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Abstract: 5-Hydropev-2-methoxytetrahydropyrans are cyclized with transacetalization in the presence of 

knberlyst-15 and molecular sieves to 2,3.5-trloxabicyclo(2.2.210ctanes. models of the proposed 

pharmacophore of qinghaosu. These bridged bicyclic trioxanes exhibit only marginal antimalarlal activity. 

The antimalarial drug qinghaosu (1) has initiated interest in the chemistry and biological activity of 

related peroxy compounds. Ia4 The unique 1.2,4-trioxane system embedded in the framework of qinghaosu 

has been proposed as the structural feature necessary for antimalarlal activity.5 A number of synthetic 1.2.4- 

trloxanes have been prepared and evaluated for activity in order to test this hypothesls.“1o 

Many of the methods to prepare synthetic trioxanes have focused on the use of singlet oxygenl’*‘* or 

its equivalent’ to form the peroxy linkage. Alternatively, the use of omnolysis. either to incorporate the 

hydroperoxide13 or for the preparation of precursors in a cationic omnide rearrangement has also been 

successful.14 We have chosen to pursue a conceptually simple approach that involves the synthesis of 

suitably substituted secondary hydroperoxides and subsequent cyclization to trioxanes. 

%, We wish to report the synthesis of four ‘stripped-down’ bridged bicyclic 

H l 

5 

& 

trioxanes, 2.3.5-trioxabicyclo[2.2.2]octane, exo- and endo-6-methyl-2,3,5- 

0’ H 
9 

trloxabicyclo[2.2.21octane, and 4-methyl-2,3,5-trioxabkyclo[2.2.2]octane from 

0 the corresponding 5-hydroperoxy-2-methoxytetrahydropyrans. These 

structures. while mimicking the bridged trloxane of qinghaosu. contain little 
0 

1 other functionality. Through synthesis and antimalarial testing, we intend to 

clarify whether the bridged trioxane is not only necessary but also sufficient to impart antimalarial a&vi@. 

We have recently described a method for the synthesis of secondary hydroperoxkles from the 

corresponding alcohols by way of the mesylate esters. ls As an example, reaction of mesylate 2 with 

anhydrous hydrazine at rcflux for four days followed by treatment of the resulting crude product with 30% 

hydrogen peroxide and Na2 @ in 2-propanol provided 3 as a mixture of cis and trans Isomers in 30% yield.” 

Using the same sequence of steps. 5 and 6 were prepared from 4 in 64% yield in a 1: 1 ratio. Mesylate 7 gave the 

hydmperoxldes 8 and 9 in a 1: 1 ratio in 15% yield. Compounds S and 6 were separated by silica gel 

chromatography, as were 8 and 9. The stereoisomerk pairs of hydroperoxld eS.S/6andB/B,WereaZ3s#led 

based on the magnitude of the coupling constants in the 1H NMR spectra (axial/equitorial differentiation). 

upon comparison with spectra of the corresponding mesylates (the relative conflguration of 4 was assigned 

by X-ray), and on NOESY experiments. 
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Treatment of hydroperoxy acetal 3 with Amberlyst-15 ion-exchange resin in dichloromethane at 

room temperature gave a transacetalization product (Scheme 2). Upon NMR characterization, it became clear 

that the methoxy group was still intact and no hydroperoxy proton was detected in the 1 H NMR spectrum. 

The structure was therefore assigned as the monocyclic peroxy acetal 10. In order to form the bridged bicyclic 

compound, the reaction was carried out in the presence of 3A or &molecular sieves. Stirring at room 

temperature overnight gave a separable mixture of 52% of 10 and 18% of 11.'6.17 

Under the same conditions (Amberlyst-15 and molecular sieves). hydroperoxides 5 and 6 gave cyclized 

materials. Compound 5 gave monocyclic and bicyclic peroxides 12 and 13. separable by chromatography, in 

2546 and 21% yields, respectively.” Dioxane 12 is a mixture of diastereomers at the acetal carbon. On the 

other hand, 6 provided isolable quantities of only the bicyclic peroxide 15 (13%) even though a small amount 

of 14 could be detected by TLC.‘g 

In constrast to the low yields observed for the cyclizations of 3, 5. and 6. the reaction of a 1: 1 mixture 

of 8 and 9 in the presence ofAmberlyst-15 and molecular sieves provided a 71% yield of trioxane 16. a 

quantitative yield based on unrecovered starting material. ao These results suggest that formation of bicyclic 

ketal trloxanes proceeds with greater ease and/or the product trioxanes are more stable than in the related 

acetal systems. 
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Compounds 3.5.6.8 -13, lb. and 16 were screened for biological activity in both chloroquine- 

resistant (W-2) and chloroqutne-sensitive strains (D-8) of human fakiparum malaria(Table).21 The 

hydroperoxtdes were only marginally active, possessing ICw’s ranging from 472-22.000 ng/mL in D-8. More 

stgnlfkantly. the trtoxanes tested were also only margtnally active. with IC5o’s generally ~5000 ng/mL. In 

comparison. qtnghaosu has an ICm of 2.02 ng/mL. Although the range of ICm values is quite large for some 

of the compounds, the clear message is that these. trioxanes are either insufficient structurally or are lacking 

some necessary physko-chemical property. Among the factors that we expect to play a role are the water 

solubfltty and the volatlllty of the analogues. For example. the trioxanes are volatile under water asptrator 

pressure at room temperature. 
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This very simple approach to trioxanes opens possibilities for the design and preparation of new. 

carefully tailored antlmalartal compounds without the synthetic constraints of using photooxygenation for 

the tncorporatlon of the peroxy group. We are exploring the synthesis of a number of substituted bridged 

bicycltc trioxanes for further structure-activity relattonship studies. 

Acknowledgement: This investigation received financial support from the UNDP/World Bank/WHO Spedal 

Progamme for Research and TrainQ in Tropical Diseases 0. The technical assistance of Steven 

Shepardson. Jean Sevcik, and Robert Fecik is gratefully acknowledged. 

(77) 

@I 
(9 

IiS 
1:3,’ 
(14) 
(15) 
(16) 
(17) 

(18) 

(19) 

(201 

(21) 

IiS 
(24) 

References and Notes 

CoordinaUng Group for Research on the Structmz of @ng Hau Sau Ice Hsueh Tung pcsO1077.142. 
China Cooperative Research Group on Qtnghaosu and its Derivatives as Ant imakials J. ‘l-trd Chfn &fed 19822. 

&man. D. L. Sctenoz 1985.228.1049. 
L&X D.: Shen, C. C. Mal Res. Rev. 1867. 7.29. 
I(cph. J. A; A. I’.: Lee. Y. W.: MusaIlam, H. A: Card. F. 1. J. Med. Chem 1987.30.1505-1509. 
w C. W.: Fkrm, a: Moti. M. C.: Verlade. J.: Jaggl. D.; Kohmoto, S.; Richardson, G. D.; Godoy, J.: Rosskr. J. C.: 
Bernardlne~. G.: Boukouvaks, J. In New ‘&ends in Natural l?cducts Chemistry 1 Sss; Atta-ur-Rahman and P. W. L. 
Queane. Ed.: Elsevler Science Publishers B. V.: Amsterdam, ?he Netherlands, 1986; Vol. 26; pp 163-183 and 
references cited the&n. 
JetTonI. C. W.: McGomn. E. C.: Boukouvalas. J.: Richardson, G.: Robinson. B. L; Peter% W. Helo. Chim Acto 1988. 71. 
1805-1812. 
PDsner. G. H.: Oh, C. H.: MIlhous. W. K Tk=tmhedronLett l991.32,4235-4238. 
Kepler. J. A: PhilIp. A; Lee. Y. W.: Mcrey, M. C.; &roll. F. A J. Med. Chem 1988.31.713-716. 
Chane. H. R: JetTord. C. W.: Pechere. J.-C. Anttmfcmb. Aoents Chen&her. 1980.33.1748-1752. 
Je&; C. W.; Currk:J.: Ri&dson. k. D.: Rc++sler, J.-C. kellv. Chfm Acta 1991. .74. 12341246 and rcfs cited thereln. 
Slngh. C. Tetrahedron L&t. 1990.31.6?301-6902. 
Avery. M. A: Jennings-White, C.: Chong. W. K M. Tebnhecbon Lett 1887,28,4629-32. 
Bunnek. W. H.: Isbell. T. A; Bamea. C. L.: QuaUs. S. J. Am. Chern .Soc. l-1. 113.8168-8169. 
Caste& D. A: Jung. K-E. J. Chern Sot.. krAin ‘ikns. I l%U, 2597-2598. 
All compounds prepared gave satisfactory 1 H 13C NMR data and elemental analysts kt 0.4096) or HRMS (CI). 
‘H NMR for 10 (360 MHz, CDCl,, all signals are doubled): 1.5-2.1 (m. 4H), 2.15 @r. 1H. OH), 3.47.3.80 C 3H. OMe). 

3.623.ffl(m, U&4.15-4.34(m. lH,4.81(m. IH). 1%NMRkxr10(90MHz.CDC$): 20.29~21.42.25.67.26.75,5%7. 

56.69,63.46.64.53,81.63.8233.102.37,105.08. ‘HNMRfor ll(36OMHz CDUs): 1.97(m. lm.2.18227(m, 2Hk2.39 
[m 1H). 4.01 (dd 1H. J=l.8,9.7H& 4.23 (dt 1H. JE2.5.9.6Hz.). 4.52(ddd. lH.&9.7.2.5.2.5H& 5.2O(dd. 1H. J&4.9 
Hz). % NMR for 11 ( 90 MHz, CDC$): 23.08,26.16,67.48,72.34,95.47. 

‘HNMRfor 12(360MHe.CDc$.~sign~aredoubkd): 1.17(d.6H.Me).2.04-1.3(m.8~.2.36(s.M.Of4.2.56(aM. 

OH). 3.46 (s. 3H. OMe). 3.49 Q, 3H. OMe), 3.72 On. 2HH. MeCHOHl, 3.96 bn, W, OOCI-0. 4.81 (m. 2H. penacyacetal). ‘% 
NMR for 12 (90 MHz. CDC$): 17.&i &carbon& 20.52.21.29,25.29,26.75,55.33.56.14,67.77,68.54,85.39, 

85.60.101.89.104.55. ‘HNMRti13(360MHzCDCls): 1.52(d.3H.J~.4WMe),1.92(m,~,2.1O(m.~,2.23(m 
~H).2.41Im.M.3.94~ddd.~.cbl.~1.4.1.6WOOCH).4.09(dq.M.~l,64~.MeC~).5.19(dd.M.~.5,6M 
-tall. % NMR for 13 (90 MHz. CDC13): 19&?, 23.38,25.24.7216.74.61.95.13. 

‘H~of16~360MHz.CDCIs):1.26~,3H,J=6.6Hz.Me~.2.26-2.04(m.4~.4.00(m.M.OOCH).4.66(q.M,~6HE. 

OCHMe). 5.20 (m. M. pemxyacetal). %NMRof16(90MHz. CDC&,: 17.85,18,TL.25.93.71.73.7&24.95~. 

‘HNMRforl6~360~.CDC$~:1.30(s.3H,Me~.1.94~n1~.2.16~.~.2.34(m.1~,4.00(dd.1H,J~1.7.9.5Hz 

OCH endo), 4.23 [m. 1H. OOCHl: 4.49 (ddd. 1H. J=2.4, 2.4. 9.6 Hz. OCH exe). ‘sC NMRfor 16 (90 MHz, CDCl$: 23.33, 
23.72 30.31,67.98,71.51,99.52. 
Ihe intrlnslc antImalarial activity of each compound and a simultaneous qlngbaosu control were determtned ustng 
modlfkations of a semiautomated microdIlution techniqueaa*23 against cloned Isolated” of human falciparum 
malaria. Drugs were dlssohvd in DMSO and then diluted with culture medium v&h 10% human plasma. Parasltes 
were exposed to serial dilutions of drug In microtiter plates incubated at 37 Oc III a mi croaerophlk etironment for 
a period of 24 h prior to the addition of 3H hypoxanthine which served as an Index of exponential paraslte growth. 
After an addltlonill 18 h of incubation. particular matter were harvested from each well using an automated cell 
hanrester. The amount of incorporation of radiolabelled hypoxanthlne was determlned by selntlUation 
spectrophotomeby. ICso’s were calculated from concentration response data using non-linear regression. 
Desjardlns. R E.: CanfIeld. C. J.: Haynes. J. D.: Chulay. J. D. Anttrn&zr&. Agents C-her. 1979. 16.710-718. 
Milhous. W. K: Weather@, N. F.: Bowdre. J. H.: DeaJar&i+ R E. Antlmic&. Agents Chemother. 1985. 27, 525-530. 
Ckiuola A M. J.: Weather@, N. F.: Bowdre, J. H.: Desjardins. R E. Ex?xr. RousUol. 1988.66,8&95. 


