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Structure of (4a)-13-Hydroxykaur-16-en-18-oic Acid (Steviol) Methanol Solvate
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Abstract. C,,H;,0;.CH,0, M,=350.50, ortho-
rhombic, P2,2,2,, a=7407(2), b=14.442(3),
c=17.696 3) A, V=1893(1)A’>, Z=4, D,(flota-
tion)=1.20gcm 3, D, =1.230 gcm ™, A(Cu Ka) =
1.54056 A, w=63cm™', F(000)=768, T=
298 (1) K, final R =0.058 for 1675 observed reflec-
tions. The hydrogen-bonding scheme consists of
head-to-tail associated steviol molecules forming a
ribbon in the a direction. The methanol molecule is
hydrogen bonded to the carbonyl of the carboxyl
group (acceptor) and to the hydroxyl group (donor)
of associated steviol molecules.

Introduction. As a result of the banning of cyclamate
for use as a non-nutritive sweetener and of the
question raised regarding the possible carcinogenicity
of saccharin, a great deal of work has been carried
out recently directed toward the development of
alternative sweeteners.

Stevioside (I), the extremely sweet diterpenoid
glycoside found in the South American shrub Stevia
rebaudiana, has been valued as a sweetener by the
indigenous population. More recently, the plant
source has been cultivated quite intensively in Japan
where the product is approved for use in food.

Enzymatic hydrolysis of the diterpenoid glycoside
stevioside by the gastric juices of the snail, Helix
pomatia (Bridel & Lavieille, 1931), pectinase
(Ruddat, Heftmann & Lang, 1965) or hesperidinase
(Mizukami, Shiba & Ohashi, 1982), affords the agly-
cone steviol (II). Studies of the sweeteners of ste-
vioside analogue compounds suggest that all of the
functionality involved in receptor binding is located

0108-2701/93/040729-03$06.00

in the aglycon diterpenoid (Dubois, Dietrich, Lee,
McGarraugh & Stephenson, 1981).

The differences in the structural features of diter-
penes have an important role in their biological
activity. Thus the following structure determination
was undertaken.

0-6lu-Glu
1

’ //

¢y an

Experimental. Colorless crystals of the title com-
pound were prepared by Dr Mauro Alvarez (Depar-
tamento de Farmécia e Bioquimica, Universidade
Estadual de Maringd).

A crystal of dimensions 0.75 x 0.25 x 0.20 mm
was used for data collection. Cell dimensions were
refined by a least-squares fit to the setting angles of
25 reflections (7 < 8 < 12°) on a CAD-4 automatic
diffractometer. Intensity measurements were carried
out up to 68° in 6 with graphite-monochromated
Cu Ka radiation and employing the w26 scan tech-
nique. Reflections were collected in the range 0 to 8
for h, 0 to 17 for k and 0 to 21 for /. Lorentz and
polarization corrections were applied but no absorp-
tion correction was made. Two standard reflections
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(161, 154) were monitored every 50 reflections; maxi-
mum intensity variation = 1.2% over 19.4 h. Of the
1979 measured unique reflections, 1675 were con-
sidered observed [I>3c(I), where o(I) was calcu-
lated from counting statistics] and used in the
structure determination and refinement. The struc-
ture was solved by direct methods using the program
MULTAN8BO (Main, Fiske, Hull, Lessinger,
Germain, Declercq & Woolfson, 1980). All non-H
atoms appeared clearly on the E map corresponding
to the best figures of merit. The previously proposed
absolute configuration was assumed (Mosettig,
Beglinger, Dolder, Lichti, Quitt & Waters, 1963).

Refinement was carried out by full-matrix least-
squares method minimizing >w(k|F,| — |F.))®> with
w; ' = o(F)* + 0.00052F for observed and w; = 0 for
unobserved reflections, until all the atomic parameter
shifts were smaller than each standard deviation
(SHELX6; Sheldrick, 1976). The atomic scattering
factors used were those of Cromer & Waber (1974).

Anisotropic temperature factors were assigned to
all non-H atoms. H atoms (B=6.0A% were
included in calculated positions except for the O—H
H atoms which were located from difference Fourier
syntheses and their positions refined (O—H =
0.97 A). Final R and wR factors, omitting unobser-
ved reflections and refining 235 parameters, were
0.058 and 0.066; S =2.56. Maximum and minimum
heights in the final difference Fourier synthesis
were 0.220 and —0.272 e A3 respectively. The final
atomic parameters are given in Table 1.* An ORTEP
(Johnson, 1965) representation of the steviol and
methanol molecules with identified atoms is given in
Fig. 1.

Discussion. The previously deduced molecular skele-
ton of steviol (Dolder, Lichti, Mosettig & Quitt,
1960) has been confirmed by this X-ray diffraction
study. The structural parameters of the carboxyl
group correspond to the typical geometry of a
—COOH group (Borthwick, 1980). The torsion
angles around the C(5)—C(10) bond denote a trans
fusion and those around the C(9)—C(8) bond denote
a cis fusion. So, the stereochemistry of the tricyclic
system perhydrophenanthrene, that is part of the
steviol skeleton, is cis-anti-trans (Eliel, 1962).

The most common motif observed in the solid
state for carboxylic acids consists of pairs of mol-
ecules forming a cyclic hydrogen-bonded dimer
(Leiserowitz, 1976). Isosteviol exhibits this kind of
association (Dias Rodrigues & Lechat, 1988). In the

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
55781 (17 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England. [CIF reference: CD1002]

C20H3003.CH4O

Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (Hamilton, 1959) with
e.s.d.’s in parentheses

B, = (873U sa*a*a,a,

x y z ch(Az)
c() 0.2447 (7) 0.5078 (3) 0.5118 (3) 46 (1)
c@) 0.2619 (7) 0.4606 (3) 0.4353 (3) 48 (2)
C(3) 0.4160 (6) 0.3921 (3) 0.4342 (3) 4.7 (2)
c(4) 0.5991 (6) 0.4338 (3) 0.4575 (2) 3.6 (1)
C(5) 0.5746 (6) 0.4857 (3) 0.5341 (2) 3.6 (1)
c(6) 0.7476 (6) 0.5250 (3) 0.5684 (2) 39 (1)
c() 0.7174 (6) 0.5464 (3) 0.6511 (2) 43()
C(8) 0.5663 (5) 0.6150 (3) 0.6637 (3) 36(1)
c©9) 0.3949 (5) 0.5851 (3) 0.6209 (2) 3.6 (1)
C(10) 0.4176 (5) 0.5570 (3) 0.5371 (2) 35(1)
C(11) 0.2399 (6) 0.6537 (3) 0.6370 (3) 4.2 (1)
c(12) 0.2951 (6) 0.7552 (3) 0.6411 (3) 42(1)
c(13) 0.4684 (6) 0.7691 (2) 0.6856 (2) 3.7(1)
C(14) 0.6180 (6) 0.7154 (3) 0.6465 (2) 3.6(1)
C(15) 0.5229 (7) 0.6240 (3) 0.7496 (2) 4.3 (1)
C(16) 0.4585 (6) 0.7212 (3) 0.7610 (2) 38 (1)
can 0.4093 (8) 0.7607 (3) 0.8248 (3) 502
C(18) 0.7317 (7) 0.3532 (3) 0.4671 (3) 4.8 (2)
C(19) 0.6729 (6) 0.4930 (3) 0.3945 (2) 3.7(1)
C(20) 0.4506 (6) 0.6391 (3) 0.4841 (2) 38 (1)
021) 0.4967 (4) 0.8660 (2) 0.6905 (2) 4.5()
0(22) 0.8358 (4) 0.5256 (2) 0.4089 (2) 43(Q)
0(23) 0.5989 (5) 0.5062 (2) 0.3346 (2) 5.2(1)
Oo(M) 0.8321 (5) 0.9047 (3) 0.7477 (3) 6.8 (2)
C(M) 0.9145 (8) 0.8504 (5) 0.8021 (3) 6.7 (2)

cur)

ci2)
Fig. 1. An ORTEP (Johnson, 1965) representation of steviol.

case of the title compound, molecules related by the
twofold screw axis parallel to a associate head-to-tail
through a hydrogen bond between the carboxyl and
hydroxyl groups. The carbonyl of the carboxyl
group, which is not involved in this type of hydrogen
bonding, is hydrogen bonded to the methanol mol-
ecule. The hydrogen-bonding scheme is completed by
the hydroxyl group acting as a proton donor in a
hydrogen bond with the methanol molecule; this
explains the presence of the solvent in the structure.
The strength of the hydrogen bond between steviol
molecules may be classified as intermediate and that
between steviol and methanol molecules as weak
(Novak, 1974). Table 2 gives the interatomic dis-
tances and angles for the hydrogen bonding.
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Table 2. Hydrogen-bonding distances (A) and angles
(°) with e.s.d.’s in parentheses

X—H-Y X—H H-Y XY X—H-Y
O(21)—H(21)-O(M) 0.97 (2) 1.78 (3)  2.740 (5) 168 (4)
0(22)—H(22)--0(21y 097 (2) 1.67 (4) 2639 (4) 171 (4)
O(M)y—H(M)--0(23) 0.97 (4) 2.12(4) 2772(5) 123 (4)

Symmetry code: (i) 1+ x,3—y, 1 — z.

This work has received the support of FAPESP,
CNPq and FINEP, which is hereby gratefully
acknowledged.
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Structures of Diels—Alder Mono-Adducts of 4-Phenyl- or 4-Methyl-1,2,4-triazolidine-
3,5-dione with 11-Substituted-1,6-methano[10]annulene

By P. ASHKENAZI AND M. KAFTORY*
Department of Chemistry, Technion-Israel Institute of Technology, Haifa 32000, Israel
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Abstract. 1H,2H,5H,10H-5a,9a-Dihydro-2-phenyl-
5,10-etheno-5a,9a-methano[1,2,4]triazolo[1,2-b]phth-
alazine-1,3-dione (1), C,;oH,;sN;0,, M, =317.35,
monoclinic, P2,/c, a=8.500 (4), b=14.271 (7), c=
12.758 (6) A, B =91.97 (2)°, V =1546.67A>, Z=4,
D, =1363gem 3, ACuKa)=15418A, pu=
0.696 cm ™!, F(000) = 664, R =0.053 for 2329 reflec-
tions. Methyl 1H,5H,10H-2,3,5a,9a-tetrahydro-2-
methyl-1,3-dioxo-5,10-etheno-5a,9a-methano(1,2,4]-

triazolo[1,2-b]phthalazine-14-acetate (2), C;sH,sN;-
0,4, M, =313.31, monoclinic, P2,, a=6.421 (3), b=
10.872 g), c=10.564 (5) A, B=91.05(2)°, V=
73734 A3, Z=2, D,=1412gcm 3, A(Mo Ka) =
0.71069 A, & =0.097 cm !, F(000) = 328, R = 0.042
for 1262 reflections. 1H,2H,5H,10H-5a,9a-Dihydro-
14-methyl-2-phenyl-5,10-etheno-5a,9a-iminof1,2,4]-

triazolo[1,2-b]phthalazine-1,3-dione (3), C;sHsN,O,,

* To whom all correspondence should be addressed.
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M,=332.36, triclinic, P1, a=26.027(13), b=
10.155(5), ¢=6.147(3)A, a=9699(3), B=
93.58 (3), y=92.64 (3)°, V=1607.09 A3, Z=4, D,
=1374gem™3  AMo Ka)=0.71069 A, pu=
0.086 cm !, F(000) = 696, R = 0.088 for 3526 reflec-
tions. Crystal structures of the Diels—Alder adducts
of 4-phenyl- or 4-methyl-1,2,4-triazolidine-3,5-dione
with 11-substituted bridged [10]annulenes show that
the mono-adduct has the Alder endo configuration.
The triazolidinedione ring in each case is anti to the
three-membered ring and to its substituent.

Introduction. Many Diels—Alder reactions between
propellanes containing one or two cyclohexadiene
rings and bridged [10Jannulenes with triazolidine-
diones have been conducted by Kalo, Vogel &
Ginsburg (1977a,b), Kalo, Bloomfield & Ginsburg
(1978), Kalo & Ginsburg (1978), Ashkenazi, Kalo,
Ruttimann & Ginsburg (1978), Ashkenazi, Vogel &
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