for 6 h. P-Hydroxyhydroperoxide 19a separated as a solid. It was washed with 

ether to give 500 mg (44% yield) of tic pure 19a. 
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(I) Two-pol procedure · .·\ 1111xnu·;· of J1-hydrox·yhydn,pcn1xid~· l 9a (900 rng), .·vd\ 1p•·111;u10111.: (2 1111"1 

:u1d p-h1Jucnc sulfo111c acid 1"ll111g1 in acchmitrile (JO ml) wa-; slim.~d al r<hllll ll."t111'•~ralt11\' for .l5 h. 

111e reaction miictnre was dih1tl·d with salurated aqueous NaHCO) and cxtra11.·d ,.,,·11h ether. "Ilic 

ether ex1ract was conce111J·a1cd and the crude product was purified by chroma1t1graphy (elution with 

ethyla.-~tale-hcxane ; I : 9) h• lilmish ) I 0 mg (44% yield) oftri.ix:u1e 23al. 

(2.) One-pot procedure : :\ S•llutil'll of alcohol 17a (3.5 g) and methylene blue (I 0 mg) in CH~CN (65 

ml). was in-adiation with a tang.mm halogen lamp at 0°C for 7.5 h when a slow stream C'lf cixygen was 

passed through the reaction mi>.Ture to give P-hydroxyhyclroperoxide 19a as·indic:ued hy TLC. To the 

reaction mixture were adde.d cyclopentanone (6 ml) and p-toluenesulfonic acid (50 mg) and the reaction 

mixture w.as stirred at r.t. for 2 days. Workup and purificazion by chromalography ii.1mished 1.14 g (23% 

yield based on alcohol l 7a) oftrioxane 23al. 

Acetate oftrioxane 23al (compound 31al, formula 31, R1 = R2 = H; R3 , ~ = CH2CH:iCH2CH2 ; R:< 

=CHs;X=H} 

A solution of trioxane 23al (200 mg) in pyridine (6 ml) ·was treaied with acetic anhydride (0.5 

ml) and the resulting mixture \\'as left in refrigerator (- 5°C) overnight. The reaction mixture was diluted 

with waler and extracted with ether. Ether extract was washed sequencially with waler, 10% HCI, 

water, and then dried (Na2SO,) and concentrated. The crude product was purified by column 

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

Example2 

Beru:oate of trioxane 23al [compound 31a5, formula 31, R1;,, R2 = H ; Rl, ~ = CH2CH2CH2CH2 ; 

~=Ph; X= HJ 
A solution oftrioxane 23al (180 mg) and benzoyl chloride (0.5 ml) in pyridine (3 ml) was left 

a1 r.t overnight TI1e reaction mixture was diluted with water, extract~d with ether, Ether e>..1ract ~n usual 

processing followed J:?y column chromatography on silica gel using hexane - ethylacet:lle a'> eluant 

.furnished 100 mg (42% yield) ofbenzoaie 3la5 as an oil. 

Example 3 

Trioxane 23a2 (formula 23, R1 = R2 = X = H, ~. Re = -Cli:iCH2CH2CH:iCH2-) 

A ·solution of allylic alcohol 17a (1 -g) and methylene blue (15 mg)' in acetohitrile was 

photooxygenated at 0°C for 6.5 h. as above and then reacted with cyclohexanonc (2 ml) using p­

toluenesulfonic acid as ca!alyst at r.t. for 5 h. The crude product obtained after workup as above 
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l .2.4-triox•u1e 23a2. 

Ex.ample 4 

Trioxanc 23a3 (formula 23. R1 = R:? = X = H : R_, = lli =Ml'.') 

(J) From P-hydroxyhydropcroxide l 9a 

To a solution of P~hydrox-yhydroperoxidc 19a (100 mg) in a acetone (5 ml) was added one 

drop of cone. HCI and the reaction mix1ure was stin·ed m r.t. f1..1r 30 minutes. 111e reacti1lfl mixt~ire wa:; 
·-. 

concentrated under vacuum and the c11.1de product was purified by cliromah\g:raph~' ,1;, -ili~·a g~I ui;ing 

hexane - ethy!acetate as eluant to give 60 mg (52~+. yield' oftri.:.x•u1e 23a3. 

(2) From allylic alcohol lia 

A s~·.'utilin l,f allylic alcohol 17a (1 g) and Rlise Bengal (5 mg) in acetone (40 ml) was 
.. 

photooxygenated at -8°C for 6 It To this reaction mixture were added 3 drops of cone. HCI and the 

reaction mixture was left ovemight at r.t. The solvent was removed under vacm1111 and the c11Jde 

product was chromatographed on silica gel as above to ·furnish 340 mg (26% yield based on allylic 

alcohol 17a) oftriox:ane 23a3. 

Examples 

Trioxane 27a (formula 27, R1 = R~ = X = H) . 
A solution of allylic a,lcohol 17a (2 g) and methylene blue (5 mg) in CH3CN (60 ml) was 

photooxygenated at 0°C for 6 h to give J3-hydroxyhydroperox:ide 19a as indicated by 1LC. 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 reaction mixture was stirred for anotl1er 6 h at room 

temperature. The reaction was quenched with aqueous NaHC03, diluted with waler and ex"'lracted 

with ether. Ether extract was washed with water, dried (Na2S04) concentrated and the crude product 

was purified by chromatography on silica gel to furnish 1.9 g (.57% yield based on alcohol l 7a) of 

trioxane 27a ar; an oil. 

Acetate oftrioxane 27~ [compo~d 35al, formula 35, R1 = R2 = H; ~ = CH3 ; X =HJ 

A mixture of trioxane 2ia (200 mg), acetic anhydride (1 ml) in pyridine (4 ml) war; le.ti at r.t. 

overnight. The reaction mixture was diluted with water and extracted with ether. Ether extract was 

washed with water, 10% aqueous HCI, waler, dried (Na2SO,.) and concentrated to give 200 mg ofcnide 

product which was purified by chromatography on silica gel (8 g, elution with 50% EtoAc in CH2CI;:) 

to give 178 mg (80% yield) of acetate 35al as an oil. 

11 
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Hemisuccinatc nr hiflxane 27a (compound 4 la, fonnuln 4 J, R1 = R2 =II ; X =Ill 

A mixture of tm1xar1e 27a (2 g) and succinic arthydride (3 g) in pyridine (20 ml) was lcll al r.I. 

overnight. 111c rca~:tiiln mixture was diluted with water and extrac1ed with ether. ·me extract was 

washed with waicr. I 0% HCI, waler, dried (Na2SO.) and Cl)nccntratccJ to· give 2.3 g. 1lf crnck pn,dud 

which was purified by chromatography on silica gel (25 g, eluted with 50% ether in CH2Cl2) h1 give 

1.5 g (600/0 yield) ofhemisuccinate 41a as a highly viscous material. 

Example 6 
..... 

Trioxane 23a13 (formula 23, R1 = R2 = X = H; R3, Rt = H, 1-naphthyl) 

A solution of allylic alcohol 17a (1.0 g) and methylene blue (70 mg) in CH3CN (50 ml) was 

photooxygenated al.-10 to 0°C for 6 h. To one-half of thi-s reaction mixture were added 1-

:,~ naphthaldehyde (1 ml) and p-toluene sulfonic acid (20 mg) and the reaction mixture was kept at 5°C 

overnight Usual worJ..-u{> followed by purification by chromatography furnished trioxane 17al3) in 32% 

yield. 

Hem.isuccinate oftrioxane 23a13 [compound 37a4, formula 37, R1 = R2 = H; R3 , Rt= H, 1-naphthyl; 

X=HJ 

To an ice-cooled mixture of 23al3 (120 mg) and succinic anhydride (200 mg) in CH2Ch (20 

ml) were added triethylamine (0.2 ml) and 4-dimethylaniinopyridine (30 mg) and the reaction mixture 

was left overnight at r.t. Workup as above followed by column chromatography· on silica gel using 

CH2Cl2 - ether as eluant :furnished hemisuccinate 37a4 as an oil (100 mg ; 67"/6 yield). 

Example7 

Ethyl ~( 4-acetylphenoxy)iso~utyrate (compound 1 lb Formula 11, Rl = R2 = Me ; X = H) 

A mixture of p-hydroxyacetophenone (14 g), ethyl 2-bromoisobutyrale (21 g) and K2C03 (40 

g) in acetone (260 m!). was.refluxed witlt 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) ofketo 

ester l lb as an oil. 

Compound 1 lb was also prepared using the conditions as given in table 3. 

12 



Table 3 

-------------··· -·-·· ·----·-·---------
ex.· Halo ester s" I v::nr Base Temp. Tim~~ Yield(";,) 

---------- ·-·· ···-----------------
Etl1yl 2-bnmioi~oburyrate 

It 

" 

lsoburyl 
methyl 
ket<'nC 

DMSO 

DMSO 

neaI 

K2CO, Room temp. 

K2CO:. 50-60°C 

K2C03 120°C 

f3-Hydroxyest.er 13b (formula 13, R1, = R 2 = Me, X = H) 

11 h 30 

21 h 27 

21 h 22 ....._ 

14 h 49 

To a refluxing mixture ofkeloesler llb (12 g), zinc (6 g), 12 (70 mg) in benzene (200 ml) was 

added dropwise ethyl brornoacetate (7 ml) and the reaction mixture was refluxed for 7 hr. Work up 

and purification by chromatography on silica gel (hexane· EtoAc on eluant) furnished 45% yield of~­

hydroxyester 13b. 

a.,f3-Unsaturated ester 15b (fonnuJa 15, R, = R2 = Me, X = X) 

To a refluxing mixture ofketoester llb (10.5 g), zinc (5g),12 (40 mg) in benzene (200 ml) was 

added, dropwise a ~olution of ethyl bro_moacetate (5 ml) in benzene (50 ml) and the reaction mixture was 

refluxed for 7 h. The reaction mixture was cooled and acidified with 100...0 aqueous HCJ. 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 NaHC03 solution, dried (Na2S041) and concentraled to give 

P-hydroxyester 13b which ·was used in the next without isolation and purification. 

TI1e crude 13b as obtained above was dissolved in benzene (200 ml), 12 (50 mg) was added the 

reaction mixture was refluxed for 1. 75 h. The reaction mixture was cooled, washed with aqueous sodium 

thiosulphate and then with waler, dried (Na2S04) and concentrated. 111e cn.1de product was 

purified by colulTUl chromatography to furnish 6.80 g (51% yield) of a.,p-uns:l!Urated ester 15b. 

Allylic alcohol 17b (forinula 17; R1 = R2 = Me ; X = H) 

To a stirred and ice-cooled mixrure ofLlAII-L (5 g) in dry ether (450 ml) was added dropwise a 

solution of a.,(3-unsaturated ester 15b (6.2 g) in d1y ether. The reaction mixture was fitirred for 5 h. and 

then quenched with water and I 0% aqueous NaOH. The organic layer was separated. 111e residue was 

washed ·with ether and the combined organic extract was dried (Na2S04), concentrated and . the crude 

product was purified to give 3.0 g (66% yield) of allylic alcohol l 7b, as an oi I. 

13 



3-( 4-(2-Hydroxy-1. l-dimethyl-elhoxy)phenyl f-1-hydrnxy-hut-3-en-2-hyd ro1>crnxld e (compound l 9h. 

fonnula 19, R 1 = Ri =Me, X = H) 

A solution 11f allylic alCllhol I 7b ( l .40 g) and methyh:n:! blue <.1 CIO mg) in CH,C'N (45 ml) \Va~ 

imidiared with a 500 wan rungsten-haJogen lamp at o"c for ~. h \Vhi k a sh1\-1,' stream tlf o>..·ygcn was 

passed through the reaction mixture. TI1e 1·eacti<l11 mixt1u-e was ~cmccntrated to 20 ml and then diluted 

with water (20 mJ) and extracted with ether (3 x 25 ml). ·n1c C1l111bined ether extract was washed \.vith 

waler, dried (Na2S04), conccntJ"ated and pw-iiied by chromah,graphy ·on silica gel to fiamish 860 mg. (61 °'o 

yield) of P-hydroxyhydroperoxide 19b as 311 oil. 

Trioxane 23hl (fo!IDula 23, R1 = R2 =Me, X = H; R3. Re= -CH2.:CH2-CH2-CH2-) 

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

photooxygenated at 0°C for 3.25 h to give P-bydroxyhydroperoxide 19b as indicated by 11.C. Tiiis 

. rea£tion mixture was divided into tv.'O equal parts. To one p:ll1 were added cyclopentanone (2 ml) and 

PTSA (25 mg) and stirred al r.t. for 2. 75 h. Usual wod .. 1lp followed by chromalography on silic gel 

furnished 240 mg (63% yield based on aJlylic alcohol lib) oftrioxane 23bl. 

Hemisnccinate of trioxane 23bl [compound 37bl, formula 37, R1 = R2 = Me R~. Ri = 
CH2CH2CH2C~ ; X =HJ 

A solution trioxane 23bl (I g) in CH2Ch (40 ml) wac; reacted with succinic anhydride as above 

and the product was purified by chromatography ·as above to furnish 1.23 g (93% yield) of 

hemisuccinate 37bl. 

Examples 

Trioxane 23b2 (fo~ula 23, R1 = R2 =Me, X = H; R3, Ri = -CH2-(CH2)3-CH2-) 

To one half of the photooxygenated mixture from .the above example were added cycklhexancine 

(2 ml) and PTSA (25 mg) and the reaction mixture was stirred al r.t. for 2. 75 h. No1mal workup 

followed by purification by chromatography on silica gel colurru1 gave 230 mg (46% yield based on the 

aJlylic alcohol I7b used) oftrioxane 23b2. 

Example 9 

Trioxane 27b (formula 27, R 1 = R2 = Me, X = H} 

A m.ixture of ally!ic alcohol 17b (2.0 g) and methylene blue (100 mg) in CH,CN (60 ml) was 

photooxygenaled at 0°C for 6.5 h. To this reaction mixture were added 2-adamantanone (3.0 g) a11d p-

14 



tcilucncsul foni..: a..: id ( 100 mg) :u1d the n:action mixture wa::; !di at 1\1vm lcmpcralur~ 11wmig.J11. 'Jl1l' 

rca.c;tion mixture was quc11ched with aqucom; NaHCOJ. Ji luted with water ru1J cX1r<1..:h.:d with ether. 'llu: 

ctJ1er . ell.1rao:t wac; wa-.h\.':d with waler, dried (Na2SO .. ) and Cclllccnlralcd. "Ilic c111de pn,duct wa:;; 

purified by ,;hromah.lgraphy clTl silica gel column hl give 1.61 g. (~9'Vi> yield based clll :illylic alc11h1l] 

l 7b) of 1,2,4-trioxane 27b. m.p. 100-102.°C. 

Trioxane 27b was obtained in 44% yield when the ..:ondensation with 2.-adam:u1tarlllm: \'\.'<ts d11nc 

using Amberlyst-15 as catalyst. 

Acetate or Uioxane 27b [compound 35b l, formula 35, R, = R2 = Me ; R~ ~= CH3 ; X = HJ 

A S1.llution oftrioxane 27b (200 mg) and acetic anhydride (I ml) in pyTidine (4 ml) \i,'as reacted al 

r.t overnight. Workup ~ above_ followed by column chromatography on silica gel fiirnishcd 0.21 g 1'f 

acetate 35b 1 as a viscous material. 

Exam.pie 10 

Propionate of trioxane 27b [compound 35b2, formula 35, R 1 = R:i = Me ; Rs = Et ; X = HJ 

To an ice-cooled mi>.1Ure of 27b (300 mg) and propionic anhydride (1.3 ml) in CH2Cli (10 

ml) were added triethylamine (0.8 ml) and· 4-dimethylaminopyridine (20 mg) and a left overnight at r.t. 

Usual workup as above followed by column chromatography on silica gel fumished 310 mg (91% yield) 

of propionate 3Sb2 as a colourless oil. 

Example 11 

Hexanoate of trioxane 27b [compound 35b4, formula 35, R 1 = R2 =Me ; ~ = n-pentyl ; X = HJ 

A mixture of trioxane 27b (300 mg) and hexanoic anhydride (1 ml) in CH2Cli (15 ml) 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 chromaiography on silica gel fumished 330 mg (89% yield) ofbexanoate 35h4 

as an oil. 

Example 12 

Hemisuccinate or trioxane 27b [compound 4lb, formula 41, R, = R:.? =Me; X =HJ 

To a stirred and ice~cooled mixture of trioxane i7b (2..3 g) and succinic anhydride (2.5 g) in 

CH2Cb (100 ml) were added triethylamine (2.5 ml) and 4-dimethylamino pyridine (50 mg) and the 

reaction mixture was stirred a1 r.t. for 2 h, concentrated under reduced pressure, acidified (50 ml of 

100/o HCI) and extracted with ether (3 x 150 ml). Ether extract was washed with waier (3 x 100 ml), 

dried (Na2SO~) and concentrated under reduced pessure to give 3._l g of cmde material which was 

chromaiographed on silica gel (SO g, eluled with 50% elher in hexane) to give 2.3 g solid which was 
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%-99°C. 

d i111c1l1yl ;un i1h1p~-n,!i11~· 

I~xamplc 13 

h:ctoesler 11 f (formula 11. R1 = R2 = H, X = Ome) 

Compow1d 11 f was prepared from 3-methoxy-4-hydro>..1•acc111phe111111c (fo1mula 9. X =- Orn::°) 111 

84% yield li.11lowing the pro,edure· used for the preparation of comp~111d J la as given in exampk I. 
-

P-Hydroxycster 13f (formula 13, R., = R2 = H, -X = OMc) 

To a refiuxing mi>..1ure of ketoester I lg (21 g), zinc (6 g), ru1d 'a1al~1ic amount of iodine in 

benzene (400 ml) was add.ed dropwise e1hyl bromoacelate (15 ml) and the n:actil'll mi>..1Ure was 

refluxed for 8 hr. Work up and purification as given in example 1 fumished 20 g (71% yield) of P­

hydroxyester 13f. 

a.,p-Unsaturated ester 15f (formula 15, R 1 = R 2 = H, X = OMe) 

13-Hydroxyester 13f (20 g) was dehydrated with P20.s in refluxing benzene ac; above. and the 

crude product was purified by colunm chromatography on silica gel to fumish 10.5 g (55%) of a,p­

unsaturated ester !Sf. 

Ailylic alcohol 17f (formula 17, R 1 = R2 = H; X = OMe) 

a,p-Unsaturaled ester 15f (1.2 g) was reduced with LiAIIL (240 . mg) in dry ether (25 ml) at 

0°C. Work and purification was done according to the proc.edure as given above to give 260 mg (29"/0 

yield) of allylic alcohol 17f. 

Trioxane 27f (formula 27, R 1 = R2 = H ; X = OMe) 

A solution of allylic alcohol 17f (550 mg), adam:uttanone (540 mg) and methylene blue (15 

mg) in CH3CN (40 ml) was pholooxygenated as above for 6 h. 10 give P-hydroxyhydrope1w:ide 19f 

(fo1mula 19, R1 = R2 = H, X = OMe) as indicated by TLC. To this reaction 111ix11u·c was added p.­

toluenesulfonic acid (20 mg) .3.l!d was left al room temperature overnight. Worl-..-up as above followed 

by chromatography on silica gel furnished 180 mg ( 190/o yield based on the ally I ic alctlhol J 7f used) of 

1,2,3-trioxane 27f. 

Hemisuccinate for trioxane 27f (compound 4 H, formula 41, R1 == R2 = H, X = OMc) 

Hemisuccinale 4 lf w:i.~ prepared from trioxane 27f in 80% yield following the procedure used for 

preparation of compound 4 la as given in example 5. 

16 
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l•:xamplc 14 

Kefocsler Ilg (formula 11, R, = R2 =Me, X = OMc) 

A mixture of 4-hydrox-y-3-mcllrnxyacchlpht~nonc (15 g) ethyl 2-bn11111liStlbutyra1c (22 1111'1 :tJld 

K,COJ (45 g) in acetone (450 ml) was rclluxcd for 27 h. Most of the solvent wa.c; distilled tiff :u1d th~ 

reminder was diluted with water and extracted with ether, ether extract dried tin Na~so~ and con~~·ntratell. 

The crude product was ciu·omatographyed on sili~a gel (elution witJ1 5% ethylaceta!e in hexane) tti Jiimish 

4.41 g (18% yield) ofketoester llg as an oil. 

f3-Hydroxyester 13g (formula 13, R1, = R2 = Me, X = OMe) 

A mixture of ketoester I lg (4.4 g), ;:inc (3 g) and ethyl b1:omoacetate (2.5 g) in benzene was 

refluxed for 7 hr. Work up as above to give 6.0 g of crude product which was used in the n.:>.1 step 

without purification. 

tt,P-Unsaturated ester i5g (formula 15, R1 = R2 = Me, X = OMe) 

P·Hydroxyester 13g (crude product G'.O g as obtained above) was dissolved in benzene (100 

ml), I2 (40 mg) was added the reaction mix1Ure was refluxed for 6 hr. Workup and purificalion 

effected as above :fumished 2. i g (49% yield, based on ketoester I lg) of a,f3-unsan1rated ester 15g ac; an 

oil. 

Allylic alcohol 17g (formula 17, Rt= R2 =Me; X = OMe) 

· · a.,j3-Unsaturated ester 15g (1.9 g) was reduced with LiAIE4 (1.8 g) in dry ether at 0°C as above. 

Normal workup followed by chromatography :furnished 1.1 g (76% yield) ofallylic alcohol 17g as an oil. 

Trioxane 27g (formula 27, Rt = R2 = Me ; X = OMe) 

A solution of allylic alcohol 17g (1.1 g) and methylene blue (20 mg) in acetonitrile (50 ml) was 

photooxygenated as above al 0°C for 7 h. to give 13-hydroxyhydr'operoxide 19g (fonnula 19, R 1 = R2 = 

Me, X = OMe) as indicated by 11..C. The reaction'. mix1Ure was divided into two equal parts. One part 

was reacted with 2-adrunantanone (500 mg) in presence of cone. HCI (4 drops) at room temperature 

overnight Usual workup followed by l.'.fm.lmatography furnished 300 mg (34% yield bac;ed llll the 

alcohol 17g used) oftrioxane 27g as thick oil. -. 
Example 15 

Trioxane 23gl (formula 23, Ra = R2 = Me ; X = OMe ; R,, Re = -CH2C~CH2CHd 
The other half of the reaction mixture as obtained in the above experiment was reaclcd wiih 

cyclopentanone (I ml) in presence of cone. HCI (5 drops) al r.t. overnight. Usual worl-.'Up follovv·ed by 

purification :furnished 210 mg (28% yield based on alcohol 17g) oflrioxane 23gl. 
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Example 16 

Ketoester l2•l (furmula 12, R1 = R2 = H) 

A mi~ turc <'f ~-hydroxyacetophcn\mC (5 g), ethyl ..:hh1n1:i..:i:tai~· ( 5.f> ml) ;u1d K;CO-. (7.5 _g) wa~ 

hca.t~u aI 65a,.~ with slin-ing for 13 h. It was C\1oleJ ll, rClom tcmpcra1:1n-. diluted with waler (50 11111 and 

extracted with ether (:! x I 00 ml). Ether c>..1ract was washed with water <) x 50 ml). dried (Na;SO.,). 

concentraied ;u1d chrornalographyed on silica gel using 50% ethylacetare - hexane as cluant 10 give 4.5.! g 

(d9"/o yield) 11fkeloester 12a as an oil. 

a.,p-Unsaturated ester 16a (formula 16. R1 = R2 = H) 

To a refluxing mixture ofkeloester 12a (15 g), zinc (6 g), iodine (70 mg) in benzene (350 ml) 

was added dropwist: ethyl bromoacetate · (8 ml) and the reaction rnixtw·e was refluxed for 9 hr. -n1~ 

reaction mixture was cooled, acidified with aqueous 10% HCI, bcn;::ene lay~r was separated and the 

aqueous layer was extr.h;ted with benzene. The combined benzene extract was washed with waler, 

aqueous NaHC03, dried (Na2S04) and concentra!ed to give 14a which was dehydrated with PiO.s (5 g) . 

using the procedure as given in example 7, and the final product was purified by cCllunni 

chromatography on silica gel (hexane - ethylacetate as eluant) to furnish 14.75 g (45%, ba~ed on 12a) of 

16a as an oil. 

Allylic alcohol 18a (formula 18, R1 = R2 .= H) 

To a stirred and ice-cooled mixture ofLiAIH.i (8 g) in dry ether (400 inl) was added dropwise a 

solution of a.,p-unsaturated ester 16a (11 g) in dry ether and stirred the reaction mixture in ice bath for 6 

h. It was quenched with H10 and 100/0 Na.OH. The organic layer was separated and the residue was 

washed with ether. The combined ether extract was dried (Na2S04), concentrated and purified by 

column chromatography on silica gel using hexane - ethylacetale as eluant to give 5.8 g (74% yield) of 

allylic alcohol 18a. 

Trioxane 24a 1 (formula 24, R1 = R2 = H ; RJ, ~ = CH2C!kCH2CH2) 

A solution of allylic alcohol 18n (1.0 g) and Rose Bengal (5 mg) in acetonitrile (65 mg) was 

photooxygenated a.I 0°C for 7 h. to give P-hydroxyhydroperoxide 20a (fommla 20, R1 == Ri = H) . as .. . .. 
indicated by 11.C. To this _reaction mixture were added cyclopentanone (1.5 ml) and p­

toluenesulfonic acid (15 mg) and the reaction mi> .. 111re was stirred at room temperature for 4 h. Workup 

as above followed by chromatography on silica gel colwnn furnished 600 mg (43% yield based on 

allylic alcohol 18a) oftrioxane 24al. 
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lfomisuccin11tc of lrioxanc 2-4111 (n1mpound 38ul, fonnuln JS. R1 = Rz II 

A S1llt1tion tri1lX;u1c 24al ((111() mg) and succinic anhydride (2.0 g) in pyn.1111~· 1' ml) wa.-= 

stin·ed al n1l1111 tcmpcralurc 1w~·might ·111c reaction mixtun: wa.-: di luted with wa! :r and ~ xtradcd 

with ether. The ether cx1ract wa.~ wa.c::hcd with waler, 10%1 aquc0us HCI, waler. dri;·d 1:--.;a,S0.1) <Uh' 

concentral~d. 111e cmde produ.:t l111 purified by chromatography on silica gel using. CH:l'I: • ether a.~ 

eluant furnished 780 mg (98%1 yield) 11fhemisuccinate 38al. 

Example 17 

Trioxane 2Sa (formuJa 28, R1 = R1 = H) 

A Sl1lution Qf aJlylic akllhol 18a (1.0 g) and melhylene blue (5 mg) in C'li;:i."I: (65 mg) was 

photoox")'ge~1ai:ed as above at occ for I 0 h. To the reaction mi>..1Ure were added 2-adam;mtaswne (I g) and 

p-toluenesulfonic acid (15 mg) and the reaction mixture was kept ar room temperarure 1wernight. Usual 

worl.'Up as above followed by pw·ificalion by chromatography on silica gel colunm ti1mished 350 mg 

(21% yield based on aJlylic alcohol 18a) oftrioxane 28a as a thick oil. 

Hemisuccinate for trioxane 28a (compound 42a, formula 42, R1 = R2 = H) 

Hemisuccinate 42a was prepan~d in 91% yield by reacting trioxane 28a with su..:cinic anhydride 

following procedure as given in the above example. 

Example 18 

Ketoester 12b (formula 12, R 1 = R2 = Me) 

A mixrure of 3-hydroxyacetophenone (5 g) ethyl 2-bromoisobutyrate (5.4 ml) and K2C03 (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 gel to fumish 1.82 g 

{22% yield) ofkeloester 12b as an oil. 

a..13-Unsaturated ester 16b (formula 16, R 1 = R2 =Me) 

To a refluxing mixture ofketoester lib (14.6 g), zinc (7.3 g) and iodine (50 mg) in benzene (400 

ml) was added dropwise a solution of ethyl bromoacetate (7.3 ml) in benzene (50 ml) and the reaction 

mixrure was refluxed for 14.5 hr. when it was cooled, acidified with 10% aqueous HCI. Benzene 

layer was separated, washed with aqueous NaHC~. dried and concentrated to giver4iydroxy ester 14b 
I 

which was used in the next step without purification. 
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lit:: .:mdc l~-hy<ln•xy~·s_tcr I.Sb ;L-; \lhlaincd alww wa:-: diss\1lvcd iu bcnzcm.: l500 ml). 11 10.~ (I() gJ 

was addcd and tJ1e mixture wa.-; refluxed for ~ h. l i~ual w11rkup followed by d1r1l111atograph~1 

1i11111shed c; .• f\-unsaiuratf:d ester 16b (7 g,. 42% yield bas1.·J tin 12h). 

Allylic alcohol 18h (formula 18, R1 = Ri = Mc) 

T1.> a stim:d and ice-..:oolcd mix1ure of LiAlll. CU. g) in dry elher (-150 111() w;L'> added a 

s1.)lution of c.t.,l}-unsaturatcd 16b (3.6 g). ·me reaction mixture was ~'tin-ed for 2.5 h. in ice ba1h. It wa~ 

quenched with water and 10% aqueous NaOB. Ether layer was separate~ and concentratt>d It) give 2..6 

g ofresidue \Vhich was chromatographcd on silica gel tl) give 2..3 g (86% yield) of allylic akohol 

18h. 

Trioxane 24bl (formula 24,. R1 = R2 = Me ; R,,, R. = CH2CH2CH2CI~2) 
A mixture of allylic alcohol 18b (300 mg) and methylene blue (20 mg) in CH;CN (40 ml) wa~ .. 

photooxygenated at 0°C for 5.5 h. to give 13-hydro>..yhydroperoxide 20b (formula 20, R1 = Ri = Me) as 

indicated by TI..C. The reaction mixture was divided in two equal parts. To one-half of this 

reraction were added cyclopentanone of (1 ml) and PTSA (40 mg) and the reacticin mix"ture was 

stirred at room temperature for 5 h. Usual workup followed by chromatography on silica gel fornished 

170 mg (81% yield based on alcohol 18b) oftrioxane 24bl. 

Hemisuccinate for trioxane 24bl (compound 38bl, formula 38, ~1 = R2 = Me ~. R.i = 
c~c~~CHz> 

To an ice-cooled solution oflrioxane 24b1 (200 mg) and succinc anhydride (400 mg) in CH2Cb 
(20 ml) were added Et3N ( 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 vacuwn, acidified with 10% 

aq. HCI and extracted with ether. Ether extract was washed with water, concentrated and purified by 

chromatography on silica gel to give 230 mg (92% yield) of compound 38b 1 as an oil. 

Tnoxane 24b2 (formula 24, R1 = R2 = Me, R3, R. = CH2CH2CH2CH2CH2) 

To the other half of the photo oxygenated ·mixture tlbtained as in the above experiment \\'ere added 

cyclohexanone (1 ml) and PTSA (40 mg) and the reaction mixture was stin·ed a1 r.t. for 5 h. Workup . ~. 

and chromatography on silica gel column as above fumisbed 110 mg (50% yield based on alcohol 18b) of 

trioxane 24h2. 

•' 
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lfomisuccin11t1? for tnoxane 24b2 (rnmpound 38h2, fo1111uh1 38. R 1 

Trioxane 24b2 (250 mg) was reacted with succinc anhydride (~50 mg) in Cll:iCl:i (20 ml) a.c: 

above and the l·11.1de pr.iduct wa.<> purified by chromall1graphy llll silica gel u::i111~ :!5% l'lhcr in CH2C'I~ as 

eluant to give 280 mg (X7% yield) of compo1uid 38b2 as ru1 l)il. 

Example 19 

Trioxane 28b (formula 28, R1 = R2 = Me) 
·-

A solution of allylic alcohol 18b (300 mg) ;md methylene blue (iO mg) in Cl:hC'N (30 ml) \·vas 

photooxygenaied aI -8cC for 6 h. To the reaction mixture were added 2-adamantanone (300 mg)' ru1d p­

toluenesulfonic acid (50 mg) and left aI room temperature overnight. TI1e solvent was removed under 

vacuwn and the residue was diluted with aq. NaHC03 and waler and ex1racted with ether. The ether 

_ e>..1ract was washed with \Valer, dried, concentrated and chromatographed on si I ica gel to fomish 310 mg · 

(62% yield) oftrioxane 28b as an oil. 

Hemisuccinate oftrioxane 28b [compound 42b, formula 42, R1 = R2 =Me] 

To a stirred ice-cooled mixture of trioxane 28b (100 mg) and succinic anhydride (200 mg) in 

CH2Ch (10 ml) were added triethylamine (0.5 ml) and 4-dirnethylamino pyridine (20 mg) and the 

reaction mixture was stirred al r.t for 3 hr. 111e reaction mixture was concentrated uu<Jer reduced. 

pressure, acidified with 10% aquoeus HCI and extracted with ether (2 x 20 ml). The ether extract was 

washed with water dried (Na2S04), concentrated and purified by column chromatography on silica gel 

to give 100 mg (80% yield) ofbemisuccinate 42b as a thick oil. 

Example 20 

Ketoester llc (formula 11, R1 = H, R2 = Me, X = H) 

A mixture of 4-hydroxyacetophenone (5 g), ethyl 2-bromopropionate (5 ml) and K2C03 (7.5 g) 

was heated at l 2.0°C for 7.5 h. 1l1e reaction mixture was extracted with ether, washed with water, dried, 

concentrated and chromatographed on silica gel to furnish 1.8 g (21 % yield) of l lc, m.p. 64-72°C. 

a..f3-Unsaturated ester lSc (formula 15, R 1 = H;R2 =Me, X = H) 

To a refluxing mixtiire of ketoester llc (25 g), Zn (6.5 g) and iodine (50 mg). in benzene (250 ml) 

was added dropwise ethyl bonnoacetate (12 ml) and die reaction mixture was refluxed for 7 h. 111e crude 

product (13c) obtained a.fler usual workup was dehydrated with iodine (2 g) in benzene (100 ml) by 

refluxing for 4 h. The reaction mix1ure was washed with a slution of sodium thiosulphate, concentrate~ and 

purified by chromatography on silica gej to give 14.6 g (4 7% yield) of I Sc as an oil. 
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Allylk alcohol 17 c (formula 17. R1 = II, R2 = Me, X = ll) 

a_,p-Unsaluratcd c:;lcr 15c (5.0 g) was reduced with LiAIJ-L (3 g) 111 di")' i.:l11~·r 1)50 1111) a..; alh1w 

to give 2. 7 g. allylic alcohl1l Jic. 

Trioxane 25c (formula 25, R1 = Me. Ri = X = H) 

A solution <'I" ally! ic alcohol 17c (1..5 g) and me1hylene blu..: c I 0 mg) in CI-IiCN (45 ml) \·vas 

phocooxygen:ued as above for 6 h. h1 give ~-hydroxyhydroperoxide 19c (fonnula 19, R1 =Mc; R2 "' X "' 

H). One third (com:sponding to 500 mg l1f lOc) was taken and reacted with norcomphor (1.0 g) in 
. -

presence of cai:alytic ai111..1uut of p-toluenesulfonic acid at r.t. for 3 h. Usual work-up followed by 

chromatography on silica gel colwm1 furnished 300 ing (38'>/" yield based on the allylic alcohol l 7c 

used) of trioxane 25c. 

Example 21 
·. 

Ketoester 1 ld (formula 11, R1 = H, R2 = Et, X = H) 

A mi.>..11.lre of 4-hydroxyacetophenone (5.0 g), ethyl 2-bromobutyrate (5 ml) and K2CO;; (7.5 g) wa~ 

heated at 120°C for 7.5 h. Work-up followed by purification of the crnde product as above (example 20) 

furnished 3.9 g (42% yield) of compowid lld as an oil. 

a..J3-Unsaturated ester 15d (formula 15, R 1 = H, R2 =Et, X = H) 

To a refluxing mixture of ketoester lld (3.5 g), Zinc (2.0 g), iodine (50 mg) in benzene (50 ml) 

was added ethyl bonnoacetate (1.5 ml) and the reaction mixture was refluxed for 5 h. It was acidified with 

10% HCl, benzene layer was separated 3lld concentrated 3lld 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 P20.s as catalyst Workup followed by column chromatography on silica gel as above 

.furnished 2.0 g (88°Ai yield) of ester 15d as an oil. 

Ailylic alcohol 17 d (formula 17, R 1 = H ; R2 = Et ; X = H) 

o:.,(3-Unsaturated ester lSd (2.7 g) was reduced with LiAIR. (1.5 g) in dry ether (150 ml) and the 

crude produc! wa~ purified by chromatography on silica gel using he>:anc - ethyl acetate as eluanl w give 

1.2 g of allylic alcohol 17d .. 

Trioxane 27d (formula 27, R 1 = Et, R2 = X = H) 

A solution of allylic alcohol 17d (1.2 g) ruid methylene blue (10 mg) in CH3CN (40 ml) was 

photooxygenated as above for 7 h. to give P-hydroxyhydroperoxide 19d (fornmla 19, R1 ="Et; R2 = X = 
H) as indicated by TLC. To one half of this reaction mixture were added adamanl.anone (600 mg) and 

PTSA (10 mg) and the reaction mixture was stirred al r.t. for 2 h. Usual w1lrk1.1p followed by 
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r.:hroma.tography 011 ;.;:11~<1 g.r.:1 fomishcd 300 mg. (30%1 yield based 1.)11 the allylir.: ak~ihol 17d used) of 

trioxane 27d as oi I. 

Example 22 

Kctoester llc (formula 11. R, = H, R2 = n-pcntyl, X =. H) 

A mix1ure of 4-hydrnxyacetophenone (5.0 g), ethyl 2-bromoheptaJJoalc (8.3 g) and K2C0..1 was 

heated at 120°C for 7.5 h. 111e reaction mixture was extracted with ether. Ether e>.1ract was washed with 

water, dried, concenti·ated and chromatographed on silica gel to furnisl~ _ 9.1 g (89% yield) of compound 

Ile, as an oil. 

a.,f3-Unsaturated ester !Se (formula 15, R1 = H, R2 = n-pentyl, X = H) 

To a refluxing mixture of ketoester lle (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 I 0% HCI, benzene layer was separated, washed witl1 aq. NaHCO:i solution, dried and 

concentrated to give (3-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) wa~ 

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 wit11 5% ethyl acetate -

hexane) to give 22.1 g (71% yield) of cx.,l}-wisaturated ester 15e as an oil. 

Allylic alcohol 17 e (formula 11, R, = H ; R2 = n-pentyl ; X = H) 

a.,p-Unsaturated ester 15e (12 g) was reduced with LiAIH.i (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 alcohol 17e. 

Trioxane 23el (formula 23, Ra= CH2CH2CH2CH2C~; R2 = X = H, R3. ~ = -CH2CH1CH2CH2-) 

A solution of alcohol lie (2 g) and methylene blue (100 mg) in CH3CN (60 ml) was 

photooxygenated a! 0°C for 4.5 h. to give (3-hydroxyhydroperoxide 19c (formula 19, R; = 

CH2CH2CH2CH2CH3; Ri = X = H) as indicated by 11.C. One half this photooxygenated reaction mixture 

was reacted with cyclop~ntanone (2 ml) in presence of PTSA (50 mg) al r.t. for 5.5 h. Usual workup 

and chromatography on silica gel colwnn to .fumish 610 mg (45% yield based on allylic alcohol I7e 

used) of trioxane 23el. 

Trioxane 27e (formula 27, Ra = CH2CH2CH2CH2CH:s ; R2 = X = H) 

To the other half of the photooxygenaled mixture as obt_:ained in the above example were added 2-

adamantanone (1 g) and PTSA (50 mg) and the reaction mb_ruture w/stirred at r.l. for 5 h. Usual workup 
/, 
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follow;:J by d1rn111:1h1graphy 1111 sili..:a gel ..:t1lumn u~ing hcx&utc • clhyla..:clatt" :L" du;u11 li1mi:-;hed 780 

mg (76% yield based t1fl aJlylic akolwl I ic u!'c<l) of triox;u1e 27c as a thick oil. 

Hemisuccinate oftrioxane 27e {compound 4 le, formula 41, R 1 = H, R2 = n-pentyl; X = llJ 

To a stim:d and ice-,oukd mix111r:.: 11f 1rioxam: 27c (200 mg) and succinil· anhydride (:!OO mg,l in 

CH2Cli (20 ml) were added tricthyl:unine (0.5 ml) and 4-dimethylamino pyridine (:1.0 mg) and the 

reaction mixture was stirred al r.t. fi.1r 1.5 h. WQrk'Up as ab<we followed by purification by 'olunm 

. chromarography on silica gel furnished 200 mg (82% yield) of hemisuccinate 4lc as· a ~·01t111rlcss oil. 

Using the above procedures th~ folh.1wing hydroxy-fonctionaliz¢d trioxane and their esters were 

also prepared. 

Trioxane 23a4 (fonnula 23, R1 = Ri = X = H ; R:i. R.. -= Me, Et) ; 36% yield 

Trioxane 23a5 (fonnula 23, R1 = Ri = X = H, R3, R.. = Me, CH2CH2CH3); 43% yield 

Trioxane 23a6 (fonnula zl, Ri = Ri = X = H. R3, Ri = Me, CH2CHMe2) ; 29% yield 

Trioxane 23a7 (fonnula 23, R1 = R2 = X = H, R3 = R.. = n-propyl); 21% yield 

Trioxane 23a8 (fonnula 23, Ri = R2 = X = H, R3 =Re= n-butyl) ; 11% yield 

Trioxane 23a9 (follllula 23, R: = R2 = X = H, R:i = R. = n-pentyl); 16% yield 

Trioxane 23a10 (fonnula 23, R1 = R2 = X = H, R3, Re= -CH2(CH2)9-CHr); 16% yield 

Trioxane 23all (fonnula 23, R1 = R1 = X = H; R3, R. = -CH2-CHi-CO-CH2-CH2) ; 6% yield 

Trioxane 23al2 (fonnula 23, R1 = R2 = X = H, R3, R.i = H, -CJf5) ; 45% yield 

Trioxane 23al3 (fonnula 23, R1 = R2 = X = H, ~. R.. = H, 1-naphthyl); 380.4 yield 

Trioxane 23b3 (fonnula 23, R1 = R2 =Me, X = H, R3, R..i = H, 1-naphthyl) ; 7% yield 

Trioxane .23b4 (fonnula 23, R1 = R2 =Me, X = H, R3, R..i = CH2(CH2) 4-CH2); 15% yield 

Trioxane 23cl (fonnula .. 2.3, Ri. R2 = H, Me ; X = H, R:i. Ri = -CHrCH2-CH2-CHi-) ; 42% yield 

Trtoxane 23c2 (formula 23, Ri. R1 = H, Me ; X = H, R3, R..i = -CH1-(CH1)J-Crl2); 46% yield 

Trioxane 23dl (fonnula 23, Ri. Ri = H, Et; X = H, R:i, Ri = -CH2-CH2-CHrCHr); 33% yield 

Trioxane 23e2 (fonnula 23, Ri. Ri = H, n-pentyl ; X = H, R:i. Ri = -CHr(CH2)rCH2) ; 54% yield 

Trioxane 23e3 (fonnula 2-:?. Ri. Ri ~ H, n-pentyl ; X = H, R3, R.i = -CHr(CH2).c·CH2) ; 380/o yield 

Trioxane 23e4 (formula 23: Ri. Ri = H, n-pentyl ; X = H, R3, R..i = -CHr(C~),i;·CH2) ; 15% yield 

Trioxane 23e5 (fonnula 23, Ri. R2 = H, n-pentyl; X = H, R3, ~=Me); 54% yield 

Trioxane 23fl (fonnula 23, R1 = Ri = H; X = OMe ; R:i, Ri = -CHrCH2-CHi-CH2) ; 27°Ar yield 

Trioxane 23f2. (formula 23, R1 = R2 = H; X = OMe, R:i, R.: = -CHi-(CH2):i-CH2); 16% yield 

Triox:ane 23gl (formula 23, R1 = Ri =Me ; X = 0.Me, R3, Jti = -CHrCHrCHrCI-!i-) ; 28% yield 

24 
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Tiioxan\! 24a2 (formula 24, R1 = R1 -'fl ; R1. l'-.c ·- -C'l l2iCliz}rCH.); 4 l'!·i> yield 

Trioxane 24a3 (fom,ula 24. R1 = R2 ::: H; R-•. R,. -= -Cl·l:iClh).-CH2); 60.,:., yield 

Trioxane 24b3 (fommla 24, R1 =· R1 =Mc: R~. R .. ~ H, 1-naphthyl); 24% yield 

Trioxane 25a (fonnu!a 25, R1 = R2 ""· H) ; 34'l.i1 yield 

Trioxane 25c (fonnula 25, Ri. R2 = H, Mc); 39% yield 

Trioxane 25d (fommla 25. Ri. R2 = H, Et) : 15% yield 

Trioxane 25e (fommla 25, Ri. R2 = H. n-pentyl); 35% yield 

Trioxane 26a (formula 26, R., R2 = H) ; 23% yield 

Trioxane 26b (formula 26, Ri. R2 =Me); 53% yi~ld 

Trioxane 27c (fonnula 27, Ri. R2 = H. Me); 39% yield 

Trioxane 28b (fonnula 28, Ri. Ri =Me); 27% yield 

Compound 3 la2 (fo.nnula 31 ; R1 = R2 = X = H ; R3, .Re == -CHrCH2-CHrCHr ; RJ = Et) ; 80% yield 

Compound 3 la3 (formula 31 ; R1 = R2 = X = H ; R3, Re= -CH2-CHi-CHi-CHr; R5 = n-Pr) ; 78% yield· 

Compound 3la4 (formula 31; R1 = R2 = X = H ; R3. Re=. -CHrCHi-CH2-CHr ; R~ = .n-hexyl) ; 75%, 

yield 

Compound 31a5 (formula 31 ; R, = R2 = X = H ; R3, R.. = -CHi-CH2-CH2-CHr ; Rs = phenyl) ; 42% 

yield 

Comp01md 3 la6 (fonnula 31 ; R1 = R2 = X = H ; R3, Rt = H, 1-naphthyl ; R5 = CH:i) ; 36% yield 

Compound 3lb1 (fonnula 31 ; R1 = R2 = Me, X = H ; R3, Rs = H, 1-naphthyl ; R, = CH3) ; 90% yield 

Comp01md 32bl (fonnula 32; R1 = Ri =Me; R3, Rs= -CHrCHl·CH:rCH:r; R.s =Me); 890/o yield 

Compound· 32b2 (fommla 32; R1 = R2 =Me; R;, Rs= -CHi-(CH2)rCHr ; R5 =Me); 86% yield 

Compound 32h3 (formula 32; R1 =R2 =Me; R3, R.i = H, 1-naphthyl; R.5 =Me); 73~.i;, yield 

Compound 33al (formula 33 ; RL = R2 = X = H; R, =Me); 82% yield 

Compound 33a2 (fonnula 33 ; R, == R2 = X = H; R5 =Et) ; 76% yield 

Compound 33a3 (fonnula 33 ; R1 = R2 = X = H ; R.:1 = n-hexyl) ; 83% yield 

Compound 34b (fomm!a 34; R1_~ R2 =Me, R_, =Me); 94% yield 

Compound 35b3 (fonnula 35 ; R1 = R2 =Me ; X = H ; R.:o = n-Pr) ; 570/o yield 

Compound 35b5 (fommla 35; R, = R2 =Me ;X = H; R5 = n·hexyl); 95% yield 

Compound 36b (formula 36; R1 = R2 = R.s =Me); 91% yield 

Compound 37al (formula 37; R1 == R2 = X = H; R3, Rt= -CHrCH,-CH2-CHr); 87% yield 

Compound 37a2 (fonnula 37; R1 = R2 = X = H; R:i, It,= -CHi-(CH2)J·CHr); 40% yield 
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Compound 37a3 (li.11m11la 37; R; ;· R; -· X::: II; R~ ~It,·= Mc); 70%1_yic/J 

Compowad 37a4 (fommla 37; R; = R; '"' X = H ; R~ = R.. =: H. 1-nnphthyl) : ()t,•!,, yidd 

Compound 37b2 (fommla 37; R: = R1 ""Mc, X.:: H; R3, It.= -CHi-(CH1):i-C"l I_.-): 8<,e1.o yi.:l<l 

Compound 37b3 (fomml:i 37; R~ ~·,~~:~~,;;~~~~~~-t\~~!}.~~~~'.'-~~-~i{~~~Y.~~~~~~t2J.~JM».6.:ti'.·:w .. ;-... 
Compound 37el (formula 37; R,, R2 = H, n-pentl1yl, X = H; R3, R.. = ~CH2CH.-CH:CH~-); 79~-·;, yield 

Compound 37fl (fommla 37; R! = R2 = H, X = OMe; R~, ~ = -CHrCH2-Clh-CHr}; 16'!l., yield 

Compound 38a2 (fom1ula 38; R, = R1 = H; R3, R.. = -CH2 (CH2h-CH2-); 90~'~• yield 
-.. 

Compound 38b1(fommla38; R, = R2 =Me; R3, R.. = -CHi-CHrCHrCHr)_; 92%yield 

Compound 38b2 (fonnula 38; R1 = R2 =Me; R:;, ~ = -CH2(CH2)rCHr); 88?;, yield 

Compound 38b3 (foonula 38 ; R: = R2 =Me; R3, R.. = H, 1-n:iphthyl); 87U1ci yield 

Compound 39a (fonnula 39 ; R1 = R2 = X = H) ; 9?0A> yield 

Compound 40b (fonnula 40; R, = R2 =Me); 96% yield 

Compound 41f (fonnula 41 ; R1 = R2 = H; X = OMe); 80% yield 

Compound 4 lg (fommla 41 ; R1 = Rl =Me, X = OMe) 

Compound 42a (fonnula 42; R:·= R2 = H); 91% yield 
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Antimalarial Activity 

TI1e antimalarial activity of the 1cst corn1H1tu1ds was evaluated m n1den1 using 111ul1id111g 

resistant strain of Plasmodmmyoelu Nigcr:.:ns1s in swiss mice. 

General Precedure : Randl1m bred swiss mice l'lf either sex (20 ± 2 gm) were i1wl·11la1ed 

intraperitoneally with 1 x 10~ P. yo2h1 (MDR) parasites on day zero. TI1e treatment with test 

compounds were administered to groups ~1f 6 mice each at different dose levels ranging between 2.4-

96 mgfkglday. The trioxanes were dissolved in groundnut oil (or 50% sodium bicarbonate solutions in 

case of hemisuccina!e derivatives) and were administered via intramuscular or oral r(1ute for 4 

consecutive days (day 0-3) .. 

Blood smears from experimental mice were observed on day 4 and 7, day 10 and thereafter at regular 

interval till day 28 or dealh of the animal. The parasitaemia level on day 4 was compared with the 

vehicle control group and the percent suppression of parasitaemia in treated groups was calculated. 

For determing the curative dose of a compound the treated mice were observed till day 28. TI1e 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 . Antim:tlariaJ a~1ivi1y of suhi;litutcd trioxancs again:;! multi J111g .rc:>i:>t<utt :>lra111 11f 

P!asm.:1<fmm yrJelu Nigcricnsis in swiss mice 

·-----------· ----· ---·--------·-
Compd. Rt)l1tc Dose No. of 0-o Supprcs- Cured/ 
No. mg/kg animals sion on Trealcd 

day-4 

23al nn 96 6 100 1/6 
im 48 5 100 .._ 0/5 

23a2 im 96 5 100 015 
im 48 5 100 115 

23a4 im 96 6 70 015 

23bl 1m 96 5 98 215 

23b2 1m 96 5 100 215 

23cl 1m 96 6 100 316 

23c2 1m 96• 6 100 016 

23el im 96 5 100 115 

23e2 im 96 6 92 015 

23fl im 96 5 100 015 
im 48 5 100 015 

23f2 im 96 5 97 015 

23gl im 96 6 93 .016 

- 24al im 96 6 100 016 

24a2 im 96 6 89 016 

24a3 im 96 6 100 016 

24b2 Im 96 6 83 0/6 

25a 1m 96 6 100 616 
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2Sc 1111 % 6 100 5'!() 

im 48 6 100 I :'Ci 

25e im 96 6 81 (}:'(, 

26a im 96 6 100 
im 48 6 88 

27a im 96 6 JOO ()!{) 

Im 48 6 100 ()i() 

11n 24 6 100 ·- J/6 
oral 96 6 100 Zi6 
oral 48 s 100 016 

27b oral 96 6 100 6/6 
oral i2 6 100 616 
oral 48 6 100 116 
Im 96 6 100 616 
im n 6 100 616 
1m 48 6 100 516 

27c im 96 6 100 6/6 
im 48 6 100 3/6 

27e im 96 s 84 016 
im 48 6 15 016 

27f im 96 6 100 616 
im 48 6 100 116 

27g im 96 6 92 
im 48 6 85 

28a tm 96 s 100 515 
im 48 s 100 3/5 

28b im 96 6 96 
im 48 6 66 

3lal im 96 6 100 616 
im 64 5 100 115 
im 48 6 100 2/6 

3la2. im 96 6 97 016 
un 48 6 47 016 



. ' 

3lu3 1111 •)(, G 36 0:() 

irn ·18 (j 26 OH1 

31a4 im 96 G !2 IH1 

im 48 6 22 (J!() 

: . -~ ...... . .... 
3la5 1111 96 6 57 Oi<1 

!Ill 48 6 41 ();(, 

3lb2. 1m 96 6 20 Oi6 
101 96 6 75- Oi<l 

33al Im 96 6 99.5 016 
im 48 6 96.8 0/6 

33a2 1m 96 6 52.5 Oi6 
1m 48 6 61.6 016 

33a3 im 96 6 0 016 
im 48 6 14 0/6 

35al im 96 6 100 616 
lffi 48 6 99 0/6 
oral 48 6 92 116 
im 96 6 100 616 

3Sbl oral 96 6 100 116 
[ffi 96 5 99. 1/5 

35b2 im 96 5 94 016 
oral 96 5 100 0/6 

35b4 lffi 96 s 0 0/6 
oral 96 5 35 0/6 

3Sb5 im 96 5 67 016 
oral 96 5 80 Oi6 

37al Im 128 6 0 Oi6 
.• 

37a2 1m 128 6 91.6 016 

37a3 im 128 6 83 016 
im 64 5 53 015 

37bl im 96 6 116 
im 48 6 216 
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37cl im 91, 6 I 00 116 oral 96 6 82 0/6 

38al im 96 6 8:! 0/6 Im 48 6 62 Oi6 

38a2 im 96 6 59 0/6 
Ull 48 6 55 016 

39a im 96 5 94 0/5 1m 48 5 --93 liS 
4la im 64 6 100 616 im 48 6 100 6/6 oral 96 6 100 6/6 oral 48 6 100 016 

4lb .-. 
64 6 100 616 

1m 
im 72 6 100 616 im 48 6 100 516 im 24 6 100 316 oral 96 6 100 616 oral 96 6 100 616 oral 48 6 100 216 

4le im 96 6 100 016 oral 96 6 97 016 
42a im 96 5 100 215 im 48 5 78 015 
42b 1m 96 6 100 016 oral 96 6 96 016 
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Triox;u1c 27a, l7b andc 1heir hcmisuccinatcs 4 la ;u1J 4 lh were cval11a1cJ l\ir l>hi,id si:hi:-:1>111\1l'.iJ;1f 

prllWCllf; 

For activily against P. r..:v11om1.)lg1, rhesus 1111mkcy~ \'o.'CTc i1wculatcJ intrawrlllusly \-\.-"ilh I x I 0' 

parasitized RBC and the treatment was initialed when the parasitacmia level reached above 0.5%1. For 

activity against P. Kn.owles1 the rhesus monkeys were inoculaicd intravenously \vith I x 1 o" parasiti;:cd 

RBC and the treatment wa.c;. initiated al 0.1% parasitacmia level. 
-

Compounds 27a and 27h were.dissolved in groundnul 11il and adminislered in various regimens for 

3-5 days via oral or intramuscular (im) routes. Hemisuccinates 4 la and 41b were dissolved. in 5% 

bicarbonate solution and administered similarly by oral, im or iv routes. 

The blood smears from the treated monkeys were examined once daily lo record parasitaemia 

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 5 and table 6. 

Table 5 : Antimalarial activity oftrioxanes against Plasmodium cy'}:Orrt.0lgi in rhesus monkey model 

Compound Route Dose Regimen Time for complete Cure rate 
mglkgxdays clearance of 

parasitaemia (hr) 

27a im 10.0x4 Divided 48 212 
im 10.0 x 4 Single 48 314 
1m 7.5 x4 Single 48 1/2. 
lm 5.0x4 Divided 48-72 112 
oral 20.0 x 5 Divided 72 212 
oral 20.0 x 5 Divided 48 313 
oral 15.0 x 5 Divided 48 313 
oral 10.0 x 5 Divided 48 0/2 

27b 1111 15.0 x 4 Divided 48 2/2 
im 10.0 x4 Divided 72 2/2 
oral 20.0 x 5 Divided 48 212 
oral 20.0 x 5 Divided 72 2/2 
oral 15.0x5 Divided 72 2/2 
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4la 1111 10.0 x 4 Dividi;d 48 4/4 
im 10.0x4 Single 48 uz 
im 7.5 x 4 Single 48 112 
l1ral 20.0 x 5 Divided 48 313 
oral 20.0 x 4 Divided 48 2:2 
oral 15.0 x 5 Divided 48 012 

4lb IV 10.0 x 4 Divided 48 ., . ' ~t-

1m IO.Ox 4 Divided 48 2/2 
un · 10.0x4 Single 48-72 012 
oral 20.0 x 5 Divided 48-n 2/2 
oral 10.0 x 5 Divided 96 Oi2 
oral 20.0 x 1 + Divided 48-72 515 

10.0 x 4 

Table 6: Antimalarial activity oftrioxanes against P. J:nowlesi in ri1esus monkey model 

Compound Route Dose Regimen Time for complete Cure rate 
mglkgx days clearance of 

parasitaemia (hr) 

27a im 20.0 x4 Divided 48 212 
lffi 15.0 x4 Divided 48 212 
im 10.0 x4 Divided 48 0/2 
im 5.0 x:4 Divided 72 0/2 
oral 15.0 x4 Divided· 48-72 2/2 

41a ·im 20.0 x: 4 Divided ·48 212 
!m 15.0 x 4 Divided 48 1 ,., 

~· .. .. 
oral 30.0 x: 4 Divided 48 112 
oral 15.0 x 4 Divided 48 012 
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Carnctocvtocidal Aclivitv 

Compounds 27n :Uld 4 Ia were aJs,1 1r.:s1r.:d fi..,r g;uneh,cytocidaJ activity ac~~m.hng 10 lhc tt•l!,•wing 

protocol: 

Different balches of 3 k°l 4 days ,,Jd naive Anopheles stephensis mosquih,es arc allow.·d h, 

engorge blood from gametocyte carrying. ir1fected host (rhesus monkey ___ infected v.--ith P. 1.,-ynomofp1 or 

hamster infected with P. yoelu) at different time intervals prior to and after administration with a ~mg.I:.: 

dose of the test compound. The· blood fed mosquitoes were maintained for the nex1 7-10 days in an 

insectorium to allow ~evelopment of oocysts. A comparison of mosquito infectively rate and tl1,cyst 

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

agent. 

Compound 27a and 4la showed complete loss ofiniectivity in mosquito batches fed 24 h.post­

treatment with 50 mg/kg (im, single dose) in P. yoelil model and 20 mg/kg (im, single_dose) or 30 mg/kg 

(oral, single dose) in P. cyn.omolg1 model. 
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Cl~i~ 

Novel substituted l.2.4-tric1x;u1ct: ,,,- fcinmda I wherein R., R2 ai·c hydr11g~·n. ;ilk:, I gr1•11p :-:11.!1 .1.• 

methyl, etJ1yl. pn1pyl : R1, R .. are hyd1tl!?c11. ;11~ vi gn111p s11d1 as 1111.':thyl, clhyl. ;uyl s11d1 as ph~·11\'f. 
naphthyl, R~ is hycli·11gcn. aH .. ·yl group s111 h ;1:-; 1m.:1hyl. ethyl, pn1pyl. aryl ~uch a~ phrnyf. 1•r· 
carl>oxyaJl..-yl gr1•up such as CH:CH:<"O:ll . I •~ () 11r OCO. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ * C l M S * 

2. Novel trioxanes as claimed in claim l whcn~in Ute said compow1ds having stn1ctural fommlar 
23al-23a13, 23bl-23b3, 23c1~23c2, 23d I, 23el-23eS, 23rI-23f2, 23gl as shown below. 

23al Rh R2 = H, H ; X ·= H ; R:i, ~ = CH2CH2CHiCH2 
23a2 Ri. R2 = H, H; X = H ; R:i, ~ = CH2CH2CH2CHiCI:i2 
23a3 Ri. Rl = H, H ; X = H ; R3, ~=Me, Me 
23a4 R1, R2=H, H; X=H ~R3, ~=Me, Et 

23a5 Ri. Ri = H. H ; X = H ; R3, Re =Me, CH2CH2CH3 

23a6 R:, R2 = H, H; X = H; R3, ~=Me, CH2C:Hlv1e2 
23a7 Ri. R2 = H, H; X = H; R3, Re= n-propyl, n-propyl 

23a8 Ri. R2 == H, H ; X == H ; R3• R... = n-butyf, n-butyl 

23a9 R., R2 = H, H ; X = H; R3, R... = n-pentyf, n-pentyl 

23al0 R., R2 = H, H; X = H; ~.Re= -CHr( CH2)9-CHr 

23a 11 R., R2 = H, H ; X = H ; R), Re = CH2CHrCO- CH2CH2 
23al2 Ri. R, = H, H; X = H; R3, Re= H. phenyl 

23al3 R., R2 = H, H; X = H; R:.. ~ = H, 1-naphlhyl 

23h 1 Rh R1 =Mc, M::; X = H; R:i, ~ = CH2CH2CH2CH2 

35 



23b2 R1• R: = Me, M~; X = H; RJ. R4 -''Cl!~· 'J·J;CH:Cll~Cl·I; 

23h3 R1• R2 = l\.·k, Me: X = H; R'.'. R.1 ~' H. 1 ·naphth~·I 

23h4 Ri. R2 = Mc. Me; X ::: H ; R:-. ~-= Cl l:·i. Cl 12)4-('ll: 

23cl R,. R2 =Ii. Me; X = H; R,, I~-= CHi!'ll/.:J l1C:l l1 

23c2 R1• Ri = H, Me; X = H: R,, R.. = CH;CIJ2CH2CH:CTI2 

23d 1 Ri. R2 = H. Et ; X = H ; R'.', lti ::: CH;ClliCH2C'H; 

23el R1• R2 == H. n-pentyl"; X ·.::II; R3• R.. = CH1.~'H2CH1CH: 

23c2 R., Rl = H, n-peutyl ; X = H ; R::, R.. = CH2CH2CH2CH.:CH1 

23e3 R1. Rz = H. 11-pentyl ; X = H; R;, R.. = -Cl·T2(CH2)4CH2 

23e4 R,, Rz = H. n-pentyl: X = H; R~. R.s = -CH2(CH2) 5CH1 

23e5 Rh R1 = H, n-pentyl; X = H; R3, R.s =Me, Me 

23fl Ri. Rl == H, H; X = OMe; R3, R.s = -CH1CH2CH2CH2 

23f2 Rh R2 = H. H ; X = OMe ; R3, R.s = CH.-(CH2):i-CH2 

23gl Ri. R1 =Me, Me; X = OMe ; R,, R.s = CH2CH2CH2CH2 

3. Novel trioxanes ao:i claimt!d in claims 1 wherein the s_aid compounds having the structural fonnulae 

24al, 24bl, 24b3 as shov.m below. 

111111111111111111111111111111 
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24al Ri. R2 = H, H; R3• Re= CH2CH2CH2CH1 

24a2 R1, R2 = H, H; '!l3• R.; = CHr(CH;;)rCH; 

24a3 R., R2 = H. H; R3, R.i = CH2-(CH2) .. -CH2 

24bl -. Rs. R2 =Me, Me; R:i. R.. = CH2CH2CH2CH2 

24b2 R1, Ri =Me, Me ; R,, R.; = CH2CH2CH2CH2CH2 

24h3 R,, R2 =Me, Me ; R3, R.. = H, J -naphthyl 

4. Novel trioxanes as claimed in claim I wherein the said compl1unds having the structural formulae 

25a, 25c, 25d, 25e as shown below. 
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25a Ri. Ri = H, H, X = H 

25c R., R2 = H, Mc. X = H 
:f llllHI 1111 II 111111111111 1111 
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25d R., R2 = H, Et, X = H 

25e R,, Ri = H, n-phenyl, X = H 

5. Novel trioxanes as claimed in claim I wherein the said compounds having the structural fonnulae 

26a, 26b as shown below. 

· 26a Rh R2 = H, H 

26b Rh R2 =Me, Me 

6. Novel trioxanes as claimed in claim I wherein the said compounds having the structural formulae 

27a, 27b, 27c, 27d, 27e, 27f, 1.7g as shown below. 

27a Ri. R1 = H, H ; X = H 
27b R., R2 =Me, Me ; X = H 
27c Ri. R2 = H, Me ; X = H 
27d Ri. R2 =H, Et; X=H 
27c R., R2 = H, n-pentyl ; X = H 
27r Ri. R1 = H. H ; x = OMe 
27g Ri. Ri=Me, Me; X=OMe 
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7. No· • .:l trioxam:s as <.:J:Li1m:d in c.:l:tim I when:in !lie saic.I comr>imnc.ls having !he structural fommlac 

2Sa. 2..% as shtlWO below. 

·I lllllll lllllllHll lllll-111111 
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28a Ri. R2 = H, H 

28b R., R2 =Me, Me 

8. Novel trioxanes as claimed in claim 1 wherein the said compounds having the st111ctural fonnulae 

31al-31a6, 31b1 as shown below. 

3 lal Ri. R2 = H, H; X = H; R3, R.i = CH2CH2CH:zCH2; R5 = CH3 

31a2 Ri. Rl = H. H; X = H; R3, R.i = CH2CH2CH2CH2; R, =Et 

31a3 Ri. R::r = H, H; X = H; R3, Rt= CH2CH2CH2CH2; R, = n-propyl 

31a4 R1, R2 = H, H; X = H; R3• R.. = CH2CH2CH2CH2; R.\ = n-hexyl 

31a5 Ri. R1 =H, H; X=H; R3 , ~= CH1CH2CH2CH1; Rs= Ph 

3la6 R" R2 = H, H; X = H; R3, R.i = H, 1-naphthyl; R:i =CH, 

3lbl Ri. R2 =Me, Me; X = H; R3, Rt= H, 1-naphthyl; R, =Me 
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9. Novel trioxanes as i;l;uml!d in i;laim I wherein the said cornpl'Unds having lhc s1111c1ural fimnular 

32b\-32h3 as sh{l\hll bch,w. 

11 
O-t\ .R1 ...... h .. 

...... ' \•" 
I 

.. 
\ I··. 'ii I. \._O R1 

1 If Ill~ H/I~ lllH I/Ill /I /Im 
... ~::-_.,,,, 0 I . ··. .il (1 ·. 

"' s * • ....... ·-o .· ···R 
R1 • .--· ...... R7 ~ 

32bl R" R2 =Me. Me; R3, ~ =CH1CH2CH2CH1; R~ =Me 
3i.h2 Rh R2 =Me, Me ; R,, R.i = CH2CH2CH1CHiCH2; R.~ = Me 
32b3 R., R2 =Me, Me ; R,, ~ = H. l-oaphd1yl; R.s =Me 

10. Novel trioxanes ai; claimed in claim 1 wherein the said compounds having the stmcn1ral fonnulae 

33al-33a3 as shown below. 

33al Rh R2 =H. H; X=H;~=Me 
33a2 Ri. R2 = H, H; X = H; ~=Et 
33a3 Ri. R2 = H, H ; X = H ; R5 = n-hexyl 

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

34b as shown below .. 

34b Ri. R2 =Me, Me ; R!I =Me 

12. Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural fonuulae 

3Sal, 3Sbl-3Sb5 as shown below. 
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l .!. 1'~iv..::l t.ril1x:u11.:s as da11m~d 111 daim I wherein !he said comp1mnds having lhl' :;111i..;1ural li111nulal' 

35a I, 35b l-35b5 as ~h11\ .. 11 bcl<1w. 

h" ~. · ... ·; 

1·1 0 -··I) r--·; 

I
'.. ;=.. . .... . .. / 'x1l \ 

.. ,. \ .1~\ ·f 
.:Ri i 1.. '-0 ',·\--1: v: ,.1..,, . _.,,.,. I 

0....... . '°"(' /" ···.J 
I 1l 

n x 

35al R:. R2 = H. H; X = H; R.~ =Me 

3Sbl R:. Ri =Me, Mc; X = H; R.\ =Me 

35b2 Ri. Rz =Me, Me; X = H; Rs= Et 

35b3 R., R2 =Me, Me ; X = H ; R.:1 = n-propyJ 

35b4 Ri. Ri =Me, Me; X = H; R.s = n-pentyl 

35h5 Ri. Ri =Me, Me ; X = H ; R.:1 = n-hexyl 

'.f 1111111 111111 111111111111 1111 
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13. Novel trioxanes as claimed in claim I \·vherein t11e said compounds having the st11Jcn1raJ li111nulae 

36b as shown be low. 

36b R., R2 =Me, Me ; R.\ =Me 

14. Novel trioxanes as claimed in claim I wherein the said compo1mds having the structural fommlae 

37a1-37a4, 37bl-37b3, 3iel," 37fl as shown below. 

37aJ Ri. R2 = H, H; X = H; R:i, ~ = CH2CH2CH2CH2 

37a2 Ri. R2 = H, H; X = H; R3, I~= CH2CH2CH2CH2CH2 
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.3i113 R1• R, · II. II; X .-~ H; R_., I~== Mc, Mc 

Jia4 R!. R, ·= H. H; X = H; R,. R. = H, 1-naphthyl 

37bl R1. Ri Me, Mc; X == H; R3, ~ == CH2CH2CH1CH1 

3ib2 R,. R! · Mc, Me; X == H; R3, ~ = CH2CH1Cl·[iCH; 

3ib3 . R,. R: ,. M:::, Mc; X = H; R,, ~ ·= H, 1-naphtJ-ryl 

J7el R1." Ri =- H, n-pentyl; X = H; R,, I~= CH2CH2CH2Cll1 

37fl R1. Ri = H, H; X = OMc; R3, Re= CH2CH2CH2CH2 

15. Novel lrioxanes as claimed in daim 1 wherein the said compoimds having the structural formulae 

38al-37a2, 38bl-38b3 as shown below. 

I 1111111 111111 11111 Jf 11111 1111 
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38a 1 Ri. R2 = H, H ; RJ, Re= CH2CH2C~CH2 . 

38a2 Ri. R1 = H, H ; R3, R.: = CH2CH2CH2CH2CH2 

38bl Ri. R2 =Me, Me; R3, Re= CH2CH:zCH2CH2 

38b2 Ri. R2 =Me, Me ; RJ, Re= CH2C~CH2CH2CH2 

38b3 Ri. R2 =Me, Me; R3, Re= H, 1-naphthyl 

16. Novel trioxanes as claimed in claim 1 wherein the said compoWlds having the slructural formulae 

39a as shown below. 

39a Ri. R:z = H, H; X = H 

17. Novel trioxanes as claimed in claim 1 wherein the said compounds having the siructural fonnulae 

40b as shown below. 
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40b Ri. R2 =Me, Me 

18. Novel triox:anes as claimed in claim l wherein th~ said compounds having the stn1ctural fonnulae 

4la, 4lb, 4le, 4lf, 4lg as shown below. 

4la Ri. _R2 = H, H ; X = H 

4lb R1, R2 =Me, Me ; X = H : I lllllll llllll lllll lllll II llll 
4le R11 R2 = H, n-pentyl ; X = H * . C L .M S * 

4lf R1, Ri = H, H ~ X = OMe 

4lg R1t R2 =Me, Me ; X = OMe 

19. Novel trioxanes as claimed in claim 1 wherein the said compounds having the structural fonnulae 

42a, 42b as shown below. 

42a Ri. R1 = H, H 

42b Ri. Ri =Me, Me 

20. A process for the preparaiion of novel substituted J ,2,4-triox.anes and their esters of general 

fonnula 1 which comprises reacting hydroxya.cclophenones of 2 wherein X represents hydrogen 
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11r low·.;r a!ko>..-y such as OMc, with u.-hahicstcrs of fonnula 3 whcn·in R1 :u1d Rz represent 

hydrogen, all..")'I group such '1S methyl, ethyl, p1\1pyl :u1d Y rcpresnls !ming.en s11d1 as Cl or Br, in 

the pr1;~cncc.: of a base llptic:mally in an org<u1i~ Sl1lvc11t al a tcmperalurc in !he r:u1gc range: of 

room tempcrattu·e to refluxing temperature to give kcto·eslers of general fonmrla 4, wherein R1, R2 

and X have t11e same meaning as above ; reacting kcto-esters of general fommla 4 under 

R~fom1atsk-y conditi011 in an aprotic organic solvent in t11c temperature range of mom temperature 

to re1luxing tempcranu·e to give ·13-hydroxycstcrs llf general fonnula 5, wherein Ri, R2 and X 

have the same meaning as above ; dehydrating P-hydroxyesters of forirtula 5 using a catalyst in 

an organic solvent al a temperature in the 11¥1ge of room temperature to refluxing temperature to 

give a.,p-unsaturaied esters of general fonnula 6, wherein Rh R2 and X have the same meaning as 

above ; reducing cx.,p-unsaturated esters of general fonnula 6 with a complex metal hydride 

such as LiAlH.i in an ether solvent al a temperature in the range of 0°C to room temperature to 

give allylic alcohols of fonnula 7 wherein R1. Ri, X have the same m".aning as above~ oxygenation 

of allylic alcohols offonnula 7 in presence of a sensitizer in an organic solvent at a temperature 

in the range of -10°C to room temperan.ire to give 13-hydroxyhyciroperoxides of general 

formula 8 wherein Ri. R2, X have the same meaning above ; isolating and then reacting or reacting 

in situ p-bydroxyhydroperoxides of fonnula 8 with compounds containing aldehyde or ketone 

group in presence of an acid ca1alyst in an organic solvent al a temperature in the range of 0°C 

to room temperature to give hydroxy-fuctionalized 1,2,4-trioxanes of general fonnula 1, wherein 

Ri. R2 and X have the same· meaning as above, R3, ~ are hydrogen, alkyl group such as methyl, 

propyl, aryl group such as phenyl, naphthyl or part of a .cyclic system, R5 is H and Z is 0 ; 

reacting hydroxy-.functionalized trioxanes of general fonnula l, wherein R is H and Z is 0 with 

an acid chloride 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 fonnula 1, wherein R1, Ri, R3, 

~and X have the same meaning as above, R, is aU..-yl group such as methyl, ethyl, propyl, aryl 

group such as phenyl, carboxyaJkyl such as CH2CH2C01H; Z is 0-CO. 

A process as claimed in claim 20, wherein the substituted acetophenones of fommla 2 are 

reacted with cx.-haloesters of formula 3 in presence of a base such as KaHC03, Na2C03, 

K2C~, in an organic solvent such as acetone, DMSO, DMF. 

tZ,.. A process as claimed in claim- 20 wherein Refonnatsk')' reaction is carried out by reacting 

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

benzene, diethylether, TiiF. 
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23. :\ prt1ccss a.r.; clairncd in clain1 20 \'\'herein dehydration of fl ... Jiydroxyc!')1crs <.lf JC.u1uuJ:1 5 is 

~n~c1cd in a hydrocarbon solvent such as ben;:cnc, ICllucne, CH:Cl2, using a catalyst such as I;. 

P:0.:1. p-h1luenc-sulfornic acid, acidic resin such. ;t'> Ambcrlyst-15. 

24. A pn1ccss as claimed in claim 20 wherein the reduction of esters offo11m1la 6 with LiAIH .. is 

c::ui·ied out in an ether solvent such as diethyl ether, "JlfF. 

25. A process as claimed in claim 20 wherein, the m .. -ygcnalion is effected by photooxygenaiion 

of allylic alcohols of fonnula 7 in an organic solvent such as acetone, CH~CN. CH2Cl2, 

methanol, ethanol, using a dye (sensitizer) such as methylene blue,_ Rose Bengal, letraphenyl 

porphine. 

26. A process as claimed in claim· 20 wherein condensation of (3-hydroxyhydroperoxides of 

fonnula 8 with aldehydes and ketones of formulae 21-22 is done in an organic solvent such as 

CH2Cli, CHCh, b~nzene, CH3CN, using as acid catalyst such as HCI, H2S04, p-toluene 

sulfonic 34:id, BF3.0Et2, a.cedic resin such as Amberlyst-15. 

27. A process as claimed in claim. 20 wherein esterification of hydroxy-functionalized 

trioxa11es offonnulae 23-28 with acid chlorides offonnula 29 or an acid anhydride of formula 30 

is done in an organic solvent such as CH2Ch, CHCh, TIIF, CH3CN in presence of base such as 

Et3N, pyridine, dirnethylaminopyridine. 

28. 

29. 

A process as claimed in claim 20 wherein hemisuccinate derivatives offonnulae 37-42 are 

prepared in an organic solvent such as CH2Cl2, CHCl3, CH3CN, toluene, 1HF, in presence of a 

base such as Et~, pyridine, dimethylaminopyridine. 

A process as claimed in claim 20· wherein the compoWlds containing aldehyde and ketonic 

group are of formulae 21-22 given in the drawing wherein R~ and Ri are hydrogen, alkyl group 

such as methyl, ethyl, aryl such as phenyl, naphthyl, araaJk·yl such as benzyl, or part of a cyclic 

system. 

30. . A process ac; claimed in claim. 20 wherein acid chlorides and acid anhydrides used are 

having the formulae 29 and 30 wherein R~ represent alJ...-yl group such as methyl, ethyl, propyl, 

aryl such as phenyl. · 

31. 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 9f"awings aecompanying this 

specification. 

11111111 m1111111111111111111 
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