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Synthesis of two new chloro derivatives of the guaianolide grossmisin
and the crystal structure of one derivative
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The reaction of grossmisin (Sa-hvdroxvachiling 1) with chlorine in benzene afforded o
mixture of products, The fess polar product readily crvstallized atter chromatography. Accord-
ing 1o the X-ray diffruction data. this product has the structure of Jo 108-dichloro-1,10-
dihvdrogrossmisin, The second chloro derivative of grossmisin, viz., 8§-chloroachiltin, was
preparcd in good vield by the reaction of kictone 1 wih PCly in CHCY; i the presence of Py,
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analysis: two-dimensional NMR spectroscopy.

Natural chloro derivatives of sesquiterpenc lactones
are rather widespread in plants? and often cxhibit
pronounced biological activity. As part of continuing
studies of natural? and semisvnthetic® chioroguaianolides,
we prepared two new chioro derivatives based on the
well-known and readily accessibie guaianolide grossmisin
(sa-hydroxyvachiliiny (1), The latter 1s a compo-
nent of the above-ground part of milfoil (Achillea
micrantha Wilid )3 which is a typical plant of Central
Kazakhstan 3

~OH

Onc of these derivatives, viz., dichloride 2. was pre-
pared by the reaction of luctone 1 with chlorine in
benzene. It should be noted that cross-conjugated
dicnone a-santonin 3 under analogous conditions (but
in chloroform) also gave rrans-dichloride 4.5 However,
the latter compound is the product of addition at the
carbon—carbon double bond. which is the less substi-
tuted of the two bonds. '

Product 2 was obtained in low yield (~18%). After
chromatography, this compound readily crystallized and

cl

A

was separated from more polar admixtures of unidenti-
ficd products. The molecular structure of 2 was estab-
lished by X-ray diffraction analvsis (Fig. 1). The bond
lengths in molecule 2 are close 1o the average standard
vatues.” The seven-membered ring of the molecule adopts
a chair contformation. which is one of the most stable
conformations for cycloheptancs. The lactone ring and
the cyclopentenone fragment adopt envelope conforma-
tions with the C(7) and Ctl)y atoms. repscectivelv, deviat-
g from the corresponding plancs through the remain-
g four atoms (the average deviation from the plang is
0.002 A) by .—0.5346(8) and 0.325(8) A, respectively.
The following shortencd® intermolecular contacts in
the crystal of compound 2 are worthy of norte:
O(h . H(O(H). 241(10) AT O3)..HiC 1N, 2.37(5) A.
and CI(2)...H{14), 2.89(9) A

The '“C (Table 1) and 'H NMR spectra (sce the
Experimental scction) were interpreted with the use of
the two-dimensionai 'H—'H (COSY) and '"C—~'H
(COSY and COLOC (7 Hz)) spectra. The singlet signal
at 8 74.36 in the C NMR spectrum was assigned to the
C(ly atom based on the fact that the two-dimensional
COLOC NMR spectrum has a cross-peak caused by the
corresponding carbon atom and the H(3) atom.
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Fig. 1. Molecular structure of dichlorolactone 2

Chloride 5. which is a product of replacement of the
hydroxy group by the chlorine astonm, was smoothly
formed upon treatment of lactone 1 with phosphorus
pentachloride 1 CHCL; in the presence of pyridine at
room temperature. As expected,? the asymmetric center
at the C(3) atom adopts a configuration reversed with
respect to the ininal configuration, which s evident
from a comparison of the vicmal spin-spin coupling

constants Jg ys and Jygp i the '"H NMR spectrum of

product 5 with the analogous spin-spin coupling con-
stants for 8a-hvdroxy derivative 2 (see the Expertmental
scetion).

Experimental

The meiting points were deiermined on a Boctius instru-
ment. The IR spectra were recorded on o Vector 22 instrument
m CHCI: The UV spectra solutions in EtOH) were oblained
on a Specord UV VIZ instrument. The NMR spectra were
measured on a Bruker DRX-300 spectrometer (300,13 and

Table 1. Data of C NMR spectroscopy for compounds 2

and 5 (8)*

Atom 2 3 Atom 2 5
Cily 74368 13121 s C{9) 38,731 16071
C2y 19772 193.20 % Ca0) 69835 147335
C{3y 13003d  135.72d Cily 38194 39.36 d
Ctdy 17379 16949 s C(12y 177.98s 17707
C(3) 60404 d 33.85d C13y 1043y 1229 g
Ceoy Fe.51 d 7s7d Ci1dy  304by 23374
Cihy  49.224d 54.72d Ci13) 1906 g 19.67 g
Ci8) b5 d 5399 d

* The assignment of the signals was made based on the data of

the two-dimensional *C—1H (COSY and COLOC) and "H--'H
(COSY) NMR spectroscopy.

125.76 Mtz for ' oand BC, respectively) in CDCH; with the
use of standard programs (Bruker) for recording two-dimen-
stonal COSY and COLOC (7 Hzy NMR spectra. The high-
resohition mass spectra (EL 70 ¢V) were obtained on a Finmigan
MAT 8200 imvtruiment. The optical rotation was measured fat
3RO am) on a Polamiat A polanimeter in CHCly ¢ 1.3).

Benzene was shaken with several portions of concentraied
H)SOy (10% by vohune) for 20=30 min cach until the acidic
layer ceased 10 turn colored. Then benzene was washed with
water. o 10% NaOH solution. and once again with water. dried
over anhydrous CaCly. and distilled.

Pyvndine wus dried with granulated KOH 1or 3 davs and
then distitled over BaQ).

Column flash chronttography was carricd out on Si0,
(Chemapol L 407100 wm). TLC was performed on SHutol
plates: spots were visualized by spraving with a 1% vaniilin
solution in H-SO4 and o 1% agueous sotution of KMnO,.

The starting grossnusin (1) with mop. 136—136.3 “C was
wolated from the above-ground pan of the plant dchildlea
micrantha Willd. according to a procedure reported previousfy 4

ta, 10B-Dichloro- 1, 10-dihydrogrossmisin (2). Dry chlorine
(which was drivd by passing through vessels containing concei-
trated H>S50,. sofid CaO. und solid P40y was bubbled through
asolution of factone 1200 mg) in PhH (10 mL) at 20 °C for
30 min until the starting compound | was compietely consumed
(TLC controb). Afier removal ol the solvent in vacuo. the
resutting crstajhine substanee was chramatographed with the
use of w2 L hexane—AcOEL mixture as the cluent to obtain i
chromatographically homogencous product (60 mg. R, 0.68).
Reerystallizatton from o 2 0 1 hexane—AcOED mixture attorded
dichlorolactone 2 i a vicld of 45 me (17.7%), imp. 192—194 “C.,
feelsgn™® #2697 UV, A mm: 239 (e 16080). TR, vzem™h 3610
(OH). 1777 (C=0 y-lactone), 1720 (C2)= Oy, 1630 (C=C).
1349, 1262 HI79 1063, 1022 980, 843, MS m/ 7 (1 196)): 282
INGECh = CHT (330, 280 IMT(3CH — CIf (10iy. 243 (23).
70 (32). 91 (34). Found. m/z 28008623 calculated for
CisH;C105: 28008661, TH NMR, 3 1.39 (d. 3 H. HC(13).
Jyyar = 75 Haoo 187 (brse 3 HLD HLCOHn: 224 (dd. H9A).
Joaop = 130 Hzo dign = 3.0 Hey 225 (bris, 3 Ho HLC(ES):
274 (dd HOOBY. Uy o = 10.5 B2y 281 (ddd. 1 HL HeT)L Sy s =
drg = WS Hzo 4=y = 7.3 Hzy: 290 qquuntet. 1 HL HcEE).
Sy Ty T 7S 2y 33 (brdl  HO S Jy = 103 Hzy
400 (ddd, T HOHS). S g0 = 50 Hao Jygp = 55 = 105 He):
488 (1. 1 H, Hib). Jor = Jsp = 105 Hzy 614 (brso | HL
H(3)). The dita of MC NMR spectroscopy are given in Table .
The crystals were used for X-ray diftraction study.

X-ray diffraction study of compound 2 wus pertormed on a
Bruker P4 diffractometer (Mo-Ke radiation: graphite mono-
chromator: 26,6 scanning technique: 20 < 307) trom u crystal off
dimensions of 0.2 < 0,14 % 0.08 mm. The crvstals are orthér-
hombic: ¢ = 80422y, & = 12.8152). ¢ = 14.387(3) A,
V= 14827050 A% space group M2,2,2,. Z = 4. C,sH CLO,.
dege = 1493 ¢ em™ ' no= 1,450 mm~1 The intensities of
1317 independent retlections were measured. The structure was
solved by the direet method using the SHELXS-97 program
package. The positions of the hyvdrogen atoms were caleulated
geometrically. The final retinement of the structural parameters
was performed by the tull-matrix feast-squares method in the
antsotropic-isotropic (for H atoms) approximation using the
SHELXL-97 program packuge based on all F 20 wi, = 0.1277,
5 = 1.070; 263 paramcters were refined (R = 0.0449 using
1386 reflections with # > do). The absolute configuration of
molecute 2 was determined based on Flack’s parameter
(~0.07(149). The coordinates and the equivalent thermal pu-
rapeters of the nonhydrogen atoms were deposited with the
Cambridge Structural Database.
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8B-Chloreachillin (5). Pynidine (2 ml) was added to a
sotution of lactone 1 (100 mg) in CHCI; (15 mL) at 20 °C and
then fincly dispensed PCls (70 myg) was added portionwise with
continuous stirrng. After 30 min. the reaction aixture was
washed with 3% HCH (15 ml) and then with water. The
resufting solution was dried over MaSO, and the solvent was
evaporated in vacno. Chromatogruphy of the residue (a 3 0]
fight petroleum—E-O mixture as the ctuent) afforded colorless
crystals of chiorolactone 5. m.p. 1d—115 °C. |et|sq0"2 +73.3°.
The vield was 90 mg (84%). UV, A, /nme 254 (e 17100). IR,
v/em ™ 1780 (v-lactone). 1687 (C(2)=0). 1640 and 1620 (two
comjueated C=C), 1264, 1224, 1196, 1179, 1009, 867. MS,
miz Uy (%) 282 {MEGTCD] (33, 280 | MTEGICDHT (100), 263
(59, 245(26), 244 (29), 247 (13), 2001 (27). 199 (21). 187 (21,
173033 87071, 139 27y, 145 (23). 91 (39, 77 (20). 44 (22).
Found. m/z 280.088 16, calculated for C,54,-Cl04: 280.08661
THNMRLS 135 0d, 3 HL FRCUES). Ay 0 = 7.6 Hz): 2223 (brs,
3 M. HLC(I3): 240 (brs, 3 H, H;Cildn: 2.70 (dd. 1 H.
HHOA), Joga = 6.0 Hel oy g = 150 Hz): 274 (brdd. ) H,
H(7y. Jzp = 76 Hz, Jo» = 105 Hz) 2.8t (quinter. 1 H,
HOIb, Jo = Jyppy = 7.0 Hzoo 2567 (brd, | HL H(YB).
Joaon = 130 Hzpr 332 ¢d | HU FHS)y Jo = 105 H2Y: 430 (1.
PHHEO). S5 = Jo s = 105 Hz) 4533 (hrd, T HOH(S) Jgpa =

6.0 Hz. Jygy ~ 1 Hz): 6.13 (brs. 1 H. H(3)). The data of

13C NMR spectroscopy are given in Table 1.
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