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Abstract-The structure of lu,38,20cr,-trihydroxy-20R,22R-witha-5,24-dienolide, a new naturally occurring steroidal 
lactone of the withanolide group, isolated from Wthania somniferu, has been elucidated. The presence of a 1-0x0 
derivative was detected and compared to a synthetic product. These two compounds are considered as key 
intermediates in the biosynthesis of the withanolides, and are at the origin of the 2-en-l-one system. Two other new 
withanolides are described: 1-oxo-14u,20uF,27-trihydroxy-20R,22R-witha-3,5,24-trienolide and Sa-ethoxy-l-oxo- 
6B,14cr,l78,20-tetrahydroxy-2OS,22R-witha-2,24-dienolide. 

INTRODUCTION 

In the course of our studies on the withanolides, C-28 
steroidal lactones isolated from Withania somnijeru Dun. 
chemotype III (Solanaceae), large quantities of 
withanolide E [1,2] were required for biological testing., 
This compound exhibits antineoplastic activity and has 
immunosuppressive properties [3]. During this pilot scale 
preparation, three new withanolides (la, 2, 3a) were 
isolated from the various fractions and fully identified. 
The biogenetic implications of one of these compounds 
are discussed. 

RESULTS 

The dried leaves of W. somnifera chemotype III, grown 
in our experimental plots, were collected and extracted 
with methanol as described [4,5], and the mixture was 
resolved in this case first on a chromatographic column of 
alumina. Following elution of withanolide E, a fraction 
consisting of four products was obtained. These 
compounds were separated on a column of silica gel. 
Compounds la, 2 and 3a are described below and the 
fourth was found to be identical with withanolide H [4,5]. 

Compound la, C,,H,,O,, in the UV spectrum showed 
absorption at A,, 226nm (E 10500). This value and 
intensity are characteristic for a single u&unsaturated 
carbonyl chromophore. The IR spectrum indicated an 
unsaturated six-membered lactone and a double bond 
(1670 and 165Ocm-‘). 

The ‘H NMR spectrum (Table 1) was characteristic for 
the steroidal structure of the withanolide group. The 
signals of two vinylic methyl groups, 27- and 28-Me, and 
the characteristic 22-H signal confirmed the presence of 
the Q-unsaturated lactone side chain of the withanolides. 
The pattern and the coupling constants of the 22-H signal 
and the chemical shift of the 21-Me were indicative of a 20- 
OH compound. Indeed, all withanolides isolated so far 
from chemotype III have this function [4,5], and by 
analogy the configurations 20R (20~) and 22R are 
assigned. The position of the 18-Me signal was similar to 
that of the other withanolides characterized by 
unsubstituted C,D rings such as withanolide D [6]. The 

mass spectrum of compound la confirmed the proposed 
structure. The fragments at m/z 333 (C,,H,,O,) and 125 
(C,H,O,) are characteristic for the cleavage of the 
C(20)-C(22) bond. The cleavage of the C(17)-C(20) bond 
resulted in fragments m/z 289 (C,,H,,O,) and 169 
(C,H, 303). Furthermore, in the fragmentation, there was 
the loss of 3 x H,O from the molecular ion (M+ at m/z 
458) as well as from the ion at m/z 333 (M+ - 125), and 
the loss of 2 x H,O from the ion m/z 289 (M + - 169) was 
also observed. These fragmentations provide good 
evidence for the presence of one double bond and two OH 
groups on rings A-B, and a 20-OH group on the side 
chain. 

In the low field ‘H NMR spectrum of compound la, no 
signals were seen for the well known 2-en-l-one system of 
the withanolides. However, only one olefinic proton was 
present. The two other signals present in the spectrum 
were attributed to the protons adjacent to the OH groups 
(5 3.99 broad octet, and 3.84 narrow multiplet). 

Two structures can account for the above data [7]: a 
lu,3/?-dihydroxy-A5 or a 2u,7a-dihydroxy-A4 system. 
Comparison with the signals observed for lu,3&5u- 
trihydroxy-6u,7u-epoxy-22R-withanolide, isolated earlier 
from an Indian chemotype [8], as well as with lu,3p- 
dihydroxycholesterol [9], lu,3u,5u-trihydroxycholestane 
[lo] and l/I,3/3,3P-trihydroxycholestane [lo], provided 
support for the proposed lu,3B-dihydroxy-A5 sub- 
stitution. The study of the pyridine-induced shift in the ‘H 
NMR spectrum confirmed the respective la- and 38- 
orientations of the OH groups. The sizable shift (A;::$ 
0.696 ppm) observed for the octet signal at 6 3.99 was due 
to a 1-3-diaxial interaction between the la-OH and the 
3u-H. In addition, the very low pyridine solvent shift effect 
observed for the 19-Me group (0.006ppm) supports the 
axial u-orientation of the OH at C-l, and the equatorial 
configuration of the 38-OH. The other values of the 
pyridine shift confirm structure la and eliminate the 
alternative possibility, 2a,7u-dihydroxy-A4. The observed 
signal location for the 19-Me (6 1.03) is in good agreement 
with the calculated value, 0 1.05 [7]. 

The 13C NMR spectral data of compound la (Table 2) 
can be divided into two parts: values related to rings C, D 
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Withanolides from Withania somnifera 

Table 2. 13C NMR spectral data of compounds la and 3a of the la-OH, in lb was again performed with Jones 
reagent, followed by elimination of the 3-acetoxy group 
with alkali in dioxane. A mixture was obtained, which was 
resolved by chromatography. One compound was found 
to be unreacted material (4b), while the other two were 
identified as the required 2-en-l-one (5), and the 3/G 
hydroxy-l-one derivative (4a). This synthetic sequence 
was identical with that previously used with la- 
hydroxycholesterol [9,15,16]. 

la 3a la 3a 

C-l 72.9 204.9 
c-2 38.3 129.4 
c-3 66.3 139.6 
c-4 41.4 31.0 
C-5 137.6 81.5 
C-6 125.2 69.9 
c-7 31.7 28.5 
C-8 31.3 33.9 
c-9 41.5 34.1 
c-10 41.7 53.2t 
C-11 20.2 22.9 
c-12 39.8 37.7 
c-13 43.0 55.17 
c-14 56.8 83.0 
c-15 23.9 30.1 

C-16 22.0 34.5 
c-17 54.7 88.2 
C-18 13.6 21.2* 
c-19 19.4 15.6$ 
c-20 75.2 79.2 
c-21 20.8 20.1* 
c-22 81.0 80.45 
C-23 31.5 32.8 
C-24 149.1 151.3 
C-25 122.0 121.5 
C-26 166.2 166.6 
C-27 12.5 12.5 
C-28 20.5 20.9* 
Sa-0-CH,-Me 57.5 
Sa-0-CH,-CH, 16.01 

*,?,I refer to interchangeable data. 

and the lactone side chain which are similar to those 
obtained for withanolide D [li, 121, and those of rings A 
and B which are comparable to cholesterol [13], except for 
the la-OH group responsible for the two y-effects observed 
at C-3 and C-9 (C-3: 71.6 and 66.3; C-9 50.2 and 41.5 for 
cholesterol and la respectively). Chemical confirmation 
for the structure of compound la was provided by 
oxidation of the two secondary hydroxy groups at C-l and 
C-3 with Jones reagent to give the 1,3-dioxo compound 7. 

Since compound la may be a key intermediate in the 
biogenesis of the withanolides, it was further subjected to 
biomimetic reactions, namely, the formation of a 1-0x0 
derivative 4, and then elimination of the 3P-OH, thereby 
producing the characteristic 2-en-l-one system of the 
withanolides (5). The first step for this sequence was the 
selective acetylation of the 3/j’-OH in la [14]. Oxidation 
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For compound 2, the ‘H NMR spectrum showed the 
three methyl groups characteristic of a steroidal structure 
(Table 1). The interpretation of the spectra was facilitated 
by comparison with several well-known withanolides. 
The singlet at is 1.28 for the 21-Me and the signal observed 
for 22-H (4.28) indicate that this compound had a 20-OH 
group. The low value of the signal observed for the 19-Me 
(1.37), together with the coupling pattern of the three 
olefinic protons, were consistent with a 3,5-dien-l-one 
system, since the usual 2,5-dien-l-one would display quite 
a different pattern, Confirmation was given by decoupling 
all the protons in turn and by comparing with withanolide 
I and K [4,5]. The fact that only one three-proton signal 
appeared for the 2%Me, and that a two-proton signal was 
present at ii 4.37 was good evidence for a 27-OH group. 

The ‘H NMR spectrum of compound 3a (Table 1) 
showed the characteristic signals of the withanolides. In 
particular, the 18- 21- 27- and 28-Me groups were similar 
to those observed for withanolide E and the other 
steroidal lactones having a 17a-oriented side chain [l 1. By 
comparison with withanolide E, the signal due to the 3-H 
appeared at higher field (6 6.52), which is usually the case 
when an oxygenated substituent is in the Sa-position [2]. 
The multiplicity of the 2-H and 3-H signals indicated that 
position C-4 was unsubstituted, and through double 
irradiation the two geminal C-4 protons could be 
identified: the equatorial 4a-H at 6 2.34 (J = 20 and 6 Hz, 
dd) and the axial 4b-H at 3.02 (J = 20Hz, br. d). After 
acetylation of 3a, the narrow multiple& initially present at 
3.99, was shifted to 5.15, suggesting a secondary alcohol at 
C-6. Only an axial 6/?-OH can influence directly the 

la R’ = %-OH, /j-H; R2 = a-H, /j-OH 
lb RI = a-OH, P-H; RZ = a-H; /WAC 
,e R’ = &)Ac, /I-H; R* = z-H, P-OAc 
4a R’ = 0; R2 = r-H, /&OH 
4b R’ = 0; R* = r-H, /GOAc 
5 R’ = 0; R2 = H; A2 
6 R’=O;RZ=H;A3 
7 R’ = R” = 0 

Et 
3a R=H 
3b R =Ac 
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