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2-Substituted Furans from the Roots ofPolyalthia evecta
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Four new 2-substituted furans, 19-(2-furyl)nonadeca-5,7-diynoic 4¢id 9-(2-furyl)nonadeca-5-ynoic aci@)( 1-(2-
furyl)pentacosa-7,9-diyne3), and ester 21-(2-furyl)heneicosa-14,16-diyne-19-(2-furyl)nonadeca-5,7-diydpdtave
been isolated from the roots &folyalthia e/ecta Their structures were established by spectroscopic techniques.
Compoundsl and 1a showed antiplasmodial activity. The acidlsand 2 exhibited antiviral activity againdterpes
simplextype 1. In addition5 also showed cytotoxicity against the NCI-H187 cell line.

Polyalthia evecta (Pierre) Finet & Gagnep (Annonaceae) is a Table 1. *H and**C NMR Data of1 and2 (CDCl;, 400 Mzy:
small tree found in the northeastern part of Thailand. It is known 1 2
as “Nam-tou-lang” or “Tong-lang” in Thai, and a water decoction

. o ) . . osition o o o o
of the roots is used traditionally as a galactagogue (inducing milk P ! c " c
; ; ; ; ; 1 178.7 179.1
.Secrett.lont. n brfssltfeiﬂ.ng mO.the}’S]?relt\/Igu.S tphhytpCTetr.mcalf 2 2.50 (2H,t,7.4) 326 2.42(2H,t,7.4) 32.7
investigations orPolyalthia species resulted in the isolation o 3 1.86 (2H. tt, 7.7, 6.9) 233 174(2H.1t, 7.4, 23.9
various types of compounds such as clerodane diterpgefes, 6.9)
triterpenes;® benzopyran derivativegpolyacetylened? and several 4 2.34 (2H, brt, 7.0) 18.6 2.06 (2H, brt,7.0)  18.7
types of alkaloidd-1¢ In a previous paper we reported the isolation 5 75.7 78.5
and characterization of a new 21-furan-heneicosa-5,7-diynoic acid 6 66.4 816
81 tinuing search for bioactive ! 651 217(2H168) 18.2
from roots of P. evecta® In our con gs 8 78.2  1.40 (2H, quint, 28.9
constituents from Thai plants, hexane and dichloromethane extracts 7.0)
of air-dried roots ofP. evectawere shown to be active against 9 224 (2H,1,7.1) 19.2  1.29(2H, m) 29.2
Plasmodium falciparun{ICs, 20 ug/mL for both extracts) and ﬂ 123 (5: quint, 7.1) 28.3 ?j e
Mycobacterium tuberculos{$1IC 50 and 25«g/mL, respectively). 1216 b (2H, m) f: d i
Furt_her i_nvestigation oP. evecta by bioactivity guidance led to 17 1.25 (2H, m) ¢ d e
the isolation of four new 2-substituted furans, 19-(2-furyl)nonadeca- 18 1.62 (2H, quint, 7.3) 28.1 1.56(2H, quint, 28.0
7.3)
o 9 19 2.62 (2H,t,7.6) 279 2.53(2H,t, 7.6) 27.9
20 156.6 156.7
21 5.95 (1H, d, 3.2) 1045 594 (1H,d,3.2) 1045
22 6.26 (1H, dd, 3.2,1.9) 110.0 6.25(1H,dd, 3.2110.0
1.9)
23 7.23 (1H, brs) 140.6  7.22 (1H, brs) 140.6

a Chemical shift values are in ppm, adéalues (in Hz) are presented
in parenthese$.1.25 (10H, brs)¢28.9, 29.1, 29.2, 29.4, 29.5, 29.6,
29.7.91.19 (16H, brs)¢28.9, 29.1, 29.4, 29.6, 29.6.

5,7-diynoic acid {), 19-(2-furyl)nonadeca-5-ynoic aci@)( 1-(2-
furyl)pentacosa-7,9-diyne), and an ester, 21-(2-furyl)heneicosa-
14,16-diyne-19-(2-furyl)nonadeca-5,7-diynoat Saponification
of esterd was performed to confirm the structure4fln addition,
methyl ester derivatives df and2, 1aand?2a, were also prepared
for chemical investigation as well as biological evaluation.

Results and Discussion

CompoundL was obtained as colorless plates, and it was assigned
the molecular formula €H3,03; from the HRESITOFMS,m/z
379.2249 [M+ Na]*. The IR spectrum showed the presence of
carboxylic acid (35062400 and 1690 cri), conjugated acetylene
(2180 and 2145 cnt), and furan (1595, 1500, 1140, 1005, and
880 cn1?) groups. Esterification of with MeOH in the presence
of SOC}, yielded the monomethyl estéa[dy 3.63,0c 51.6, 173.4
(CO,CHg)], which supported the presence of a carboxylic acid in
1. The'H and*3C NMR spectra (Table 1) showed a broad singlet
signal observed aby 1.25 (10H), which correlated to the over-
lapping signals betweed: 28.9 and 29.6 in the HSQC spectrum
and revealed a long methylene chain. The COSY spectrum indicated

* To whom correspondence should be addressed. F66-43-202222- the partial structure of three CH,CH,CH,— units and a 2-sub-

41, ext. 2243, 2370-4. Fax+66-43-202373. E-mail: somdej@kku.ac.th.  stituted furan (see Figure 1). The HMBC correlations of H-2 to
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Figure 2. EIMS fragmentations of with relative intensity values 95(24) 151(4)

123(4)

in parentheses. Figure 4. EIMS fragmentations o8 with relative intensity values

in parentheses.
C-1 (0 178.7) and C-4; H-3 to C-1 and C-b {5.7); H-4 to C-2,
C-5, and C-6 ¢ 66.4); H-9 to C-7 ¢ 65.1) and C-8¢ 78.2); H-10 m/z 411.3540 [M+ H]*. The most abundant ion, atz 81, from
to C-8 and C-9; H-11 to C-10 and C-9; H-17 to C-18 and C-19; EIMS, due to a [furfuryl} fragment unit suggested a partial
H-18 to C-19 and C-20; and H-19 to C-20 and C-21 revealed two structure of a furan ring connected to one methylene carbon
partial structures C-1 through C-11 and a furan ring with a (—CsHs0). The IR spectrum showed the presence of absorption

2-substituted long methylene chain (see Figure 1). *Fhand*C bands of conjugated acetylene (2220 and 2150%rand furan
chemical shifts at C-xC-8 of 1 were comparable to those reported (1590, 1500, 1170, 1070, and 885 Thunits. ThelH NMR
for a related compound, 18-dibromooctadedg}d(7 E)-diene-5,7- spectrum of3 showed the presence of a 2-substituted furas at

diynoic acid!” These two parts were connected through the 7.31 (d,J = 1.2 Hz, H-B), 6.29 (dd,J = 2.3, 1.2 Hz, H-4, and
methylene chain (C-12C-16). The complete structure dfwas 5.86 (d,J = 2.3 Hz, H-3). The methylene group bearing the furan
further established by the intensive examination of EIMS fragmen- ring showed a triplet signal & 2.62 (§ = 7.6 Hz, H-1), while the
tation (see Figure 2). The fragment mfz 311 [M — COOH}* two methylene groups connected to the acetylene units appeared
confirmed the carboxylic acid group. The conjugated acetylene unit as a triplet signal ad 2.26 = 7.0 Hz, H-6 and H-11). Two
was located between C-4 and C-9 on the basis of the ion peaks atmethylene protons, #5 and H-12, showed overlapping signals
m/z 269, 245, and 221. Finally, the peakswiz 67 and 81 [furfuryl, até 1.53 (4H, quintJ = 7.1 Hz). The resonances &t1.28 (brs)
CsHsO]* supported that the furan ring was connected to C-19. From and 0.90 (t,) = 6.9 Hz, H-25) supported the methylene chain with
the above data, the structure bivas determined as 19-(2-furyl)-  a terminal methyl group. ThEC NMR spectrum provided strong
nonadeca-5,7-diynoic acid. support for the 2-substituted furan@tl56.4 (C-2), 140.6 (C-5),
Compound was obtained as colorless plates, and it was assigned 110.0 (C-4), and 104.5 (C-3. The conjugated acetylenic carbons
the molecular formula &HscOs; from the HRESITOFMS,m/z were observed as two symmetrical signalé &7.6 (C-7 and C-10)
361.2654 [M+ H]*. The IR spectrum showed the presence of a and 65.2 (C-8 and C-9), which were comparable to thosB®f
carboxylic acid (35062400 and 1685 cnt), an acetylene (2200 NMR data of the most closely related compound, 1-(2-furyl)-
cm™1), and a furan (1595, 1505, 1150, 1010 and 887 %rgroup. pentacosa-16,18-diyné [75.50 (C-16 or C-19), 75.51 (C-19 or
Esterification of2 with MeOH in the presence of SOQjave the C-16), and 65.25 (C-17 and C-18)The other connectivities were
monomethyl esteRa [0y 3.69, dc 51.9, 173.6 (C@CHjy)], sup- confirmed by COSY, HMQC, and HMBC correlations. The HMBC
porting the presence of a carboxylic acid 2nThe 'H and 13C spectrum displayed correlations of H-1 to G-@-3, and C-2; H-2
NMR spectra (Table 1) displayed resonance patterns similar to thoseto C-1and C-2 H-5 to C-6 and C-7; H-6 to C-7 and C-8; H-11 to
of 1 except for the appearance of two more methylene groups in C-9 and C-10; H-12 to C-10; and H-25 to C-24 and C-23, which
the chain, and only one acetylenic unitée 78.5 (C-5) and 81.6  revealed the partial connection in the molecule. The complete
(C-6) has been found id The COSY spectrum exhibited the partial ~ structure of3 was further established by intensive examination of
structure of three-CH,CH,CH,— units and 2-substituted furan as  EIMS fragmentation (see Figure 4). The conjugated acetylene unit
in 1. Weak correlation observed between Ho42(06) and H-7 ¢ was located between C-6 and C-11 on the basis of the ion peaks at
2.17) suggested that these two methylenes were connected througlnw'z 199, 175, and 151, while the furan ring was connected to C-1
an acetylene unit. The HMBC also confirmed the connection of according to the peaks atz 67 and 81 [furfurylf. From the above
C-1 through C-9 by showing correlations of H-2 to Cél1(79.1) data, the structure dd was determined as 1-(2-furyl)pentacosa-
and C-4; H-3 to C-1 and C-5; H-4 to C-2, C-5, and C-6; H-7 to  7,9-diyne.
C-5, C-6, and C-9; H-8 to C-6 and C-7; and H-9 to C-7 and C-8.  Compound4 was obtained as white wax, and it was assigned
The H and 13C chemical shifts at C-2C-6 of 2 were also the molecular formula §HgsO4 from the ESITOFMSmz 709 [M
comparable to those reported for the related compound, 16-+ H]*. The IR spectrum showed absorption bands of conjugated
bromohexadeca-#j,11(E),15(E)-triene-5-ynoic acid’ The com- acetylene (2220 and 2140 c#), carbonyl ester (1735 cm), and
plete structure of was further established by intensive examination furan (1590, 1500, 1070, 1000, and 880 ¢pgroups. ThéH NMR
of EIMS fragmentation (see Figure 3). The fragmentréz 315 spectrum indicated resonances of two 2-substituted furan groups
[M — COOH]J" confirmed the carboxylic acid i. The acetylenic ato 7.27 (brd,J = 1.0 Hz, H-23 and H-2%, 6.25 (ddJ = 2.3 and
unit was located between C-4 and C-7 on the basis of the ion peaks1.0 Hz, H-22 and H-24, and 5.95 (dJ = 2.3 Hz, H-21 and H-23,
atm/z 273 and 249. The other ion peaks were similar to those of an oxymethylene of an ester function at 4.04( 6.7 Hz, H-1),

1. From the above data, the structure2ofvas determined as 19-  and a methylene adjacent to a carbonyl group at 2144 7.4 Hz,
(2-furyl)nonadeca-5-ynoic acid. H-2) with an integration ratio of 1:1:1:1:1, suggesting two sym-
Compound3 was isolated as a pale yellow oil, and it was metrical furan units in the structure. The overlapping signats at
assigned the molecular formuladBl;cO from the HRESITOFMS, 2.59 (4H, t,J = 6.7 Hz) were assigned to the methylene groups
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353(6) were carried out on a Perkin-Elmer Spectrum One spectrophotometer.
283(21) 339(4) NMR spectra were recorded in CD@QIn a Varian Mercury Plus 400
253117 31161 spectrometer, using residual CHGIs an internal standard. HRES-
ITOFMS were obtained using a Micromass LCT mass spectrometer,
and the lock mass calibration was applied for the determination of

227(7)
199(26)

171(51)

81(100) 147(31)
109(15)

213(18) < 269(20) 325(6) accurate masses. EIMS spectra were measured on Finnigan Mat INCOS
/. 185¢9) 241013 297011) 50 and Bruker-HP ESQUIRE-LC mass spectrometers. Column chro-
95(54) 123(4) matography and preparative TLC were carried out on silica gel 60
Figure 5. EIMS fragmentations df with relative intensity values ~ (230-400 mesh) and RE, respectively.
in parentheses. Plant Materials. Roots ofPolyalthia e/ectawere collected from

- . Sri-Than Village in front of Khon Kaen University, Khon Kaen
(H2-19 and H-2T') adjacent to the furan rings. Resonances of four  proyince, Thailand, in January 2000. The plant was identified by Prof.
methylene groups (34, H>-9, H-18, and H-13) connecting to Pranom Chantaranothai, Department of Biology, Khon Kaen University.
acetylene units appeared as four triplet signals with the same A plant specimen (voucher number SK94001) was deposited in the
coupling constant values (6.9 Hz) @2.40, 2.31, 2.29, and 2.22,  herbarium of the Department of Biology, Khon Kaen University.
respectively. Thé3C NMR and DEPT spectra @f exhibited eight Extraction and Isolation. Air-dried roots (3.5 kg) oP. evectawere
resonances of acetylenic carbon)at8.4, 78.1, 77.6, 76.4, 66.6,  ground and extracted successively with hexane (6 8), CHCl (5
65.9, 65.6, and 65.5, revealing two sets of conjugated acetylenel x 3). a”%_Me(?H (g'f;] 3) a} rootm temperature. Tthzf_lltered Sanle'sld
units. The EIMS spectrum showed a fragmentation ion of [furfaryl] ~ WE'€ COMDINEd, and the Solvents were evaporated In vacuo 10 yie
atm/z 81, which confirmed the furan unit. The two fragment ions crude hexane (105.4 g), GB, (114.5 g), and MeOH (148.3 g) extracts,

respectively. Hexane (100 mL) was added to the hexane extract (105.4
due to thea-cleavage af/z 339 and 397 suggested thawas the g) and allowed to stand at room temperature for a day and then kept

ester. Finally, saponification was performed to confirm the structure ¢ in the refrigerator overnight. The precipitate was filtered and
by cleaving the suspected estgrwith aqueous NaOH in EtOH,  washed with cool hexane to afford a white amorphous solitl (49.6
to yield a carboxylic acid and alcoh&l. The acid product was  g). The filrate was evaporated to dryness to yield an oily brown residue
identical to the diynoic acid by comparison of the spectral data (85.8 g). The residue (10.9 g) was then subjected to silica gel (320 g)
and physical properties with an authentic sample. column chromatography and eluted with increasing concentrations of
Alcohol 5 was obtained as a yellow oil, and it was assigned the EtOAc in hexane. Each fraction (100 mL) was monitored by TLC;
molecular formula GHsgO, from the HRESITOFMSmz 371.2941 fractions with similar TLC pattern were combined to yield five major
[M + H]*. The IR spectrum showed the presence of hydroxyl (3500 fr:fggﬂ%ﬁ;z -”t)égﬁi‘;ﬂo; Eéﬁizrﬂ)ngeﬁcgr&§%%g£2?3 gjr;rﬁssr']“ca
cm™1), conjugated acetylene (2232 and 2143-&mnand furan g 9 Y

= five subfractions, designated as;FFzs. Subfraction ks (390 mg)
(1597, 1506, 1175, 1074, 1007, and 885 &rgroups. The'H was further separated by preparative TLC eluted with hexane to yield

and IC NMR spectra displayed signals of a 2-substituted furan 3 (R 0.44, 89.6 mg). SubfractionsEwas purified by preparative TLC
similar to those of parent. The signal of a methylene bearing the  eluted with EtOAe-hexane (10:90) to vyieldt (Rf 0.64, 92.3 mg).
hydroxyl group appeared at/6c 3.66 (2H, t,J = 6.6 Hz, H-1)/ Fraction k (4.67 g) was rechromatographed on a silica gel flash column,
63.3. The methylene group connecting to the furan ring appearedeluted with a gradient system of EtOAbexane, to give seven

at oy 2.63 (t,J = 7.4 Hz, H-21), while two methylene groups  subfractions (l—Fa;). Subfraction &, was purified by crystallization
adjacent to acetylene units showedg®.28 (t,J = 6.7 Hz, H-18) from hexane to yield colorless plates {189 mg). Subfraction 45

and 2.26 (tJ = 6.7 Hz, H-13). A broad singlet signal &t 1.28 was pu_rl_fled by crystallization from hexane to yield colorless plates of
corresponded to the methylene chain (HH-10). The conjugated an additional amount df (117 mg). i .

acetylenic carbons appearedbat8.1 (overlapping signals of C-14 hThe CHZCIZheXtr?Ct 5178"3hg)h was SUbJeCéfed to silica gel r‘]m"ﬁmn
and C-17), 65.8 (C-16), and 65.6 (C-15). Other connectivities were chromatography, eluted with the same gradient system as the hexane

. ! extract above, to give six fractions,FF's. Fraction F, was dissolved
confirmed by COSY, DEPT, HMQC, and HMBC correlations. The  j, ¢oo hexane to yield a white solid df (2.73 g). The filtrate was

HMBC spectrum exhibited correlations of H-21 to C-19, C-20, evaporated and the residue (15.6 g) was further chromatographed on a
C-22, and C-23; H-20 to C-18 and C-22; H-19 to C-17 and C-21; silica gel column, eluted with a gradient system of EtOAexane, to

H-18 to C-16, C-17, C-19, and C-20; H-13 to C-14 and C-15; H-12 give six subfractions, designated ds;~F 2. Subfraction Rz (30—

to C-13 and C-14; and H-2 to C-1 and C-3. The complete structure 4(_)% EtOAc-hexane) was further sgparated by_ preparative TLC, eluted
of 5was further established by the intensive examination of EIMS With CH:Cl.—hexane (40:60), to yield an additional amount3ofR:
fragmentation (see Figure 5). The fragment ionsndt 369 0.98, 224.3 mg). The band witRy 0.8 was further purified by

[M — H]*, 353 [M — OH]J*, and 352 [M— H,O]* indicated the preparative TLC, eluted with Ci€l,—hexane (30:70)_, to yield an
alcohol of5. The fragmentions atvz171, 147, and 123 confirmed additional amount oft (R 0.61, 159.5 mg). Subfraction'ds (50~

. 100% EtOAc-hexane) yielded an additional amount1o{7.54 g).
that the acetylene units must be connected between C-13 and C-18. Compound 1: colorless plates: mp 6661 °C; IR (KBF) viax 3500~

Finally, the furan ring was connected to.C-l according to the peaks 2400, 2910, 2840, 2180, 2145, 1690, 1595, 1500, 1465, 1450, 1425,
atm/z 67 and 81 [furfuryl}. On the basis of the above evidence, 1410, 1140, 1200, 1170, 1075, 1005, 880 &mH and*C NMR, see

the structure ob was established as 21-(2-furyl)heneicosa-14,16- Table 1; EIMS (70 eV)z 356 [M]* (see Figure 2); HRESITOFMS
diyne-1-ol. m/z 379.2249 [M+ NaJ" (calcd for GsH3,03 + Na, 379.2351).

Several of these compounds exhibited activities agaihsto- Compound 2: colorless plates; mp 6364 °C; IR (KBr) vmax 3500~
bacterium tuberculosisCompound2a showed the most activity, 2400, 2910, 2840, 2200, 1685, 1595, 1505, 1460, 1440, 1410, 1340,
followed by 5, with MIC values of 3.1 and 6.2&g/mL, respec- 1285, 1270, 1220, 1175, 1150, 1060, 1010, 887'¢fi and**C NMR,
tively. The methyl ester derivativela, was more active against ~ Se€ Table 1; EIMS (70 e\Vz360 [M]" (see Figure 3); HRESITOFMS
Plasmodium falciparunthan its parent, with ICso values of 3.7 ~ MZ361.2654 [M+ H]" (calcd for GsH3eOs + H, 361.2664).
and 50ug/mL, respectively. Acidd and2 showed weak antiviral Compound 3: yellow oil; IR (neat)vma 3100, 2910, 2840, 2220,

L . : . 2150, 1590, 1500, 1460, 1420, 1145, 1170, 1070, 1007, 885; éxh
activity againstHerpes simplexype 1 (HSV-1) with 1G, values NMR (CDCls, 400 MHz)6 7.31 (1H, d,J = 1.2 Hz, H-B), 6.29 (1H,

of 47.0 and 19.4«g/mL, respectively. In addition, only alcoh8l dd,J = 2.3, 1.2 Hz, H-4, 5.86 (1H, dJ = 2.3 Hz, H-3), 2.62 (2H
exhibited cytotoxicity against the NCI-H187 cell line, withdfC (7= 7.6 Hz, H-1), 2.26 (4H, t) = 7.0 Hz, H-6 and H-11), 1.64 (2H,

values of 12.4ug/mL. quint,J = 7.4 Hz, H-2), 1.53 (4H, quint) = 7.1 Hz, H-5 and H-12),
Exberimental Section 1.40 and 1.39 (4H, m, H-4 and H-13), 1.28 (24H, brs, H-3 and H-14-
xpenmental Sectio H-24), 0.90 (3H, tJ = 6.9 Hz, H-25);23C NMR (CDCk, 100 MHz)

General Experimental Procedures.Melting points (uncorrected) 6 156.4 (C-2), 140.6 (C-5), 110.0 (C-4), 104.5 (C-3), 77.6 (C-7),
were determined using a Gallenkamp melting point apparatus. IR spectra77.6 (C-10), 65.2 (C-8), 65.2 (C-9), 31.3, 29.6, 29.5, 29.4, 29.3, 29.2,
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29.1, 28.8 (C-4 and C-13), 28.5 (C-2), 28.3 (C-1), 28.0, 27.9, 22.5, (C-14), 78.1 (C-17) 65.8 (C-16), 65.6 (C-15), 63.3 (C-1), 33.0 (C-2),
19.2 (C-5 and C-12), 14.0 (C-25); EIMS (70 enyz 410 [M]* (see  30.0, 29.9, 29.8, 29.7, 29.6, 29.5, 29.3, 29.0 (C-4-C-12), 28.7 (C-19),
Figure 4): HRESITOFMSn/z 411.3540 [M+ H]* (calcd for GaHaeO 28.3 (C-21), 28.4 (C-20), 25.6 (C-3), 19.6 (C-13), 19.5 (C-18); EIMS
+ H, 411.3549). (70 eV) m/z 370 [M]* (see Figure 5); HRESITOFMSVz 371.2941
Compound 4: white wax; IR (neatvmax 3100, 2910, 2840, 2220, [M + H]* (calcd for GsHzgO, + H, 371.2872).
2140, 1735, 1590, 1500, 1460, 1420, 1175, 1140, 1070, 1000, 880 cm Antimalarial Assay. Antimalarial activity was evaluated against the
'H NMR (CDCl, 400 MHz) 6 7.27 (2H, brd,J = 1.0 Hz, H-23 and parasitePlasmodium falciparunK1, multidrug-resistant strain), using
H-25), 6.25 (2H, ddJ = 2.3, 1.0 Hz, H-22 and H-2} 5.95 (2H, d, the method of Trager and JenséQuantitative assessment of malarial

J=2.3Hz, H-21 and H-23, 4.04 (2H, tJ = 6.7 Hz, H-1), 2.59 (4H, activity in vitro was determined by means of the microculture
t, J= 6.7 Hz, H-19 and H-2}, 2.41 (2H, t,J = 7.4 Hz, H-2), 2.40 radioisotope technique based upon the method described by Desjardins
(2H, t,J = 6.9 Hz, H-4), 2.31 (2H, tJ = 6.9 Hz, H-9) 2.29 (2H, t) et al2® The inhibitory concentration (I§) represents the concentration

= 6.9 Hz, H-18) and 2.22 (2H, tJ = 6.9 Hz, H-13), 1.82 (2H, quint, that causes 50% reduction in parasite growth as indicated by the in
J = 7.2 Hz), 1.60 (8H, quint) = 7.1 Hz), 1.49 (8H, quint) = 7.1 vitro uptake of fH]-hypoxanthine byP. falciparum The standard
Hz), 1.406-1.20 (28H, m);*C NMR (CDCk, 100 MHz)¢ 173.4 (C- compound was artemisinin (§20.001xg/mL).

1), 157.0 (C-20 and C-2p 141.0 (C-23 and C-2§ 110.4 (C-22 and Antimycobacterial Assay.Antimycobacterial activity was assessed
C-24), 104.9 (C-21 and C-23 78.4 (C-8), 78.1 (C-1} 77.6 (C-5), against Mycobacterium tuberculosi$i37Ra using the Microplate
76.4 (C-17), 66.6 (C-6), 65.9 (C-1§, 65.6 (C-1%), 65.5 (C-7), 649 Alamar Biue Assay (MABAY Standard drugs, isoniazid and kana-

(C-1), 33.4, 30.0, 30.0, 29.9, 29.8, 29.3, 28.9, 28.8, 28.7, 28.6, 28.4, mycin sulfate, were used as the reference compounds (MIC-0.09
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(7)’ 109 (9)’ 95 (29)’ 81 (106) 67 (2'4), ESITbFMﬂz %09 M + carcinoma (KB), human breast cancer (BC), and human small cell lung
; y ’ . ' cancer (NCI-H187) cell lines were performed employing the colori-

o
H]" (calcd for GaHesOs + H, 709). metric method as described by Skehan and co-wofkdise reference
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