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ABSTRACT
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An experimental protocol demonstrating the protection of the carbonyl group as 1,2,4-trioxane, the stability of the protecting group under a
variety of reaction conditions, and the regeneration of the carbonyl group with Triton B in THF at room temperature is presented. The method
provides a useful alternative for the protection of carbonyl compounds having acid-sensitive moieties.

The selective protection of the carbonyl groupx®-acetals/

silylated ketals. However, considering the importance of this

ketals and its subsequent regeneration is an importanttransformation in multistep organic synthesis, new protecting
transformation in synthetic organic chemistry. The depro- groups removable under complimentary conditions are still
tection is often achieved by aqueous acid hydrolysis, but in needed. As part of our endeavor to develop structurally
recent years several mild reagents/conditions have beersimple synthetic substitutes for antimalarial drug artemisi-

reported to accomplish this reaction. These include geCl
7H,02 FeCk2 CAN,* Bi (NOs3)s5H,05 Ce(OTf6 Bi-
(OTf)s,” SMCHTMSCIZ I,,° and F1°for specially designed
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nin,** we have earlier reported a photooxygenation route for
the synthesis of 1,2,4-trioxanes. Preparatio-dfydroxy-
hydroperoxides by photooxygenation of suitably substituted
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allylic alcohols and their acid-catalyzed condensation with alcohol2bin 34% yield. Similar results were observed when
aldehydes/ketones are the key steps of this methtidn trioxane 1b was treated witm-butylamine or diisopropy-
fact, both of these steps can be accomplished in a single potamine in HMPA. A major solvent effect was observed in
to furnish 1,2,4-trioxanes in good yields at°’G to room the reaction ofLla with NaOMe. Whereas the reaction was
temperature (Scheme 1). The reactionsdfiydroxyhydro- complete in HMPA within 15 min, it took more than 8 h in
methanol. After experimenting with several bases and
_ solvents, Triton B in THF was found to be the most efficient
Scheme 1 system for the regeneration of the ketones. Thus the reaction
. of trioxane 1b with Triton B in THF at room temperature
R was complete within 1 h and furnished 2-adamantanone in

; o= _ .
A,J\AOH 10 AALQOH R? Ar)%OXR‘ 84% yield (Scheme 3%

OH H g R

Scheme 3
peroxides with unhindered ketones is fast and gives the 0-0
><3>NaH003

corresponding trioxanes in good yields; the reaction with g o o
hindered ketones, e.g., comphor, is extremely slow and yields

HMPA, 1t * E
are poor* X OH

. . X "
The method is safe and has been used in our laboratory 1a-b 2a-b 2-adamantanone
1aX=H 62-66% yield

for the preparation of a large number @hydroxyhydrop- 1bX=Cl Zax=t
eroxides and 1,2,4-trioxanes on a multigram scale. Several

trioxanes prepared by this method have shown promising 1b _ frionB 2-adamantanone
antimalarial activity against multi-drug-resistant malaria in THE. o 84% yield

a mice model* We have further explored the application

of this methodology in chemistry and present herein an
experimental protocol demonstrating the protection of the
carbonyl group as 1,2,4-trioxane, the stability of the protect-
ing group under the conditions of a variety of organic
reactions, and the regeneration of the carbonyl group under
basic conditions at ambient temperature.

A unique feature of these trioxanes is the presence of a
1-substituted vinyl group at C-6 of the trioxane, which
together with a peroxy group makes 6-H quite acidic; it
appears at aroundl5.2 ppm in the?H NMR spectra of these
trioxanes and at) 5.0 ppm for the corresponding 1,3-
dioxolanes. Similarly, in*3C NMR spectra C-6 of these
trioxanes and the corresponding 1,3-dioxolanes appears
~¢0 80.5 and 76.9 ppm, respectively. In fact, during the
course of this work it was observed that these trioxanes Scheme 4
undergo a very facile cleavage under mild basic conditions O-OH 0-0
to regenerate the carbonyl compounds aréiunsaturated OH O:<:>:O o><:>: ©
keto alcohols (Scheme 2). H*

3a-b 4a-b
3b X=Ph 4b X =Ph

Scheme 2

0-0 Rt 0-0) R! R ) . .
H % _Base M X, 0 + o= Trioxanes4a and 4b on Reformatsky reaction with Zn/
Ar o R? ArC;i o)R Ar 2
B:

From these preliminary experiments it was clear that
ketones could be protected as 1,2,4-trioxanes using easily
accessiblgg-hydroxyhydroperoxides and again regenerated
under basic conditions at ambient temperature. Having
achieved this we examined the stability of 1,2,4-trioxane
moiety under conditions of a variety of reactions, an essential
requirement of a good protecting group. Toward this end
we studied the chemistry of the carbonyl group of trioxanes
4a and 4b, easily accessibte by monoprotection of 1,4-
cyclohexanedione withs-hydroxyhydroperoxides3a,b
(Scheme 4).

BrCH,CO,Et in benzene furnished thehydroxyesterba
OH
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Table 1. Generation of Functionalized Ketones from 1,2,4-Trioxanes

Entry Functionalized trioxanes Reaction conditions Product Yield
(%)
0-0 R
1 ><3> NaHCO;, HMPA, rt, 8 h 62
o
la
0-Q
2 5—& ><3> NaHCO;, HMPA, 1, 8 h OE 66
0
“ 1b
0-Q
3 ><3> Triton B, THF, rt, 1 h o 84
: e
c 1b
4 >\_C°><:><OH Triton B, THF, 1t, 1 h o:<:><OH 84
PH o] CH,COOEt CH,COOCHs
Sa 16
5 \ O’O@{OH Triton B, THF, rt, 1 h o OH 85
d CHoCH0H CHyCHyOH
6a 17
0-Q )
6 H ><:>:CHCOOCZH5 Triton B, THF, 1t, I h O:<:>:CHCOOC2H5 86
PH ot 8
Ta
7 079 Triton B, THF, 1t, 1 h 84
H ><:>=(|ZCOOCZH5 ’ o1 O:O:CCOOCZH;
PH o CH3 éHz
8a 19
3 _ Triton B, THF, rt, 1 h 86
GO o
Ph o} 20
9
9 0-0 o Triton B, THF, rt, 1 h O:<:>*OH 82
PH d ook,
20
11
< oA
e o
10 0-0 o n-butylamine, THF, 70°C, 101 NOCHs 87
H @MONOCHg o
PH 3 o 21
11
11 H ONHOOMe Triton B, THF, tt, 1h 85
PH o} 22
12a
0-Q
12 H ><:>WNH $ ) Triton B, THF, rt, 1h OZQNH $ ) 83
Ph G
w2 )
23
WO OH 0:<:><OH
13 PH O><:><CH3 Triton B, THF, rt, 1 h CH; 81
14a 24
0-0 OH
H OH
14 PH o% Triton B, THF, tt, 1 h o 85
15a 25
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and5b in 83% and 88% yields, respectively, as mixtures of
diastereomers that were separated by column chromatogra-

phy. g-Hydroxyester5a on reduction with LiAlH, in dry O-OQOH 0-0 OH
diethyl ether at (°C furnished the dioba in 72% yield. g CH,CO,Et O><:><CHZCHZOH
Trioxane4a on reaction with triethylphonacetate/NaH and 6_%3
triethylphosphon-2-propionate/NaH in dimethoxyethane fur- ¥ 5aX=H

nished the Wittig productga and8ain 93% and 83% yields, 8bX=Ph

respectively. Trioxandb under similar reaction conditions O'O><:>=<°°2Et O_O><:>MOR
furnished7b and8b in 93% and 84% yields, respectively. o R 6_&0

These products were isolated as inseparable mixtures of

geometrical isomers. Trioxaréa reacted smoothly with X Tax=HR=H 9aR=H

NaBH, in methanol to furnish the corresponding hydroxy 8aX=H, R=CH; aRs fgéﬂfgﬁfgé%o,w?

derivative 9a in 96% vyield as inseparable mixture of 8b X=Ph, R =CH,

diastereomers, which on reaction with succinic anhydride/ 0-Q NH < > OMe P70 NH
Et;N in CH,CI, furnished the corresponding hemisuccinate 6_&0@ C;_&o@w O
10ain 91% vyield; 10a on treatment with CkN; in ether 12a 13a O
furnished the corresponding methyl esfera. Reductive

amination of trioxaneta with 4-methoxyaniline and 2-ami- O‘OOOH
nobiphenyl in the presence of NaBH(OAcih CH.Cl, 6_&0 R
furnished the amino-functionalized trioxan&2a and 13a 14a R < Mo
in 61% and 91% yields, respectively, as mixtures of 15a R=Ph

diastereomers. Trioxane moiety was also found stable underFigulre 1. Derivatives of trioxaneda and4b
the condition of Grignard reaction, though the yields of the ' '
products were modest. Thus trioxada reacted with
MeMgBr and PhMgBr at OC to furnish hydroxy derivatives
1l4aand15ain 54% and 57% yields, respectively (Figure
1). Both of these products were mixtures of diastereomers ' - (€ntry 1_0)'

that were separated by chromatography on silica gel. These In conclusion, we have demonstrated that ketones can be

experiments demonstrate that a variety of reactions of theprotected as 1,2,4—tr|oxanes using easﬂy accesﬁkhg-
carbonyl group can be accomplished without affecting the droxyhydroperoxides, that the trioxane moiety survives under

trioxane moiety~’ Finally, several of these functionalized conditions of a variety of OTQaF“C re_actions, and that the .k.eto
trioxanes were reacted with Triton B in THE at ambient 97OUP can be regenerated in high yield under basic conditions
temperature to give the corresponding 4-functionalized at ambient temperature. Historiqally a ketal group has been
cyclohexanones in more than 80% yield (Table 1). commonly used for the protection of the carbonyl group.

The functional groups such gishydroxyesters (entry 4) The trioxane as protective group is very similar to the ketal

and a,f-unsaturated esters (entries 6 and 7) and aminesd"oupP as far its formation is concerned and can serve as a

(entries 11 and 12) were found stable under these conditions.useml alternative protecting group for carbonyl compounds

The succinoyl group was hydrolyzed to furnish the 4-hy- 25 it can be removed under mild basic conditi&ts.

droxycyclohexanone (entry 9). However, the deprotection
in this case could be achieved by heating witBuNH, in
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