Tetrahedron Vol. 43, No. 4, pp. 805 to 810, 1987 0040-4020/87 $3.00+.00
Printed in Great Britain. © 1987 Pergamon Journals Ltd.

TRANSFORMATION OF ARTEMISIN INTO
ARTAPSHIN AND 8a-HYDROXY-11g,13-DIHYDROBALCHANIN'

Isabel Fernindez, Begofia Garc{a and Jose R. Pedro*

Department of Organic Chemistry, Faculty of Chemistry
University of Valencisa, BurjasSpt, Valencia, Spain.

(Received in UK 23 December 1986)

Abstract: Partial syntheses of the -sésquiterpené lactones
‘artapshin (1) and 8g-hydroxy-118,13-dihydrobalchanin (2} from
:artemisin (3) are described.

The eudesmanolide 8a-hydroxy-118,13-dihydroreynosin (1) was first isolated
from Lasiolaena §ggtg§ii1 and more recently, with the name artapshin, from
Artemisia fragansz. Rowever, the‘spectroscopié data reported in both papers do
not allow a comparison of the two products. The eudesmanolide (2) is the dihydro-
derivative of SG—hydroxyhalchanin isolated for the first time from Leucanthemella
serotinaS. In this paper we report the syntheses of eudesmanolides (1) and (2)
from artemisin (3). As the total synthesis of artemisin4 has been accomplished,
the syntheses of (1) and (2) reported in this paper are formal total syntheses’
of these compounds. The known cytotoxic™ properties of related compounds make
this research very interestingﬁ.

= SiMe,Bu’

The key product to attain the desired synthesis is the 1,2-epoxide (7) which
by acid treatment’, ought to give the eudesmanolides (1) and (2). The preparation
of this epoxide was carried out in two different ways.

In a first way, artemisin (3) was transformed into tert-butyldimethylsilyl
ether of temisin (6) through diselenide (4), as is described by us®. By direct
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Reagents: a, 50% HZO ; b, m-CPBA; ¢, BFS.EtZO (1 eq); BFs. Et,0
(0.25 eq); F, n-BuiNFi R ="SiMe,Bu"; Ar’= oNO,CeH,-
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epoxidation7 of product (6) with m-chloroperbenzoic acid, a mixture of three
epoxides, which were separated by column chromatography, was obtained and 50% of
the starting product was recovered. The first eluted epoxide (14%) was identified
as the 1,2-epoxide gz), as is shown in the ‘H NMR by the double doublet at § 2.88
(J= 2.9 and 3.8 Hz) for H 1 and the multiplet at § 2.75-2.55 for H-2. The other
eluted epoxides were L_) (5%, Ty NMR : a multiplet at 6§ 2.54-2.43 for H-3) and
9)° (255, 'H MR : two doublets at & 2.75 and 2.52, J = 4.5 Hz for H-3).

In a second way artemisin (3) was transformed into 4-selenide (10) through
3-selenide (_) ‘Oxidation of (10) with 50% hydrogen peroxide in THF foilowed by
spontaneous elimination of arylselenenic acid, afforded the compound (9)8. However,
when m-chloroperbenzoic acid is used, instead of hydrogen peroxide, the oxidation
of selenide to selenoxideI‘ and the epoxidation of the 1,Z-double bond are produc-
ed simultaneously. As a result, a mixture of divinyl compound (6) (40%) and
1,2-epoxide (7} (553} was obtained after the elimination of selenoxide at room
temperature. It is interesting to note that in the second way the ratio 1,2-epoxide/
divinyl compound is more favourable and besides the 3,4-epoxides were not obtained.

When the epoxide (7) was treated with 1 eq. of BFS.OEtZ, it underwent a simul-
taneous rearrangement to eudesmane and cleavage of the silyl ether giving a mixture
of two compounds which were separated by preparative TLC. The less polar compound
(483) was (2}, as is shown in the 1H NMR by two broad singlets at & 5.34 and 1.82
for H-3 and H-15 respectively. The more polar compound (32%) was identified as -
In its 'H NMR spectrum a pair of broad singlets ( & 4.99 and 4.83) were atributed
to the hydrogens of the exocyclic methylene group attached to C-4. The lactonic
proton (H-6) appeared as three lines (J= 10.7 Hz) at 8§ 4,05, thc proton at C-$ as
a doublet of three lines {J= 4.5 and 10.0 Hz) at & 3.96 and the proton at C-1 as a
double doublet (J= 4.5 and 11.0 Hz) at § 3.53. These signals, as all the remaining
signals of the LY NMR spectrum, were assigned by spin decoupling. The a-orientation
of thell-methyl group was verified from the coupling J7,11 observed in the signal
of H-11 which appeared as a double quartet at § 2.57 (J7 Rl 12.5 Hz and J”’,3 =
7.0 Hz).

The 'H NMR spectrum data are consistent with the structure (1) which has been
proposed for a natural product isolated from Lasiolaena santosii‘. However, the Ty
NMR spectrum described for this natural product does not coincide with ¢hat of the
synthetic product, especially in the signals of the protons H-6 and H-8, which
appeared crossed (in C1,Cp, § 4.05 and 3.96 for the synthetic productvand § 3,99
and 4.01 for the natural productl and in CeDg ¢ 3. 38 and 3.13 for the synthetic
product and § 3.36 and 3.43 for the natural product ) The same sructure (1) was
proposed posteriorly for artapshin, a natural product 1solated from Artemisia
fragans , based on the u NMR spectrum of its diacetate (the H NMR spectrum of the
natural product is not given). For this reason the preparation of the diacetate of
the synthetic product was carried out with Acy0/4-dime thylaminopyridine in CH,C1,.
The 'H NMR spectrum of this diacetate was identical to the one described for the
diacetate of the natural product from Artemisia fragansz, and the expected down-
field shift of the protons H-1 {§ 4.73 (dd, J= 5.0 and 11.6 Hz)} and H-8 { & 5.04
(ddd, J= 4.5 and ~ 11,0 Hz) } was observed in it., The downfield shift for H-8 is
consistent with the structure $1} with a C-6 lactone unit, while the natural
product of Lasiglaena santosii could be a C-8 lactonized product.

1

Finally, treatment of the epoxide () with 0.25 eq. of BFS.OEt7 leads to a
mixture of (1), (2) and their corresponding silyl ethers (11) and (12). Cleavage
of the silyl ether with n- Bu4NF afforded (}) and (2) respectively, which were
identical with the products obtained by simultaneous rearrangement and cleavage
with BFS.OEtZ {1 eq.).
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Mps were determined in capillary tubes with a Biichi melting point apparatus and are
uncorrected. IR spectra were recorded on a Perkin-Elmer 281 spectrometer. AIH NMR spectra were
determined with a Bruker AC-200 (200.13 Miz} spectrometer in CDCly solution. Mass spectra were
performed at 70 eV on a Varian MAT-311A spectrometer.

28-Epoxy~8u=te - selem-3-en~ ~olid )£ 6) . To a
suspension of (§) ( 107 mg, 0.29 mmol) and anhydrous NaOAc { ga, 85 mg) in CHCly (6.9 mL),
m-choreperbenzoic acid { 66 ng, 0.33 mmol peracid) was added and the resulting mixture stirred
at room temperature for 65 hours. The reaction mixture was extracted with 5% aq. Na,C0; solution,
washed with brine, dried ( Ns,S0, ) énd concentrated in vacuo . The reaction product was
chromatographed on silica gel, from which mixtures of increamsing polsrity of hexsne-ether eluted
four products, The first one was unreacted product (6) (54 mg, 508). The second product was (7}

{ 16 mg, 141) : m.p. 170-172 °C (hoxane-ether); High res. MS : 323,1669 { (n‘-c4ﬂg). CygHj 10,54
requires 323.1678 } and further peaks at 29§, 293, 265, 231, 22§, 195, 145 and 75; IR Vnax {KBr)
35080, 3060, 1775, 1640, 1080 and 1070 cn"'; "H NMR & 5.10 (br. s, H-3), 4.84 (br. s, H-3'), 4.07
(dd, J ~ 11,0 Hz, H-6), 3.87 {ddd, J = 4.5 and ~ 10.5 Hz, H-8), 2.88 (dd, J » 2.9 and 3.8 Hz,
H~1), 2.75-2.55 (m, H-2), 2.47 (dq, J = 12,0 and 6.8 Hz, H=-11), 2.46 (4, J » 11.0 Hz, H-~5), 1.83
{br. s, H=15), 1.75 (d4dd, J ~ 11,0 Hz, H-7), 1,66 (dd, J > 4.5 and 13.0 Hz, H-98), 1.47 (44,

J = 10.5 and 13,0 Hz, He%a), 1.34 (d, J = 6.8 Hz, H-13), 0.89 (5, H-14 and sums ) and 0.09

(s, SiMe,).

The two other eluted products were the 3,4 o-epoxide (8) (6 mg, 5%) and the 3,4 8-epoxide

(8) (52 mg, 25%). Compound (8) : m.p. 173-176 *C (hexane-ether); high rves. MS: 323.1671

(8"~ CHg), €yH,,0,51 requires 325.1678 } and further peaks at 305, 295, 265, 185, 157 and

75 ; IRV g, (KBr) : 3080, 3060, 1775, 164v, 1075, 995, 870, 840 and 780 e

TH NMR & 5.98 (dd, J = 17.0 snd 11,0 Hz, He1), §,03 (d, J= 11.0 Hz, H~2), 5.02 (d, J = 17.0 Hz,
H-2), 4.03 (dd, J ~ 11.S5 Hz, H-6), 3.87 (ddd, J = 10.0 and . 7,0 Hz, H-8), 2.54-2,43 (m, H-3
and H-11), 1,75 (ddd, J - 11,0 Hz, H-7}, 1,55 (4, J = 7.0 Hz, 2 H-9), 1.44 (d, J = 11.5 Hez, H-5},
1.37 (s, H-18), 1.35 {4, J = 7.0 Hz, H~13), 1.31 (s, H-14), 0.89 (s, SiCMey ), 0.09 and 0.08
(two s, SiMe, ). Compound (9) : m.p. 167-168 °C (hexane-cther); high res. MS: 323.1668 { (°-
C,,Hg). C17Rz704si requires 323.1678 } and further peaks at 305, 295, 265, 185, 187 and 75; IR

Vnax (KBr): 3080, 3060, 1780, 1640, 1075, 995, 870 and 780 cm™'; 'H NMR & 5.80 (dd, J = 17.0
and 10.5 Hz, H-1), 5.07 (4, J = 10.5 Hz, H-2), 5,06 (d, J = 17.0 Hz, H2'), 4.05 (dd, J ~ 11.2Hz,
H-6), 3.64 (d4d, J = 10.0, 7.5 and 7.0 Hz, H-8), 2.75 (d, J = 4.5 Hz, H-3), 2.52 (d, J = 4.5 Hz,
H-3'), 2.36 (dq, J = 12.0 and 7.0 Hz, H-11), 1.78 (ddd, J ~ 11.0 Hz, H-7), 1.57 (4, J = 115 Hz,
H-5), 1.55 (4, J ~ 7.0 Hz, 2 H-9), 1.37 (s, H~1S), 1.35 (d, J = 7.0 Hz, H-13), 1.21 (s, H-14),
0.89 (s, SiCMey ), 0.08 and 2,07 (two s, SiMe, 3.

1,28-Epoxy-8a-t-butyldimethylsilyloxy-5,7a H,6,118 Hi-elem-3-en-6,12-0olide (7) from (10). Compound
{19) (25 mg, 0.043 mmol) was dissolved in (H,Cl, ( 0.3 mL), cooled to 0°C and treated with 85%

m-chloroperbenzoic acid (37 mg, 0.18 mmol). The reaction mixture was stirred for § days at 0 °C,
diluted with mzcxz and washed several times with brine. The organic layer was dried over
anhydrous Na,50,, concentrated {n yacuo and chromatographed on silica pel. Elution with ethyl
acetate gave 6 ug of divinyl compound {8) (40%) and 9 mg of 1,28-cpoxide () (55%).

18,80:-Dihydroxy-5,7a H,5,118 H-eudesn-4(15)-en+6,12-0lide (1] and 18,8a-dihydroxy-5,7a H,6,118 H-
gudesn-3-en-6,12-01ide (2) from (7). To 2 solution of compound (I} (12 mg, 0.035 mmol) in benzenc
(0.4 ml), BF;.0Et; (Bpl, 0.03 mmol) was added. The mixture was stirred at room temperature for
30 min, after which it was worked up in the usual way. By preparative TLC {ether, 2 elution) were
separated 2.6 mg of (1) (328) and 3.8 mg of (2) (48%).

Compound (1) : an oil, high res. MS: 266,1509 oy, CygH2204 req{zires 266,1512 )} , and
further peaks at 248, 230, 220, 205, 204, 202, 191, 160, 133 and 107; IR v max (NaCl): 3500
3250, 1750, 1635, 1440, 1370, 1115, 1060, 1030, 970 and 950 cn" H ’!i NMR & 4.99 {(br. s, H-15},
4.83 {br. s, H-15'), 4,05 (d4d, J - 10.7 Hz, H-6), 3.96 {ddd, J = 4.5 and ~ 10.0 Hz, H~8), 3.53
(dd, J = 4.5 and 11.0 Hz, H-1), 2.57 (dq, J = 12,5 and 7.0 Wz, H-11), 2,32 (dd, J = 4.5 and 13.0
Hz, H-98 ), 2,40-2.00 (m, 2 He3), 2,07 (4, J = 10.7 Hz, H5), 1.90-1.40 {m, 2 H~2 and H-7),
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1,39 (4, J = 7.0 Hz, H-13), 1.30~1,10 (m, H-9a ) and 0.83 (s, H-14}.

Compound (2) : am oil ; high res.NS: 266.1511 { (N}, Ci¢H,,0, requires 266.1512}, and
further peaks at 249, 225, 209, 191, 161, 135 and 107 ; -§R V pax (NaCl): 3500-3200, 1750, 1640,
1440, 1370, 1220, 1170, 1120, 1060, 1030, 970 ond 960 ca ' ; 'H NMR § S.34 (br. s, H-3), 4.03
(ddd, J = 4.5 and - 10.0 Hz, H-8), 3.97 (4d, J ~ 11.0 Hz, H-6), 3,68 {dd, J = 6.7 and 9.5 Hz,
H-1), 2.53 (dq, J = 12.5 and 6.8 Hz, H-11), 2.3%1 (4, J = 12.0 Hz, H-5), 2.40- 2.15 (m , H-28 ),
2,16 (dd, J = 4.5 and 13.0 Hz, H-98 ), 2.00-1.80 (m, H-2a ), 1.82 (br. s, i-15), 1.73 (ddd, J -
11.0 Hz, H-7), 1.39 (4, J = 6.8 Hz, H-13) and 0.86 (s, H-14).

Sa-t-Butyldipethyisiiyloxy-i8-hydroxy-5.7a H,6,118 H-~eudesm-4{15)-en-6_ 12 -0lide {11), Ba-t-butyl-
dimethzisilﬁoxr!s-kzém-sn?u H,6,118 H-sudesm~3-en-6,12-clide {12) and compounds {1} and (2}
from (7). The compound (7} (12 mg, 0,03 mmol) dissclved in benzene ( 0.4 mLl) was treated with
BF3.0Et, (2y L, 0.0075 m?l) as above, giving a mixture of (11), (12), (1) and (2} which were
separated by preparative TLC.

Compound . {11) : an oil; high res. MS: 323.1668 [ (M'- C4Hg), C;sH,,0,Si requires
323.1678 } and further peaks at 305, 277, 231, 203, 145, 107 and 75; IR v max {NaCl) : 3450-
3100, 1770, 1640, 1450, 1250, 1145, 1120, 1075, 995, 970, 830 and 770 cn” ' ; 'H NMR & 4.98 (br.
s, H-15), 4.83 (br, s, H-15'), 3.99 (dd, J ~ 11.5 Hz, H-6), 3.89 (ddd, J = 4.5 and ~ 10.0 Hz,
H-8), 3.51 (dd, J = 4.5 and 11.5 Hz, H-1), 2.46 (dq, J = 12.0 and 7.0 Hz, H-11), 2.32 (ddd, J =
2.0, 5.5 and 14,0 Hz, H-38 ), 2.20 (dd, J = 4.5 and 13.0 Hz, H-98 ), 2.05 (d, J = 11,5 Hz, H-5),
1.95-1.70 {m, H~7 and H-28 ), 1.65-1.40 (m, H-2a and H-9a }, 1.35 {(d, J = 7.0 Hz, H-13), 0.90
(s, SiCMes ), 0.83 (5, H-14) and 0.10 (s, SiMe, ).

Compound (12) : m.p. 150-152 *C (hexane-ether} : high res. MS: 323.1670 { (M'-CgHg),
C‘7ﬂ27045i requires 323.1678 } and further peaks at 305, 277, 231, 203, 145, 107 and 75 ; IR
Vpax (KBT) : 3520-3400, 1740, 1630, 1450, 1395, 1250, 1135, 1115, 1070, 970, 955, 860, 830 and
765 em ' 3 'H NMR & 5.32 (br. s, He3), 3.95 (dd, J - 11.0 Hz, H-B), 3.95 (ddd, J = 4.0 and -~
11,0 Hz, H-8), 3.66 (a4, J = 7.0 and 9.5 Hz, H-1), 2.50-2.25 (m, H-2 & and H-11), 2.16 {dd, J =
4.0 and 13.0 Hz, H-9 8), 2.35-2.05 (d, overlapped with H-98, H-5), 2.10-1.80 {m, H-2a¢ }, 1.81
(br. s, H-15), 1.73 (ddd, J - 11.0 Hz, H-7), 1.35 (d, J = 7.0 Hz, H-13), 0.90 {s, SiCMe; ), 0.88
(s, H-13) and 0.10 (s, SiMe; }.

18,5a-Dihydroxy-5,7a H,6,118 H-sudesm-4(15)~en-6,12-0lide (1) from (11}. Compound (1) (6.5 mg,
0.017 mmol) in THF (0,11 ml) was treated with a—Bu‘NF (0.67 mmol, 21 mg n-Buy,NF. 31,0 dried

overnight in vacuo over P,0g), stirring the mixture at room temperature for 1 h. The cleavage
product was worked up in the uvsualway giving (1) (4.2 mg, 943},

18, Sa-Dihxdrog-Sﬁaﬂ,G,HB H-eudesm-3-en-6,12-0lide (2) from {12}. Compound (12) (10 rg, 0.026
mmol) in THF (0.17 ml) was treated with D-Bu,NF (1.02 mmol, 32 mg B-BuyNF.3H,0 drivu in _vacuo
aver P,0¢) as abave providing (2) (6.5 mg, 95%).

Acknowledgments

We are grateful to the Comisifn Asesora de Investigacidn Cientffica y Tecni-
ca (CAICYT, Grant N°559/84) for financial support. We thank Prof. Dr, D.H.R. Barton
for a generous gift of artemisin and to Prof. Dr. F. Bohlmann for sending us spectra
of natural 8a-hydroxy-118,13-dihydroreynosin.

References and notes

'. F. Bohlmann, J. Jakupovic, R. M, King and H. Robinson, Phytochemistey, 20, 1613 (1981},

2. S. V. Serkerov and A. N. Aleskerova, Khim. P;ir. Soedin., 578 {1983}, English version
in Chem. of Nat. Compounds, 543 {1984).

3. M. Holub, Z. Samek, M. Budesinsky, D. Saman, E. Bloszyk and B. Drozdz, Collect. Chem.
Commun . 31, 2927 (1982).

4. M. Nakasaki and K. Nosmura, Bull. Chem. Soc, Japan, ‘4_3, 3366 (1969).



810 1. FERNANDEZ et al.

5. X. H, Lee, I, H. Hall, B. C, Mar, C. O. Starnes, S. A. ElGebaly, T. G. Wadell, R. I.
Hadgraft, C. G. Ruffner and I. Weidner, Science, 1_2'6, 533 (1977).,

6. N, H. Fischer, E. J. Oliver and H. D. Fischer, Fortschr. Chem. Org. Naturst., 38, 47
{1979); J. S. Roberts and 1. Brysoan, Nat, Prod. Reports, 1, 105 (1984); J. S. Roberts, Nat. Prod.
Regorzs._g_, 97 (1985); B. M. Frags, Nat. Prod. Reports, 2, 147 (1985).

7. N. S. Bankar and G, H. Xulkarni, Indian J, Chenm., 13, 744 (1975).

8. M. Am8, B. Garcia, J. R. Pedro and E. Seosne, Tetrahedron, 40, 5243 (1984).

9. These epoxides were transformed into (§} again by treatment with KSeN; J. M. Behan,
R. A, W, Johnsfone and M. J. Wright, J. Chem Soc, Perkin I, 1216 (1975).

10, Both, the compounds diselenide (4) and 3-monoselenide (5) werc obtained from the
corresponding diol by reaction with o-nitrophenylselenocysnate and tri-n-butylphosphine in THF
(ref. 8). When the moles reagent/moles diol ratio was 4.8 the main product was €4) (73%), but
when the previously mentioned ratio was 2.4 the main product was (8) (50%).

11, H., J. Reich, J. M. Renga and I. L. Reich, J. Am. Chenm. Soc., 97, 5434 (1975).




