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Abstract—The photooxygenation product of a cyclic enol ether conjugated with an o-phenylene ring is a novel epoxy compound
instead of a 1,2,4-trioxane analogue. The structure of the compound was elucidated by X-ray analysis. © 2001 Elsevier Science

Ltd. All rights reserved.

Artemisinin and its derivatives are currently used in
clinical practice as effective antimalarial drugs. As the
1,2,4-trioxane ring is considered to be a structural
requirement for significant activity, a number of tri-
cyclic 1,2,4-trioxanes have been prepared as potential
antimalarial agents.'”” Here, we would like to report a
synthesis aimed at compound 1 and identification of an
unexpected product 2.

Photooxygenation of cyclic enol ethers has been known
as a reliable synthetic method for the transformation of
deoxoartemisinin  analogues.®'°  4-(4-Oxo)-pentyl-2-
benzopyran 11 was chosen as a cyclic enol ether which
was expected to yield C-nor-5,10-phenylene ring deoxo-
artemisinin analogue 1 by standard photooxygenation
(Scheme 1).
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5-Bromo-2,2-dioxolane ketal pentane 5 was prepared
in 64% yield from acetylbutyrolactone 3 by nucle-
ophilic substitution—decarboxylation in boiling 34%
HBr solution'' and ketalization with ethyleneglycol in
refluxing benzene solution containing p-TsOH.

Chlorination of o-xylene 6 according to the litera-
ture,'?> followed by nucleophilic substitution with
sodium cyanide in refluxing acetonitrile afforded o-
methylbenzyl cyanide 7 in 90% yield.'* The alkylation
of 7 with 5 in the presence of sodium hydride in
HMPA provided 8 in 80% yield," which was
hydrolyzed in boiling potassium hydroxide/ethylene
glycol solution to give 2-(2-methyl)-phenyl-6-oxo-
hepta-noic acid 9 in 84% yield. Compound 9 was
converted into 10 in 80% yield by bromination with
NBS-benzoyl peroxide—CCl,, cyclization in triethyl-
amine—acetone and ketalization with ethyleneglycol-p-
TsOH in benzene. Reduction of 10 in toluene by
DIBAL-H at -78°C and dehydration in acetone—p-
TsOH at room temperature gave the desired cyclic
enol ether 11 in 57% yield.!> Compound 11 was pho-
tooxygenized in methylene chloride in the presence of
methylene blue at —78°C under a bubbling stream of
oxygen to provide racemic 2 in 30% yield (Scheme
2)te,

It has been demonstrated by NMR, IR and elemental
analysis that compound 2 has a molecular formula of
C,H Oy and comprises a hydroxyl group, a car-
bon—carbon double bond, a carbonyl and an epoxide
moiety. The proton and carbon chemical shift assign-
ments for compound 2 are shown in Table 1. The
H-H COSY spectrum showed the relative positions of
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Scheme 2. Reagents and conditions: (a) 34% HBr, boiling, 80%; (b) (CH,OH),, p-TsOH, C¢Hy, reflux-H,O, 80%; (c) SO,Cl,, BPO,
reflux, 50%; (d) NaCN, PEG-400, CH;CN, reflux, 90%; (e) 50% NaH, 5, HMPA, 80%; (f) KOH, (CH,OH),, reflux; (g) 10% HCI,
84% from 8; (h) NBS, BPO, CCl,, reflux; (i) Et;N, acetone, rt; (j) (CH,OH),, p-TsOH, C¢Hg, reflux-H,O, 80% from 9; (k)
DIBAL-H, toluene, —78°C; (1) acetone, p-TsOH, rt, 57% from 10; (m) methylene blue, O,, v, CH,Cl,, —=78°C; (n) TMSOTT; (o)

Et;N, 30% from 11.

Table 1. Proton and carbon chemical shift assignments for 2

No. 'H (ppm) 1*C (ppm) No. 'H (ppm) 1*C (ppm)

1 4.68 (d, J=12.1 Hz, 1H) 65.66 8 191.82

1 3.51 (d, J=12.1 Hz, 1H) 9 343 (d, J=1.8 Hz, 1H) 54.89

3 5.30 (s, 1H) 99.97 10 63.20

4 84.60 11 1.75 (m, 2H) 33.56

5 67.62 12 1.59 (m, 2H) 17.03

5-0H 3.94 (s, 1H) 13 1.77 (m, 2H) 26.67

6 6.61 (d, J=10.6 Hz, 1H) 143.01 14 112.42

7 5.98 (dd, J=10.6, 1.8 Hz, 1H) 125.85 15 1.64 (s, 3H) 24.34
H atoms. The relative stereochemistry (Fig. 1) was
finally confirmed by X-ray diffraction analysis.!”-'®
The novel epoxide 2 shows moderate cytotoxicity
against P388 (ICs, <107° mol/L) and other bioactivities
in primary in vitro examinations. Further work is in
progress.'®
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Figure 1. X-Ray structure of 2.

This work was supported by the National Natural
Science Foundation of China (Grant No. 39870899).
We also thank Professor Yu-Lin Wu and Yi-Kan Wu
in the Shanghai Institute of Organic Chemistry, Chi-
nese Academy of Sciences for helpful discussion, and
Professor Jian Ding of this institute for the determina-
tion of cytotoxity.



10.

11.

12.

13.

14.

15.

16.

J-M. Wu, Y. Li / Tetrahedron Letters 42 (2001) 6737-6739

References

. Meshnick, S. R.; Taylor, T. E.; Kamchon-wongpaisan, S.

Microbiol. Rev. 1996, 60, 301-315.
Jefford, C. W.; Wang, Y.; Benardinelli, G. Helv. Chim.
Acta 1988, 71, 452-458.

. Jefford, C.; Velarde, J. A.; Bernardinelli, G. Tetrahedron

Lett. 1988, 30, 4485-4488.

Jefford, C. W.; Velarde, J. A.; Bernardinelli, G.; Bray, D.
H.; Warhurst, D. C.; Milhous, W. K. Helv. Chim. Acta
1993, 76, 2775-2788.

. O’Neill, P. M.; Miller, A.; Bickley, J. F.; Scheinmann, F.;

Oh, C. H.; Posner, G. H. Tetrahedron Lett. 1999, 40,
9133-9136.

O’Neill, P. M.; Searle, N. L.; Kan, K. W.; Storr, R. C,;
Maggs, J. L.; Ward, S. A.; Raynes, K.; Park, B. K. J.
Med. Chem. 1999, 42, 5487-5493.

Posner, G. H.; Mcgarvey, D. J.; Oh, C. H.; Kumar, N.;
Meshnick, S. R.; Asawamahasadka, W. J. Med. Chem.
1995, 38, 607-612.

. Ye, T.; Shi, Z. D.; Qin, D. G.; Zhang, Y. F.; Wu, Y. K ;

Li, Y.; Wu, Y. L. Acta Chem. Sin. 2000, 448-453.

Ye, B.; Wu, Y. L. J. Chem. Soc., Chem. Commun. 1990,
726-727.

Rong, Y. J.; Wu, Y. L. J. Chem. Soc., Perkin Trans. 1
1993, 2149-2150.

Tullio, B.; Alberto, F. Gazz. Chim. Ital. 1953, 83, 1037—
1042; Chem. Abstr. 49: 8288f.

Kharsch, M. S.; Brown, H. C. J. Am. Chem. Soc. 1939,
61, 2142-2150.

Hu, Y. Z.; Zhou, Q. T.; Bai, D. L. Chin. J. Med. Chem.
1998, 8, 190-195.

Par, H. N.; Therese, C. Bull. Soc. Chim. Fr. 1965, 1881
1888.

Bart, K.; De Kimpe, N.; Luc, V. P. Synthesis 1999,
1881-1883.

Data for 2: mp 146-147°C; 'H NMR (400 MHz, CDCI;)
0: 6.61 (d, J=10.6 Hz, 1H), 5.98 (dd, J=10.6, 1.8 Hz,
1H), 5.30 (s, 1H), 4.68 (d, /J=12.1 Hz, 1H), 3.94 (s, 1H),
3.51 (d, J=12.1 Hz, 1H), 3.43 (d, J=1.8 Hz, 1H), 1.77
(m, 2H), 1.75 (m, 2H), 1.64 (s, 3H), 1.59 (m, 2H); *C
NMR (100 MHz, CDCly), ¢: 191.82, 143.01, 125.85,
112.42, 99.97, 84.60, 67.62, 65.66, 63.20, 54.89, 33.56,
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Scheme 3.
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26.67, 24.34, 17.03; IR (cm™'): 3479, 1687, 1443, 1387,
1319, 1246, 1213, 1078, 1051, 1036, 1009; anal. calcd for
C,4sH,O4: C, 59.99; H, 5.75; found: C, 59.93; H, 5.72.
Data for 8: 'H NMR (400 MHz, CDCl;) ¢: 7.41 (d,
J=6.8 Hz, 1H), 7.20 (m, 3H), 3.95 (m, 5H), 2.34 (s, 3H),
1.95-1.54 (m, 6H), 1.32 (3H, s); IR (cm™"): 2239, 1605,
1493, 1462, 1377, 1221, 1128, 1067; HRMS calcd for
C,¢H,,NO,: 259.15723; found: 259.15767. Data for 9: '"H
NMR (400 MHz, CDCl,) J: 7.29 (m, 1H), 7.17 (m, 3H),
3.84 (t, J=17.2 Hz, 1H), 2.43 (t, J=6.4 Hz, 2H), 2.39 (s,
3H), 2.10 (m, 3H), 2.08 (br s, 1H), 1.73 (m, 2H), 1.56 (m,
2H); IR (cm™!): 3400 (br), 1709, 1491, 1462, 1363, 1171;
HRMS caled for C,,H 505: 234.12560; found: 234.12324.
Data for 10: 'H NMR (400 MHz, CDCly), 6: 7.35-7.10
(m, 4H), 5.43 (d, /J=14.0 Hz, 1H), 5.23 (d, /=14.0 Hz,
1H), 3.92 (m, 4H), 3.59 (t, J=7.2 Hz, 1H), 2.00 (m, 2H),
1.87 (m, 2H), 1.61 (m, 2H), 1.29 (s, 3H); IR (cm™): 1741,
1462, 1379, 1242, 1190, 1046; HRMS calcd for C,H,,O,:
276.13617; found: 276.1326. Data for 11: '"H NMR (400
MHz, CDCly) §: 7.27 (t, J=7.3 Hz, 1H), 7.18 (t, J=17.3
Hz, 1H), 7.17 (d, J=7.3 Hz, 1H), 7.03 (d, J=7.3 Hz,
1H), 6.46 (s, 1H), 4.98 (s, 2H), 2.50 (t, J=7.3 Hz, 2H),
2.35 (t, J=7.3 Hz, 2H), 2.15 (s, 3H), 1.82 (m, 2H); IR
(cm™Y): 3392, 1714, 1491, 1452, 1360, 1248, 1209, 1155,
1072, 1047; HRMS caled for C,,H,O,: 216.11504;
found: 216.12053.

Single-crystal X-ray analysis of 2 (deposition number
CCDC 164721): wavelength 0.71069 A, temperature 293
K. Crystal system, space group=monoclinic, P2,/n (#
14). Crystal size 0.20x0.20x0.30 mm, a=15.149 (5), b=
10.602(1), ¢=16.274(3) A. Volume=2607(1) A%. A total
of 5310 reflections were collected in the range 25 (18.4—
25.6°). The data were corrected for Lorentz and polariza-
tion effects. A correction for secondary extinction was
applied (coefficient=8.71989x1077). The structure was
solved by direct method and expanded using Fourier
techniques.

The formation of novel epoxide 2 must relate to a quite
different mechanism. At this stage, it is hard to describe
the exact mechanism without any further evidence, but
three oxidations and two intramolecular epoxidations
might be involved (Scheme 3).
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