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Abstract — Acetylation with acetic anhydride of ¢483,133)-16-hydroxy-13-methyl-17-norkaurane-18-car-
boxylic acid and its methyl ester, obtained by reduction of isosteviol angiBf4133)-18-methoxycarbonyl-
13-methyl-16-ox0-17-norkaurane, respectively, gives rise i@,83,133)-16-acetoxy-13-methyl-17-norkau-
rane-18-carboxylic acid and ¢48p3,133)-16-acetoxy-18-methoxycarbonyl-13-methyl-17-norkaurane. The
molecular and crystal structures of the compounds were established by X-ray diffraction.

Earlier we studied reduction with sodium boro-a broad band of stretching vibrations of associated OH
hydride with the tetracyclic kauranoid isostevidl) ( group at 3540 cnt.
isolated fromStevia rebaudiana Bertorand obtained
an individual reduction product of the keto group at To detect the possible admixtures of sterecisomeric
C'® namely, (4.,88,133)-16-hydroxy-13-methyl-17- reduction products of isostevioll)(and its methyl
norkaurane-18-carboxylic acid (II) [2]. It was found ester (Il ), we performed acylation of crude hydroxy
that the reaction occurs with a high degree of regioderivatives Il and IV with acetic anhydride. It is
and stereocontrol as a result from the attack of th&nown that alcohol acetates as less polar products are
borohydride anion from the least sterically hinderedbetter separated by TLC than the corresponding al-
side of the isosteviol keto group, leading to a productohols. This approach was earlier used to reveal as
with gaucheorientation of the hydroxy group at'€ acetate a small admixture of the isomeric product in
and the methyl group at'€ The structure of hydroxy- the starting alcohol [4]. The compositions of the
acid Il was established by X-ray diffraction [2]. mixtures resulting from acylation of compoundis
and IV with acetic anhydride were studied by TLC.
In the present communication we report the result8oth with hydroxyacidll and with hydroxyestetV,
of reduction of isosteviol methyl estelll(), acylation the acetylation smoothly occurs in excess acetic an-
of the resulting hydroxy derivativdV, as well as hydride, involving the hydroxy group at*€ and
acylation of hydroxyacidl . Methyl esterlll was ob- vyielding acetatesV and VI, respectively. Thin-layer
tained by the reduction of isosteviol)(with diazo- chromatography revealed no isomeric admixtures. The
methane by the scheme described in [3]. The redustructure of compound¥ andVI was proved by'H
tion of methyl esterll with sodium borohydride in  NMR and IR spectroscopy. ThiH NMR spectra of
the same conditions as of isostevid) fesults in a acetates/ andVI show, along with a complex set of
highly selective formation of @,883,133)-16-hydroxy- signals of the tetracyclic kaurane skeleton, singlets at
18-methoxycarbonyl-13-methyl-17-norkauranelV). ~ § 2.00 and 2.13 ppm, respectively, due to O
From the reaction mixture which, according to TLCprotons. The IR spectra of these compounds contain
data, contained a single component of the kaurange CH,COO bands at 1723/ and 1740 YI) cm™.
structure we isolated compound . The IR spectrum _ _ _
of the latter lacked the ketone C=0O absorption band Thus, isosteviol I and its methyl esterli{ ) were

of the starting ketondil at 1740 cri* and contained educed with sodium borohydride to obtain stereo-
isomerically pure hydroxy derivativesl and IV,

whose reaction with acetic anhydride gave acetstes
1 For communication 1ll, see [1]. and VI.
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By analogy with the previously established stericing torsion angle 36(1)] is consistent with that we
structure of compoundl [1], we can propose that determined in isostevioll} [30.5(4)f] [5]. The dis-
compoundV, too, has the 13-Ckigroupgauchewith  tance between ¥ and in methyl esterlll is
respect to 16-OH, which should result from the factsmaller than the sum of the van der Walls radii of
that the hydrogenating agent approaches from the lea$iese atoms. This follows from a comparison of
sterically hindered side of the keto group at®C certain nonbonded distanced)(in compound Ili

the sum of the van der Waals radiiR) of carbon

For conclusive structural assessment of compoundsioms is 3.44A: the =R for carbon and oxygen atoms
I -VI ww used X-ray diffraction analysis. The result-;5 3 12 Al ’

ing structures are depicted in Figs-4l The crystal

cell of VI contains two symmetrically independent ct.ctt 293 ce.c* 230
molecules. The structures of the tetracyclic parts of cte.c® 317 co.ct’ 253
moleculeslll -VI are in general similar to each other cte.ctt 281 ¢’.ot® 201
and to the structure of isostevidl)(and its reduction cte.ct2 245

rp;g%écﬁgé dhe:cribed inrc[igr’l 5]t' T?(erchirglff?to?snindtlle HydroxyesterlV obtained with a high degree of
ules have, according 1o A-ray ailiraction datagiq anselectivity by reduction of methyl esttr with

the foIIowmg9 absolute configurationsRY-C”, (9-C>,

(R-C8, (9-C°, (9-C°, and ©-C'3. KauranedV -VI

1
have one more chiral atomR)-C'®. cl7

The functional groups (carboxyl, ester, acetate)
have published parameters [6]. The characteristic |
torsion angles are listed in Table 1. The torsion angleg,C
in compoundslV-VI are rather close to each other. =7
At the same time, the ester group in isosteviol methylO
ester (Il ), by contrast to what is observed in the other
molecules, is turned about thé-@C*®bond so that the
methoxy group at €& and the G°H, group are in the
anti position with respect to the tetracyclic carcass
(Table 1, Figs. 24). Moreover, the conformation of Fig. 1. Molecular geometry of (@,8p,133)-18-methoxy-

the Ct’Ct3c!®01'® fragment in this compound is close  carbonyl-13-methyl-16-oxo-17-norkaurane 111§  in
to syn-periplanar The magnitude of the correspond-  crystal (hydrogen atoms are omitted).

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 71 No.7 2001



1146 AL'FONSOQV et al.

H¥ 0 ez 9 Hil g [1H# AH
\ ct l B {° : I cl2 17
H192] A < H12 A - C H173
32 C e
" c? H® \ H71\ > CQ. ) 171
— ’ Cl4 C13 H
‘ C19 D) p— QN = (=
H191 O C4 C5
H193 H62 . ,CZO H22 C16 (
18 c / (416
o) < I~ 202 a OH
- _ H ‘ cl5 \2
H20™ 61 s n ol6 \p 161
212 o3 H152
q CZl 2
O
e
HZl
H211

Fig. 2. Molecular geometry of @,83,133)-16-hydroxy-18-methoxycarbonyl-13-methyl-17-norkauramé) (in crystal.

sodium borohydride hasc orientation of the hydroxy automatic four-circle diffractometeiCuK, radiation,

group at C® and the methyl group at € (Fig. 2). ) 1.54184A, graphite monochromatosn/2 scanning,
SL_Jch orientation is consistent with the mechanlsm of2 <6 < 7432, scan anglewn = 1.2 + 0.35tar®,
this reaction we proposed in [2], according to whichyaried scan rate,-116.4 deg/min in8). No intensity

the nucleophilic attack of complex metal hydridesdecay of control reflections was observed during
occurs from the least sterically hindered side of the

starting ketone. Actually, the access to the reaction
center G from under the &C1°C®C!® plane of five-
membered ring D is hindered b onl_y two short intra-
molecular interatomic contacts% c!’and ¢t...c14
whereas the access td%rom the other side of five-
membered ring D is hindered by a minimum three
short intramolecular _interatomic contactst°GC?,
cte..c!? and C°®..C°

EXPERIMENTAL

X-ray diffraction analysis of compounds III-VI
(Table 2) was performed on an Entllionius CAD-4

Fig. 4. Geometry of the independent molecules &

Fig. 3. Molecular geometry of (,83,133)-16-acetoxy-
13-methyl-17-norkaurane-18-carboxylic acidV)( in
crystal (hydrogen atoms are omitted).

and (b) Vb of (4a,83,13p3)-16-acetoxy-13-methyl-18-

methoxycarbonyl-17-norkaurane
atoms are omitted).

in crystal (hydrogen
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Table 1. Principal torsion anglest( deg) characterizing conformations of functional groups in compoilhd¥|

Angle 1] \Y, Y, Via Vib
clocictéo! -68.2(7) 108.3(6) 120.1(6) 99.4(2) 99.1(2)
clociciso? 102.8(9) -65.0(8) -58.3(8) ~74.9(3) -76.9(3)
cocAcleot 56.9(8) -131.0(6) -120.6(6) -140.7(2) -141.5(2)
cictéolc?t 178.7(6) ~176.2(6) - ~171.8(2) ~173.7(2)
c*cl8otH! - - ~147.2(5) - -
cl’cl3cléplé -36(1) ~79.9(7) -82.6(7) -82.7(2) -83.9(2)
Cl3cl6ol6Hl6l _ 940(6) _ _ _
clépléc2ip?t - - 0.8(9) - -
cl6016c220?2 - - - 1.6(3) -1.0(3)

Table 2. Crystal data for compound#ll -VI and recording conditiofis

Parameter 1l v V VI

Unit cell parametefs A

a 8.887(6) 7.543(2) 7.5358(8) 12.491(5)

b 7.473(2) 14.923(3) 14.345(6) 8.576(5)

c 27.04(2) 16.750(4) 18.969(8) 39.92(2)

Volume, A3 1796(2) 1885.3(7) 2051(1) 4276(2)

Molecular weight 344.50 320.48 361.51 375.53

deqe OlCnT 1.27 1.13 1.17 1.17

Absorption coefficient, crmt 6.13 0.69 5.94 5.86

F(000) 752 704 788 1640

Range ofh, k, | 0 < h < 11, -9 < hx<o, 0<hxgo, -13 < h £ 0,
0<k<9, -18 < k < 0, 0<k<17, | 9<k<0,
33 <1 < 33 20<1<0 23<1<0 43 < | < 39

Reflections collected 4041 2219 2422 6944

Reflections 1628 970 1319 6275

with 1 > 3o(l)

Final divergence factors

R 0.066 0.049 0.053 0.042

Ry 0.067 0.054 0.054 0.055

GOF 1.668 1.600 1.215 1.972

Reflections in final refinment cycle 1092 877 1150 5971

2 The crystals of compound$l —VI are colorless, of prismatic shape, of rhombic syngony, space @B 24, in structuredll -V
Z 4, in structureVl Z 8 (two independent moleculesﬁ’. Values in parentheses are standard deviations.

measurements; no corrections for absorption wereere included in further refinment cycles with fixed
introduced; all computations were performed onpositional and isotropic thermal parameters. Attem-
Alpha Station-200 using the MolEN program packagepted establishment of the absolute crystal structures
[7]; direct decoding, program SIR [8]; full-matrix and, consequently, of the absolute molecular confi-
Ieast squares refinment; minimization d&w(jFo| — gurations oflll -VI by the Hamilton method failed.
|Fc))? no correctlon for extinction was applied; The absolute molecular configurationsidf-VI were
4F0/[cs(|) + (0.043)]% weight scheme. Hydrogen set by the absolute molecular configuration péstab-
atoms were revealed from difference electron densitjshed in [1]. Analysis of intermolecular contacts,
series after anisotropic refinment of non-hydrogenncluding hydrogen bonds in crystals, was performed
atoms, and their contributions in structure amplitudesising the PLATON program [9]. The crystal data,
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recording conditions, and refinment results are given Crude alcoholslV and V obtained by reduction

in Table 2. The atomic coordinates and geometrievith sodium borohydride of compounds and Ill
parameters of the structures are deposited in thsere acetylated by the same procedures. The reaction
Cambridge Structural Database and are also availabieixtures were analyzed by TLC on Silufol UV-254

from the authors. plates, eluents pgtroleum ethethyl acetate (1:1) and
The IR spectra were measured on a UR-20 Speg_etroleum ethediethyl ether (1:1).
trophotometer in the range 408600 cn1t in Vaseline ACKNOWLEDGMENTS

oil. The 'H NMR spectra were obtained on Varian

T-60 and Bruker MSL-400 instruments. The authors are grateful to tHéhimiya i tekhno-
(4c.,8B,13B)-18-Methoxycarbonyl-13-methyl-16- logiya pererabotki vozobnovlyaemogo rastitel’'nogo
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0.77 g of compoundll in 70 ml of methanol, heated ’ y supp

to 5C°C, we added 2.0 g of NaBH The reaction by the Fundamental'nye issledovaniya i vysshee

mixture was left to stand at room temperature forobrazovan|eRu55|anAmer|can Program (BRHEREC

2 days, after which it was poured into water acidifiedgram no. 007).

with HCI, and the reaction product was extracted with

diethyl ether (350 ml). The combined ether extracts REFERENCES

were washed with water, dried with MgGCand the o :

ether was removed to obtain 0.62 g (80%) of com-" Sgsglfiunlilll(n’ Ié'i"Aé\ﬁzkismﬁxa’ k'}/"APL;(:QZSV’://'é"

pound IV, mp 173-174C (from methanol) (163 Kowyl aev:el G I” Konovalov, A.I k Litvinov, IA i

166°C [3]), [0]2° —74.9 (c 1.59, EtOH). IR spectrum ylyaeva, sl Aoy, Al P
_J_ 1’714DC—O 3540 Oi—| L1 NMR t ’ Strobykina, 1.Yu., Strobykin, S.I., Andreeva, O.V., and

(Vb '&rgo-d) . E) p;n -)6 > 0(80 )-1 e (9;pelcorL(JgT—l Korochkina, M.G.,Zh. Obshch. Khim.2000, vol. 70,

6/, Wy ML ST LeOF g no. 6, pp. 10261034.
13-ChHy, 4-Chy); 3.59 s (3H, COOCH. 2. Alfonsov, V.A., Bakaleinik, G.A., Gubaidullin, A.T.,

(4a.,8B,13B)-16-Acetoxy-13-methyl-17-norkau- Kataev, V.E., Kovylyaeva, G.I., Konovalov, A.l., Lit-
rane-18-carboxylic acid (V). To a solution of 0.3 g vinov, L.A., Strobykina, 1.Yu., Strobykin, S.I., Andre-
of compoundil in 25 ml of pyridine we added 15 ml eva, O.V., and Korochkina, M.GZh. Obshch. Khim.,
of acetic anhydride. The reaction mixture was left to 2000, vol. 70, no. 6, pp. 1018025.
stand at room temperature for 2 days, poured intg gsetting, E. and Nes, W.R1. Org. Chem. 1955,
water acidified with HCI, and the reaction product o 20 mo. 7, pp. 88490.
was extracted with diethyl ether x50 ml). The com- - I N
bined ether extracts were washed with water, dried" Eﬁkale'”'k' g‘o"sl\;‘ag.'d”"é”’zR'f'Ra iha?'du\'}'r\'/'zi‘R"
with MgSQ,, and the ether was removed to obtain Obzar:;%w:(’hilﬁ ;L'égzujg?’ 62 1o a; ‘1'}&60' '
0.28 g (82%) of compoun¥, mp 213-215°S (from ' ' o T » PP N
methanol), @]ZDO _7%P (C 2.06, MeOH) IR spectrum, 5. Al'fonsov, V.A., Bakaleinik, G.A., Gubaidullin, A.T..,
v, cnit 1705 (HOC=Q, 1723 (CHC=0), 3260 Kataev, V.E., Kovylyaeva, G.l., Konovalov, A.l., Lit-
(COOH). IH NMR s@:trum (DMSOB‘B)_,S, ppm: vinov, L.A., Strobykina, I.Yu., and Strobykin, S.izh.
0.78, 091, 1.11 s (9H, 1O'Q,H 13-CH3, 4-CH3); Obshch. Khim.,1998, vol. 68, no. 11, pPp. 1813821.
0.85-2.12 m (kaurane carcass); 2.00 s (@€=0). 6. Cambridge Structural Database Syste¥fersion 5.18,

Cambridge, 1999.
(4a.,8p3,133)-16-Acetoxy-18-methoxycarbonyl-13- ,
methyl-17-norkaurane (V) was obtained in a simi- /- Straver, L.H. and Schierbeek, A.MolEN. Structure
lar way from 0.1 g of compounéV in 10 ml of py- Determination System. Program DescriptioNpnius,
ridine and 2.5 ml of acetic anhydride. Yield 0.08 g B.V., 1994.
(73%), mp 979%°C. IR spectrum,v, cmt: 1730, 8. Altomare, A., Cascarano, G., Giacovazzo, C., and Vi-
1740 (CHOC=0, CHC=0). IH NMR spectrum terbo, D., Acta Crystallogr., Sect. A1991, vol. 47,

(CCly), 8, ppm: 0.87, 1.10, 1.32 s (9H, 10-GHL3- no. 4, pp. 744748.
CH,;, 4-CH;); 0.85-2.12 m (kaurane carcass); 2.13 s9. Spek, A.L.,Acta Crystallogr., Sect. A1990, vol. 46,
(CH4C=0); 3.70 s (3H, COOCH. no. 1, pp. 3440.
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