Chemistry of Natural Compounds, Vol. 43, No. 5, 2007

PREPARATION AND STRUCTURE ELUCIDATION OF TWO
MINOR PRODUCTS FROM REACTION OF ARGLABIN WITH
CHLOROFORM IN THE PRESENCE OF A CROWN ETHER
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. Yu. Bagryanskaya? Yu. V. Gatilov,2 M. M. Shakirov,?
and S. M. AdekenoV

A pentachloro derivative, the structure of which was proved by x-ray structure analysis, in addition to a new
dichlorocarbene derivative were obtained for the first time by dichlorocyclopropanation of arglabin
guaianolide. The stereochemistry of the principal reaction product was established.
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We have previously described [1] the principal product from addition of dichlorocarbene to arglabin guaiénolide (
via the action on it of base and CH@hder phase-transfer catalysis conditions. Herein we continue the investigation of the
products from this reaction.
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Minor products2 and 3 from this reaction were isolated in 5 and 3% vyields, respectively. According to PMR and
13C NMR spectra, less polar prodiZavas formed via addition of dichlorocarbene to the triply substituted double bond because
resonances of the exo-methylene group did not chagne in the NMR spectrum and resonances of a cyclopropane ring appeare
instead of those for the HC(4)=C(5)—g#broup (Table 1).

The structure 08 was estalished by an x-ray structure analyé®4) (Fig. 1). This product was apparently formed
via addition of trichloromethyl anion (C£) and a proton, which were formed from CH(], to the exomethylene group
of 1. Table 1 lists the PMR addC NMR spectra of the isolated new prod8ct

According to the XSA, the asymmetric unit in the tay®f 3 contains two molecules with the same geometric and
conformational parameters within experimental uncertainty. Bond lengths in the molecules are normal [3]. The seven-
membered ring has the chair conformation. The five-membered and lactone rings have the envelope conformation with
deviations from the corresponding planes of C1 [by 0.49(2) and 0.49(2) A] and C7 [by 0.62(1) and 0.61(2) A] (Fig. 1). The
Cambridge Structural Database [4] contains one compound isoepoxy estafiatin [5] with the same configuration of the three-
membered rings. We note the same conformation of the ringaind isoepoxyestafiatin and the small difference in the
conformation of the lactone ring (twist in the latter). The molecular packidghias the following shortened contacts:
Cl1...02A, 3.18(1) A (sum of van der Waals radii 3.44 A); CI2...C578(6) A, and CI2A.CI4A, 3449(5) A (sum of van
der Waals radii 3.52 A [6]).
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TABLE 1. PMR and®C NMR Spectra o2 and3 (500 MHz, CDC}, &, ppm, J/Hz)

2 3
C atom
Oy d¢ Oy d¢
1 - 69.38 s - 7450 s
2a 2.01 (d, 16.0) 2.01 (dd, 16.0; 8.0) 3547t
2b 2.64 (dd, 6.0; 16.0) 35.73t 2.20 (dd, 16.0; 3.0)
3 1.71 (d, 6.0) 39.56d 1.83 (dd, 8.0; 3.0) 38.28d
4 - 41.35s - 40.60 s
5 2.85 (d, 10.0) 51.81d 2.61 (d, 11.0) 49.90d
6 4.33 (t, 10.0) 79.83d 4.16 (dd, 11.0, 10.0) 80.73d
7 2.13m 54.79d 1.40-1.59 m 51.11d
8a 1.42m 20.76 t 1.40-1.59 m 22.39
8b 1.79m - 1.85-1.93 m
9a 2.13m 3261t 2.12m 33.80t
9 1.89m 1.85-1.93 m
10 - 61.82s - 62.78 s
11 - 138.98 s 2.64 (ddd, 12.0; 5.0; 2.4) 44.35d
12 - 170.09 s - 175.72 s
13a 6.10 (d, 3.0) 118.31t 3.40 (dd, 15.0; 6.0) 52.62t
13b 5.37 (d, 3.0) 2.72 (dd, 15.0; 3.0)
14 1.25s 22.65¢ 1.29s 23.27¢
15 1.63 br.s 21.28q 1.61s 16.86 q
16 - 70.10 s - 78.90 s
17 - - - 97.73 s

Fig. 1. Molecular structure &

Unambiguous establishment of the stereochemistry for addition of the cyclopropane3remabied this question to
be addressed f@& Table 1 shows that the resonances for C-16 if3&IMR spectra of these two molecules differed sharply
(by 8 ppm). This indicated that the environment of C-16 was different in thePnit lmas strongly deshielded by the epoxy-
ring and its resonance shifted strongly to weak field. Thus, the stereochemistry of addition of the dichlorocyclopropane ring
in 2 was opposite that f@& and is described ag33.

Elucidation of the differences tand3 from thel3C NMR spectra enabled the stereochemistry of the main product
from the reaction4) to be examined again. It was proposed@43due to the lack of through-space spin—spin coupling of
3H-15 and H-5 in the PMR spectrum [1]. However, this turned out to be unimportant because this coupling was not observed
in the PMR spectrum d&, the molecular structure of which we unambiguously proved by XSA in the present work. On the
other hand, the chemical shift of C-16 (76.25 ppm) it #eNMR spectrum of was similar to that for thecB4a-cyclopropyl
derivative 3 (78.90 ppm, Table 1). Thus, the main product from reaction of dichlorocarbenk @hdhas the same
stereochemistry of addtion for the cyclopropane ring to C-3 and C-4 as tBat for
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The PMR spectra ¢f were recorded in acetong:@f 2 and3, in CDClL. However, chemical shifts of resonances in
13C NMR spectra, as is well known [7], are almost independent of the solvent used.

In conclusion, we note that formation of the trichloromethyl derivative of the sesquiterpene lactone during the studied
reaction was unexpected.

EXPERIMENTAL

The course of reaction and purity of products were monitored by TLC. TLC used Silufol plates with development by
spraying with aqueous KMnf3olution (2%); column chromatography, Armsorb silica gel. Dicyclohexyl-18-crown-6 was used
as received. Megng points were determined on a Boetius instrument. IR spectra were obtained on an Avatar 360 ESP
instrument in KBr. NMR spectra were recorded on a Bruker DRX-500 spectrometer (operating frequency 500.13HHz for
125.76 MHz,13C; 5-scale) using standard Bruker programs to record two-dimengigaatH and13C—H COSY spectra.
Mass spectra (El, 70 eV) were obtained in a Finnigan MAT 8200 instrument. Optical rotation was measured (at 580 nm) on
an Atago Polax-21 polarimeter. Starting lactérveas isolated from the aerial partAstemisia glabellaKar. et Kir. [8].

Reaction of 1 and Dichlorocarbene Dicyclohexyl-18-crown-6 (30 mg) and aqueous NaOH (2 mL, 50%) were added
to CHCL (3 mL). The mixture was stirred, treated after 15 min Wii00 mg, 0.4 mmol), stirred vigorously at room
temperature (15.5°C) for 4 h, treated with water (2 mL), and extracted with;@BI€I3 mL). The organic layer was dried
over N3 SO, and filtered. Solvent was removed. The solid (220 mg) was chromatographed over a column with elution by
petroleum ether and EtOAc to isol@€100 mg, 61%)2 (7 mg, 5%), an® (6 mg, 3%), respectively.

1,10B-Epoxy-3,43-dichloromethano-5, 7a,6(3(H)-guai-11,13-en-12,6-olide (2).Colorless crystals, mp 154-156°C,
R 0.32 (EtOAc:petrol. ether, 2:4),,6H;805Cl,.

IR spectrum (KBry ., Cm1): 3023, 2993, 2975, 2928, 2898, 2883, 178a¢tone C=0); 1670 (C=C); 1436, 1409,
1383, 1337, 1307, 1296, 1251, 1231, 1219, 1194, 1179, 1156 (epoxy); 1138, 1126, 1104, 1066, 1030, 1004, 974, 958, 941, 922
884, 873, 849, 836, 816, 711, 669 (C-Cl); 646, 629, 509, 487, 447, 433.

Table 1 lists the PMR anidC NMR spectra.

1,10B-Epoxy-3,4a-dichloromethano-13-trichloromethyl-5, 7a(H),6,113(H)-guai-12,6-olide (3).Colorless crystals,
mp 160-163°CR; 0.81 (EtOAc:petrol. ether, 2:4).

IR spectrum (KBry, cm1): 2996, 2926, 17824lactone C=0); 1459, 1449, 1430, 1416, 1381, 1315, 1277, 1238,
1204, 1177 (epoxy); 1155, 1125, 1100, 1051, 1026, 1000, 982, 970, 930, 873, 845, 819, 798, 785, 772, 729, 700 (C-ClI); 678,
652, 626, 602, 572, 552, 500, 483, 422.

Table 1 lists the PMR anidC NMR spectra.

Mass spectrum (El, 70 eWyz I, %): 448 (5) [M[, 413 (7), 411 (5), 377 (6), 375 (6), 331 (5), 311 (7), 309 (5),
283 (7) 281 (8), 259 (6), 258 (6), 256 (9), 255 (6), 253 (6), 241 (7), 233 (7), 223 (5), 207 (10), 205 (15), 2037Y),), 193 (
191 (6), 189 (7), 187 (7), 181 (6), 179 (19), 178 (6), 177 (22), 175 (5), 171 (7), 169 (8), 165 (16), 163 (10), 161 (7), 157 (7
155 (6), 153 (7), 151 (6), 149 (6), 145 (7), 143 (15), 141 (12), 139 (10), 137 (12), 135 (10), 131 (6), 129 (9), 128.(®), 127 (
125 (11), 123 (9), 119 (7), 117 (9), 115 (11), 113 (8), 111 (10), 109 (14), 107 (7), 105 (9), 103 (6), 101 (7), 99 (9), 97 (12
93 (5), 91 (23), 89 (11), 87 (5), 83 (5), 82 (7), 81 (13), 79 (15), 77 (20), 75 (10), 71 (15), 69 (16), 68 (8), &2.17), 65
55 (35), 53 (11), 43 (100), 41 (28), 39 (11), 27 (6).

The XSA of3 was performed on a Bruker P4 diffractometer (Mm-t@diation, graphite monochromator) @&426-
scanning for @ < 48°. A total of 3471 reflections was measured, of which 3152 were indepengent0(B281). Absorption
corrections were applied by integrating over the crystal faces (transmission 0.880-0.905). The structure was solved by direct
methods using SHELXS-97 programs and was refined by anisotropic full-matrix least-squares methods using the SHELXL-97
program over all reflections. Rtiens of H atoms were fixed geometrically and refined by the standard "rider" model.
Crystallographic data: monoclinic system, space gP@ypa = 6.343(2)b = 19.985(5)¢ = 15.809(4) A3 =91.31(2)°,
V =2003.5(10) &, C;7H,¢Cl503, Z = 4,pcqc= 1.487 g/crd, u = 0.738 mmt, size 0.16 x 0.25 x 0.8 mm. Final R-factors were
WR, = 0.1802R = 0.0938S= 1.014 for all reflectiondgr = 0.0671 for 2079 reflections with F ®@&). The absolute structure
parameter (Flack parameter) was 0.03(13). Crystallographic d&avéme deposited in the Cambridge Structural Database
under number CCDC 609346.
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