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Background Art

Malaria, endemic in many parts of the tropical countries, with approximately 300-500
million episodes of clinical infection and nearly 2 million deaths per year worldwide, is a
20  serious health problem. The rapid emergence of tesistance by Plasmodium falciparum 1o
the existing therapies, €.g. chloroquine, mefloquine etc, has added new dimensions to this
problem. Against this background discovery of artemisinin 1, a sesquiterpene lactone
endoperoxide, isolated from the Chinese traditional herbal remedy against malaria,
Artemisia anmua, has been a welcome development in the chemotherapy of malaria. Sorne
25 of the semisynthetic derivatives of artemisinin ¢.g. artemether 2, arteether 3, and artesunic
acid 4 are more active than artemisinin and are currently being used clinically. These drugs
are effective against both chloroquine sensitive and chloroquine resistant strains of
Plasmodium falciparum [For teviews on artemisinin and its derivatives, see: (a) Klayman,
D. L. Science, 1985, 228, 1049; (b) Luo, X, D.; Shen, C. C. Med. Res. Rev., 1987, 7, 29;
30 (c) Zaman, S. S Sharma, R. P. Heferocycles, 1991,32,1593; (d) Butler, A. R.; Wu, Y. Lin.
Chem. Soc. Rev., 1993, 21,85; (e) Meshnick, S. R.; Taylor, T. E.; Kamchonwongpaisan, S.



51, 1681; (g) Haynes, R K ; Vonwiller, S. C Ace. Chem Res., 1997, 73]. H
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The limited availability of artemisinin from natural sources and the realization that 1,2,4-
5 trioxane is the pharmacophore for the antimalarial activity of artemisinin and its analogues,
has inspired major efforts towards the preparation and hioevaluation of structurally simple
synthetic 1,2 4-trioxanes. As a result of these efforts, a number of methodologies have
been developed by various workers for the preparation of 1,2,4-trioxanes (prototypes of
these trioxanes are given in Figure 1). Several of these synthetic trioxanes have shown
10 promising antimalarial activities both i vifro and in vivo [Cumming, J M.; Ploypradith, P.;

Posner, G. H. 4dv Pharmacol, 1999, 37,253).
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whevre At= p-Me Ph, Ph...
7= QH,0CH,{0CH,;),0M e M, 0B ..

where R =Me, Bt, Pr, iPro...
R,~Me
R,=Me CH,l CH,Br..

W hare 2= PO{OGPh);
Z=CH,Ph

FIGURE 1
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30 isolation and purification by known methods to furnish the trjoxanes of general formula

7, wherein R, Ry and Ry have the same meaning as above.
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of 2 to 5 h, to furnish B-hydroxyhydroperoxides of formula 5.
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CH,Cl,, benzene, CH3CN, acetone, ethano! and the like.
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s added p-tolucnesulfonic acid and refluxed for I h. The m xture was

diluted wth sat. NaHCO03 (100 m) i
_ ) ic layer was s
organi ¢ phase was 10 washed with mﬁiﬁed (Nzl2804) angpggﬁzgﬁtrygd

The crude {1 uct was puf iHERORW-
1G9 gTCOP BN IABNY LorB ETANGA
gi ve 8. 9 %4% yi el d) h‘; et hyl 3£{( 4' - cycl oPentyl}gﬁe%[yl) but - 2- eﬁglat an

(3a, for m@yvhQRNECYSE] 9 A AR 6iCYCLOP,
3-(4'-Cy ODENTYLPHENYL) g@my} A 2R oIV CLOVANT Wb
=CYCLOPENTYR )refluxing mixture of 4 cyclopent)glacetop%mneA&?’7 gfﬂwjnﬁj gha T dust (12 @)

50 in benzene (150 ml) was added ethylbromoacetate (11 ml) dropwise over 30 minutes. The

mixture was refluxed for next 45 min and then cooled to room temperature. [t was acidified

with 10% aqueous HCI solution (150 ml) and organic layer was separated out. The orgaric

layer was washed with water, dried (Na,SO;) and concentrated. The crude product was

purified by column chromatography on silica gel to furnish 22 g (88.1% yield) of ethyl 3-

25 11yd1'oxy—3—(4'—cyciopentylphenyl)~butanoate (2a) as oil.
ETHYL 3—(4'—CYCLOPENTYLPHENYL)-BUT-Z-ENOATE (COMPOUND 3a,

FORMULA 3, R = CYCLOPENTYL)
To a solution of ethyl 3—hydroxy—(4'—cyclopentylphenyl)—butanoate (2a, 12 g) in benzene

(150 m!}) was added p-toluenesulfonic acid and refluxed for 1 h. The mixture was diluted

30 with sat. NaHCO; (100 ml) and organic layer was separated. The organic phase was

washed with water, dried (Na;SO4) and concentrated. The crude product was purified by

column chromatography on silica gel to give 8.9 g (79.4% yield) of ethy! 3-(4'-

cyclopentylphenyl)-but-2-enoate (3a, formula 3, R = cyclopentyl) as oil.



To an ice cooled slurry of LiAIH4 (2.7 g) in dry ether (150 m) was ad
solution of ethyl 3-(4'-cyclopentyl phenyl)- buty2 enoatt(a (34, )8 2 g)/ kgegﬂ;
-.ether (50.m.) .dropw.se. The. .5 mxture was. stirred. at. 0(err)C. for ..‘.'I‘jJ D
reaction mxture was quenched with watger (10 m). A solution of 10% NaCH (5
M) was added and then ether [ayer was decant ed The precipitate was
washed with ether and conbi ned organic |aye ent Thg crude
E)g gdgg/t ml-gUUli(b%ENWIdﬁﬂlﬂlNﬁldﬂg%WEB@% &2 Bg v ngéf vels. 6 g

0 yie 0 -cycl opent yl phen - =
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purifi ed%?&g@}xﬁkﬁ ?tmotl'g (Sr;a 2 ) silica dé]nelre tg ?ﬁlr WESM}&@ o 5 70a/nd
yi el d) oﬁgldammp@a@medm%amhset 15@1d| @prﬁmﬁed grgngte: @yer was concenﬁ%gd O 0

8- [ (4 - CYCLOPENTYLPHENYL REGAN
7aa,  FORVOEA PRAAR: SevbrepEN vt R R S LA ) sl G o or
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hot ooxygenated at -10(e
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fe Re300(:BgKarnblOnethyl
Na2SO4 ar{g 50 86?11}:%?? 1op$_ﬁ&gfp§%)§g2 vgﬁog(ﬁ? was (Ep%);(plﬂfl ;d 1 enfdghuféﬂ;z\;ér
Wp 8ho|

oi | siliga@eci Q,ofmt)nw&hlrﬁdﬁ&d R QSEZOWAWil‘éEﬂ@bh@%%Fnoiﬁmﬁl gt

4a used) of trioxane 7a EXAVPLE 8 =
CYCL OPENTHYEA 655 (RASHH & O%h( fpe: gl %ﬁo}%lﬁ’f“ Eggné)l M) foacticnk *E“zf 320 g)

and net hy|0]%Qem% eﬁe‘“fﬂgl rlTQ;QUC d leg:ylggut ¢ 25001 puritsl iphotlomxygematiegrapky on

-10( ¢ rcarrp ng) and 3Q tolu | f
ng) vere q@ded! antimisaeed gr@Sln?%t}uﬁrlé) Té’d@ﬁ?@r%?{bé‘é PG @ "égln(fsu tggry?eca_crlhg (60

reaction mxture was
tesed’on & ‘@W%ﬂﬂ’@%ﬁfﬁfﬁwzm%ﬁﬁ’séﬂ%?%ﬂ%%‘*ﬁz%amzfg

L 3 C C
TRI OXANE @ﬁ% ggbﬂ@%{} G’f%g}- N@ri\?((L:LlAmsmg?E‘fé}gm Rerp CHRCIREIG MPLE3

3- (4' - cychapgitionlopherykyclasenttimvoy])-Lauttersbiiang)l Hivd aﬁdetrmhﬂe% ohtefe 1%
5in CH3CN (30 nml) was ht 0o
(500 ) ardl GV () BOneBURGRI S o 50 el i G adRan Sas F oagt o
m xt ure V\ﬁiL stdfifose 194 éﬁ} o) vidre fdded an-ﬁht%adftﬁﬁhcmllmmenwaﬁt lefteatvids farottkBd up
as above concentr at ude product was rifi ed by chr %r?a GaLan on

si lica gekecid@iofuinivshwaSenrgnt(algl YIsIpPe @H3%§l§ rgptugpy e[s%ne
NaHCOs (5 ml) and water (50 ml), extr acted with ether (3 x 50 ml), dned over Na,SOj4 and

concentrated. The crude product was purified by chromatotron on silica gel to furnish 0.38

25 g(52.7% yield based on allylic alcohol, da used) of trioxane 7aa as oil.
EXAMPLE 2

TRIOXANE 8a, FORMULA 8, R = CYCLOPENTYL

A solution of 3—(4'—cyc}opentyl.phenyl)~2—butenol (4a, 320 mg) and methylene blue (5 mg)

in CH;CN (25 ml) was photooxygenated at _10°C for 4 h. Norcamphor (800 mg) and p-

30 toluenesulfonic acid (60 mg) were added and ceaction mixture was stirred for 20 h at r.t.

The reaction mixture was worked up as above and concentrated. Crude product was

purified by chromatotron on silica gel to furnish 0.14 g (28% yield based on allylic alcohol

4a, used) of trioxane 8a, m.p. 91-93°C.



al cohol , 4a used) of trioxane 9a, m '
, s , p. 74-76'C. 10 EXAMPLE 4 TRI OXANE
FORMULA 7, R = CYCLOPENTYL; R, R2 CH2CH2CH(Ph) CH2CH2 A sol ution of, rab

‘ btitenol.. ( - ng)- and. .met hvl ene.. R A LUBD
15 in CH3CN (30 ni) was phot ooxygenatgd at _100)C for 3 h_y ene bl ue [(5 LHgf

4- Phenyl cycl ohexanone (1 g) and [ [

) _ p-tol uenesul foni c acid

andkreactlon m xture was stirred for 20 h at r.t. REact§gg ggltnfgemggded
wor ked up as above and concentrated. Crude product was purified by

chromatotron on silica gel to fur 55@1 } i
: n 60. 2% yi el d
allylic alcohol, 4a used) of trigiaﬁe§€§%% %1%. 98-1%00C.123aE§2NgEE 5

ST @@%ﬁ@%%oﬁmﬁl@(ﬂﬁﬂﬁmmmmm (COVPOUND 2b, FORMULA 2,

S S A A L N .
(207,11 Biomise 50, LR e gyt |
i LU L
gth o igh?ghwieii 1g’g<u$ie ogggwéﬁéolﬁbéﬁtaba‘ﬁ% aﬁ%f&ﬁé@?&?ﬁ% gggeclegﬁtllgq}h&i}”ﬁfgl as
STt 10 0 02 20 0% ] O s 0t b o s

fggLfrgﬁgkggg}??gﬁgjggﬁﬁggfﬁgpﬂgydaﬁﬁﬁand gas al so prepared using different
. ives e condition used and yield of
2b. 36 AUG -9 TABLE 1 Sol vent Tenperature Reaction tine Y?eld Di efﬁgPound

ether r.t.. No reaction Diethyl ety [
: e Vel Luxed No reaction - 9
?I?gf | uxed 30 m nutes ETHYL 3-(4'- CYCLO—IEXYIiPHENYL - BUT- 2- E TQO(A)CO-{/(F)’HJJNB
30, R CHRIEREXNE) Saffo ROSMUTLn Tof fet Iyl X Lo R P2
- - 3- -cycl ohexyl phenyl)-btitanoate (2b, 29.5 g) in benze
4 ) . , ) ne (80
) was AddeHE-HOEH £dbrfonic acid (1.8 g) and was refluxed for 2 hF The

A solution of 3~(4‘—cyc]opentylphenyl)—Q—butenoi (4a, 500 mg) and methylene blue (5 mg)

15 in CH3CN (30 mi) was photooxygenated at _10°C for 3 h. 4-Phenylcyclohexanone (1 g)
and p-totuenesulfonic acid (50 mg) were added and reaction mixture was stirred for 20 h at
t Reaction mixture was worked up as above and concentrated. Crude product was
purified by chromatotron on silica gel to furnish 500 mg (60.2% vield, based on allylic
alcohol, 4a used) of trioxane 7ab, m.p. 98-100°C.

20
EXAMPLE 5

ETHYL 3-HYDROXY-3-(4' _CYCLOHEXYLPHENYL)-BUTANOATE
(COMPOUND 2b, FORMULA 2, R = CYCLOHEXYL)

To a refluxing mixture of 4" -cyclohexyltacetophenone (25 2), I (5 mg) and Zn (17

25 g) in benzene {150 ml) was added ethylbromoacetate (20.7 ml) dropwise during 30

minutes. The mixture was refluxed for 2 h and then cooled to room temperature. It was

acidified with 10% HCL (200 ml) an organic layer separated out. The organic phase was

washed with water, dried (Na;SOy) and concentrated. The crude product was purified by

column chromatography using S10; as adsorbent and hexane-ethylacetate mixture as eluant

30 to give 28 g (80% yield) of ethyl 3~hydr0xy—3—(4'-cyclohexyiphenyi)—butanoate (2b,

formula 2, R = cyclohexyl) m.p. 45°C.

The above compound was also prepared using different reaction condition. Table 1 gives

the condition used and yield of compound 2b.



reaction mxture was diliated with sat. NaHC03, benzene | ayer separated
out. The organic |ayer was washed with water, dried (Na2S04) and_ =~
..concentrated.. The.crude product.was .purified by colum.chromt og@jj&éh&fﬁ@rﬁ
silica gel to give 12.7 g (46.01% yielg) of ethyl 3 10

hydr oxy- 3- (4' - cycl ohexyl phenyl ) -but-2-enocate (3b, formula 3, R =

cycl ohexyl) as oil. The conpound 3b was al so prepared using different
reaction condition. Table 2 gives thaBldohditions used and the yield of
conpound—3b.-TABLE2—Agtd-ecatal-yst—h -Tenperarure Reaciigy ti c (Yiel P205
Tol uene | Re 1591veni| 1 b 3CMREFAHTG of - 8% glﬁglﬁge Refluxed | _h 35 1] b Benzene
Ref | uxed . T Ep~ H2ZSOF GHCI3 1) t. 86rdactzh 0 15 -

3-(4 -CML%]EENY-)-Z- BUTENQL [ COVPOUND-_4b.—FROR , =CY|CLOHEXYL)
To -,in|i coiabdlegebrs| ur r yRefueil Al H4 (JIN8IGFI9Th driy et her (200 ml )| was added
a sol utilon—of -—et-hyl—3--(-4-—eyelohexytphenyl Y- put-2-enoatggef 3b, 12, 7 g) in
dry ether (500H§neE (]:Iropvm' s%f.’fﬁ{xﬂ]le react ?gﬁdﬂrl#tas?ure was _stirred faorl' ) h at
OT. The Treaction mxture was quenched wth 20 water (20 m). A solution of
10% NaCOH (10 m ) was added and the ether |ayer was deém(sﬂN Tgﬁ _

preci pi t gt EHWAS3\@'s OC VOHEXSHRIENYA.) dbibiZney Okt F att DonteRtT at ed.
The crude product was purified by columm chromatography on silica gel as
adsor bentCHRUEOMBXYAd/ et hyl acetate as eluant to furnish 9.5 g (88. ]7_% yi el d)
of 3-(4'- I ) 3-BodrBis-ensl oAk fipieny Bhubbibate 2528, 29t grhe

. 11/ 3-Ayd C M )

Li Al rea‘yu%t ?Ogﬁef%# I%et %I 3)(41 }-{I}E:ngl oh}faxyl_ hen -but-2-f§no te.g'jb)T usi ng
THE as  sehyepteongsiwa efiickpnguosndimiondd -8 @end pragveide H&® ddsilPEd
cornpound.  3- (4’ - CYCLOHEXYLPHENYL),- 1~ FYDROXY- BUT - 3- EN- 2 HY PRERERQI PE

( COVPOUNDeSHIOR FORIMDE AYV2S ,dﬂlﬂée_@?gl%ﬁéﬁéﬁ% PRIESF l%ueg %5?@%3 '

3-(4'-cy ;Hggepiexgg v?:%%@é{'\)fﬁhzﬁﬁf&ge&!@éd (4DsOB0Rdrmhcandistethy ek phdet (20 n)

in aceto M) was irradiation with a 250-watt tun ie_-g Ig)gen
lanp at -Girieshyl @lumx ygemawaspbressticegebieghve he 7 dde RkeUrel s 5 .
The crude product ,obtained b sual aguegu W ak hjjzed from
CH2C1H t ohygirpey-BH ny CB}@%@H}%&%&}E‘?’&BO%% E’% %’}é\ﬁ;aik%”t% ﬁ?%d%%§% hr omat ogr aphed

on silicargel to gl 0,150, @F By dEap eI eektion Thelitkt. dabli hedeyitsl d of
hydr oper o ge %Oélrg}l%\gﬁ)n\g%%, Iiqlofrjﬁiul a15$ R = cycl ohexyl) was 480 ng (70%

yiel d), mgndi@hs 97%dGndPhogieldxyf gematinsrbof
3-(4'-cyctohexy|pheiin)-2-bi-itenoLEéﬁ?” in beri zene at -6' C using
t et raphenyl phoi phi ne as sensitizer f ished the above hydroperaxide 5b in

85. 2%yi :i«i&%id catalyst Solvent Temperature Reaction {ime Yield (%)
P-Os Toluene Refluxed lh 65.2
Amberlyst-15 Toluene Refluxed lh 35.1
Iz Benzene Refluxed 1.5h 95.6
H,50, CHCls r.t. 36h 29.0 |

15 3~(4'-CYCLOHEXYLPHENYL)-Z~BUTENOL (COMPOUND 4b, FORMULA 4, R
= CYCLOHEXYL)
To an ice-cooled sturry of LiAlH, (3.8 g) in dry ether (200 ml) was added a solution of
ethy] 3-(4 -cyclohexylphenyl)-but-2-enoate (3b, 12.7 g) in dry ether (50 ml) dropwise.
The reaction mixture was stirred for 3 h at O°C. The reaction mixture was guenched with

20 water (20 ml). A solution of 10% NaOI (10 ml) was added and the ether layer was
decanted. The precipitate was washed with ether and combined extracts were concentrated.
The crude product was purified by column chromatography on silica gel as adsorbent and
hexane/ethylacetate as eluant to furnish 9.5 g (88.7% yield) of 3-(4 -cyclohexylphenyl)-2-
butenol (4b) m.p. 54-55°C.

25



3, 3- DI METHYL- 6-[ 4' - CYCLOHEXYLPHENYL] VI NYL- 1, 2, 4- TRI OXANE 1

F(RI\/LIJLA 7, R = CYCLOHEXYL) A soluti Ln of 3 > (TR OX?I\:_'I\EL 7?}?«3{;
~)=(4" -cycl.ohexyl phenyl.).-2-btitenol. (4b, 500 ng). and. nmethyl.ene.blue. (50;nrg) :
in acetone (30 m) was photooxygenatedpat -6"C for | h to give conpound 5b
(as shown by TLC). To the m xture was added p toI uenesul forric acid (60

ng) and stirred for 3 h at r.t. The reactjon m xture

anve ?ndﬁmdméélﬁt n@ﬁtuie*ﬂlon vhethy} adé’ W%@ﬁéﬂ%‘ﬁg’giﬁ“‘ tﬁnf)?t:évg@bbys%bﬁ?ﬁ as
chr omat ogr n

e e R et A

3- DECYL, 3¢ WéL@ﬁEﬁYL@WYHWEMVLM FENZ-HYTFROREROX
7bb FCRNL]I}‘E R = CYCLOHEXYL) 25 A solution ]of e MOSTIR GRANE

") - (4 -cxﬂ(ﬁ%@ﬂﬂlﬁhémyFWbﬁlMdi CEH?L@EI@X%@) and net hyl ene blue (5 n)
in Cl-13CN (30 s o
and p- toﬁ\é‘élHE%lElP% V\? %’pg’g ])3%%@ %e%i} P g%éﬂ 8%1 %ﬁgﬁﬁe?ggﬁg’g@g? fgr)gadma%

r.t for 18 Beodilfe (LRAGNQN ARG @HM\@QSWal‘tQﬁln icp-rakgzabtngy @nd’C while
concentr at eg qiﬂ éru g roduct was purified bgit/S chrog t ot EIon on. sgél ca gel

to furni séxy290way p@ﬁsid mr@ygleﬂu regssige dnigAr@lgry] fic Theyeruge pEMBICt OUBmEL &d) of
tri oxane 7bb as oil.

6-[ (4 - CHSIBHERTY \Waﬁw?ﬂjsméhzﬁﬁéfw CHGh oA O BERE e,

FORMULA 7T'i eRf QY% ol
(4b. 500 M iMrat mﬁiﬁﬁh@gb [pﬁ bk ki0ioa @El 3- gwae 4@ynﬂgo:}fewiq@h@mw 3b. g ut enol

phot oy gematied! mld-ofaw@ona@rox@ea(cwpcs)@ﬁzs&n é?éﬁ%ﬂeS (R rﬁyylcﬁ%%&ns 1§l hgas

t ol uenesul_f o cid ng) were added and the mixture was |eft
at r.t.
for 18 h. JI% %Jldiﬁnpnéi?ﬁ “e was worked ti p and crude product was purified

by flash plqjtmggmlgﬁmfog(eap@aﬂoh@xylphdnyk)a -igednot g4bumibsize8d Gt m§ (¢ 44112
yiel d based on“allylic al cohol, 4b used) of trioxane . 5_7bc 6- 88" C.
EXAVPLE 8tetr3pefudlph@yOinOrEsens PENLisheyig abpye hylrapgr M%ﬁ’ F%tf%ﬁné“) CANE

ggﬁh?ﬁwE@%ﬁMEﬁ%@% g%@%ﬁﬁf@h%ﬁhﬁ(@ﬂ?}b 500 ng) and rrétohﬁl ene

bl ue ﬂﬁéx FHRVIOL AVSR RhovepOMENagd at -6' C for 3 ) h.
Cycl ogexa one j? ﬁ;rﬁ and toI uenesul f oni clgm d SO%EEQ: gﬁ : dded and

E: ?5d gl )F(Jﬁ gSﬁgmgﬁuE(rﬂIeg?qggiremprengbﬂ%buﬁe@@dﬂfbé@oﬁ?&k%ﬁ@l Py and
furni sh 5803GeHRC (@@&1%b>‘oa§/iﬂlé?t§°>i¥§§%‘&e o?‘lt ;éIHE? 3} | gﬁlca)[p%t“%g{ %952%11&”315)5(54)8 ggo)@wgel to
trioxane quL(ﬁ‘ Po 180mBAE was added p-toluenesulfonic acid (60 mg) and stirred for 3 h at
1t The reaction mixture was worked up as above and concentrated. The crude product was
20 purified by column chromatography on silica gel to furnish 500 mg (76.9% yield based on
allylic alcohol, 4b used) of trioxane 7ba, m.p. 54-55°C.
EXAMPLE 6
3-DECYL,3-METHYL-6-[(4’ -CYCLOHEXYLPHENYL)VINYL]-1,2,4-TRIOXANE
(TRIOXANE 7bb, FORMULA 7, R = CYCLOHEXYL)
25 A solution of 3-(4 -cyclohexylphenyl)-2-butenol (4b, 500 mg) and methylene blue (5 mg}
in CH;CN (30 ml) was photooxygenated at _6°C for 3 h. 2-Dodecanone (1 ml) and p-
toluenesulfonic acid were added and reaction mixture was stirred at r.t for 18 h. The
reaction mixture was worked up as above and concentrated. The crude product was
purified by chromatotron on silica gel to furnish 290 mg (31.1% yield, based on allylic
30  alcohol, 4b used) of trioxane 7bb as oil.
EXAMPLE 7

6-[(4' -CYCLOHEXYLPHENYL)VINYL]-3- PHENYL-1,2,4-TRIOXANE

(TRIOXANE 7be, FORMULA 7, R = CYCLOHEXYL]
A solution of 3-(4'-cyclohexylphenyl)-2-butenol (4b, 500 mg) and methylene blue (5 mg)

35



EXANtDLE 9 TRIOXANE 8b, FORMULA 8, R = CYCLOHEXYL A sol ution of

3-(4' -cycl ohexyl phenyl ) -2-btitenol (4b, 500 ng) and methyl ene blu

~n CH3CN-(JO-nl ) was.- phot.ooxygenat ed at .-8'.C.for. 4 h...Norcanphor. ?I“ gl‘)l(aﬁtzvt..
p- 20 toluenesulforric acid (50 ng) were added and the m xture was |eft at
5'C for 16 h. The reaction mxture was worked tip and the crude product was

purified by flash colum chromat ography_ on silic

(7 307?043 quseIC(BNlP Eats%t mtzt ity PIGEOXAEEH oI5t 1S fofsed)h- %Fq%ﬁli‘% %t‘l;tgf PFFOO "

100 A1T.  SYAELAR, 57 SELGIONE B0 EEFHEA S B PIEL N0 ﬁt%gﬂ“‘z*“ o)
I N CH3CN (i 20rdTihs Waskdahgs @mXMgwpﬂoédctaWas ]ﬁhtﬁeﬂ by fBlSl) chlumnchaglantaateaione (|
g) and p- toluenesulforric acid (; Eﬁe an act xture was
stirred amstiop gef by fupnish 340amg ($hér Xlglgtba <t yﬁ algph ‘g ﬂ‘,gf"‘%er I)fguhox IE-?éejacti on
m xt ure 3% iw gg% and crude product 30 was purified by colum

chronato on silTica gel to furnish 500 in- (58.8%yield based on
allylic alcohol, 4b used) of tri oxEKAMBLE® p. 75-76'C. Tri oxane 9b was

2 ol uff%‘iﬁ%?%w%éwhe ot BT 3Eh Vg s R AR RO RHLNISEO NS T T
CHC13 (20Q Hﬁh)x AQE adflg Rgig@gAconﬁ H2SO{-pod OHiIEX VEACT ROR, was kept at

r.t. for reactlon UG 296 -12 mxture was diluted
wi th sat.cHat@OSH(GHNM M,-and water (10 m), extracted with ether (2 x 20

trid), dried over Na2S04 a d concen d. T

g)t; dir omiat osplgRoB R SiFi€xe @)@XYIP S E}ﬁ"ﬁ)gtfiﬂ%@%rré&'(’] )%3}8 ﬁl%@}g%o? B'%I t |5 L;:ge
m p. I . e

Fonct | on TR D B e v ol ds. of

the tri oxaneubsu fPABLEI3 (StDmg)Twmemhteér@dSbb \mmumovﬁcﬁtf@ﬁy@ﬁ ReadtFon

time Yield Tetraphenyl 0C CH2Cl 2 HCl Po- r hili
Anber | ystwacllBﬂlngf“E%“@%W@‘%F‘%}‘I‘RN&E r Sy QP étﬂsr@tt ﬁ%gﬁé%{irg#lt e

phot ooxygen &GH2G Bo
Ddi 1 on ST AR oL SR TR R R E T s ”“T%"?%i@ﬁ‘é@%e@t EBRVDLA T “’Ef_

%Y&Qﬁg;(;{ltsg%gslﬂgﬁﬁeiﬁl%ﬂhﬁp @9-!(6@?{) CH2CH2 A sol ution of
yl)-2-btitei aoh)&f‘ﬁ?LiO& ng) and net hyl ene bl ue (5
TRIOXANE 8b, FORMULA 8, R= CYCLOHEXYL
A solution of 3-(4 -cyclohexylphenyl)-2-butenol (4b, 500 mg) and methylene blue (5
mg) in CH;CN (30 ml) was photooxygenated at ~8°C for 4 k. Norcamphor (1 g) and p-
20 toluenesulfonic acid (50 mg) were added and the mixture was left at 5°C for 16 h. The
reaction mixture was worked up and the crude product was purified by flash column
chromatography on silica gel to furnish 300 mg (40.8% yield based on allylic alcohol, 4b
used) of trioxane 8b, m.p. 70-71°C.
EXAMPLE 10
25 TRIOXANE 9b, FORMULA 9, R = CYCLOHEXYL
A solution of 3-(4'-cyclohexylphenyl)-2-butenol (4b, 500 mg) and methylene blue (5 mg)
in CH;CN (50 ml) was photooxygenated at —6°C for 3 h. 2-Adamantanone (1 g) and p-
toluenesulfonic acid (50 mg) were added and reaction mixture was stirred at r.t. for 2 h.
and then left unstirred at 5°C for 15 h. Reaction mixture was worked up and crude product
30 was purified by column chromatography on silica gel to furnish 500 mg (58.8% yield
based on allylic alcohol, 4b used) of trioxane 9b, m.p. 75-76°C. Trioxane 9b was also
prepared by the following method using purified hydroperoxide 5b.
To a solution of hydroperoxide Sb (290 mg) and 2-adamantanone (300 mg) in CHCI; (20

ml) was added one drop conc. HzSO4 and the reaction was kept at r.t.for 14 h. The reaction
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ng) in C-13CN (30 m ) was phot ooxygenated at -10T for 2.5 h.

4- Phenyl eycl ohexanone (1 g) and p-tol uenesul fonic acid (50 ng) were. addedils
~.and-the reaction mxture was |left.at 15 r.t. for.20 h.. The reaction. mxture.
was worked tip as above and concentr atjed. The crude product was purified

by colum chronmatography on silica get to furnish 570 ng (63.3% yield

based on allylic al cohol use of trioxane 7be
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)-(4' - cyc]IDohept yl phenyl ) - 2-but enol (4c, 150 and nmet hyl e
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m.p. 107-109°C.
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EXAMPLE 12
20 ETHYL 3-HYDROXY-3-(4' -CYCLOBEPTYLPHENYL)-BUTANOATE
(COMPOUND 2¢, FORMULA 2, R = CYCLOHEPTYL)
To a refluxing mixture of 4" -cycloheptylacetophenone (25 g), Iz (5 mg) and Zn (15 g) in
benzene (200 ml) was added ethylbromoacetate (15 ml) dropwise during 1 h. The mixture
was refluxed for 4.5 b and then cooled to room temperature. It was acidified with 10% H(C]
25 (200 ml) and benzene layer separated out. The organic layer was washed with water, dried
(Na;SOy) and concentrated. The crude product was purified by column chromatography on
sitica gel to give 30.9 g (87.8% yield) of ethyl 3-hydroxy-3-(4"-cycloheptylphenyl)-
butanoate (2¢ formula 2, R = cycloheptyl) as viscous oil.

ETHYL 3-(4'-CYCLOHEPTYLPHENYL)-BUT-2-ENOATE (COMPOUND 3c,
30  FORMULA 3, R = CYCLOHEPTYL)



20 in a_cetonitrile (10 M) was irradiated with a 250-watt tungsten-hal ogen
lamp -,it -6"C while oxygen was passed through the reaction mxture fof sus
2.5.h.. The.reaction. mxture was. concentrated. and.crude product was . Y 2y
purified by colum chromatography on sglica gel to furnish 120 ny (75%

yi el d) of hydroperoxide 5¢c, mp. 106-108T 25
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reaction tirred for 18 h. at r.t. The reaction m xture was
wor ked upngﬁﬁb%@gizr‘l@“)concentrat ed. Crude product was purified by

chr omat otTooMm @R @blcdGhnrgebl LAHYRT ) i2 90y aihgr (138 1ﬁl%wdsezldd¢d basleldom@f
allylic alcohol, 4c used) of trioxane 8e mp
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in CHBCN ot ooxygenat e 2- Adamant anone (600
ng-) and psbilive roesu%f MrOHc3ael)dvdsSaddedyhenerapitale sds avdhedeadhictier mbstt ur e
was stirred 15 for 22 h. at r.t. The reaction meL e, was rked Li
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above an@oé@ﬁﬁérﬁtb%t@éﬁmtﬁz%d@edW@MQ Al LN ITALS JF P:‘ﬂfi Vt’aﬁtﬂuf)lﬁ%%
silica oql dLHERLERARNTEn (50 Gt i Bl s 10a58de, JRIAIJNlI Ko abaeiele, 4C

used) of I"oxane TRI

CYCLOKEP ¥ mul RURR ==eyCldBeiHi? as 210 CH[C(CI—B)ZCHZCI—B] CHZCHZ A soI ut| on of
')-(4'-cycl oheptyl phenyl)-2-butenol (4c, 500 ng) and nethylene blue (5 n)
in Cl-13CN (10 m ) was photooxygenatcd at -6"C for 3 h. 4-t-

Al nyl CYC'?Q@’@@é%ﬁﬂﬁymhfmdw1Im9ﬁ0§$hﬁrﬁrm—ENaﬁmfﬁﬁ@PMOMﬂDE added

and reactl m xture was stirred for at r.t. The reaction m xture
was wor kE{'IOMWOJSNBG@yEORMUB& T ahe i CROSEPTYLde product was purified by
chromatotron on silica g? to furr] Sh 400
A solution of 3-(4 -cycloheptylphenyl)-2-butenol (4 {Tg 150 mg) and methylene blue (2 mg)
20 in acetonitrile (10 ml) was irradiated with a 250-watt tungsten-halogen lamp at —6°C while
oxygen was passed through the reaction mixture for 2.5 h. The reaction mixture was
concentrated and crude product was purified by column chromatography on silica gel to

furnish 120 mg (75% vield) of hydroperoxide 5¢, m.p. 106-108°C

25  3-{(4'-CYCLOHEPTYLPHENYL)VINYL]-1,2,5-TRIOXASPIRO-[5,5]-UNDECANE
(TRIOXANE 7ca, FORMULA 7, R = CYCLOHEPTYL; Ry Ry = -
CH,CH,CH,;CH,CH-)

A solution of 3-(4'-cycloheptylphenyl)-2-butenol (4e, 1 g) and methylene blue (5 mg) in
CH;CN (50 ml) was photooxygenated at —10°C for 3 h. Cyclohexanone (3 ml) and p-

30 toluenesulfonic acid (50 mg) were added and reaction mixture was stirred for 18 h at r.t.
The reaction mixture was worked up as above and concentrated. Crude product was
purified by chromatography on silica gel to give 700mg (50% yield, based on allylic

alcohol, 4¢ used) of trioxane Tea m.p. 55-57°C.,



(45.9% yield, based on allylic alcohol, 4c, used) of trioxanc 7eb mp.
58- 600C. EXAMPLE 16 ETHYL 3- HYDROXY- 3-(4' - CYCLOOCTYLPHENYL) - BUTANOAT
. (COVPOUND -2d, -FORMULA. 2, R = CYCLOOCTYL) 3 To..a refluxing. mxture ‘of
4' - cycl ooctyl acet ophenonc (30 g), 12 & ng) and Zn (17.2 30 g) in benzene
(300 M) was added et hyl bronpacetate (18 m ) dropw se during 30 m nutes.
The m xture was refluxed for 2 h and then cooled to roomtenperature. It
was acidified with 10% HCI (200 m), benzene | ayer was separated out. The
organi c | ayer was washed with WatE‘%{AM?*gJEe%( Na2SO4) and concentrated. The
crude product was purified by col unm -15- chromat ography on silica gel
to give FRHVANEEG YORMULA 8,6t By YCLINIEBRYL' - (4' -
cycl ooctyl phenyl ) - but anoate (2d, formula 2,

R = | I ' il.
ETHYL 3+ {0 YL UG, PRERFE)S Bty ERBATE (RO e Mt 5 R =

CYCL YL 2 sl ution of 0 . . ,
3- hydroxy? 13;‘{)3?%0@@;}8\3%aétpgﬁotpoﬁé%@eﬁl%gta’r £ 5ot 8 3d s Rer G a) dne” (350
m) was agdectsprdnt danesthipnice akied aandeacadit miadre wns Quidor Thé. afidt ur e
was diluted wth saturated NaHCO3 sol ution 620 rri%_a drd/va(ier q%hSO m ) and
benzene |Tyercagites medpsr HAed Bkl UAGESDGEC |49 &OnGHEEELt FAR{%d W h YBenzene
(2 x 200 ni.). conbined LG o Was; 58 v, Wad1 8 bels@d X201 ) ,
dried ovél ﬂlﬁg@(i%éjf héor%a tg%(%ggfﬁg lrlgll%?[oaﬂgglém?g@gl?go?ugﬁ:?/ ﬁg’pﬁjri fied [Y)y col um
chr onat ogi@pby 4t asddy bhireRaRBcEng. (BE8°T% yi el d) of et hyl

)-(4'-cyclooctyl pheiiyl)-bi-it-2-e] , formula 3 ), R ~ cyclooetyl)
as oildl, 3 3-(4 -CYCLOOCTYLPHENYL)eBE)giRM (COVPOUND 4d, FORMULA 4, R

CYCLCDCT:%%%?JS?@O?%?(FI&Q‘[%%§|Ru%¥|@id-ljlﬁ”f¥1ﬂ (2.9 g) in dry ether (200

m) was ion of 15 et
")-(4'-cycl ooAyl phenyh )of_b}u(tél-' 2yabhapatlghep82-Meny) ($a EPyner Fek meRglens)

dropwi se. The reaction mxture was stirred at OL.for 2 h., The Lon
mioxture WSS GUEIR e @ HECh (Naidr wag Phquiﬁyﬁ‘?ﬂa)ﬁ%s%r&{%@ 2 30‘6179%@3%% )
was addeg{6@@gﬁ%ﬁ§ E)éé)( YEsuM@itc 9&8%‘6 E%-) wERLaddRR BEd Riab@sembasreWasheicrew t h

et her an ned racts were concentrated. The crude product was
puri fised foy 22 dl. wem.t Chiroramtingr mptiyreomasswbiked ugeds dbovgiapd cen@pirgied.70ruge) o

X;g: gz) et sﬂqsﬁéﬁt ‘%Qag ggiiﬁ%icf Bl)g}(lzr%}{*llapoltgo%n ul s.)zl_icza_g%ﬂoe 191'11314 ﬁﬁjﬁ ;11fgo(rja.lél)/9yiéld, Raszd
3-(4'- CY%%XE@@E%T%%HT%QM\@@Q& 3 EN- 2- HYDROPEROXI DE  ( COVPOUND 5d,

FORMULA 5 YL) solution of 3-(4'-cyclooctyl phenyl)-2-but enol
(4d, 500 nig) and nethyl ene blue (BXA®JPLEASCH3CN (30 m) was irradiation

with a 250-watt ngst en- ep Largp -, i aGevhihe OXYERN.MES
passed thTBl@M[ﬁi ?éhc&i(%ﬁﬁxguﬁe.ﬁAﬁ eﬁ:lyglg)]%q hj!e If’ea{gc’?‘lzon mﬁgtur"e was
20 CH[C(CH;),CH,CH;3]-CH,CH,.
A solution of 3-(4'-cycloheptylphenyl)-2-butenol (4¢, 500 mg) and methylene

Bip 2506

blue (5 mg) in CHiCN (30 ml) was photooxygenated at ~6°C for 3 h. 4--
Amyleyclohexanone (1.5 ml) and p-toluenesulfonic acid (50 mg) were added and reaction
mixture was stirred for 18 h. at 1.t. The reaction mixture was worked up as above and
25 concentrated. Crude product was purified by chromatotron on silica gel to furnish 400 mg
(45.9% yield, based on allylic alcohol, 4¢, used) of trioxane 7eb m.p. 58-60°C.
EXAMPLE 16
ETHYL 3-HYDROXY-3-(4 -CYCLOOCTYLPHENYL)-BUTANOATE
(COMPOUND 2d, FORMULA 2, R = CYCLOOCTYL)
30 To a refluxing mixture of 4 '-cyclooctylacetophenone (30 g), I (5 mg) and Zn (17.2
g} in benzene (300 ml) was added ethylbromoacetate (18 ml) dropwise during 30 minutes.
The mixture was refluxed for 2 h and then cooled to room temperature. It was acidified
with 10% HCI (200 ml), benzene layer was separated out. The organic layer was washed

with water, dried (Na;SOy)and concentrated. The crude product was purified by column



concentrated and crude product was purified by colum chromat ograph
silica gel to furnished 400 ng (71.4%vyield), mp.83-850C o «yﬂo?ﬂ one
3--ETHYL-.3- METHYL-.6- 1(4~-CYCLOOCTYLPHENYL)VINYLI -1,-2,-4- TRI.OXANE (CCNPCUNtﬁ“'
7?ak4FCRNU}A 7, R = CYCLOOCTYL) 30 A selution of

' -cycl ooctyl phenyl )-2-bi-iteiiol (4d, 500 ng) and net hyl ene blue (5
mg) in CH3CN (30 m) was photooxygenated at -6'C faor >Iéth thyl(
ket one (Iciulmmat(agn@hyFtDICISﬂ(qﬁ ghlolo) siher &-adtiédd "4 rdelih ety gﬂtﬁ d‘r‘%‘%t U@e was
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The crude product was purified by chromatotron over silica gel to
ive 190
my (28. 7%Hymmﬂﬂ¢hasﬁd=GNCHHDQEHBHQIcohol 4d, used) of trlogane 7dg as oi
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Wor Ked U Rt GV AHECEORGE T PR 4 R e ey
chromat r QR ORyS \Lv‘ls%@d Gath hatedi(ye 3d6ali, 'Tﬁle((14(7vei3%ay$@l dnd basedtgad. aliudki ¢
al cohol, “4d used) of trioxane 7db as solid mp. 58-6
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in CH3CN A
CLRSCPRO IO SER2LBATENOIG (COMPORND #d, IGYRMitibAtQdore (1.5
m) and p é?tenesulfonlc aC|de50 ngy) mege added and reactlonphlxture(mas

| eft at rCY(IKhDCT&lh The reaction mxture was worked up as above and
o i AT 080 PR B SRS angen 311 o3
tri O cﬁ;%ﬁ«( Pﬁg Q &mﬁ%@@igﬁﬁg gfﬁb%ﬁtf; 10k) i @RMetbA (B0 ) Y@vOSCTYe; R,
| )n g}B &y&ﬁ@@ﬁﬂﬂﬂx&gg Wf, prir2ecitiQ°€nfot 2 padhe BogidngtandvarsEHFheh¥iBMiET (5 ng)
4- Pherryl é?dﬁ%h@xﬂghﬁﬁg |1%g/< K}%Sﬁa 19 nﬁ was adge 2ld gthgl }Qym was decanted. The
precipitate was washed with ether and combined extracts were concentrated. The crude
product was purified by column chromatography on silica gel to give 6.82 g (79.3% yield)
20 of 3-(4 " -cyclooctylphenyl)-2-butenol (4d, formula 4, R = cyclooctyl) m.p. 40-44°C.
3-(4'-C YCLOOCTYLPHENYL)-1-HYDROXY-BUT-3-EN-2-HYDROPEROXIDE
(COMPOUND 5d, FORMULA 5, R = CYCLOOCTYL)
A solution of 3-(4'-cyclooctylphenyl)-2-butenol (4d, 500 mg) and methylene blue (5 mg)
in CH5CN (30 ml) was irradiation with a 250-watt tungsten-halogen lamp at —6°C while
25 oxygen was passed through the reaction mixture. After 2.5 h the reaction mixture was
concentrated and crude product was purified by column chromatography on silica gel to
furnished 400 mg (71.4% yield), m.p.83-85°C.

3-ETHYL-3-METHYL~6-{(4’ -CYCLOOCTYLPHENYL)VINYL]J-1,2,4-TRIOXANE

(COMPOUND 7da, FORMULA 7, R = CYCLOOCTYL)
30 A solution of 3-(4 -cyclooctyiphenyl)-2-butenol (4d, 500 mg) and methylene blue (5 mg)

in CH;CN (30 ml) was photooxygenated at -6°C for 3 h. Bthyl methyl ketone (1 mi) and
HCI (1 drop) were added and the reaction mixture was feft at r.t. for 18 h. The reaction
mixture was concentrated to remove CHRCN, diluted with NalCO; and water and

extracted with ether (3 x 30 ml). The organic layer was dried over NaSO4 and



,aid p-toluenesullonic acid (50 ng) were added and reaction m X

left at r.t. for 18 h. The reaction m xture was worked up as at)ore \z,ava;
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room t enpédt agedy ef tribkanweisibasisdiid el S80HC10% HCI (100 m) and benzene | ayer

was separated out. The organic |ay hed with water, dried 20
(Nk?S04) and concentrated. The cruﬁwlduc was purified by col um

chr omat 0gg aphy-yeNov ¢ TR PIRINTY D) GINEL RD2 BII RFAXAKPYR O @) 3) BV OBHIGANE
3- hydr oxy- g@([l 1- bi phenyl ] - 4yl )) but aﬁoa’tggﬂé :‘&ggrrul g) ) Ph) m p.
58- 601 L. MMRIGXANE TﬂnrﬁoﬂﬁdemO&]MﬂReBare Ha@ﬂngaCHr Qﬂéﬁjﬁr)eactl on

?EEELE%;:E& s-(l; ﬁljtoﬁ-pgn% é%/ a‘EYﬁ}Ot@QTSég’ 5 b%ll{é%gls(gﬂé?@?n@ %fn]l@thérgeﬁgﬁﬁ}’ér(? ng%b 25
in CH3CN (30 ml) was photooxygenated at —6°C for 2.5 h. Cycloheptanone (1.5 ml) and p-
toluenesulfonic acid (50 mg) were added and reaction mixture was teft at r.t. for 18 h. The
reaction mixture was worked up as above and concentrated. The crude product was
20  purified by chromatotron on silica gel to furnish 210 mg (28.3% yield, based on allylic
alcohol, 4d used) of trioxane 7de as oil.
EXAMPLE 19
TRIOXANE 7dd, FORMULA 7, R = CYCLOOCTYL; Ry Ry = -
CH,CH,CH(Ph)CH,CHz-)
25 A solution of 3-(4’'-cyclooctylphenyl)-2-butenol (4d, 500 mg) and methylene biue (5 mg)
in CH;CN (30 ml) was photooxygenated at -8°C for 2.5 h. 4-Phenylcyclohexanone (1 g)
and p-toluenesulfonic acid (50 mg) were added and reaction mixture was left at r.t. for 18
I The reaction mixture was worked up as above and concentrated. The crude product was
purified by chromatotron on silica gel to furnish 340 mg (39.5% yield, based on allylic
30  alcohol, 4d used) of trioxane 7dd as solid m.p. 95-97°C.
EXAMPLE 20
TRIOXANE 8d, FORMULA 8, R = CYCLOOCTYL
A solution of 3-(4 -cyclooctylphenyl)-2-butenol (4d, 500 mg) and methylene blue {5 mg}
in CHiCN (30ml) was photooxygenated at —6°C for 2.5 h. Norcamphor (500 mg} and p-
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D ethyl ether Refluxed No reaction - Toluene Refluxed | It 92.9% The
conpound 2e was al so prepared using ethyl ehl oroacetate under sarre Jeagt] on...
-condi-ti-ons.to furnish.-17.8%yield. of ethyl 3-hydroxy-3-([1,1-bi ph aﬁ"’-%yk
butanoate (2e). 1 4 Adj[3 -18 ETHYL3-([I,I .

- B PHENYLI - 4YL) - BUT- 2- ENOATE ( COVPOUND 3e, FORMULA 3, R = Ph) To a

solution of ethyl 3-liydroxy-3-([1,1"-bipheii 4y| t t I
in benzem@uel(egt'ﬂﬁ)nm ?Gl@vé@ ag é@fﬁpﬁ%%%‘f‘ b‘%mlb‘@h%bgz}“&)elw%s {%talg)% i %J%gld forgé

h. The benzene Cenlde &chtﬂ{#ae @ﬁﬂ@te

pr oduct Cb%rlPPﬁ\(&a VBa %ﬁﬁgﬁ%ggﬁ%grégh%&tﬁﬁasﬁ i cgJtr el to Fur ni sh 11g
(57. 3% yiwel thomeftoedhyd Slﬁee( kdl, 1d flinjphei 359tie-(43.5) -Yobyigld, ait allylsellcdgt mul a
3, R=Ph) mp. 76-78T. The corrpound 3e was al so prepared using different
reaction @ohﬂmpﬁﬁo“@?&tﬂd@s@lgl ves the conditions used and the yield of
conpound 3e. 10 TABLE5 Acid catalpsgipiiily £AR, Tenperature |,! Yield PTSA
Benzene Refluxed | h 55.5 Anberlyst- 15 Tol uene Refl uxed I h 77.7 b
Benzene RatioXadrl9GFCRVEISOL, RHCIZGLQOCINYL 33.3) 3-(11,1

- Bl PHENYL - 4Y1) - 2. BUTENCL U .
cool ed s wwly“@ﬁ Of_l?’ﬁgd'l-ﬁy? ﬁéwﬁlﬁl\%—]ﬁ[@% gk%dn‘% %%dv\ngés?%gg b ﬁ% flsh ll%?
)L 5 19 PAPASHIV LS BidlocryeaaRbia: (Bec 319)2 Mm«@tmyanetmeao{)(ﬁ@@mm

dropvvl se stiffed Or for 2h. The reactloMm h gvvas
quenched tivkhesukdber a@ﬂlQSOﬂng) wAles,Z@ild@ri ﬂ!mql eafionOnB IR RS FBTGH 3l THeS 4

stirred andt en ethe yer. was. decan r d with
et herlOandheplsfidhad et L‘g’r %?(‘Et’roaé?%(g E g%hkgg% ragtaggwn{'i'lﬁ?ogcﬁélﬁﬁgteg\r,\%}zﬂgt was

purifi ed }ﬁ \ﬁ:lf' hﬁﬁé@eimn@ﬁnmddnqm Qﬂéa ted tg@ifmeisk . 3B0ne (3F.4%0igidebaped of
3-([1, enyg?fj % -butenol (4e formula 4, R=Ph), mp. | |
2- 114T Lmﬁdl]*yﬂkcmb:dhmit‘idonsed obtrinyinc.9¢k g5tféhy | ] - but - 2- ennat e (3c) ri si ng TTIF
as solvent under simlar conditi ed 40.6%yvyield of 3-([1I,
-b| phenyl ] -4yl)-2-butenol (4c). %AWIDE%

3-(1,1-Bl EYHW#JHWbeYHY@B@miMNmEM%)HYWMEOMB@W@NB 5e,
FORMULA 5, R =Ph) 25 A solution of 1-([1,1 -biphenyl]-4yl)-2-butenol (4c,
200 ni) aEGRMthiere—the (2 ng) in acetonitrile (15 mM) was irradiated
with 250- st e 6, & b dn@ 7 Nn baiszepacxed
t hr ough t %alr%til %‘rgtogrﬁeggi@tl gﬁgﬁ ﬁ)e +'8act’i on %QE%SE%&)e was

ml) was added ethylb1 omoacetate (12 ml) dropwise during 30 minutes. The muixture was

refluxed for 1 h and then cooled to room temperature. It was acidified with 10% HCI {100
ml) and benzene layer was separated out. The organic layer was washed with water, dried

20 (Na3SOy) and concentrated. The crude product was purified by column chromatography
on silica gel to give 20.6g (72.1% yield) of ethyl 3-hydroxy-3—({1,1'—bipheny1]—4yl)
butanoate (2e, formula 2, R=Ph) m.p. 58-60°C.

The above compound was also prepared using different reaction condition. Table 4 gives

the condition used and yield of compound 2e.

25 TABLE 4
Solvent Temperature Reaction time Yield
Diethyl ether r.t. No reaction -
Diethyl ether Refluxed No reaction -
Toluene Refluxed th 92.8%

The compound 2e was also prepared using ethylchloroacetate under same reaction
conditions to furnish 17.8% yield of ethyl 3—11ydr0xy—3—([1,1'-bipheny1]—4y1) butanoate
(2e).



concentrated. The reaction mxture was filtered through a cintere [

to furnish 80 ng of hydroperoxide. Mther |iquor masgpurlfled bydggigghRL?
..chromat.ogr.aphy..to.-furnish 40..30.-19- nyg.of.  hydroperoxide.. The COﬁbInedGMMQ-
yi el d of hydroperoxide (conpound S5e, ﬁgrnula 5, R=Ph) was 120 ng (54.5%
yield) mp. 124T. Phototoxygenation of 3-([1,1'-bipheiayl]-4yl)-2-btitenol

Se | h B EHYLG 11, 15BN NOIEPENYE he”*é}\i%%ﬁﬁ PR Feof Fraih e
(TR OXANEPéh FORMULA 7, R‘Ph Ri, = H, Ph). To a solution of'

)-([1,1 ehW\ 1-4yl)-1-1iydroxy- but - 3 en-2-1i ydr oper oxi de (Se, 400 in-
and benzaldghymeof 3BCmy)3-hytraced -G rli-biphte140)- é/uﬁm)o%méleadé@)ém engone )

p-tol uenesul fonic acid (20 d.
reactlon(%$kﬂ@%@a%ﬂgmﬁégﬁgﬁoﬁﬁ}Eggéﬁ%eéwiﬁﬂingégig%ﬁ%?at18b%6%n8gﬁggoduct
was puri Jf%dd&ymt%ﬁ)l %gl' el E&{E@ﬁtﬁ’egécﬁph'?hé Q:nidér @io%llﬂctza@s nghrifledOB% wodlrah) of

trioxane 7/éa m 112T. EXAWPLE 5[
- Bl PHENchhreéh‘rélic)d\{hMan 6lidh, gamrm@mm F&t} %,y RN 3-({ riRrtepbei 1 Aeh):

FCRNULA 7, R=Ph, To a sol ution of

') - f[l 1kﬁiﬁﬁ@ﬂy? f2¢49 ¥u§#%§§2§5“1 Zﬁ?g%gn | i ydr operoxi de (5e, 430 ng) and
cycl oper "Ith%rﬁ ?gb Buhd 90 w@fglalsbg) éﬁ}ﬁﬁirdQﬂh\%rdlffereﬁtll@amoh avasitiandBable 5 gives the

p-t ol uenesi a rric acid the reaction mxture was stirred at
r.t. forcﬁn@hoﬁh@edea@ﬂmomﬁﬁp&@mmmﬂmééemorked up as above and
concg&;rated The crude product was purified by colum chronat oggraphy
foll d by crystallization from hexane to furnish 250 ng- (45.1%vyield) of
trioxane 7eb, 20 mp. 102-104T. EXAMBIE 234 3-t ([
- BI PHENYLIl - 4YL) VINYLI -1, 2 5- TRl OXASP} RO-(5;5 |||\|r\|:r‘/\|\||: TP OYANE-.7

VAT

FCRMLA TACiR=RlySRI R2 SolSpCH? CH2 Clipmp P e TBeact U oY BT (%)
- bi phel iy Ay —t-=hydt, Ct=3= yaro eroxiide (5e, 60 25 and
cyclohexéﬁgﬁé (I m) iﬁﬁg%%%onltr Féﬂ€§ was égded p-tolgggglul_onic

aci d (20" ABbelARdsT he |rRachton m <Ruﬂ@xa&as stirred tat r.t. fG77 h.|The
reaction_mxture was worked.tip as.r——above-and-cencentrated fre—et ude

product Was purified byBeetngm chr BeHwead, aphy f 319 owed by é?& tallization

;Bogkgﬁéﬁggggy |U|u|o|é¥ﬁasug (467 {{oyuelu) ftriggane 7ec, 33m p. 96-98' C

3- DECYL- 3-NETHYL-6-T (T, -BI PHENYL] - 4- YL) - VI NYLI - 1, 2, 4- TRI OXANE (TRI OXANE

7ed, FORMULA 7, R =Ph; R2=CR3, -CH2 8CH3 on
T 1.1
- bi pheny| 3yl BIPHENGL}- @YLI A@LEEH%95%P@)%NP§ABQH§WUM %0[%@% o
To an ice cooled slurry of LiAlH, (4.0g) in dry ether (400 ml) was added ethyl 3- ({1,1 -
15 biphenyl]-but-2-enoate (3e, 11g) in dry ether (200ml) dropwise. The mixture was stirred at

0°C for 2h. The reaction mixture was quenched with water (10 ml). A solution of 10%
NaOH (5 ml) was added, stirred and then ether layer was decanted. The precipitate was
washed with ether and combined ether extracts were concentrated. The crude product was
purified by chromatography on silica gel to give 7.2 g (77.4% yield) of 3—([1,1'—biphenyljv

20 4yl)-2-butenol (4e formula 4, R=Ph), m.p. 112-1 14°C.

LiAlH; reduction of ethyl 3—([1,1'—biphenyl}—but~2—enoate (3e) using THF as solvent under
similar conditions furnished 40.6% yield of 3-({1 .1 -biphenyl]-4yl)-2-butenol (4e).
3—([1,1'—BIPHENYL}—4YL)~I—HYDROXY«BUT~3-EN—2~HYDROPEROXIDE
(COMPOUND 5S¢, FORMULA §, R =Ph)

25 A solution of 3-([1,1'-biphenyljmé%yl)—Z-butenol (e, 200 mg) and methylene blue (2 mg) n
acetonitrile (15 ml) was irradiated with 250-watt tungsten - halogen lamp at ~6°C while
oxygen was passed through the reaction mixture. After 4h the reaction mixture was
concentrated. The reaction mixture was filtered through a cintered crucible to furnish 80

mg of hydroperoxide. Mother liquor was purified by column chromatography to furnish 40

30



acetonitrile (10 mM) and chloroform (10 m ) was phot ooxygenated at OT f

) h. 2- 35 A j -20- dodecanone (0.5 m) and hydlroochl oriyg acid (ZYQrQQS?ij
~were.added and.reaction.mxture. of .left at.r.t. for 18.h...The react ’i‘f.oﬁ.é:i‘;f’ﬁ.@

m xture was worked up and concentrat egg. Crude product was purified by -
col um chromat ography on silica gel to furnish 100ng ing (27%yield, based

on allylic al cohol, 4e, used f otri -90' EXA
TRI OXANE n8e¢! FRORRRITAsigs: ﬁhgm?en&ingé {Y:aﬁé gg?%gl%g@?ﬂ%éI(g‘%‘g‘%ﬂgse? st = 20
_bi phenyl] - ll")‘%z £ ( 0 : i

Nyl 5 nplo, (4G4 g%_ 7@y and net hyl ene blue (2 in
acetonit |Igwiy 1% ngf)?‘t’&/as pcﬁlot'o)olx genated at -10'C for 3 h.(No?g;r nphor (250
V\ng)s ?ggt gvgfto?jx?gafeﬁism I1<ﬁ8foEi(@lT,ﬁdjilme(lﬁ]-)‘*yI}Zﬁmtelwér(ée)adiéieéfl%(ﬁd ¥ el &ti G xt ur e

t r.t. for . The 10.reaction ki xtuyre

concent r 4¢ERheIRAIBNBY BATETC e ub]eﬁl{*?sgal Sedidin ehr \QDWQF ggrgghsngn
silica 9%4-L(flol'—f]}ﬁ'ﬂﬁ‘Yﬂ]‘l@YEgVW}é—é-PﬁE(N’ELd],,Z,haBEH)}OAN@ (BRICGX ANEoHal , 4e,
Esed) of 1t 6>_<ane. 8e mp. 86-90' C. EXAMPLE 27 TRI OXANE 9e¢, FORMULA 9, R
=Ph 15 T@&QRBOIUAI79R=8h, R),-Rq+ H, Phpi phel i vl | -4yl)-I-hydroxy-bLit-')-en-2-

hydr oper oxi de (5e, 300 .in - 4 ) - €l
(30 ) vhiss sdtie: 6 tonuetibeRr Gty TR IE ER R G GRThOTHEL 0%
at r.t. The Jpatdd9fe Msotypeinvastontrikedoupl) and addehpesiterasedniCaudd2pr oduct

was purified by colum chronmatography on siljca gel to urni sh i n-
(71. 04%31 y?g)l aid obs stiirgkanet. Jar 2 -ﬁleg‘&a@@ﬂemﬁe‘e%ﬁé ‘&‘H‘B@% “E’P’i%?&ﬁ%q\l}\%g al so
prepare romde rising diffe . i ok lrg: j

Condi 1 orfookd nd TR P e B A e ot U o
Sol vent Acid atpbitsbxRedes nop 1tDm2Yi.el d Tetrapherryl- r.t. CHCL3 H S04
30 min 55.5% - --1 ---- | Rose Bengal 6§g EtOH Anb st-15 2 h 24.4% ; It
OH was renoved under reduced pr edehpNREE &7 phot ooxyggenati on and repl aced

Vi el do bkl AERER T D SN IR L RO RRY oo STRIL - EVDROKV- 3- (4
SO R L U CUIS, NSRRI 2 1
12 (Sig) Bhé PR @%3—@?1'—%&}3)&%1%1]%4}%—1ﬂfy&%&?«rb%@%Qﬁu%]lc%%%%c@pﬁ%f‘ ane (A0 9),
and cyclopentanone (700 mg) in acetonitrile (10 ml) was added p-toluenesulfonic acid (30
mg) and the reaction mixture was stirred at r.t. for 3 h. The reaction mixture was worked
up as above and concentrated. The crude product was purified by column chromatography
followed by crystallization from hexane to furnish 250 mg (45.1% yield) of irioxane Teb,

20 m.p. 102-104°C.

EXAMPLE 24
3-[([1,1 -BIPHENYL] -4YL)VINYL]-1,2,5-TRIOXASPIRO (5,5) UNDECANE
(TRIOXANE 7ec, FORMULA 7, R=Ph, RiR; =CH,CI,CH,CH,CH>-)
To a solution of 3~([1.,ll—biphenyl]—ﬂfyi)—l-hydroxy-but—B—en»2—hydroperoxide {(5¢, 600 mg)

25  and cyclohexanone (1 m) in acetonitrile (20 ml) was added p-toluenesulfonic acid (20 mg)
and the reaction mixture was stirred at r.t. for 1 h. The reaction mixture was worked up as
above and concentrated. The crude product was purified by column chromatography
followed by crystallization from hexane to furnish 360 mg (46.1% yield) of trioxane 7ec,
m.p. 96-98°C.

30 EXAMPLE 25
3-DECYL-3-METHYL—6-[([1,1'-BIPHENYL]-4~YL)—VINYL}-1,2,4—TRIOXANE
(TRIOXANE 7ed, FORMULA 7, R =Ph; Ry, R,=CH3, -CH»(CH;)sCH;)

A solution of 3—([1,1‘—biphenyl]—4yl)—2-butenol (4e, 200 mg) and methylene blue (2 mg) n

acetonitrile (10 ml) and chioroform (10 ml) was photooxygenated at 0°C for 3h. 2-
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30 in benzene (100 nil) was added ethyl bronpacetate (6.1 nl) dropvvi se
during 45 mnutes. The m xture was refl uxed for 45 m nutes and t ol ed
to. roomtenperature.. lt.-was i i~ ;.S ;" 14 [Vil-.210"KQ .-21 fatlltﬂht ?
with 10% HCI (75 m) and benzene Iayejgowas separated. Organic |ayer was
washed with water, dried (Na~S04) and concentrated, Crude product was
crystalllzedfrom hexane to furnish. Sg of B-h ester r

| i quor vvdsdqn;amlfel €5 19y) et byarochediotrid 829&855 % @I@ll%lg R Clgeil)mlf( B@%Pgh 3.7
g of B-hydroxyestek (2 ; aﬁﬂcﬁxﬁyﬂﬁaxyEﬁKEr;@hmnpound
2, for ik HCRrds it éﬁ}eégﬁ?%ﬂ@&éﬁg%wgﬁdeéé 9%, m % HYL 3-(4 1
- BROVD- [ kyeks - ﬁh‘iE’Ji'lee]mﬂh Yhon Bl @ﬂlEN@dsﬂEca(mw lhslfGOmgeeEal\(a%Z eldg =
pBr- Cc) )Toasolutlonof E? 6-

P31 aydr desedancedlyBe siea: 46 Brghel Fgrin e P 05 o- te (2. 10 8.0g) in
benzeEe (75 M) was added p-tol uenegammmn g6 aci d (420 ng) and was refl uxed
for h 15 m nutes. The reaction m xture was cool ed, neutralized with
NaHCCB sofREGXANE &, FORMUkLA B, Re’dr and organic | ayer was extract ed.

Organi c | ayer wa ed. wi t end nahed.
O de. pr oHNGHIRRS! Ui EHeBy A Gl e EDRy eIy Dag o
f ur ni sh 51%1691%';1@0(‘1?/ hﬁj Qﬁs ?ﬁot&ix@gd:na&rdwdﬂm% 3(4 Nocanpla, @50 bﬁéf?@ﬁ)ﬂ"] 4-

I)but2enoae rmula 3, R =p-Br-C61-14) MP- 9 4
- BRovo [ Libluei @&qucmweyg)zﬂw@h@n% CSORBTURE Waﬁ&i\ﬂi f%hlg?-% né
p- Br - Q0H) 10,30 d82.800 Heb 2 Suct Dadlpirisdiey o120 m)
ggedeg;t]é)igllw LB%WH_%FVO&%I%{% p%}ﬁ)éogéen{'rhtp\h T 19 1 b
5 hydrOXyChu)mzﬁtﬂgm ywowsilida gel-t@mhewmomg i5) b yitek2 besed amentlyBe alcghoigiein dry
ether 20 (100 nl) dropwi se. The reaction mxture was stirred for 5 It at
O C. The lﬁseé)cqfltbﬂxwﬁﬁmﬁ 8% Guenched with water (5 m). A solution of 10%
NaCH (5 m) was added and the ethegx shfiyer pas decanted. The precipitate
was washed with ether and the conbined ether extract was concentrated. The
crude pr ogfREOXWAST OfFRORMIGELAPHBG-RIn silica gel to give 2g (52.6% vyield)

Of BI:—L gl 1%(; grrm?]pu)n Qg;ﬂﬂglh Igrlém%g]/l gy% A)l é out %?%leil(f 1’yd1f0851%§ @ (§e BBO‘mg)

- BI PHENYL W DROPHE DRldd¢CONPQNBuBbric BOBMULA

5 R = p- %ldé%g%kn 0 u\é;sgn%%ﬁngd-&t%@bdrﬂeém [ ﬁef))gél hgn Il -4- 12 rgcbl -i tenol

(4f, 100 () mapdndewvhy Is‘enead fm dleh (25 mig) Tiha @é@t@@nmﬂ}ﬂmeewésr Vﬁ/# e 9(59\20 ?-
7 m) was irradiated A -

\(Nhl I e) oxygfaseRtERed azé%# Plﬁ’ld%}f} ‘ﬁas[ H%”iﬁeeda%}?l o}r?p[rgﬁs&(]{ﬁ g?lg%lfg %ﬁg q sm'cl'%tegelcr ude

product o sh By (980 gﬁﬁuﬁomwummm e6stal lized from CH?CI 2 to
give 20 %Eﬁ%ﬁ]ﬁydr oper oxi (ﬁg

The filtrate s chromat ogr phed l'ica
gel t20 gi Vbe alBenmjoshe wad abparenddeisn 4e?ﬁ]§bé@%@6?lﬁe@°9p]elc% (g ﬁygﬁgﬁt?r oxi de
(conpound glv]:as the conditions used and the yields of the trioxane 9e.

TABLE 6
Dye Temperature | Solvent Acid catalyst Reaction time | Yield®
Tetrapheny!- r.t. CHCl3 804 30 min 55.5%
Porphine
Rose Bengal -6°C EtOH * Amberlyst-15 2h 24 4%

*IOH was removed under reduced pressure after photooxygenation and replaced by
CHCl; in the second step before the addition of 2-Adamantanone.
25 ®Yields based on allylic alcohols de used.

EXAMPLE 28
ETHYL 3-HYDROXY-3—(4'—BROMO{1,1'—BIPHENYL]—4-YL)~BUTANOATE
(COMPOUND 2f, FORMULA 2, R = p-Br-CHy)
To a refluxing mixture of 4-(4-bromophenyl)acetophenone (10 g), I (5mg) and Zn (4.9g)
30  in benzene (100 mi) was added ethylbromoacetate (6.1 ml) dropwise during 45 minutes.

The mixture was refluxed for 45 minutes and then cooled to room temperature. It was



formula 5, R = p-Br-C61-14) was 60 ng (55%yi

, yield). 35 -22-

3, 3- DI METHYL-6-f (4. -BROMO-[ 1, 1' - Bl PHENYLI -4-YL)- VINYL]-1,2,4- TR OXANE
. (TRI.OXANE 7f.a, FORMULA .7,.R.=.p-Br-C6H4; R, . R -=CH3,. CH3) A sol uf itoAlbf 2008

A

3-(4'-bronp-[1 1'-biphelin]-4-yI)-2-ng|tenoI (4f, 350

[ L byt ng) and nethyl ene
blue (2 ng) in acetone (40 nl) was phot ooxygenated at -10(err)C fory5 h. To
the 5 mxture was added p-tol uenesul fonic acid

for 18 hagidifiedheiih é@rfﬁ:éﬁlr@ts aal) &Fﬁei?e&??‘ii’ﬂelaﬁfo%c%p@%teﬂpu@ Gfal i %/r \é{gﬁt

chromat ogr a I

52 9500, Ttk 8l s R QRedfeE R e Qﬁ?%ﬁéﬁgﬁe%@ﬁ) :

\Fgl_ NYIC_:LSl 1&%%;)&1%1@)@%% GTRHOXANET 7@215) RORMIL A0 WRes=puEiedo4col jrpn

(4f, 500 Wll%%aWtigﬁlﬁéf%gqg|1§f£m%‘(5§%;£§r Ofﬁ'i‘@@@@s%hgﬂ% el FR
phot ngy%?;ﬁ-@{f?&aﬁ dlerp_6(t ((%Elnﬁ&fnd]%fh forhRild DER =T 8L, Vass add’e@I (R8.90%), gt hyI

ket oné ( enesul fol I'i ¢ acid (40
. . ng) and left at r.t. for 18
h. The reattion m xture was diluted with saturated NaHCI)S solution (5 m)

15 and worked u d

by col umt ke RS 8 R ORESTRIRGT b U R ORI OMAPSIEN e
as a m xtgh LI&\V_'PRvsb-QhGQ}H mers, which were further, purified to furnish
the nore po ar_1sormer

EXAVPLE 30 20 B4 s@R@VD@F E’Eh}{l gﬁ%@&ﬁnﬁﬁ%ﬁojﬂ? :\‘P?qg_@eniﬂg%ﬁgﬁ]ag%‘%ﬁ% ©

( > 5) %%@%ﬁ% %@5 s add'g%%{lu%egulfﬁli@ 281 (%g) Rid was refluxed for
) ( 4- br OfP9 § Imihukk. phﬂ{t)’fe]act{bnyhﬁxtﬁrebwh&e nodled, 4fentrBl0EdyyitaNLHEYhyo she bl ue

(51in,,) inC-13CN (J5 i) and OH2CI2 ( i
for 3.5 mﬂutezgw@cwﬂéﬂ(né@aé@béﬁé?ﬁ?lﬂywyasg?ﬁa cﬁqu} gt iagf%h%‘%%@@ht ‘gﬁ GOC
wer e adde é%gtﬁ%@@tah@?% gt%é{éc? (gctucfﬂvaé' pﬁnﬁequfy ékﬁm’ﬁn cﬂ:ﬂaﬁleﬂt@;@@ﬂ“}’on

m xture urate sol ution, fed Lip
as above a@ndlicopeedtiuaitdy GSUde ymcbmfminyhéslly@mnyfi @dbﬁynqibﬂ |-b1phf%limﬁ -

chromat ography to f h 32

seed)i i ok rg, e 3 T B Soae ™ S0 Pl EsT TR DANE.
{1 BHURNYRE-£YF) S €0 EBBNICHE GFORMIFRA CH2

sol ution o@‘ éliﬁ@i PI oH[Eh I -Yggl;]phel iyl]-4yl) %Pﬁit enol (4f, 500gru) anﬁ

met hyl ene4 3t vg-B¢-Z:HQ) in CH3CN (40 ml) and CI-12C12 (40 m) was

hot ooxygenat ed at -t -
P ye 'To an 16660%0 eEi%[urg/ Ot%'Liﬁl}h (Q%g?in dry ether (200 m!) was added a solution

of ethyl 3—hydroxy—B-(4'-br0mo—[l,1'~biphenyl]—4—y1)—butm2-enoate (3f, 4.4g) in dry ether
20 (100 ml) dropwise. The reaction mixture was stirred for 5 h at O°C. The reaction mixture
was quenched with water (5 ml). A solution of 10% NaOH (5 ml) was added and the ether
layer was decanted. The precipitate was washed with ether and the combined ether extract
was concentrated. The crude product was chromatographed on silica gel to give 2g (52.6%
yvield) of 3—(4'—br0mo~[1,1‘-biphenyl]-4—y1)u2—butenol (4f, formula 4, R = p-Br-CgHa) m.p.
25 145-148°C.
3-(4-BROMO-[1,1 -BIPHENYL|-4YL)-1-HYDROXY-BUT-3-EN-2-
HYDROPEROXIDE (COMPOUND 5f, FORMULA 5, R = p-Br-C¢Hy)
A solution of 3—(4’—bromo—[1,1‘—biphenyl}—4~y])—2—butenol (4f, 100 mg) and methylene
blue (5 mg) in acetonitrile (7 ml) and CHLCly (7 ml) was irradiated with a 230 watt
30 tungsten-halogen lamp at —6°C while oxygen was passed through the reaction mixture for 5
h. The crude product obtained by usual aqueous workup was crystallized from CH;Cl to
give 20 mg of hydroperoxide 5f. The filtrate was chromatographed on silica gel to give
40 mg of hydroperoxide 5f. The combined yield of hydroperoxide (compound 5f,
formula 5, R = p-Br-CgHs) was 60 mg (55% yield).



ILIG ~. ~Jb6'" -23 ainyl cyclohexanone (1.5 m) and p-toluenesul fonic acid
(50 ng) were added and reactiol, mixture was left at r.t. for 17h,~ The
reaction.mxture was. worked.tip.and concentrated. .Crude product was. Ul gne
purified by colum chromatography to fyrnish 480 ng (60%yield, based on
allylic al cohol, 4f used) of trioxane /7fd mp. 122 1240C 5 EXAVPLE 32

TRI OXANE 8f, FORMULA 8, CoH4. A sol uti
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for 5 h. é%‘d‘éﬁém%t?f%@w?ﬁﬁn%r%quol uenesul fonic acid )(/go ng) were added

and reaction mxture was stirred goavdg.meautes and then left at r.t. for

16 It. Reaction m xture was worked as 20 above and concentr ude
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4- (4-chl or ophenyl}%ﬁcet ophenone_(8.46 9 12 (511-1g ? 2.55@0) in
benzene ((Z@Ilg)rﬁl)c N @laedaed Wbl ot a @P%yée]%‘ﬁe%a&? “ﬁ‘I(;71 %Pﬁb\kf%ﬁ edur| ng 30
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t enper at ur'e aci 10% H ﬂ\% benzene | ayer was
separ at edat rOrfgans b. Tl&yea{ctmmlxmefswwdlwtttdhwmséémated MQM@S@@)(S and

concent rated. Crude B-hydro S
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sol ution cru et droxy-3-(4 hloro-[1I,

- bi plher r yitdneéhﬂyﬂl&;s,bummm oatefu(tie) pulrnﬁedtte ,ﬁlzramb thezeglem0§a1 WRgIeada@d72-74 °C

p-to uenesulfonl acid (3 d was refluxed for 3)h 30 mnutes. The

reaction ?ﬁdxlf:ﬁrpé’ %’HFb’d}}é’dga ﬁgﬁt ralized with NaHCO3 solution, diluted 15

11, .4, EXAMPLE 30
20 3-[(4-BROMO-[1,1-BIPHENYL]-4-YL)-VINYL]-1,2,5-TRIOXASPIRO (5,5)
UNDECANE (TRIOXANE 7fc, FORMULA 7, R = p-Br-CHs R

R»=CH,CH,CH,CH,CH>-)
A solution of 3-(4'-‘1)1'01110—[1,1'—biphenyl]—4—y1)—2-bute1101 (4f, 500mg) and methylene blue
(5 mg) in CH;CN (35 mi) and CHyCly (35 ml) was photooxygenated at —6°C for 3.5 h.
25  Cyclohexanone (1 ml) and p-toluenesulfonic acid (60 mg) were added and reaction mixture
was left at r.t. for 18 h. The reaction mixture was diluted with saturated NaHCO3 solution
(5 ml) and worked up as above and concentrated. Crude product was purified by column
chromatography to furnish 320 mg (47% yield, based on allylic alcohol 4f, used) of
trioxane 7fe, m.p. 118-120°C.
30 EXAMPLE 31
TRIOXANE T7{d,FORMULA 7, R = p-Br-CgH;, Ry Ry = =-CH:,.CH;-
CH[C(CH3),CH,CH;}-CH;.CH>.
A solution of 3-(4-bromo-[1,1-biphenyl]-4yl)-2-butenol (4f, 500gm) and methylene blue
(2 mg) in CH3CN (40 ml) and CH,Cl, (40 mi) was photooxygenated at —6°C for 3 h. 4-t-



-24 with water and organic | ayer was extracted. Organic | ayer was shed..
wth water, dried (NaHCO3) and concentrated. Crude product was pu\rﬁfl ‘ed” by
..colum..chromat ography..on...silica gel to furnish 5.27- (47, =91%yi el d).  of
ethyl 3-(4 -chloro-[1, 1-bi phenyl]-4-yb)-but- 2-enoate (3g, fornula 3, R =
P-C-CoH4) MP. 91-94'C. 5 3-(4'- CHLO?O[l 1- Bl PHENYLI - 4- YL) 2- BUTENOL

( COVPOUND 4

. | Li Al H4
(1 4q) i ﬁmdgyycgtlﬁé@noelgébsrwly ng t%%au ﬁoné(gfl(iaj{f (%Eﬁmﬂ \(?vglee lajﬁﬁji yeagtmp :
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ro W Se. e reaction mxture was stirred for 2 h at O C.. The
r eact | on Ch‘ndet pn'oelawawaaqpmrﬁfnd@eﬁy whlumnverematograghl it FeAsb+82098 NEGH i8l€> added

and the ether ecant The reC| was washed with ether
and t he @6%|%€31§§? e méx%“ﬁ?fﬁ O&/g‘éexn% 1H‘tpr at eg;“&ljhe crude product was
chromgt ographed on silica gel to @W@m;{ 75% vyield) of '")-(4

-chloro-[1,1"-bi phenyl]-4-yl)-buteiiol formula 4, R ~p-d -C6H4) m p.
15 130- 1IRIOXANEST, FORMROLAIS. R BrEE } 4YL) 1- HYDROXY- BUT- 3- L~ N- 2-

HYDRODER%FI 1‘m§ncqv?% b mg [[ F%ﬂ@l‘lﬁl‘léﬁ)% b_L}ta O)q:I(MC@lSH Ing) and methylene blue

Asol i 2-butenol (4g, 1g) and
et hyl eng) bhpeid 401,28 (%gﬂll)l MmdaCeLoni(2§ irh@ WﬁOplrdtooxw@fslatadr@teraﬂl Mith a

250-watt ti-1ligsten-hal ogen | anp 10' C ile o d h
t he react¥wermiber uf & msp a%d W‘t@b“*ﬁ?%&}f)% ﬂ%%dmgh X?%g@?@%ﬁg%?éiga%'?regugut
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hydr I'trate was chronmat ographed on silica gel to give
260 ny lel&eyldﬁt@ﬂemadedp;oﬁgct ﬂ?kmmnﬁd:ﬁ he cbojrinei dlﬂ@ﬁlalfqg@ﬁnhrﬂe@b)‘él e getddrpound

, f 0
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(TRI OXANE,7ga, FORMULA 7, R = P-Cl-C6H4, RIR2 =- CHZCHZCHZCHZ) A sol ution
of 3-(4 -chloro-[1I, | -blphenyl]4yl) 2- but enol (4g, 500gni) and net hyl ene
blue 30 (40 ng) in CF13CN (30 ni) %&Wééxygenat ed at 50C for 5 h.

Cycl opent ari on nd dro | oric acid (5 drops) were added and

r eactlioon HRIQ ﬁﬁé‘( FEHMP@&*%{ {%Hl 5h  and then left at r.t for 48
h. The re&%l'u%n%Yét(ut&oiﬂaqmouﬁﬁﬁéﬁ[aatye)d:r b@enslg4nrodusy) amsmetpylend bed by
col utm chr omat ography to furnis %/ ny

33.8%vyield, based.on.all c
al cohol , @gngsedfHaENt(#) oxaaed CgaCn (0 mi Wi@?%@owem%ecﬁﬂ@% £ ﬁzlg
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was stirred for 30 minutes and then left at r.t. for 16 h. Reaction mixture was worked as

20  above and concentrated. Crude product was purified by column chromatography to furnish

490 mg (63.6% yield, based on allylic alcohol 4f, used) of trioxane 9f mp 118°C.
EXAMPLE 34

ETHYL 3~(4'-CHLORO-[l,l'-BIPHENYL]-4-YL)-BUT-2—ENOATE (COMPOUND

3g, FORMULA 3, R = p-Cl-C¢Hy)

25  To a refluxing mixture of 4-(4-chlorophenyl)acetophenone (8.46 g), I (5mg) and Zn
(2.55g) in benzene (200 ml) was added ethylbromoacetate (4.35 ml) dropwise during 30
minutes. The mixture was refluxed for 2 h and then cooled to room temperature. It was
acidified with 10% HCI (75 ml) and benzene layer was separated. Organic layer was
washed with water, dried (Na;SO4) and concentrated. Crude B-hydroxyester (compound

30 2g, formula 2, R = p- Cl -CgHy) was used as such without purification for the preparation
of ethyl 3-(4~chloro-[1 .1 -biphenyl]-4-y])-but-2-enoate as follows:

To a solution of crude ethyl 3—hydroxy—3—(4'-chloro—[1,1'~biphenyi] -4-yl)-butanoate (2g)
benzene (200 mi) was added p-toluenesulfonic acid (3 gm) and was refluxed for 3h 30

minutes. The reaction mixture was cooled, neutralized with NaHCO; solution, diluted

':‘" f‘r



UNDECANE ( TRI OXANE 7gb, FORMULA 7, R = p- C -C6H4; R
R2=C1- 12CH2CH2CH2CH2-) 5 A sol ution of

-3-[(4"-chloro-[1,1"-biphenyl]-4-yl)-2-btitenol (4g, 500ng) and. metli‘lﬁél ‘éﬂé ARG
blue (40 ng) in CH3CN (30 nml) was pheiooxygenated at 5T for 5 h.

Cycl ohexanone (0.5 m) and hydrochloric acid (5 drops) were added and
reaction m xture was stirred at r,t
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tri oxane MPLE 37 20 TRIOXANE 9-,, FORMJLA 9, R
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reacti on m xture was wor and concentrated. Crude 25
pr oduct W@Sncﬂmdlxmledvab;r col whrincmhﬂf)ﬁr&%/oobfﬁ@ﬁﬁyf% addast mid esgerdiy 5931 4%

yi el d, based | i.c.. al cohol of o) 115T
o Lo Nkt nape roosiues i eor Bvithe e BB Rk T
S. - No- Trd,9xangieM Phe Wudeebbduct was dromardgraghell on kilida oel to give 1.8g (75%
- Cycl opentyl phenyl )vinylj -6,7,10- all trloxasplro- 5]-d8 ne (trioxane
7aa.formha) of 74 Rhioroy 1l o phny L1y Rbuteayl. (zcrrmpeaR 1 2)C L&), T
~8 100 2. Trioxane 7ab, fornmula 7, R=c clo entyl R 98-1
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3-(4 -CHLORO-[1,1 -BIPHENYL}-4YL)-1-HYDROXY-BUT-3-EN-2-
HYDROPEROXIDE (COMPOUND 5g, FORMULA 5, R = p-Cl-C¢H.)
A solution of 3-(4'—011§0r0—[i,1!nbiphenyl]-4~y1)—2-butenol (4g, 1g) and methylene blue (40
20 mg) in acetonitrile (30 m!) was irradiation with a 250-watt tungsten-halogen lamp at 10°C
while oxygen was passed through the reaction mixture for 3 h 30 minutes. Solid
hydroperoxide separated out during the reaction was collected by filtration to furnish
600mg of hydroperoxide 5g. The filtrate was chromatographed on silica gel to give 260
mg of hydroperoxide 5g. The combined yield of hydroperoxide (compound 5g, formula
25 5, R=p-Cl-CgHy) was 860 mg (76.7 % yield).

8-[(4'—CHLORO-[1,1'-BIPHENYL]-4YL)VINYL]m6,7 ,J0-TRIOXASPIRO (4,5)
DECANE (TRIOXANE 7ga, FORMULA 7, R = p-CI-C¢ly, RiR; =-CH,CH,CH,CH>)
A solution of 3-(4'—011101'0—[1,1'—biphenyi]4y1)—2~butenol (4g, 500gm) and methylene blue

30 (40 mg) in CHyCN (30 ml) was photooxygenated at 5% for 5 h. Cyclopentanone (0.5 mi)
and hydrochloric acid (5 drops) were added and reaction mixture was stirred at r.t. for 1.5h
and then left at r.t for 48 h. The reaction mixture was concentrated. Crude product was
purified by column chromatography to furnish 230 mg (33.8% yield, based on allylic
alcohol, 4g used) of trioxane 7ga m.p. 105-107°C,
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Rt R2~-C - 12CH2CH2CH-CH2  CH2-) 47, C 769 oil noxane ae, forrrul a7, R~

cyclopentyl, R 9~5-97C T T fi WPWZ- CH( C(CF13) 2C 2CH3) - CH2CH2 28
(~,--Tr-ioxane bel onging to norca (Sa 9 1 ~-933C R = cycl opentyl)

7. Trioxaney @E@%@@ﬁoﬁmﬂmmganﬁwwm@a TSARIOXAMBIRO R = (5,5)
cycl opentyl) 8. -cycl ohexyl henyl | |n}/I 54 55 C 76.9
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%
6-[(4scyd 5&1@&@6 et ydhlorbi[i Y1 dipRenphel-yly-b- b11¢e21014(~4g8590n@ 264 4ttty | @oct biioxane
(trioxane 7be, formula 7, R cycl ohexyl ]
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20 purified by column chromatography to furnish 360 mg (50% yield, based on allylic alcohol
10 4g, used) of trioxane 7gb, m.p. 109-111°C.
EXAMPLE 36
TRIOXANE 8g, FORMULA 8, R = p-CI-C¢H,4
To a solution of 3m(4'—chloro—[l,I'—biphenyl]—dryl)-1—hydroxy~but-3-en—2—hydroperoxide (5g,
500mg) and norcamphor (500mg) in chloroform (100 ml) was added hydrochloric acid (5
15 drops) and the reaction mixture was stirred at r.t. for 1 h and then left at 1.t for 18 h. The
reaction mixture was worked up as above and concentrated. Crude product was purified by
column chromatography on silica gel followed by crystallization to furnish 420mg (64.6 %
vield) of trioxane 8g, m.p. 122-124°C.
EXAMPLE 37
20  TRIOXANE 9g, FORMULA 9, R = p-Cl-Cll4
A solution of 3-(4-chloro-[1,1-biphenyl]-4yl)-2-butenol (4g, 500 mg) and methylene blue
(50 mg) in CH3CN (60 ml) was photoooxygenated at 5°C for 5 h. 2-Adamantanone (1g)
and hydrochloric acid (5 drops) were added and reaction mixture was stirred at r.t, for 2h
and then left at r.t for 16 h. The reaction mixture was worked up and concentrated. Crude
25 product was purified by column chromatography to furnish 560 mg (69.14% yield, based
on allylic alcohol 4g, used) of trioxane 9g, m.p. 112-11 5°C.
FOLLOWING THE ABOVE PROCEDURE THE FOLLOWING TRIOXANES

WERE
PREPARED:
30
S.No. Trioxane m.p. % Yield
1. 8-[(4-Cyclopentylphenyl)vinyl]-6,7,10- oil 52.7
trioxaspiro-[4,5]-decane (trioxane 7aa, formula
7, R = cyclopentyl; R, Ry = -CH;CH,CH,ClH;)




phenyl)vinyl]-1,2,4-trioxane (7bf, formula 7, R ~ cyclohexyl, R, R2= CH3
-CH-Cl-13) | r4. 3 -Methyl-" ) -propyl - 6 - [4 -cy%:llohexyly O'I ’ 17 cOBRRG
~.phenyl.)vinyl]-1,2,4-trioxane (7bg, formula 7, R = cyclohexyl,. RO= ol
- CH2CH2CH3)  15. 8-[ (4 -cycl ohexyl phei ; Byl)w nyI] 6,7,1 0- 43- 45 C 394
trioxaspiro (4,5) decane (7bh, formula 7, R=cycl ohexvl R,

R, =- CH2- CH2- CH2-CH, -) - 16. Trioxane7bi, formula 7, R-=cyclohexyl, R Ri
WO~--92C 50. 5 CI-IZCI—I’7C|-I(C(CI—II\’?(".I—I—r‘I-r~\-("'I'A _TI "rnt!'ol\("\)p, 0-" --~Y
7. Triokane bdlbiging7aln faordafpRar cYEpyBbRYR700C 4608 R - éycl ohexyl )
| Trioxane bel dhgt MIGTLAFHPRAHTLERe- gr oup (9b 76-76 _C58.8 R = cycl ohexyl)
19 ' 3-[ (4. - cydinhieriyyiophellbydnyvinyl|}1:252, 5- 5515758C0 | 50.6
trioxaspl rO-[5,tﬁéxééﬁ£i@@saﬂ)u@eééﬂel(ox@rfemﬁqa"f Rormul a 7, |R = cyclollieptyl; R
R2  CH2CH2CH2CGHR GH2s )11 4 L:LJC@:Q%@\JGH?CH%@HM)TH oxane 7eb, formula 7, R ~

cycl oheptyt o yagf%””wzf CH2- CH( HFH3) 2CHCH3) CH2CH2 21.
aneg

8-[(4"-cycl Ohefu% 05y trioxaspiro(4, 5)decane
)FIW' & I 12 CI -12-CH~ Z2. |Tri oxane

(7cc, fonrnul a %

7ed, fornula 7 RTSYQF ?&Wlohe

CH?- CH2-{CH( Ph) - @) Cep-) 23 Tri oxane-bel-ongi r" Aeriearnphor—gr oup( 8c

65- - ~68C 538. 6 | Rioxagydnphepoyir)7, X4= C'FPIPB?(%]ﬁleRbe?%% o adar nant ane gr oup
(9c oil [50.6 R%:"@I;IQ: C@héﬁﬁ(\ﬂ@}%CHzCHﬁ -CH,CH;-
| - et hyl -3 nct hyTri®apé deloygihgoet yirpheplioy| yroop(Ba28L-93°Gri 8 |- 1, 2,|4-tri oxane
(conpound 7da, | kerdgflogentyl) R = cycl ooctyl)

7. Trioxane belonging to adamantane group (9a 74-76"C | 49.4
R = cyclopentyl)

8. 3,3-dimethyl-6-[4 -cyclohexylphenyl]vinyl- 54-55°C | 76.9
1,2,4-trioxane (trioxane 7ba, formula 7, R =
cyclohexyl)

9. 3-Decyl-3 ~methyl-6-[(4-cyclohexylphenyl) oil 31.1

vinyl}-1,2,4-trioxane (irioxane 7bb, formula 7,
R = cyclohexyl)

10 6-](4 -cyclohexylphenyl)vinylj-3-phenyl-1,2,4- 86-88°C | 44.7
trioxane (trioxane 7be, formula 7, R =
cyclohexyi]

11 3-[(4-Cyclohexylphenyl)vinyl]-1,2,5- 60-62°C | 74.3

trioxaspiro(5,5)undecane  (trioxane  7bd,
formula 7, R= cyclohexyl, RiR; = -
CH,CH>CH;CH,CH3-)

12. Trioxane 7be, formula 7, R = cyclohexyl, |107- 63.3
R1sz—CI‘I_?_—CHg—CH(Ph)CHQCHg- 1 090C
13. 3-ethyl-3-methyl-6-[4 -cyclohexyl Oil 20

phenyl)vinylj-1,2,4-trioxane (7bf, formula 7, R
= cyclohexyl, Ry, Ry= CHj, -CH;CHs)

14. 3-Methyl-3 -propyl-6-[4 -cyclohexyl 01l 28.1
phenyl)vinyi]-1,2,4-trioxane (7bg, formula 7,
R = cyclohexyl, Ry, Ry= CH3, -CH,CH,CHs)
15. 8-[(4-cyclohexylphenyl)vinyl]-6,7,10- 43-45°C 394
trioxaspiro (4,5) decane (7bh, formula 7,
R=cyclohexyl, R Ry=-CH,-CH;-CH;-CH>-)

16. Trioxane7hi, formula 7, R = cyclohexyl, Ry Ry 90-92°C 1 50.5
= CH,-CH,-CH(C(CH3);CHyCHa)-CH, CH,-

17. Trioxane belonging to norcamphor group(8b 70-71°C | 408
R = cyclohexyl)

18. Trioxane belonging to adamantane group (9b 75-76°C | 58.8
R = cyclohexyl)

19. 3-[(4-cycloheptylphenyl)vinyl]-1,2,5- 55-57°C | 50

trioxaspiro-[5,5]-undecane  (trioxane  7ea,
formula 7, R = cycloheptyl; Ry Ry = -
CHoCH,CHL,CH,CH,-) i




2-6.
tri
..CH,

e, for

fornaul a 7,

mul a 7,

")-[(4-cycl ooctyl phenyl )vinyl]-1,2,5- 58-600C 47.8
oxaspiro-(5,5)- undecane (trioxane 70
CH, CH2CH2CHZ2-).....

formula 7, R = cycl ooetyl;
L) (4- cyclooetylphellyI)VIl-lyI] 1,2,5-
trioxaspiro-(6,5)- dodecane (trioxane
CH, CH2CHI CH2CF12CH2-) 28. Tri oxane 7d

R = cycloocty
R = cycl ooctyl,

R
OIljzﬁfﬁ
) R

Rl R2

95-97' C 39.5 CH~- CH2- CH( Ph) - CH~- CHZ-) ................... 29.
8-[ (4-cyclooctyl phenyl)viliyl}-6,.7,10- Q1 455 trioxaspi+re{4-5)undecane
(7de, forful a | 7ArorRaes dPhBpbyla 7RRRC 2yelobmsylcHPS8PCHESY 30. TFi oxane 7df,
formul a| 7, R=|duBtooct yCHRC “CRYC(OHECHCHy )~
CH2- CH2+ CH( C( CH3.ZEBH2CH3) - Cl -1, CH2 3 1. Trioxane bel onging to norcanphor
group(8d2oi | 48454c@cﬁhqﬁﬂymﬁ@bcmyMXYBlm Tri ox@mé bel origi ng t o adar nant ane
group (9d oil 4dedhspid(4,5536eh@0qtot, thrrd@h. 76H (11, |
-blphellyl]-4yk@ - R R_h@ﬂ¥¢@ﬁ,@} -H{10- 70 trioxane (7ea, |(formula 7,
R=Ph, RGRq™= 1 tPRlghenyld-4yT)yvinyl]-6, 7, 10-
102- 45) 1 tr'%%ﬁagkﬁi; ﬁ | ﬁfé Cﬁ?gr ormula 7 , 1040C R~Ph, R R~
=-CH2CH2PH2CH2]ﬂ SR Aé ke 5-trigxaspiro
06- 98' C| 46, 1 | (BIBIs, Releesipd 1q ?’é)gcanw&f’ Tﬁ“ﬁ ¢ éFﬁ?f RIRS
- CH2CH? CH2 CH2 P pydehersdbecyl - 3- Met hyl -6-[ ([ 1,1 - bi phenylj - 4-yl)- 86-900C
27 vinyfl-1,2,4-trioxane (7ed, formula 7, R=Ph; R, R =Cl-13,
- CH2( CH2P 4 CH3)| Tiridikane belomging tol adandu@mei loxdopi(9c Jg8 37. | 50.6
"), ") - Di met hyl|-l6=[c{¢lbkdptylpi phenyl ] -4yl) 90-92 C 37.2 |1,2,4-trigxane (7ee,
formula|7, R=Fh, R, R?
25. 3-ethyl-3-methyl-6-[(4 -cyclooctylphenyl) o1l 28.7
vinyl}-1,2,4-trioxane  (compound 7da,
formula 7, R = cyclooctyl)
26. 3-[(4 -cyclooctylphenylyvinyl]-1,2,5- 58-60°C | 47.8
trioxaspiro-(5,5)-undecane  (frioxane  7db,
formula 7, R = cyclooctyl; Ry Ry = -
CH,CH,CH,CH,CH,-)
27. 3-[(4 -cyclooctylphenylvinyl}-1,2,5- oil 28.3
trioxaspiro-(6,5)-dodecane  (irioxane  7dc,
formula 7, R = cyclooctyl; Ry Ry = -
CH,CH,CH,CH,CH,CH,-)
28. Trioxane 7dd, formula 7, R = cyclooctyl, RjR; 195-97°C | 39.5
= C1“12~CHQ-CH(Ph)-CHrCHQ-)
29, 8-[(4 -cyclooctylphenyl)vinyl]-6,7,10- Ol 45.5
trioxaspiro(4,5yundecane (7de, formula 7, R =
cycloheptyl, RiR, = CH,-CH;-CH,-CHy-)
30. Trioxane 7df, formula 7, R= cyclooctyl, RiR» 89-91'C | 51.7
= CHy-CH,-CH(C(CH3),CH,CH;)-CH,CH,-
31. Trioxane belonging to norcamphor group{8d |oil 47.5
R = cyclooctyl)
32, Trioxane belonging to adamantane group (9d |oii 44.4
R = ¢yclooctyl)
33, 6-[([1,1 -biphenyll-4yi)vinyl]-3-phenyl-1,2,4- 1110~ 70
trioxane (7ea, formula 7, R=Ph, R|,R; = H, o
Ph). 112°C
34 8-[([1,1-biphenyl]-4y1)vinyl]-6,7,10- 102- 45.1
trioxaspiro (4,5) decane (7eb, formula 7, 104°C
R:Ph, R;Rg :—CHQCHQCHQCHZH)
35. 3-[([1,1 -biphenyl]-4yl)vinyl]-1,2,5-trioxaspiro | 96-98°C | 46.1
(5,5) undecane (7ec, formula 7, R=Ph, RiR; =
-CH,CH,CH,;CH,CH,-)
36. 3-Decyl-3-Methyl-6-[([ 1,1 -biphenyl|-4-y1)- 86-90°C |27
vinyl]-1,2,4-trioxane (7ed, formula 7, R=Ph;
R}, Rg:CI“B, —CHz(CHg)gCH})




CH,,CH3) Trioxane 7ef, fori-nula 7, R=Ph, R R2 150- CH2CH?CH( Ph) CH2CH2-
154' C 19 Trioxane 7eg, formula 7, R=Ph, RIR2 = CH2 94: 98 ~C 85.5 ., AUG 2608
~CH2- CH(-.C(.CH3) 2CH, CH3).- CHi CH2-.) v e e | e ok AUG SRE
- bi phenyl ] -4yl )v4doyl]-1,2,5- 9MR C 2@86 tr| oxaspi ro(5 6) dodecal ie (7ch
formula 7, R=Ph, R R2 = CI-|2CI-12C:I-|XH~CI-12 CH2-) 41. Trioxane belonging to
nor car nphor group(8e 86-900C 45 1 R-Ph) 42. Trioxane belonging to

adanant M“ n ' _O6C 71 oy | R=P ) 43 .

"), 3-Di | ?||y| 3 &ethb’r%lﬁblﬁrbl?‘ﬂeﬂbk ﬁw@cgwﬂ 4-190295 ¢388 7 yl)- vinyl]-
1,2, 4-t1i oxane 22 10§38¢ fr{fiealo7muiR 7pRB1Ph 2845 | R, R23CH3, CH3) | 44. 1

-) - Et hyl - 3- et/ »@HE)( 4- br ono- [ I, |- bi phenyl | - | 82-85' ¢ 37.5  4- 1)- vinyl]-
1, 2, 4-tr Bbxane Triokbiy 7ebHrfiovthala77, R*P—’lp,- By -R}GH4: 1RD; R2*@H3, CH2cH3)

") -[ (4" 1 br omo- [AHICH OiFghey 1 38-yl ) -vinyl ] -1, 2, 5-,1184 47 trioxaspirc,

(5.5) undecane (7fc , formula 7, R 120'C p- Br 8114 R |
R, 2=CH?CRZEHZq i 7Hd - BriwC61- 147 R R2 122-
60 =-C J~-CI+HC%§€§%€)7 f%%ﬂﬂ%i{ c%&é)?i 2cH§ b A 8364"8%

8-[ (4" - brono- et I 6; 7,10 104-—6 t-r+exaspiro
(4.5) deddne (7H4l 1?%5% X’éj4§1)‘fﬁly% 1060C - Br%%clz 54& R2

~Cl-12 CI-12 @llanéjP“Ol e‘ﬂnFo fPlfﬂ“ﬂ?or mila 7, R=13-Br-(6H4, R R2
104- 66,6 crzXeith. RuRpmCR@LERCH1GH0E 249 Tri oxane bel onging to

nor canphét. gr olpiosanel Pdongiss 8 RozcappBer GBALSS |862%9°C 5@5.1Tri oxahe bel ongi ng
to aclarriantaebhou ( f -1 18UC 6.3. 6 R =p-Br-C6H4) 51.

8-[(4-chloro-[I,l -biphenylj-4yl)vinyl]-6,7,10t 105- 33.8
42. Trioxane belonging to adamantane group (9e [94-96°C | 71.04
R=Ph)
43. 3,3-Dimethyl-6-[(4 -bromo-[1,1 -biphenyl]-4-  [92-95°C | 69.7

yl)- vinyl]-1,2,4-trioxane {7fa, formula 7, R =
p-BI‘-C6H4; Ry, R:)_:CH3, CH;,)

44, 3-Ethyl-3-methly-6-{(4 -bromo-[1,1 -biphenyl}- [82-85°C |37.5
4-y1)- vinyl]-1,2,4-trioxane ( 7fb, formula 7, R
:p—BI‘-C6H4; Rl, RZ:CH3, CHQ_CH3)

45. 3-[(4'—br0mo—[1,i‘—biphenyi]-4~y1)»viny1]—l,2,5— 118- 47
trioxaspiro (5,5) undecane (7fc , formula 7, R 120°C
:p—BI"-CﬁH;;; R1 RZECHQCHchz(:HzCHz-)
46, Trioxane 7fd,formuia 7, R = p-Br-C¢Hy, Ry Ry [122- 60
= =-CH; CHy-CH[C({CH3;),CH,CH3]-CH,.CH,.

124°C

47. 8-[(4'-bromo-[1,1'-biphenyl}-4yl)vinyl]-6,7,10- |104- 66.6
trioxaspiro (4,5) decane (7fe, formuma 7, R = 106°C
p—Br—C5H4, R[ R;;_ “_”-CHQ”CHZ“CI{Q“CHQ“)

48. Trioxane 7ff, formula 7, R = p-Br-CgHy, Ry Ry {104~ 66.6
= CHy-CH,-CH(Ph)-CH,-CHa- 106°C

49. Trioxane belonging to norcamphor group(8f |122- 42.8
R :])“BI.“CGI—L].) 124GC

50. Trioxane belonging to adamantane group (9f [118°C 63.6
R = p-Br-CsHys)

51. 8-[(4 -chlore-[1,1-biphenyl]-dyl)vinyl]-6,7,10- [105- 33.8
trioxaspire (4,5) decane (7ga, formula 7, R = L07°C

])-CI-C5H4, R;Rz E-CHzCHz(szCH?_-)
52 3-[(4-chloro-[1,1 -biphenyl]-4-yl}-vinyl]-1,2,5- 1109- 50
trioxaspiro (5,5) undecane (7gb , formula 7, R 111°C
:]7-C1-65P14; R} RQ:CHQCHQCHQCHQCHQ-)




.50

trioxaspiro (4,5) clecaric (7ga,
=- CH2cH2cH2cH2-) 52 3-[(4'-chloro-[1I, |
(5,5).- undecane (7gb-1

~trioxaspir.c,

R ?=CH2CH2CH2CH2Cl J2-)
R=P-C -C61-14, R, R2 145- 24.4 CH2CH2CH(Ph) CH2C1l 2-) 148' C 54. Tri oxane

7-d,
CH2- CH2-
')-Ethy
4yl )vin
CH3, CH2
P- cl
69. 14

activit
resista

- c6Fb4) 11

formula 7, P-C -0C61-14, R R~
PHTP(PHQ\?PH PHQ]-PH~PH

1/1" 4 -29

1

593).

115- 35.
18'.C.55

formula 71 R -

3

=p-q
c, formul

33 et [1]
yl] 1,¢

CH3) 56.

D

mul a 7,

lxale Tecatorhiad wa Gl-Cebedhidbey
h&igﬂghbﬁﬂygfhﬂor R Pt
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)T 7~04
14561

hor qr oy
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R = P-(
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ANTI MALARI AL ACTI VI TY OF TRI OXANES AGAI NST P.yoelii IN 20 MCL Conpd.

Rout e Do&8IsKt steain ob Ligsaerfiv'r eae BdVeNE S e RGISARISal s Suppr essi on

General Procedure: Random bred swiss mice of either sex (20-+2gm) were inoculated

intraperitoneally with 1x10° P. yoelli (MDR) parasites on day zero. The treatments with
test compounds were administered to group of 5 mice each at different dose levels ranging
10 between 24-96 mg/kg/day. The treatment was administered via intramuscular route 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 intervals till day 28 or death of the animal. The parasitaemia level on day 4 was
compared with the vehicle control group and the present suppression of parasitaemia in
15 treated groups was calculated.
For determining 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
reported as the curative dose. The anti-malarial data is summarized in table 7.
Table 7: ANTIMALARIAL ACTIVITY OF TRIOXANES AGAINST P.yoelii IN

20 MICE

Yo Cured/ireated
Supptression
on Day 4
100
100
77.56

100

No. Of
Animals

Dose
Meg/kg

Compd. Route

No.

0/5
5/5
0/5
0/5

96
96
96
96

Lm.
oral
im,
oral

Taa

Tab

Lh Lh|th Lh




on Day 4 7aa i.m 96 5 100 0/5
96 L 5 100 015 |

or al

L A'Du 2011I NS

or al

96 5 100 5/5 7ab i.m 96 5 77.56 015
-30 7ac i.m 96 5 4 4 0/5 orpa

: 9~6 m5r~ o

I
100 5/5 7ad i.m. 96 5 48 0/5 , 9~ oral 96 5 88.68 0/5 1 7ae i.m" g5 et
43.58 0/5 oral 96 5 100 015 7ba i.m_ 386 5 71.26 0/5 oral 96 5 100 0/5
7be i.m 96 5 41.98 0/5 oral 96 9564 0/5 7bd i.m 96 5 71.73 0/5 oral 96
5 100 5/5-7be - m 96 5 9.6 0/5 oral-48-5 100 5/5 7bf—f-m-96-57,~26 0/5
oral 96/ 5 10 o/5 #Bh i.lm 9894 100 1/4° oral 96549400 w/ 4 7% i.m| 96 5
53.01 0/5 oral| 96 821100515 %ca i. m 95 5 62,18 1005 orhl 9658 100]1/5
7cb i.m 9Bd&® 86.31.M/5 joral 996 5 100 55 7ed i.m896 5|58. 1750/5 |oral 96
5100 2/5 7db |j.mor®6 5i9.5 @5 orjal 9655 100 51%.6%dd |. m @6 5 73.81 0/5
oral 96/ 5 400 4/5 im. 96 5 43.58 0/5
oral 96 5 100 0/5
Tha im. 96 5 71.26 (/5
oral 96 5 100 /5
Tbe im. 96 5 4]1.98 0/5
oral 96 5 95.64 0/5
7bd fm. 96 5 71.73 0/5
oral 96 5 100 5/5
7be L. 96 5 91.6 0/5
oral 48 5 100 575
Tbf 1. 96 5 71.26 0/5
oral 96 5 100 0/5
7bh L. 96 4 100 1/4
oral 96 4 100 4/4
7hi tam. 96 5 53.01 0/5
oral 96 5 100 5/5
Tea L. 96 5 62.18 0/5
oral 96 5 100 1/5
Teh L., 96 5 86.31 0/5
oral 96 5 100 575
Ted Lm. 96 5 58.17 0/5
oral 96 5 100 275
7dh 1. 96 5 8.5 0/5
oral 96 5 100 5/5
7dd 1.m. 96 5 73.81 0/5
oral 96 5 100 4/5
Tde L. 96 5 574 0/5
oral 96 5 100 3/5
7df L. 96 5 0 0/5
oral 96 5 100 3/5
Teb im. 96 i) 100 6/6
oral 96 5 100 0/5
Tec .. 96 4 100 0/4
oral 96 4 100 4/4
Tee L. 96 5 60.9 0/5
oral 96 5 96.8 0/5
Tef im. 96 5 427 0/5
oral 96 5 100 2/5
Teg l.m. 96 5 87.0 0/5
oral 96 5 160 3/5
7eh 1m. 96 5 92 /5
oral 96 5 100 4/5
7fa 1.m. 96 5 83.7 0/5
oral 86 5 died -
7fh 1m. 96 4 51.41 0/5
oral 96 4 100 0/5



7de i.m 96 5 57.4 0/5
100 3/5 7eb i.m 96 6 100 6/6

or al

96 5 1 100 3/5 7df
or al

i.m 96 5 0 0/5 oral

96 5

96 5 100 0/5 7ec i.irt~ 96 4 t,00LiQ/ZN5

..oral .96 4.100 4/4 T7ee.i..m 96.5.60.9 0/5 oral 96 5 96.8.0/5. .7ef i.m .96 5.
42.7 0/5 oral 96 5 100 2/5 7egi.m 86-5 87.6 0/5 3/5 oral 96 5 100 7ch
i.m 96 592 0/5 oral 96 5 100 4/5 7fai.m 96 5 V). 7 0/5 oral 96 5 died
- 7fb i .m-.96 51..41.0L5 or.al L 96.1-4.100-0/5 ""1 1101014 AU, 4
-31 7f€ i.He 96 5 4604 1/5 of@l 96 5 100 5/5/ 7fd4%%*. m 48 5 B1. 09 0/5 oral
96 5 8839 0/5 7fedralm 4 89.20/5 96 15oral |96 49900 38 /5 5/7ff i|/m 96 4
~6 1 0//5 ™dal 96 4100 2/5 S#8i.m, 96 5 81.28 0/5l.0ral| 96 5¥100 5/5 8b
.M 96 5 100 3/5 1P 6/6¢ ored 48 |6 5 88.39 0/5

Tfe im. 96 4 89.4 0/5
oral 96 4 100 3/5
T l.am. 96 4 46.1 0/5
oral 96 4 100 215
8a i.m. 96 5 81.23 0/5
oral 96 5 100 515
8b L. 96 5 100 3/5
oral 48 6 100 6/6
8¢ Lm. 96 5 43.55 0/5
oral 96 5 100 3/5
Se 1.1m. 96 4 100 1/4
oral 96 4 100 474
8f 1m. 96 5 100 0/5
oral 96 5 100 515
%a L. %6 5 81.23 /5
oral 96 5 100 5/5
9b L. 96 5 82.16 0/5
oral 96 5 100 5/5
O¢ L.m. 96 5 74.57 0/5
oral 96 5 100 5/5
9d 1. 96 5 60.12 0/5
oral 96 5 100 5/5
9¢ fm. a6 6 100 0/6
oral G6 6 100 6/6
of im. 96 5 92.4 2/5
oral 48 5 100 515
9g im. 96 5 100 -
oral 96 5 100 3/5




8c i.m 96 5 43.55 0/5 '"15 oral 96 5 100 8¢ i.m 96 4 100 1/4 oral 96 4
100 4/4 8f im 96 5 100 0/5 oral 96 5 100 5/5 |I.M 96 5 81.23 0/5 9a
oral 96.5 100 515 9b i ill. .96 5 82.16 015 100 5/5 . _ Joiali 96 %4LUE 25
74.57 0/5 9ci.m 96 5 100 5/5 oral396 59di.m 96 5 60.12 oral 96 5 100
5/5 9ci.m 96 6 100 0/6 oral 96 6 100 6/6 9f i.m 96 5 92.4 2/5 oral 48
5 100 5/5 gai.m 96 5 100 oral 96 5 100 3/5 AJU~-, -32 CLAIM5 | Novel
substitd?%ﬁ%¥32 4-trioxanes of forrmula 7 having antimalarial activity,
wherein R represents cycloal kyl groups selected fromthe groups consisting
of cyclopentyl, 5 cyclohexyl, cycloheptyl and cycl ooetyl or aryl groups

sel ected.f rom qzmé slylilstium@d b2.érmoptreny df landul4 /dhlvogephenlahal RiivandviRPein

represent hy en al k r.ou ect fr,om nmet hyl ,. et hyl ro and
ooyl - aryl” SbPaEtEe’ e Y BHaDes S orb i MOy criis By e Freivas
cycl gpent ane,cy@éﬁé@mea@mep@y Rad i Wb@aylcmc LONXANS. scleeike! PHAPIRAG, 4-
cyclo(2.2.1)héptane, adamant anc.

b1omopheny1 and 4-chlorophenyl, R; and R: represent hydrogen, alkyl group

selected from methyl, ethyl, propyl and decyl, aryl selected from phenyl, or part of

a cyclic system such as cyclopentane, cyclohexane, substifuted cyclohexane,

cycloheptane, cyclo(2.2.1)heptane, adamantane.
0—0 ><R1
& 0 R,

2. Novel 1,2,4-trioxanes as claimed in claim 1 wherein the said compounds having the

10
CH;

structural formula 7aa-ae as shown below:

15
H
2 o—o><R1
<~‘O R2

T7aa R, =R, =-CH; CH; CH; CH,.
7ab R;=R,;=-CH, CH, CH (Ph) CH,CH;-
20 7ac Ry =R, =-CH, CH; CH,CH,CH,.
7ad R;-R,=-CH; CH; CH, CH,CH,CHa.
Tae Ry . Ry=-CH;-CHy-CH[C(CH3),CH,CH3}-CH>CHos-

3. Novel 1,2 4-trioxanes as claimed in claim 1-2 wherein the said compounds having the

25 structural formula 7ba-bi as shown below:



YCX R ROR 7 2. Novel 1,2,4-trioxanes as clainmed in claiml wherein
the sai d conpounds having the structural fornmula 7aa-ae as shown bel ow. 15
CH2 0-0 RL. C0 R .51:1 7aa R .~ R2. ~ -CH~ CH2 CH2 CH? 7ab R | =TR2 A5 2005
- -1? CH2 CH (Ph) CJ-12CH~- 20 7ac R3h. = R2 = -CH2 CH2 CH2CH2CH2 7ad R, =
R = -CH2 CH2 CH2 CH-CH2CH? 7ae R, = R? =

- CH2- CH2- CH[ C( CH3) 2C1 - | ~CH3] - CH?CH?- 3. Novel 1,2,4-trioxanes as claimed in
claim1-2 wherein the said conpounds having the 25 structural formula
7babi as shown below 4 AU (* 33 CH2 ) R O R2 7ba R ~ R2 GH3 5 7bb
R, Cl-13; R2~-CH--(-CH2)g-Cl-13 7be R ~=0H~ Riphenyl 7bd R =R2=
-CH~I\/qCI—|2CI KH~ 7be R, R2= - CH2CH2<CH( Pk , bf R, ~ CH3; R2 -,
Cl-J,CH3 10 7bha R, = CH3; R2 = - R2= - CH2CH2CH2CH2 7bi R,
R2 = - CH2- CH2- CH C( CH3) 2CH,.< ; R,2, 4-tri oxanes as cl ai ned
in claim1-3) wherein the d” co ounds haV| ng the 15 structural fornmula
7ca-ed as shown below C i Cx OR 7ca R =R -CH2
-CH2-CH2- M CH2 7eb RI =R2= CH2- CH C( CH3) 2CH2CH3] - CH2CH~- 20 7ec RI = R2
~ -CH2 -CH2-CH, - CH2

Tba Ry =Ry = CH;
5 7bb Ry = CHj; Ry=-CH,».(-CH;)s-CH3

7he Ry = H; Ry= phenyl
7hd Ry =Ry= -CH,CH,CH,CH,CHa-
7he R, = Ry= -CH,CH,-CH(Ph)-CH,CHos-
7bf R; = CH;. Ry =, CH,CH;s

10 7bg R, = CH3. Ry = -CH,CH,CH;
7bh R - Ry= -CH;CH,CH>CHo-
7bi R, =Ry = -CH;-CH,-CH[C(CH3),CH,CH;]-CH,CHo-

4, Novel 1,2 4-trioxanes as claimed in claim 1-3 wherein the said compounds having the

15  structural formula 7ea-cd as shown below:

C
K 0—0 R4

0 R

Tea Ry=Ry=-CH, -CHy-CH,-CHy-CHa-
Teb R - Ry = -CHs-CHy-CH[C(CHa),CH,CH3-CHoCH,-
20 Tee R, -Ry = -CIl; -CH,-CH,-CH,-
7ed R, -Ry= -CH,CH,-CH(Ph)-CH,CH,-

4. Novel 1,2.4-trioxanes as claimed in claim 1-4 wherein the said compounds having the

structural formuia 7da-df as shown below:



7cd R =R, ?=-CH2CI - 12-CH(Ph) - MCH2 4. Novel 1,2,4-trioxanes as clained in
claim1-4 wherein the said conpounds having the structural fornula 7da-df

-as..shown.bel ow.. 25 -34 CH2 0-0-R.. .0.-R2 7da R, = CH3; R-= -CH2CH3 7dh R....-
=R2~ -CH2 -CH2-CH,-CH2-CH2 5 Me R = Rg=- CH2- CHg- CH2- CH?- CH2- CHP- 7dd'R &b
Rg=- CH~-CH~ CH (Ph) CH2CH2- Me R, = R2= -CH2CH2CH2CH2 7df R, - R2 -

- CH2- CH2- CHI C( CH3) 2CH, CH3] - CH~CH2- 6. Novel 1,2,4-trioxanes as clained in
claim1-5 wherein the said conpounds ha CgRl]_eo 19 structural formula
7ea-eh as shown below. CH2 0-0 R, , ;' R)- phenyl 7eb R - R2
= -CH2 CH2 CH2 Cl-12- 7ec R R? =< CH2<CH? CH~- 15 7ed R = C-13; R2
= -CH2-(-CH2) g-CH2 7ee R ef R \R2 ACH2 CH? CH (Ph) CH2CH2
7eg R R? ~ -CH2-CH2- CH - CH~CH2- O7erBZR, R2 ~ -CH? CH2 CH2
CHqCl - 12CH2 20 7. Novel 1/2,4-trrioxanes as claimed in claim1-6 wherein the
sai d conmpounds having the\ structural fornula 7fa-ff as shown below F) -
c JJU Br 14 ALIG -3 R, R - CH3 7fh R CH3; R? ~ CH?CH3 7fc R,
= R2~ - CH2CH2CH2CH2CH2 7f d R%"F‘: R2 = -CH2- - CH C(CH3) 2CH, CH3] - CH2CH2- 5
7fe R - R2= -CHCH2CH2CH2 79 Ik, =LlRple 2 CH( Ph) - CH?CH2

7db R, = Ry= -CH; -CH;-CH,-CH,-CH,-

5 7de Ry = Ry=-CHy-CH,-CH,-CHy-ClH,. Cl,.
7dd R; = R,=-CH,.CH, CH (Ph) CH,CHa-
7Tde R; - Ry= -CH,CH,CH,CH,-
7df R, =Ry = -CH,-CHy-CH[C(CH3 ), CH,CH3 ]-CH, CH,-

6. Novel 1,2,4-trioxanes as claimed in claim 1-5 wherein the said compounds having the

10 structural formula 7ea-eh as shown below:

Tea R;=H; Ry= phenyl
7eb Ry -R,=-CH; CH; CH, CHa.
Tee Ry =Ry =-CH; CHy CHyCHLCHa.
15 Ted Ry = CH;. Ry = -CHz.(-CHz)s-CHos.
Tee R =Ry=CH;j
Tef R, =R, =-CH; CH; CH (Ph) CH,CHj-
Teg R, -Ry=-CH,;-CH,-CH[C(CHj;),CH,CH;]-CH,CH,-
7eh R,-R; =-CH,; CH; CH, CH,CH,CH,.
20 7. Novel 1,2, 4-trioxanes as claimed in claim 1-6 wherein the said compounds having the

structural formula 7fa-ff as shown below:




8. Novel trioxanes as clainmed in claim11-7 wherein the said conpounds
having the structural fornmulae 7ga-ge as shown below. 10 CH2 0-0 R, 0 R2
l.7ga R.= R?= - CH2CH2CH2CH2 - 7gb Rl =R2=- CH2CH2CH?CH2CH2 - 15 - 796}/ A1 omiss
R, =R2~- CH2CH2- CH( Ph) - CH2CH~ 7gd R, R233. - CH2- CH2- CH[ C( CH3) 2CH2C | 31- C’I—IZ&#Z
7ge R, CH3; R2 ~ -CH2CH3 9. Novel trioxanes as clained in claim1-7 wherein
the said conpounds having the struyctural fornul ae 8a-g as shown bel ow. CH2
00 UK 20 Ro 0 8a R=- cyditdpentiyl™“8b R= cycl ohexyl 8c R= cycl oheptyl
8d R~cyclooctyl 25 8c R= Phepyly, §{3HR- =BryRhgnyl 89 R= 4-d -Phenyl 4 A

-36 10. Novel trioxanes as clained in cral m 1- 9 wherein the said conpounds
having the structural formilfadl;9&g-abbSHdvil:(B&ldlyr CH2 (0-0 R 09 'i 9a
R= cyclopentyl 5 9b R= cycl yl, 9 =_.CY I R- octyl 9e
R~ Phenyl 9f R= 4-BY- Pherrylﬁg%‘%ﬁj"R&I%;@%E'%Q%&I}SZCH%M'(ﬁ)gal%'

5 7fe R =Ry= -CH,CH,CH,CH3-

76 Ry = Ry= -CH,CH,-CH(Ph)-CH,CHa-

8. Novel trioxanes as claimed in claim 1-7 wherein the said compounds having the

structural formulae 7ga-ge as shown below:

10
H
2 O-——O><R1
d g,
| b
=

Cl

7ga Ry =Ry= -CH,CH,CH,CH,-
Tgb R, -Ry=-CH,CH,CH,CH,CHj-
15 Tge Ry =Ry=-CH,CHy-CH(Ph)-CH,CHo-
7gd R, =R, = -CHy-CH,-CH[C(CH3),CH,CH;|-CH;CH,-
7ge R =CH;j. Ry =-CHyCH;
9. Novel trioxanes as claimed in claim 1-7 wherein the said compounds having the

structural formulae 8a-g as shown below:

CH,

Q0
- XV

N O

8a R= cyclopentyl
8b R= cyclohexyl
8¢ R= cycloheptyl
8d R=cyclooctyl
25 8¢ R= Phenyl
8f R= 4-Br-Phenyl
8¢ R= 4-Cl-Phenyl



11. A process for the preparation of substituted 1,2,4-trioxane of general
formula (7), the said process conprising steps of- (a) reactlngﬂaryJ ”*b
~al kyl. ketone ‘of formul-a (1) with. alkyl halo acetate of formula 15 (2 ;

presence of zinc, catalytic anpunt of iodine in an aprotic organic solvent

at a tenperature rangi ng between 20'- 0 C for a period of 2-8 hours (b)
acidifying the reaction mxture of st a) u5|ng%@9ueous 10@6aq
hydr ochl |Moﬁ%ﬂHOX%@béﬁéﬁ@%ﬁdﬂﬁéﬂﬁmgéﬁ'&hﬁéybﬁw CEPPOREH Eh'$organ|c

| ayer OfﬁﬁkﬁﬁmQQﬁnM%§@1?%E%Ewﬂ%&%ﬂg over anhydrous sodlunlsulphate

filtering, evaporating tain a residue, (d) purifying the residue of
step (c) over silica gel colum, el ﬁzn% mk}h m xture of hexane:

et hyl acetate to obtain (err)-h dr oxyester o general formula (2), (e)
dehydrating the ~(err)-hydro la (2) of step (d) with
a 25 dehydrating agent in ap or
range of 20'- 1 20'C for S, (0 diluting the reaction
m xture of step (e) with saturated sodi um bi g¢afbonate solution, separating
organi c layer, (g) washing the organic |ayer of step (0 with water, drying
the organic layer 30 over anhyd?%ﬁs‘%@ﬂ?%ﬁﬁsulphate filtering and
evapoyating to obtain a residuegy "@%@khe%d 4, Au" b, 4 -37 (h) purifying
the residue of step (g) over S|I|ca unns to obtain the (err), (err)-
unsat urated ester of general forﬁuRacQ@ohqxﬂ(|) reduci ng the a,
(err)-unsaturated ester of gener&£ for Ia (3) of step (h) with netal

hydri de in an anhydrous et hereal BT@@ a tenperature range of 00. 5
80' C for a period of 2-10 hours,equm%gwng the reaction mxture of step
(i), by adding water, further adding aqueous alkali hydroxide sol ution,
separating the organic |ayer by9ERFVbBiHQ$deashing the residue with the
orgaBLc solvent to obtain conbp E%‘Q&ggr sol vent sol uble fraction, 10
(k) aporating the conbined org ngt soluble fraction of step 0) to
dryness to obtain a product residue, (1) purifying the residue of step (k)
over silika galproaisufior the poipaatinn oheulstiud t.2.4akiostns] ofcfengrgh&raule Gnul a
(4), (in) dissolving the all I|c al cohol of general fornmula (4) of step (1)
in an organi c2¢$8id %V@@HF“FB SOBHEPR %4 sol ution

(a) reacting aryl alkyl ketone of formuta (1) with alkyl halo acetate of formula

15 (2) in presence of zine, catalytic amount of iodine in an aprotic organic
solvent at a temperature ranging between 20°-120°C for a period of 2-8
hours,

(b} acidifying the reaction mixture of step (a) using aqueous 10% aqueous
hydrochloric acid, separating the organic layer,

20 (c) washing the organic layer of step (b) with water, drying over anhydrous
sodium sulphate, filtering, evaporating to obtain a residue,

{d) purifying the residue of step (¢) over silica gel column, eluting with mixture
of hexane: ethylacetate to obtain f-hydroxyester of general formula (2),
(e) dehydrating the P-hydroxyester of general formula (2) of step (d) with a

25 dehydrating agent in an organic aprotic solvent at a temperature range of
20°-120°C for a period of 2-5 hours,

(6 diluting the reaction mixture of step (e) with saturated sodium bicarbonate
solution, separating organic layer,
(2) washing the organic layer of step (f) with water, drying the organic layer

30 over anhydrous sodium sulphate, filtering and evaporating to obtain a

residue,



(n) irradiating the solution of step (in) with a 250 watt tungsten hal ogen
| anp, 1in presence of a sensitizer at a tenperature range of -5 to .
-10(err)C for a  peri.od.3 -10 hours, (0) optionally adding water tof #hell
reaction mxture of step (n) separating 20 organic |ayer, evaporating and
crystallising the residue to obtain tB requi red P-hydroxy-hydroperoxi de
conpound of general formula (5), ‘acting the P-hydroxy hydroperoxide
conpound of géwer apmffmlmln@re@@)w 0 fieh (@nowr dgm’(ﬁél @i?rhnkl@i gnebtee tho el a (6)

in an organic soIv%gg i s% €€ er:Qf AN qﬁ d catal yst at roomtenperature
for a period of 16" @%1 %%1f3f T % water to the reaction mxture

of step (p), geparabidg Qfegﬁf'ﬁ-ﬁnéaaﬂ%d est@ﬁf <Y£' gleﬁhe@![ﬂﬂmﬁﬁ@ep@f)dif isRg (hhevi@r gani ¢

| ayer to obtain a residue, (r) purif ystal lising the residue of

(q) to obtain the mefqhh)rdede nwbgmhyﬂmuedta@eal mnlvernit eixaisararnaire ginas 060 -gener al

for a (7), and ( : S eneral forrmula (7) can al so be obtai ned
@chg %4 X of?-l)oq

by perform ng step 1Y¥he reaction mxture of step (n) .
12. A pr ocess?)as c Lﬁl:hﬂﬂﬂo it @h@iom thixturve kep )] by sddem: ¢ajer,alukiidr @iﬂmgp of
the aryl alky ketone used s selected froma gr oup conS|st|n%

cycl opentyl , cycloﬁb&@WSﬂkéth%ﬁﬁﬁt?ﬂmyﬂlé@ﬁm%ﬁ%ﬁb¢0%E5WI§Hﬂbi EleAn%arocess
as clainmed in clai r t t al kyl
ket one used is sel \glesﬂ'ljlg\l\@l% 18&1&& Q/ltﬁ tﬁ(p ) n@)nct ila)ﬁvge%g %@ 01815{11{;) p ceny ,
or 4- ChlOrophenylmﬂﬁﬂﬁsmuméﬁ@aﬁm.as clalned in cIa|n111 mhereln in step
(a) the alkyl halo acetate is 5 selected froma group consisting.of ethyl
bronbhcet ate & et FpPOEHND rasenbifgd Ol%mmASCBY%’ééQg g‘sBé‘Ft’é}I Stieﬁ%@l 9im 11,
wherein in step ( Lbe, anpkat @g{%ggg is selected froma group

consi sting of die?%%?se§h ! é%%enel 11 uene or tetrahydrofuran. 16. A
process as cI@jnedmhﬁymgaMﬂmmﬁuemhsmpﬂqcnmrgﬁe@g@s$hmMEKd@h¢dﬂb¢thkagent
used is selected fr a.gro consi sting of iodine, phosphorus pentoxide
or p-toluene 10 sﬂ?ﬁ%%ﬂ#%3 gﬂmf%(ﬁi process as claimed in claim11l
wherein kin sgg )Ssoﬁ\hsr% 9@iie al%%d{%@tgeﬁ@ﬁ%m&ﬂa %aﬁlo%iegqi)flﬁ Afofe(OUP
consi sting of dichloronethane, chl oroform benzene or toluene . A
procEss as clalnedmﬂwxmkaﬂmmﬂmsmhﬁomln in step (i) the netal hydride used

is 15 lithiumal um ni um hydri es S ”Lai d.in cl in111
wherein in st (i?“@ﬁ%ﬂ% gﬂ@ §SH@635‘¥1}6285 gﬁgggk%gﬁgg &8P rom a
group consisting of, gleghbybelkh@hsiQert 814 @em{ﬁ[e@ﬁi@rl@ﬂﬂc 80-5APLOFestras

claimed in claim 11l wherein in step (n) the organic solvent used is
period 3-10 hours,

~
/&j};

(0) optionally adding water to the reaction mixture of step (n) separating
20 organic layer, evaporating and crystallising the residue to obtain the
required B-hydroxy-hydroperoxide compound of general formula (3),

(p) reacting the P-hydroxy hydroperoxide compound of general formula (5)
with an aldehyde or ketone of formula (6) in an organic solvent in presence
of an acid catalyst at room temperature for a period of 16 — 24 hours,

25 () adding water to the reaction mixture of step (p), separating organic layer,
drying and evaporating the organic layer to obtain a residue,

(1) purifying by crystallising the residue of (q) to obtain the required

substituted 1,2,4-trioxane analogues of general formula (7), and

(s) analogues of general formula (7) can also be obtained by performing steps
30 (q) to (r) in the reaction mixture of step () .
12. A process as claimed in claim 11 wherein in step (a) alkyl group of the aryl alkyl

ketone used is selected from a group consisting of cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl.
35



selected froma group consisting of dichloronmethane, benzene, acetonitrile
or 20 nethanol. 21. A process as clained in claim1l, wherein in step (n).
~.the sensitizer used.is .a dye  selected froma group consisting. of ﬁﬁt%??eﬁgg
bl ue, Rose Bengal or tetraphenyl porphine. 22. A process as clainmed in
claim 1l wherein in step (p) the orgag%c solvent used is 25 selected from
a group consisting of dichloromethane, "chl orof or acetonitrile or

benzene. 1 23. Apgjtyc‘@ét‘&ssclfggleé marlawy L wheres i siep (\%g]}ﬁél}'y WP & ?1955 alkHe aci d
catal yst usedl((f‘{éﬂe &%qutsa@cté& O GEAMPROREAS bF PSer9f, 4%%@@18&1% & 4cid,

sul phuric aci p-tol uene sul phori'c acid or "acidic resin. A process

aslclaiged i nchdbraphanyl. 1 wherein in step (p) the al dehyde or ketone used is
sel ecte %ron1a group consi st.i ng .of  acet one, et hyl et hyl t.one t hyl
propyl K ton%ﬂm85§§WSK%F5ﬁ fné%%V%bgﬁﬁgﬁﬁﬁ@3st c%gﬁg§é%3§§§06§%F%ﬁgpanone,
4- phenyl  cyclphexanrane ordtpteodfivingCrelighexanangate oY ehokepianene:.
nor canphor, 2- alamantone, substituted or unsubstituted phenyl derivative.
35 15. A process as claimed in claim 11, wherein in step (a), the aprotic solvenl is selected

from a group consisting of diethyl ether, benzene, toluene or tetrahydrofuran.

16. A process as claimed in claim 11, wherein in step (e) the dehydrating agent used 1s
selected from a group comsisting of iodine, phosphorus pentoxide or p-toluene
10 sulphonic acid.

17. A process as claimed in claim 11 wherein kin step (e) the organic solvent used is

selected from a group consisting of dichloromethane, chloroform, benzene or

toluene.
18. A process as claimed in claim 11 wherein in step (i) the metal hydride used is
15 Jithium aluminium hydride.
19. A process as claimed in claim 11 wherein in step (i) the anhydrous etheral solvent

used is selected from a group consisting of diethylether or tetrahydrofuran.
20. A process as claimed in claim 11 wherein in step (m) the organic solvent used is
selected from a group consisting of dichloromethane, benzene, acetonitrile or
20 methanol.
21. A process as claimed in claim 11, wherein in step (n) the sensitizer used is a dye

selected from a group consisting of methylene blue, Rose Bengal or tetraphenyl

porphine.

22. A process as claimed in claim 11 wherein in step (p) the organic solvent used is

25 selected from a group consisting of dichloromethane, chioroform, acetonitrile or
benzene.

23, A process as claimed in claim 11 wherein in step (p) the acid catalyst used is

selected from a group consisting of hydrechloric acid, sulphuric acid, p-toluene
sulphoric acid or acidic resin.

30  24. A process as claimed in claim 11 wherein in step (p) the aldehyde or ketone used is
selected from a group consisting of acetone, ethylmethyl ketone, methyl propyl
ketone, decyl ketone, cyclopentanone, cyclohexanone, cycloheptanone, 4-phenyl
cyclohexanone, 4-t-anyl cyclohexanone, cyclokeptanone, nercamphor, 2-
alamantone, substituted or unsubstituted phenyl derivative.
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