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AMmet-Three new withanotides (Css steroids p~seasing a dmembered ring lactone in the side chain) 
have been isolated from Wit- somr@ra (Manaceae) growin in South Africa and characterized as 
4~hydroxy-l-oxc-Sp,6Bepoxywitha-2,24dienolide (IIIa), 4p,2Ou,(R)dihydroxy-I-oxo-Sp.6@epoxywith- 
Z-enolide (IV@,1 and 4B-hydroxy-lsxo-SB.6&cpoxywith-2cnolidc (Va). The major steroidal components 
of the above plant ate the known with&in A (4fI,27dihydroxy-l-oxo-S~6I!-epoxywitha-2,24dienolide) 
and withanolide D (4B,2~(R~ihydroxy-l-ox~5~,6gcpoxywitolide). The structures 
assigned to compounds 1114 IVa and Va are based on spectral evidence (NMR, IR and UV), analysis of 
their fragmentation under electron impact, as well as on chemical degradation to known compounds. 

IN PRRVIOUS publications 1-6 we dealt with the structure of the withanolides, a new 
series of Czs steroidal lactones occurring in plants of the Solanaceae family. In the 
present paper the results obtained following a chemical investigation of Witha& 
somniferu raised on experimental plots in our nursery at Beth Dagaan, Israel, from 
seeds obtained from South Africa! are described. 

* Part X, see ref. 5. 
t The name “withanolidc” has been proposed by us3 for this new type of steroidal lactones characterbed 

by a 9 C atoms side chain with a dmembered ring lactone. 

In the description of the basic skeleton of the withanolides, C atoms 27 and 28 have not been included; 
since 1966 SCVCIXI menhen of thin group of compounds, have been isolated from natural sources, and in 
all of them these two C atoms wxc preacnt ; it seemed therefore justified5 to describe the withanolides 
with a C-28 basic skdeton; even more so, from a biogenetic point of view, the withanohdes can be con- 
sidered as pousssing a highly oxygenated choleetane type side chain btaring an extra Me proup at c-24. 

: In partial fuKRment of the requirement for the Ph.D. degree at Tbe Feinbeq Graduate School, 
TheWeiamamtIMtItuteofs&uce. 

0 l’he stereochemistry at C-20 is accordirg to Fieser’s designation.” 
(1 A comparative study of WMan&a wnw@f em WOW&3 in difh%cnt gqraphic areas will be published 

ClSCWhL?Ri. 
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Chromatography of the crude methanol extract obtained from the leaves resulted 
in the separation of five withanolides. The main component (about 90% of the total 
amount of crystalline product and -0.9% of the dried leaves) was identified as 
withaferin A (Ia)‘-’ well known from our previous studies on W. sommiferu chemo- 
type I (Israeli origin). The second compound present in much smaller proportions 
(-OG5% of the dry leaves) was identified as withanolide D (IIa)’ previously isolated 
as the main component of W. somnifea chemotype II (from Israel). The three com- 
pounds (IIIa, IVa and Va) which have been obtained in small quantities (-OWl3, 
005 and 0003% respectively) have not yet been encountered. 

The NMR spectrum of IIIa, m.p. 268-269”, mol wt 454, afforded all the structural 
information necessary for its characterization (see Table 1). The signals of the relevant 
protons of the carbocyclic system are found at the same position with similar patterns 
as the corresponding protons in compounds Ia and IIa Analysis of the signals due 
to the protons of the side chain lactone leads to the conclusion that the C-22H 
exhibits the same multiplicity as in compound Ia whereas the position of the two 
oletinic Me groups at C-24 and C-25 parallels the chemical shift of the corresponding 
methyls in IIa. 

The presence of only one secondary OH group (at C-4) was confiied by preparing 
a monoacetate IIIb characterized by the expected shift of the C-4H signal, From 
6 3.76 (IIIa) to 6 460 (IIIb). The UV absorption of IIIa (& 215 nm E 17,500) indicates 
two .overlapping bands, one due to the ag-unsaturated ketone in ring A and the 
second to the a&unsaturated lactone. Catalytic hydrogenation of IIIb proceeded 
with the rapid absorption of one mole of hydrogen to yield a dihydroderivative (VI) 
identical with that obtained by reduction of Ib (following absorption of two moles 
of hydrogen). 

The structure of IIIa is therefore unequivocally established as 4g-hydroxy-l-oxo- 
5g,6gepoxywitha-224dienolide. 

The characterization of compound IVa is based on the analysis of the spectral 
data as well as by degradation to the pregnane derivative VII which has been inde- 
pendently obtained by a corresponding sequence performed on IIa.’ 

Comparison of the NMR signals of IVa and IIa shows a close similarity as far as 
the characteristic protons of the carbocyclic system are involved. The high field 
region of the spectrum of IVa was clearly different from that of IIa. Instead of the 
signals of the two vinylic Me groups in IIa, two doublets [at 6 1.21 (d, J = 6 Hz) 
and 6 1.16 (d, J = 6 I-Ix)] were present implying two secondary Me groups. Since 
the UV absorption band of IVa (J,_ 214 nm, E 9500) pointed towards the presence 
of only one al&unsaturated carbonyl system in this molecule, it can be concluded 
that the 6-membered ring lactone is saturated_ Supporting evidence was found in the 
IR spectrum which showed in the carbonyl region two bands at 1681 and 1730 cm-’ 
(unsaturated 6-membered ring ketone and saturated dmembered ring lactone, 
respectively). 

Upon acetylation of IVa the mono&ate IVb was obtained, characterized by the 
expected shift of the C-4H from 6 3.75 to 6 460, together with the new signal of the 
acetoxy Me group. The catalytic hydrogenation proceeded with the absorption of 
only one mole of hydrogen, yielding the dihydroderivative VIII devoid of any 
absorption in the UV region. The reduction of the double bond (A2) in IV could be 
also followed in the NMR spectrum of VIII by the disappearance of the signals of 
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the vinylic C-2H and C-3H and the change in the pattern of the C4H (from a doublet 
at 6 460 to a narrow triplet at 6 4.58) pointing unequivocally to the equatorial 
orientation of the C4H. 

These structural assignments are confirmed through the analysis of the mass 
spectra of compounds IVa and VIII (molecular ions M+ 472 and 516, respectively). 
These spectra do not have the m/e 125 peak which is present in all the withanolides 
with a double bond (A24) in the lactone ring This peak is due to cleavage of the 
C20-C22 bond, resulting in the ion : 

OH 

In these two compounds the 100% peak (m/e 345 and 389, respectively) is due to 
the fission of the same bond and loss of 127 m.u. (the saturated lactone). The presence 
of the C-20 OH facilitates the cleavage of the C1,-C2,, bond in IVa as well as in 
VIII yielding a fragment m/e 171 (the whole side chain); the same cleavage in IIa 
leads to the formation of the ion m/e 169. Other important peaks in the spectrum of 
IVa, related to these fragmentations, are: m/e 327 (M+ - 127-18), 309 (M+ - 127- 
2 x 18), and 283 (M+ -171-18); the corresponding peaks in the dihydroacetate 
VIII are at m/e 371 (M+ - 127-18), 329 (M+ - 127-60), 311 (M+ - 127-60-18) and 
285 (M+ - 17160). 

In order to contirm the assignments of the peaks obtained in the mass spectrum 
of VIII, this compound was treated with MeOD/MeONa in order to exchange the 
two hydrogens at C, and the one at C,, with deuterium; indeed the deuteriated 
product VIII showed M+ 519. In this compound the peaks due to fragments derived 
from the carbocyclic skeleton (with the two deuterium at C,) had two m.u. more than 
the corresponding signals in the nondeuteriated VIII (m/e 391, 373, 331, 313, 287); 
the peak due to the whole side chain was now at m/e 172 one mu. more than before 
deuteriation. 

The NMR indication for the replacement of the C-25 H by a D atom was obtained 
from the signal of the C-25 Me group; in the original compound it was split into a 
doublet 6 1.21 (J = 6 Hz), whereas after deuteriation it appeared as a singlet at the 
same position (6 1.21). 

Elimination of the tertiary C-20 OH in VIII was smoothly performed with thionyl 
chloride in excess pyridine to give the corresponding crystalline enol-lactone IX. 
A similar elimination has been previously performed on a derivative of IIa but the 
product (enol-lactone) could not be purified, since already during chromatography 
on silica gel the exocyclic A20 entered into conjugation with the endocyclic AZ4 to 
give a mixture of two stereoisomeric pyrone derivatives5 

The structure of the enol-lactone IX was determined by inspection of its NMR 
spectrum and comparison with that of VIII : one could observe the disappearance of 
the signal of C-22 as well as the expected changes in the pattern of the C-20Me 
(downfield shift from 6 1.26 in VIII to 6 1.51 in IX) in agreement with its olefmic 
character. 



2212 I. KIRWN, E. GU)TTBR, A. ABRAHAM and D. LAWB 

The enol-lactone was further characterized by three important peaks in its mass 
spectrum : 498 (M+ ; looo/, peak), 193 and 180. The m/e 193 signal arises presumably 
through the fragmentation path A while the fragment m/e 180 is due to cleavage of 
ring D according to path B. 

IX 

P /o 0 

H’ 

[-PI 

/O 

\ me 
J 

mJe 193 

180 

To ascerGn these fragmentations, the SOClz induced elimination of the C-20 OH 
was repeated with the deuteriated compound VIII, yielding the enol-lactone IX in 
which the two C-2 hydrogens and the C-25 H are exchanged by deuterium (M+ 501). 
The mass spectrum of deuteriated IX shows peaks at m/e 194 and 181 instead of the 
peaks at m/e 193 and 180 in the non deuteriated compound, i.e. with one m.u. more, 
respectively. The assumption that these ions contain the lactone ring is thereby 
confirmed. 

The chemical confirmation for structure IX was adduced by conversion into 
the &ketoester X upon treatment with methanolic sodium methoxide. The structural 
changes in X as compared to IX were nicely illustrated by a new signal for the Me 
group of the carbomethoxy moiety at 6 3.68, and by the upfield shift of the C-20 Me 
signal, now exhibiting a doublet pattern at S 098 (J = 6 I-Ix). The IR spectrum of X 
(CO region) showed two bands, one at 1739 cm-’ for the ester carbonyl, and a second 
more intense band at 1709 cm-’ for the two ketones at C-l and C-22. 

The mass spectrum of the 6-ketoester showed in addition to the molecular ion 
(M+ 488) a series of significant peaks related to different cleavage processes of the 
side chain. Cleavage of the bonds on the two sides of the C-22 ketone gives the very 
important peaks m/e 157 (100% peak) and 129. The peaks at m/e 470,457 and 456 
are due to the loss of H20, Me0 and MeOH respectively. The peak corresponding 
to the McLafferty rearrangement involving the C-22 ketone and the y H(C-25 H) 
(m/e 374) is present, however weaker than the previous signals. 
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Ozonolysis of IX produced the methyl ketone VII, identical with that obtained 
from the degradation of IIa.5 The stereochemistry at C-20 in IVa is 20a(R) using the 
same criteria which served for this stereochemical assignment in compound II, i.e. 
comparison with the positions of the C-13 Me and C-20 Me in the NMR spectra of 
cholesterol, 20~ and 20&hydroxy-cholesteroL5*’ The data presented herewith. 
firmly establish the structure of IVa as 4g,2Oa,(R)dihydroxy-l-oxo-5g,6~epoxywith- 
2-enolide; the only points which remain for further study are the asymmetric centers 
of the lactone ring (Cz2, Cz4 and C,,). 

A final interrelation between IVa and IIa was attempted by preparing a tetra- 
hydroderivative of the latter, assuming that such a compound would be identical 
with VIII. Whereas the reduction of the A2 in IIb proceeded smoothly it was however, 
impossible to hydrogenate the A 24 double bond in this compound (only different 
palladium catalysts were used). 

The last compound which was isolated from the crude extract only in minute 
amounts was Va; it is related to IIIa in the same way as compound IVa is related to 
IIa, ie. Va is the 24dihydroderivative of IIIa. The relevant signals of the protons on 
the carbocyclic skeleton of Va are at the same positions and have the same multi- 
plicities as the corresponding signals in compounds I-IV (see Table 1). In contrast 
to compound IIIa, Va features two doublets at 6 1.21 and 1.11 indicating two 

secondary Me groups on saturated C atoms. These data, in conjunction with the 
ultraviolet spectrum (J,,,,,, 214 nm. E 9550) similar to that of IVa and infrared absorp- 
tion bands at 1730 and 168 1 cm- ’ , point unambiguously to the presence of a saturated 
lactone ring in Va. 

Further insight into the structure of Va was obtained by acetylation (Vb) and 
catalytic hydrogenation to a dihydroderivative XI devoid of major UV absorption. 

At this stage it is worthwhile to refer to the catalytic hydrogenation of withaferin 
A diacetate (Ib).’ The hydrogenation of Ib could be performed stepwise : reduction 
of A2, hydrogenolysis of the allylic C-27 OH, and saturation of the tetrasubstituted 
double bond in the lactone ring. The product tetrahydrodesoxywithaferin A acetate 
(XII) was however different from compound XI. 

The close similarity of these two isomeric compounds was revealed by a quasi 
identical fragmentation pattern under electron impact. 

Comparison of their NMR spectra suggested however, that the difference should 
be in the stereochemistry of the lactone ring. 

Since compound XII was obtained by catalytic reduction, a cis orientation was 
assigned to the C-24 and C-25 Me groups ; when exposed to sodium methoxide in 
methanol’ the product underwent epimerization to XIII, the Me groups becoming 
trans. 

Under similar alkaline conditions followed by reacetylation of the C4 OH, XI 
was left unchanged; it was however, different from compound XIII. When the 
reaction was performed in methanol-d,, only exchange of the two C-2H and of the 
C-25 H with deuterium took place. Compound VIII behaved in the same manner, 
suggesting a similarity in the stereochemistry of the lactone ring in both VIII and XI 
(and correspondingly in IVa and Va). 

Additional proof for the stereochemical similarity of the lactone ring in compounds 
VIII and XI was found using molecular rotation differences (A&f,) between the 
saturated lactones and the corresponding A24 derivatives (Table 2). 
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It can be concluded therefore that there are subtle differences between the lactone 
rings in the natural occurring withanolides IVa and Va and the saturated compounds 
(XII, XIII) prepared in the laboratory through hydrogenation and epimerization 
procedures. 

The conformation of the lactone ring as well as the configuration of the substituents 
at this ring (C-22 H, C-24 Me, C-25 Me) were elucidated by analysis of the solvent 
shifts of the corresponding NMR signals together with circular dichroism measure- 
ments. The following paper deals with this analysis. 

TABLE 2. ~OLECIJLAR ROTATION DIPPERENCIS (AM,) IN CERTAIN WITHANOLIDES 

Saturated lactoncs Unsaturated lactoncs 

0 H 
-.. 

10 0 0 

R 

XII MI, -495 . ,Jcr H 
-1 

0 0 

R 

XIII M, -225 

i 

a H 
‘\ 

0 

-\ 
-425.3 

ibid - 155.3 

ibid - 342.8 

-XI M, -412.5 

I 

R M, -1953 



2216 I. KIRSON. E. Gm, A. ABRAHAM and D. LAVRI 

RO RO 

RO RO 

RO RO 

0 

0 ct+ 0 
AcO 

VII 

AcO 
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AcO dihydro Vb 

tetrabydrodesoxy Ib 

A& 

tetrahydrodesoxy lb 
after epimeriation 

AcO 

EXPERIMENTAL 

M.ps were taken on a Fisk-r-Johns apparatus and are uncorrected. Optical rotations were recorded with 
an automatic Perk&Elmer polarimctez and refer to CHCl, solns. IR spectra were recorded on a Perkin- 
Elmer inhzord model 137 spectrophotometer equipped with a NaCl prism and refer to KBr pellets; 
Ws~wmrtcordedonaCary14instrumcnt;NMRspearaweredctcrminadonaVarianA~ 
spectrometer, for %loO/0 solns in CDCI,, containing TMS as internal standard TLC were carried on 
chromatoplatcs of silica gel G (McrcL) and spots were devdoped with iodine vapors. Mass spectra were 
taken with an Atlas CH4 instrument. 

Isolatfon procedure. Crushed air dried leavea (960 g) of Withada somn#ra raised from seeds obtained 
from South Africa were exhaustively extraued with MeGH (Soxhlet). The methanolic extmd was then 
concentrated to a volume of - 3 L, the same quantity of watez was added and the mixture extracted with 
hexane to remove chlorophyl and other pigmenta The residual aqueous methanolic soln was reextracted 
with ether, the ethereal extract washed with water, dried (Na,SOJ and the solvent removed to leave a 
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green residue (_ 12 g). This crude product was introduced at the top of a chromatographic column made 
up with silica gel H (Merck) (300 g), and elution was performed with mixtures of benzene: EtOAc, fractions 
of 35 ml each being collected. 

Compound Fractions No. Eluted with benzene : 
ethyl acetate 

Va 141-146 8:2 
IIIa 151-158 8:2 
IVa 185-217 812 
IIa 229-283 7:3 
Ia 327-496 6:4 

Compounds la and Ila crystaUizcd from CHCl,-EtOAc to yield 8.25 g and @47 g of with&tin A and 
withanolide D respectively, identified by direct comparison with authentic samples.‘*“. 

Compound Illa (28 mg) cry- from EtOAc, mp. 268-269”; [ah + 1015” (c, 05); v, 1690 cm-’ ; 
A_ 215 nm (e 17,500). (C&d for C$sH,sOs; M wt 454-6, Found: M* 454). 

Compound I Va (500 mg), mp. 275” (from EtOAc), [a]n + 14” (c, @3); v, 17341681 cm-‘; L 214 nm 
(e 9500) (Calcd for CIsH,,,06, hi wt 4726. Found: M* 472). 

CompoMd Va (37 mg), mp. 252” (from CHCls-EtOAc), [a]n +325” (c, 052); v, 1730, 1681 cm-’ ; 
A_ 214nm (u 9550) (Calcd for CssH.,,O,, M wt 4s6. Found: M+ 456). 

Acctylotion of Illa. Compound IIIa (20 mg) was treated with Ac,O (05 ml) in pyridine (05 ml) at room 
temp to yield IIIb (20 mg), mp. 227-228” (from EtOAc), [a]n + 191” (c, 045); v, 1730, 1690 and 1250 
cm-‘; L_ 217 nm (e 16,900). (C&d for C50H100L M wt 4966. Found: M+ 496). 

Hydrogenadon qf Mb to VI. Compound IIIb (16mg) in abs EtOH (1Oml) was hydrogenated over 
Pd-C loo/, at room temp and atm press. The reaction was discontinued after 1/2hr and the product 
crystallized from aceton&exane (14 mg), nip. 258-9”. It was identified as VI by direct comparison with 
an authentic sample.’ 

Acetylurion sf I Vu Compound IVa (450 mg) was treated as above with Ac10 (4 ml) in pyridine (4 ml) 
to yield IVb (445 mg), m.p. 237-238” (from acetonbhexane), [a],, + 112.6” (c, @27); v, i735,1681,1250 
cm-‘; & 216 nm (e 9400). (Calcd for &H,,O, ; M wt 5146. (Found: M* 514). 

Hydrogen&on of Wb to VIII. Compound IVb (400 mg) was hydrogenated over loD/, Pd-C in EtOH 
soln. at room temp and atm press. The absorption ceased after u 1 br. Tbe product crystallized from 
acxtonbhexane, mp. 274-276”; [a],, - 106” (c, @26); v, 1739,1715 and 125O~m-~; no major maximum 
absorption in the UV. (Calcd for C,,H,O,; M wt 5166. Found: M+ 516). 

Conoasion 4 VIII into the en&a&one IX. To a soln of VIII (200 mg) in dry pyridine (5 ml) at - 13” 
(ice salt bath) a soln of freshly distilled SOCl, (1 ml) in pyridine (1 ml) was slowly added. After 10 min at 
the same temp the mixture was poured onto ice, filtered and the solid washed with water, and isolated 
with CHCI,. The solvent was then removed and the residue (180mg) chromatographed on silica gel 
(005~2 mm). Elution with benzene--EtOAc (9:1) yielded crystalline product (160 mg) m.p. 163-165’ 
(from MeOH), [a]n - 1225” (c, 046); v, 1739, 1715 and 125Ocm-‘; strong end absorption in the UV. 
(C&d for Cs0H,,06; M wt 498.6. Found: M+ 498). 

Ozonolystc of1X to compound VII. A soln of IX (100 mg) in EtOAc (20 ml) was ozonizal at - 10”. The 
reaction was discontinued after lOmin, when the excess 0s was removed under reduced press and the 
residue dissolved in AcOH (5 ml) and stirred with Zn powder (100 mg) during 4 hr. Following filtration, 
ether (2(K) ml) was added. the acid removed by shaking with NaHCO,aq. the ethereal soln dried (Na,SO,I. 
the solvent removed and tbe residue (60 mg) chromatographed over silica gel H. Elution with ben.zne- 
EtOAc (7 : 3) yielded a crystalline product (32 mg), lap. 204” (from EtOAc). The compound was identified 
as VII by direct comparison with an authentic sample.’ 

AIkdine rrearmen! dlX. To a soln of IX (40 mg) in MeOH (1 ml) a methanolic soln of MeGNa (from 
10 mg Na in 2 ml MeOH), was added. After 3 hr at room temp the pH was adjusted to _ 5 (dilute HCI) ; 
most of the solvent was thtn removed, water was added and the solid which separated was isolated with 
CHCl,. Following evaporation of tbe solvent the residue (30 mp) was filtered through silica gel 005- 
02mm, yielding an amorphous white product which could not be induced to crystalliz (Calcd for 
Cz9Hl101 M wt 4886. Found : M+ 488). 
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Attempsd q&bra&~ of VIII. The dihydroacctate VIII (40 mg) in methanolic MeGNa (10 m8 Na in 
2 ml MeGH) was heated to reflux under N, during 4 hr. thm acid&d to pH _ 5. The product wan isolated 
with CHCI,, the solvent wan removed and the residue rcacetylatcd with Ac,O in pyridine. The product 
which w= obtained following this treatment wan found identical in all reapecta with the original compound 
VIII. 

Deutmiatkm cf VIII. A similar treatment as above but performed in presena of MeOD yielded the 
trideuterio VII. Following reacetylation, the M wt of the product was found to be 519 (mass spectrometry). 

Acetylat&n of Va Compound Va wan acctylated in the usual conditions and afforded the monoacztate 
Vb, mp. 213” (from EtOAc), [a],, + 124” (c, 050); v,,,, 1739,168l and 1250 cm-‘; II, 216 nm (e 9480). 
(C&d for C30H,106, M wt. 4986. Found: M+ 498). 

Hydrogenation of Vb to the dihydroderioatiae XI. The reaction was performed with 28 mg of product as 
described for IVb. Compound XI (27 mg), crystallized from MeOH, m.p. 241-242”, [a] ., - 85.5” (c. 022) ; 
v, 1739, 1715 and 1250 cm-’ ; no major maximum absorption in the UV. (Calcd for C&,H,Oe, M wt 
500.6. Found : M+ 500). 

Attempted quilibrmion of Xl. The reaction was performed on 16 mg of product aa described tor VIII. 
The unrau3ed starting material was mvercd. 

Deu&riation 4x1. Tbe deuteriation was done as for VIII. In the NMR spectrum, the doublet of the 
C-25 Me (a 1.22 J = 6 Hz) present in XI before deuteriation appeared now as a singlet with the same 
chemical shift. M wt (following reacctylation) 503. 
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