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Abstract Withaperuvms F and G, the minor constituents of the roots of Physalis peruoiano, have been formulated 
respectively, as ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
and (17S,2OS,~R~2~,3~: 5~,6~diepoxy-l~,17~.Xk~-trihydroxy-l-oxoergosta-24en-2~26-o1ide. 
-_- - -_ ______.- 

INTPODLXTION 

Withanolidc, a term originally coined [I] to designate the 
steroidal iactoncs of IVirhaniu somni/pro, embraces all 
naturally occurring CJB-steroidal lactona that may be 
chemically named as crgosta-22,26-elides or more com- 
monly as 1 -oxoergosta-2-en-22.26~elides because a great 
majority of this group of compounds have a sterotdal A’- 
1 -one system. Withanolides occur only in the Solanaaae 
and their distribution is mainly restrict& to the leaves (23. 
The roots of Phgsulis permiunu are, however, quite rich in 
withanolides and the isolation and structural determi- 
nation of several new withanolides from this source were 
reported previously 13, 63. The present communication 
describes the isolation of two minor withanolides, witha- 
peruvins F and G from the roots of P. peruviMu and 
advancement of thttr structures as (3R,6S,17G?OS,22R)_ 
4~,5~.17&201F -tctrahydroxy-3s6a-oxido- l-oxocrgosta- 
14,24-dien-22,2&ohdc (la) and (17S,2OS.22R)-2B.3~: 
5/&6&di+xy- 14a.l7~L?Oa,-trihydroxy-l-oxoergosta- 

24-en-22.26-elide (41 respectively. 

R?X;I.Ts AND DI!X:U.SSlON 

Withaperuvin F(IR),C~~H,,O~ wasrccognizcd tobea 
~7,2~ihydroxywithanolide, like its congentrs C3.53. 
from its mass spectral peaks 17, SJ at m/z 125 (a), 152 (b) 
and 169 (c) and from the diagnostic ‘H NMR signal at 
64.66 as a double doublet [Z] due to the carbinyl 
hydrogen at C-22. Unlike typical withanolides, withape- 
ruvin F was found to be devoid of a AZ-l-one system and 
its IR absorption bands at 1690 and 17oOcm_ * were 
assigned, respectively, to z&unsaturated S-lactone and 
cyclohexanont carbonyl groups. The ‘H NMR spectrum 
of withapcruvin F showed in addition to 3H singlets at 
61.16. 1.26 and 1.28. respectively, for 18-, 19- and 21. 
methyl groups, two vinylic methyl singlets at 6 1.88 and 
1.96 for 27- and 28-methyl groups. The lone okfinic 
hydrogen signal at 6 5.20 (1 H, broad) discernible in the 
spcarum and Its band width arc reminesant of the C-15 
hydrogen signal of withaperuvin B (2) [4] and of physalo- 
tactone C 191. The spectrum also showed signals for three 

-- 

*Author to whom comspon&ncc should be addrated 

carbinyl hydrogens at 64.20.4.33 and 4.44 in addition to 
one at 64.66 for C-22-H. Of these three signals the one at 
64.44 was proved to be due to a secondary alcoholic group 
as it underwent a shift to 65.29 in the spectrum of its 
monoacetate (IbX CJoHIoOP (M l , 544). mp 132-133‘, 
prepared by acetyiation of withapcruvin F with acetic 
anhydride and pyridinc. The rc~ning two carbinyl 
hydrogen signals at 64.20 and 4.33, which remained 
unalkcted on aatylation, were considered to be due to 
methinc hydrogens bearing an oxide bridge. The gemi- 
nally coupled hydrogen signals at 62.43 (1 H, dd, J = 18.2 
and 3 Hz)and 2.60 (1 H,dd. J = 18.2 and I .6 Hz), observed 
in the ‘HNMR spectrum of lb. were assigned to a 
kctomethylcne group, the presence of which was also 
corroborated from a positive Zimmermann test [lo]. 
From irradiation experiments, this ketomethykne 
group in Ib was proved to be a part of a 

COCH2CHOCHOAcC- system as is present in witha- 
peruvin D aatate (3b). The irradiation at signal frequency 
for the methine muhipkt at 64.48 (64.33 in la) trans- 
formal the doubkt due to a hydrogen bound to the carbon 
bearing the acetoxy function at 65.29 to a sharp smglct 
and the ketomethylenc double doublets to clean gcminally 
coupled doublets (I = 18 Hz) indicating it IO be a carbinyl 
hydrogen flanked by the ketomcthykne and the carbon 
bearing the aatoxy function. Based on this observation 
and from a “C NMR spectral comparison (Tabk 1) with 
withaperuvin B (2) and withaperuvin D (3a) [ 11 J. struc- 
ture la was advanced for withaperuvin F. 

Rigorous evtdena in favour of the proposed structure 
and stereochemistry of withapcruvin F came from its 
transformation IO withapcruvin B (2) by prolonged 
hcatmg with acetic acid. The identity of the enonc. derived 
from withapcruvin F. with the naturally occurring witha- 
pcruvin B was disclosed from a comparison of their 
melting points, R, values. IR and ‘H NMR spectra. 
Withapcruvin F is the second known withaaolide bearing 
the novel 3.6-oxide bridge and the first for which the 
chemical evidence is provided. 

Withapcruvin G (4). Ct,HJ,O, (M l . X32), crystallized 
from chloroform as needles. mp 163” and showed IR 
bands for hydroxyl (33SOcm ‘), cyclohcxanone 
(170Ocm ‘Land a,&unsaturataJ 6-h~oae (169Ocm ‘) 
groupings. The presence of an unsaturated b&tone 
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chromophore was also corroborated from its UV absorp- (Table I). A comparison of ‘H and “C NMR parameters 
tion ~ximum at 236 nm (E 7400). The mass spectral of the carbinyl hydrogens and oxycarbons of withape- 

peaks at m/z 125, 152 and 169 and ‘H NMR signals at ruvin G with those of withanolides of known structure 

6 1.02, 1.10, 1.41. 1.86. 1.93 (3H, s each) and a one-proton and stereochemistry strongly suggested that the former is 

triplet [12Jat 64.85 (J = g Hz)suggested it tobea 17.20- a Z&3/3- and 5~,6&dicpoxidc like viscosalactone A (5) 
dihydroxywtthanolide. The absence of the 2-en-l-one [ 123. Accumulated evidence permitted advancement of 
system in withaperuvin G became manifest from an the structure of withaperuvin G as 4 which may be 

examination of its ‘H NMR spectrum which did not show regarded as 2&3j?cpoxide of withanoiidt E. In order to 
any okfinic hydrogen signal. Withaperuvin G is not verify the correctness of this assumption, an attempt was 

acylable and, therefore. the presence of three carbinyl made to prepare withapcruvrn G (4) by epoxidation of 

hydrogen signals at 63.14 (br, W:2 z 4.5 Hz). 3.48 (d, J withanolide E (6a) [ 13) using a methanohc solution of 

= 4.5 Hz), and 3.60 (overlapped dd. .I = 4.5 and 3.9 Hz) in alkaline hydrogen peroxide as has been reported by 

its ‘H NMR spectrum suggested the probabk presence of Pclktier er al. [ 121 but the product was a mixture in our 

a dtsubstitutcd and trisubstttutal ethylene oxide system in case. presumably due to Michael addition of methanol. 

the molecule. The presence of two epoxides tn wttha- The reaction was, however. smooth and compktc within 5 

peruvin G is also consistent with the observation that the min and gave a ~rq~nti~ttvc yield of withaperuvin G 

mokcuk having eight oxygen atoms showed two carbonyl when epoxidation of withanolidc E was performed in 

carbons and eight oxycarbons in its “C NMR spectrum DMF medium. 
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Tabk I, Carbon- 13 shiddings in withapcruvm F (la). wcthaperuvm G (4) 

and relaral withanolida 
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(IN (2) ON (4 (9 
(CDcI, + CD,DD) (C,D,N) (CD,OD) (CD,OD) (CDCl,) 

C-l 
c-2 

c-3 

C-4 

C-5 
C-6 

C-l 
C-8 

c-9 

C-10 

C-II 

c-12 
c-13 

c-14 

c-15 

C-16 

c-17 

C-IX 

c-19 
c-m 

c-21 

C-22 
C-23 

C-24 

C-25 

C-26 
c-27 

C-28 

211.2s 

43.7 I 

76.8 d 

73.3 d 
80.2 s 
14.2 d 

29.8 I 

30.3d 

29.8 d 
55.0 s 
22.0 I 

41.6 I 

55.7 s 

1512 s 

115.3 d 

35.5 I 

87.3 s 

l73q 

IS.1 q 
77.4 s 

m.3 q 
80.6 d 
33.0 I 

152.6 s 

121.5s 

166.6s 
l2.2q 

m.6 q 

ml.1 214.0 209.7 206.9 

127.2 42.3 55.6 54.9 

146.9 77.6 56.2 55.8 

67.X 74.5 35.4 14.6 
19.7 79.8 64.2 64.0 
74.4 77 3 61.9 59.6 

37.0 26.4 27.2 29.6 

33.6 35.8 33.4 31.0 

48.3 34.9 35.7 42.7 

56.9 55.8 51.6 48.6 

24. I 21.6 21.7 m.0 

42.9 35.4 347 27.3 

55.5 55.6 54.1 42.1 

150.7 83.9 82.8 56.1 

114.8 31.1 30.8 24.3 

35.7 31.4 37.5 40.7 

86.9 88.7 88.7 51.9 

17.6 rn.6 20.6 11.5 

10.5 15.3 IL3 14.5 
77.9 78.3 19.9 38.9 

22.2 19.4 19.5 13.3 

80.8 83.0 83.7 78.7 

34.5 32.8 33.2 29.8 

151.9 154.2 153.3 153.8 

121.6 121.7 121.7 125.8 

166.5 165.7 169.0 167.4 
12.6 12.3 12.3 57.2 

20.6 20.8 m.7 20.1 

The orientation of the 2Jcpoxy function in semi- 

synthetic withapcruvin G was manifest from the obscr- 

vation that 8 nuckophilc attacks the @&on of an enonc 
system preferentially from the /I-side in an analogous 
moRcule. Thus when 4/l-hydroxy withanolidc E (0) was 
treated with mthanolic alkali at room temperature for a 
short whik. it gave a methanol adduct (7), the ‘H NMR 
spectrum of which showed a one-proton multipkt at 
83.67 (W/2 2 15 Hz) due to the newly generated carbinyl 
hydrogen a~ C-3. The ’ H NM R parameters of this signal, 
which were found to be in perfect agreement with those 
reported for the C-3 hydrogen of physalactone (8) [IS], 
indicated it to be an equatorial hydrogen in a A/B cis- 
fused ring system [ 163. The methoxyl group at C-3 in this 
adduct wax thux proved to be j?. This obamotion, taken 
together with the fact that epoxidation of an enone with 
alkaline hydropn peroxide proceeds through a mochan- 
ixm analogous to the Michael addition reaction, ckarly 
showed that the orientation of the f3upoxide ring in 4 
should be like the methoxy group in 7. Withapcruvin G is 
the second natural withanolidc with a 2.3epoxy system. 

UPFXIMuVTAL 

IsooLioa pocedure. Roots of Physb pINdoll L. wue 
OOklCd~VUUMli (India) durinR the summa of 1979. 

Erunxioa of p(la~ mrtcrial was carried OUI u dacriba.i 
chcwhm 133. Repated chroma~wby (riba @, Oc E:OAc 

clua~a of tbc El@-molubk potin furnbbcd a fraction which 

was found IO be a mixturx of two componcnlr on a TLC phtc. 
Prep. TLC of this fraction on silica fd G piala yielded 
withpauvin F (ykld, 0.001%) and tithaperuvin G (O.ooO5 %k 

WirL~~in F (la). w from CHCI, as neadks, 

C~.H,,D, (M - 502), mp I74 175‘. [z]D+ 39.70’ (c 0.26. 

CHCl,); R,0.52 in &xaoeEtOAc (1:4k UVIS 22Snm 

(c 70783;IRvE,: 3450,171O. IMOcm-‘;‘HNMR (270 MHq 

CDCl,~6I.l6(3H.s. IECH,), 136(3H.s, 19CH,), 128 (3H.s. 

2lCH,),1.88(3H,~.27CH,).I.%(3H.sZ&CH,),132(IH.brd. 

J-16Hz.IbH),2.9l(IH.brd.J-16Hz.IbH),2.49(lH.&, 
2-H),2_62(IH,br.2-H~4.m(lH,k,bH~4.33(lH.m,3-H),4.U 

(IH. d, J - 6.6 Ht 4-HA 4.66 (IH, dd, J - 12 sod 5 HS 22-H), 

5.m(lH,br.I5-H~MSm/r(rrl.iot.~~~2(M’.2~359(15~2U 
(16), 186 (12A 169 (80), I52 (tOtI), 149 (85), I25 (80), 109 (76). 

Fourxl: C, 66.W H. 725%. Cak. for C,,H,,O.: C. 66.93; H, 

7.57 Y* 
Wirbpr?win F OcCfarC (lb) wal m (AcaO. py) u 

ncrdks from EtOAc. mp I32- 133”. [alo + 40.2” (c 0.4 CHCl, k 

IR ~2, 33500. 1735, l7m. 17OOan - ‘; ‘H NMR (270 MHz_ 

CDCl,)z61.l6(3H.~, l&CH,), 135 (3H.s l9CH,), 1.29 (3H.s. 

2lCH,). 1.88 (3H. I. 27_CH,), I.% (3H.s. 28-CH,), ZIO (3H, s. 
OAc), 2.29 (IH. br 1. J - 16.7Hz. I&H). 2.91 (IH. 6r d, J 
- 16.7Hz,lbH),ZW(IH.dd.J - 18.2aad3)42-H),260(IH, 

dd.J- l8~a~d1.6Hz.2-H).4.3l(lH.d4J-83~dl.2Hr.b 

H),4.48(IH.n.3-H),5.29(lH.d.J -6Hr.CH),4.65(IH.dd.J 
- 10.6 and 6.1 Hz. 22-H). 5.19 (IH. k S, ISH)i “CNMR 
(CDCI, + CD,ODt. [C,+,] 209. I(s). 44.2 (I). 76.3 (a), 75.6 (a), 
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\ OH ,-im Ho ’ 

* 0 c”:l:P 0 0 

0 0 OH 

0 I &I 

0 
HO R 

ba R-H 
bb R = OH 

78.5 (J). 71.2 (4 29.8 it), 30.2 (4 29.8 (n). 54.9 is), 22.3 UL41.7 (I), 
S6.1 (s), I SO.6 (s), 1 IS. 1 (d). 35.4 (c). 87.2 (s), 17.4 (4). IS.3 (q), 77.0 
(I). 20.5 (q), 80.3 (d). 33.0 (rl 152.2 is), 121.6 (sj. 165.8 (s), 12.4 (qA 
20.5 (qL 1726 (s. COCH,), 20.5 (q. CwH,k Found: C, 65.9Z 
H, 7.29% Calc. for C,,H,,O,: C. 66.18; H, 7.35% 

C-son of wizhoprrurtu f (18) fo WirhopcrtWn 8 (2). A 
soiutioo of witbapauvin F (0.02 8) in HOAc (1 ml) was heatad on 
I water bath for 72 hr. The solvent from the reaction rmrture was 
removed irr DMY) ami the residue was subjected to prep. TLC. 
The lower band of the chromatm developed in 
C,H,-EtOAc (I :4j, wit smped OR; eiuted with EtOAc and 
~Wiized from MeOH to yieM coiourkrs plates. mp 268-270” 
R, 0.57 (C,H,-EtOAoMeOH, 2:6: 1); rndlstutguuhrbk from 
withaperuvin B imp, co-TLC, IRK 1R (KBrk 3450, 17W 
166San”‘;‘H NMR(270MHt.CDCiJ~61.i3(3H.s.21-CH,), 
I.25 (3H.s. i8-CH,). 1.28 i3H.s. 19-CH,). 1.88 (3H.s. 2?-CH,L 
i.94(3H.s,28CH,~2.28(1H.brd,f - 16H~i~H~2.~(lH,~ 
d, I - 16 Hz. 16-H). 4.15 (1H. dd. I - I2 and 4 Hz. 22-H), 4.61 
(lH,r,J-8H~bH).5.l0(iH.brs.4-H~5.27(1H,brr,iS-HL 
5.96 (IH, d. f - 10 Hz. 2-HA 6.49 (lH, d. I - 10 Hz 3-H1. 

U’tikpprruv*l G (4k From CHQ, as needkr, mp 163‘; R, 0.48 
(hexus-EtOAc, 1:4kUVi~~2Mnm(~7~kiRv~33~, 
i7OQ i69Ocm ‘; ‘H NMR (270 MHz. CDCi,t: 6 1.02 (3H. s, 18. 
CH,). I.10 (3H. S, 2i-CH,L 1.41 (3H. 1. i9SH,L I.86 (3H.s. 27- 
CH,). 1.93 (3H, S. ZS-CH& 3.14 (iH, br I W/2 2 4.5 Hz &HI 
3.48 (iH. d. I - 4.5 Hz. 2-H). 3.60 (lH, overlopped dd, J - 4.5 
and 3.9 I+. 3-H), 4.85 (IH, f. J - 8 Hz_ 22.Hk MSm;z 
(rci. rnt.~$502 (M *, 3). 359 (3813lS (25). 301 (28L 223 (381213 

(67). 169(9OA 152(100), i25(9oA 109(90), lOS(8OA91 i%).Found: 
C, 66.75; H, 7.51 Ye C&c. for C1,H,.OI: C. 66.93; H. 7.57% 

Epoxidurion o~wirhonoiide E (6ab To a solution of withanoiii 
E(O.OSk)m HCONMc, (2mi)wuad&dH~O, (307’2 mi)and 
a pmch of KOH (co 0,Ol g) and the reaction nuxture wu kept at 
room temperature for 5 min. Ddution of the r&o texture 
wtth water (10 ml), crtractmn wtth EI~O (3 x 100 ml), chrommto- 
graphy of the ether cxtmt over uika gei aad dution with 
C,Ho EtOAc (2:3) yielded a solid (0.05 g) which crystailued 
from CHCi, as hDc nadles, mp 161’ 163”; IR u&e 3350, 1700, 
l~~-‘.‘HNMR(27OM~C~~~~l.O2(3H,~ IS-CH,), 
1.10 (3H. s, 2l_CH,), 1.42 (3H, s. 19-CH,). 1.87 (3H. s,27CH,X 
1.93(3H.s.28-CH,),3.14(1H.&s.W;2 z4.5H?.bHA3.48(lH, 
d,J - 4.5 ~~-HA~.S~(~H.O~~~~,~ = 4Sand4 Hs3- 
HA 4.85 (IH, 1. i - 8 Hz. 22-H). The compound was indis- 
tmguuhubk from withnperuvin G (mmp. co-TLC, IRL 

Formatron ofnurhanol &duct (7)jrinn 4~h~ox~~~~e 
E (41 To a soiutma of Q&hydroxywithanoiidc E (0.1 r) in 
MeOH (IO ml) was added I N mhanoir KOH (1 mi) ti the 
restton mixture was kft at room temp. for 1 hr. The -0 
mixture was then neutniued with cold &lute HCI and fr& from 
solvent under reduad pressure to furnnh a residue which was 
taken in water and extracted with CHCi,. The CHCi, cxtrsst was 
washed. dried and crysulliza( from HeOH to yield 7. mp 185”; 
‘HNMR(~~~M)~C~,~~I.O~(~H,S, 18_CH,). 129i3H,s. 
i9-CH3), 1.42 (3H.s. ZlCH,), 1.87 i3H, s. 27-CH,A 1.93 i3H, s, 
28-CH,),2.70ilH,dd.J- lSand4.SHr2-H).2.87(iH,dd.J 
= 15 and 7 Hz. 2-HI 3.29 (IH, br s, Wi2 z 5 Ht. bH), 3.33 i3H, 
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s. GCH,), 3.48 (IH. br J, It’;2 06.SHzq 4-H). 3.67 (IH, m, 5. 

tV12 z IS~3-H).4.85(IH.dd.I=9and7~~-H).Found: 

C. 64.88; H 7.78 ?& Cak. for CaPH.la: C. 65.17; H. 7.86%. 6. 
7. 
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