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Reactions of Cyclic Peroxides with Aldehydes and Ketones catalysed by Trimethylsilyl 
Trifluoromethanesulphonate. An Efficient Synthesis of ?,2,4-Trioxanes 
Charles W. Jefford," John Boukouvalas, and Shigeo Kohmoto 
Department of Organic Chemistry, University of Geneva, 121 I Geneva 4, Switzerland 

Trimethylsilyl trifluoromethanesulphonate is found to be an efficient catalyst for the reaction of 1,4-endoperoxides 
and 1,2-dioxetanes with aldehydes and ketones to give 1,2,4-trioxanes in high yields. 

We have recently shown that 0-hydroperoxy cations (1) or 
zwitterionic peroxides (2) can be intercepted by aldehydes to 
give 1,2,4-trioxanes (3) (Scheme 1). These fleeting ionic 
species were produced by the acid-catalysed opening of 
1,4-endoperoxidesl and 1 ,2-dioxetanes2 and by the photo- 
oxygenation of enol ethers3 and indoles4, respectively. 
Although evidence for their existence was unambiguously 
established by their capture with carbonyl compounds, yields 
of the resulting trioxanes varied with the experimental 
conditions and were generally poor for ketones. 

Apart from these mechanistic findings, considerable impor- 
tance attaches to the 1,2,4-trioxane ring itself, since it is the 
active part of Qinghaosu, a potent antimalarial remedy.5 As 
methods for preparing this little-known class of heterocycles 

Scheme 1 

are limited,6 we now describe how the aforementioned 
cyclization reaction is greatly improved by catalysis with 
trimethylsilyl trifluoromethanesulphonate (TMSOTf).' 

The procedure is simple. The peroxide (0.2 mmol) is mixed 
with an excess of carbonyl compound (200 p1 for acetaldehyde 
and acetone and 60 p1 for cyclopentanone) in dry dichloro- 
methane (2 ml). To this solution at -78 "C TMSOTf (0.3-8.4 
equiv.) is added with stirring under nitrogen. Once the 
reaction is complete (ca. 1.5 h), a portion of triethylamine 
(half the volume of TMSOTf used) is added and the resulting 
mixture is diluted with dichloromethane (20 ml). The organic 
layer is washed with water (3 times) and dried (.MgS04). After 
evaporation of solvent, the 1,2,4-trioxane is preparatively 
isolated by layer chromatography over silica gel (thickness 
2 mm). 

Under these conditions, the 1,4-endoperoxides (4), (8), and 
(12)s reacted well with acetaldehyde, acetone, and cyclopen- 
tanone to give the corresponding 1,2,4-trioxanes (5)-(7), 
(9)-(11), and (13)-(15) in consistently high yields. Unac- 
countably, the 1,2-dioxetanes (16), (18), and (2O)9 failed to 
react with acetone, but nonetheless gave high yields of 
trioxanes (17), (19), and (21) with acetaldehyde (Scheme 2 
and Table 1). 

Table 1. Trimethylsilyl trifluoromethanesulphate catalysed reactions of cyclic peroxides with carbonyl compounds. 

Peroxide Carbonyl 
compound 

(4) MeCH=O 

Me2C=0 

(8) MeCH=O 
Me2C=0 

(12) MeCH=O 
Me2C=0 

- 
[ CH2] 4 C=O 

- 
[ CH2]4C=O 

TMSOTf 
(equiv. ) 

0.3 
1.1 
2.8 
8.4 
1.1 
2.8 
1.1 
1.1 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

Temp. 
1°C 
- 78 
- 78 
- 78 
- 78 
- 30 
- 30 

20 
- 78 

- 78 
- 78 
- 78 

- 78 
- 78 
- 78 

Reaction 
time/h 

1.5 
1.5 
1.5 

10 min 
1.5 

12 
2 min 

1.5 

1.5 
1 
1 
1 
1 
1 

Trioxanea 

( 5 )  

Yield (YO) 

74 
88 
82 
85 
75 
29 
62 
81 

86 
8lC 
77c 

86c 
87d 
83d 

Diastereoisomer 
ratiob 
50 : 50 
57 : 43 
81 : 19 
45 : 55 
78 : 22 

100 : 0 
91:9 
- 
- 

64 : 36 
- 

- 
76 : 24 
- 

70d - [ CH2],C=0 1.1 - 78 1 (15) 
MeCH=O 1.1 - 78 1 (17) 81 67 : 33 
Me,C=O 
MeCH=O 1.1 - 78 1 (19) 79 64 : 36 

MeCH=O 1.1 - 78 1 (21) 45 68 : 32 

- Oe 

Of 

Of 

1.1 - 78 1 
(16) 

(18) 

(20) 

- Me2C=0 1.1 - 78 1 

Me2C=0 1.1 - 78 1 - 

a All the new compounds, (7), ( l l ) ,  (13). (14), and (15), gave satisfactory elemental analyses. The others, ( 5 ) ,  (6), (9), 
(10). (17), (19), and (21) were identified by comparison with authentic samples (refs. 1.2). In  general, the major diastereoisomer 
has the C(3) substituent on the trioxane part cis to the ring junction (except the fourth entry). Ca. 10% of 1,4-diphenylcyclohexa-1,3- 
diene was formed. dCa. 5% of 1,4-dimethylnaphthalene was formed. e58°h of (16) was recovered. fRecovery of the 1,Zdioxetane [(18) 
or (20)] was essentially complete. 
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Scheme 2 

For reasons of geometry control, all the trioxanes are 
cis-fused to the parent ring,lo but are formed as diastereoiso- 
mers when there are two different substitutents at the C(3) 
position. Cyclization proceeded in high yields with concentra- 
tions of TMSOTf substantially less or more than 1 equivalent. 
However, longer reaction times as well as higher temperatures 
markedly altered the ratio of diastereoisomers [cf. (4) -+ ( 5 ) ,  
Table 1). 

The first step in the reaction is probably the cleavage of the 
carbon-oxygen bond of the peroxide by TMSOTf to give the 
trans-3-trimethylsilylperoxy trifluoromethanesulphonate, 

Ph 
I ?q 0 p ( 5 )  + TMSOTf 

Ph Ph 0-OSiMe, 

( 4 )  ( 2 2 )  

Scheme 3 

e.g., (4) affords (22), which is the masked equivalent of (1) 
and (2). Cyclic incorporation of the carbonyl compound gives 
the trioxane (5), thereby shedding TMSOTf and making it 
available for further reaction (Scheme 3). 

Attempts to detect intermediates such as (22) by 1H n.m.r. 
spectroscopy at low temperature and studies on the 
stereoselectivity of this new reaction of TMSOTf are under 
way. Structural details of these and other trioxanes will be 
published elsewhere. 

We thank the Swiss National Science Foundation for the 
support of this work. 
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