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Abstract-The structures of physalins I, G and K’are established respectively as 5,6-dihydro-5cr-methoxy-6P- 
hydroxy, 4,5-dehydro-5,6-dihydro-4P_hydroxy and 5,6-dihydro-4a,Sa!-epoxy-6cy-hydroxy derivatives of physa- 
lin B. The chemistry of physalin D, and the synthesis of physalins D and I from physalin F and physalin K from 
physalin G are described. 

INTRODUCTION 

The isolation of several new physalins E, F, G, H 
and I from P. angulata and P. lancifolia and the 
structural elucidation of physalins E, F, H and .I were 
reported in previous papers [l, 21 We now describe 
the isolation of another new physalin K from P. an- 
gulata, along with physalin B, and the structural 
elucidation of physalins G (W), I (10) and K (17) are 
reported. Mulchandani et al. [3] proposed the struc- 
ture (1) for physalin D on the basis of spectral data, 
but its chemistry was not studied satisfactorily. Its 
isolation from P. angulata has provided us the oppor- 
tunity to study this compound and to compare it 
critically with its isomer, physalin E (2). 

RESULTS AND DISCUSSION 

Physalin D 

In many respects, physalin D (1) resembles physalin 
E (2). With Me,CGconc HzS04, both give rise to 
dehydrophysalin B (8) [4], suggesting that they differ 
only in the position of the two secondary hydroxyls. 
They give rise to monoacetates (la and 2a) and also 
yield two monoketones (3 and 4) on oxidation with 
Jones’ reagent. The ‘H NMR spectra of the parent 
compounds, their acetates and their ketones have been 
very helpful in confirming the structure of physalin D 
(1) as Sa,6P-dihydroxy-5,6_dihydrophysalin B. The 
‘H NMR spectral data for the 2-, 3- and 6-H of 1 and 
la were similar to those of the known 5a,6/3,17,20- 
tetrahydroxy-1-oxowitha-2,14,24_trienolide and its 
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acetate, respectively [5]. The ‘HNMR signals of the 
~CX-H (6 3.85 m) on the secondary hydroxyl in physa- 
lin D (1) and the 7/3-H (3.52 m) in physalin E (2) 
were shifted to lower field showing a narrow half- 
width at 4.80 m (Wllz = 6Hz) and 4.76 m (W,,*= 
7 Hz), respectively, in their monoacetates la and 2a, 
indicating their equatorial nature [5, 61. The 7-CH2 
protons in physalin D-ketone (3) appeared as a dd at 
3.73 (J= 10, 4 Hz) and as an overlapped signal at 
-3.2 like those of isophysalin F-7-one [2], while the 
6-CH, and 8-CH protons of 4 appeared as a multiplet 
at 3.7-3.9 (1H) and as an overlapped signal at -3.0 
(2H). The results exclude the alternative 4,5-glycol 
structure (lb) for physalin D, as it is not possible to 
secure an a-methylene ketone during oxidation. 

Physalin D (1) also differed from physalin E (2) very 
significantly in its reactions with boiling HOAc and 
POC13-Py. In the former case, physalin D (1) yielded 
the 6-acetate (la), while in physalin E (2) the 5a- 
hydroxyl was readily lost to yield anhydrophysalin E 
(5), apparently indicating that the 6/3-hydroxyl in 
physalin D (1) is obstructing the dehydration of the 
Sa-hydroxyl. With stronger reagents like Me,CO- 
cone H,SO,, however, both 1 and 2 underwent facile 
dehydration to dehydrophysalin B (8) [l]. Even 
POCl,-Py, which is known to yield isoanhydrophysalin 
E (6) from physalin E (2) [l], had an entirely unex- 
pected effect on physalin D (1). The product (7) has 
no longer the Sa-hydroxyl but contained a chlorine 
atom with the 6P-hydroxyl intact. In its ‘HNMR 
spectrum, the 4-CHZ (6 3.14, m) and also the 6(~-CH 
(6 4.16, m) protons appeared at a considerably lower 
field due, perhaps, to the halogen [7]. Furthermore, in 
the MS, the molecular peak at m/e 562 (plus an 
isotope peak at 564) and [M-36 (Ha)] peak at m/e 
526 clearly confirmed the chlorine in the molecule. 
The peak at m/e 143 was assigned to the structure (9) 
by analogy with a similar peak at m/e 125 obtained 
from withanolides [8] and physalin E (2) [l]. 
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The CD band and ORD Cotton effects of physalin D 
(1) and the chloro-compound (7) were negative like 
other A/B-trans physalins [l, 21 and withanolide-2- 
ene-l-ones [5, 91, this being consistent with the 501- 
configuration for 1. The CD spectrum of the ketone 3 
also showed negative values for the n-r* bands near 
310 and 330 nm, similar to those of some withanolides 
having a 5a-hydroxy-1,6-dioxo-2-ene structure [5]. 
This also supported the Scu-configuration for 1. al- 
though it has been reported 5~ and Sp- 
hydroxycholestanones both contribute to negative 
CD bands [IO]. 

The structure of physaiin I (10) 
Physalin 1 (10) (mp 305-306”. [aID+ 12", 

C,,H,,O,,) contained a secondary hydroxyl and a 
methoxyl (S 2.94, s) besides a methylene oxide bridge 
as in physalin B (11) [4]. Its correlation to physalin B 
(11) was established by the formation of dehyd- 
rophysalin B (8) [4] with Me,CCkonc H,SO,. Physa- 
lin I readily yielded a ketone (12) with Jones’ reagent. 
The ‘H NMR resonances of the proton (6 3.84, vn) 
geminal to the secondary hydroxyl in physalin I (10) 
and of the 7-proton (3.83. m) in the ketone (12) 
resembled those of physalin D (1) and its &one (3), 
respectively, thus supporting its location at C-6. At- 
tempts to acetylate physalin I (10) with AC,@Py at 
100” resulted in the formation of a conjugated dienone 

2 R=H 
2a R=Ac 

5 

(13), AF,CH 325 nm (E 9200), which contained three 
olefinic protons (6 5.82, dd, J= 10. 2 HZ for 2-H; 
6.81, dm, J- 1OHz for 3-H: 6.32, d. J=S Hz for 
4-H). The 6-H remained at 3.80. m and, therefore, 
the dienone was given the structure 13. The loss of a 
methoxyl was facile and can be due to its tertiary 
character, strongly suggesting its location at C-5. The 
neighbouring active 4-CHz in ring A readily loses a 
proton to form the dienone in this reaction. These 
experiments confirmed that physalin 1 was 5a- 
methoxy-hp-hydroxy-5.6.dihydrophysalin B (10). 

The CD and ORD spectra of physalin I (10) and its 
h-ketone (12) were very informative. The negative 
Cotton effect curve of 12 contained peaks at 360 nm 
(broad) and at 3 18 nm assignable to 11-n* transitions 
of l- and h-keto groups, respectively. The results 
emphasize the A/B-trans configuration as in physalin 
I(10). 

Finally, the structure of physalin I was confirmed by 
its synthesis from physalin F (14) [2] by the action of 
perchloric acid in methanolic solution following a simi- 
lar procedure to that used for Jaborosa lactone A 
production [8]. The product was found to he identical 
to natural physalin I (10). 

The structure of physalin G (15) 
Physalin G (15) [mp 295-196”, [aIn+ 17”, 

C,,H&,,,, G$?’ 312 nm (F 4000)] gave a monoace- 
tate (1%). The ‘HNMR spectrum of physalin G (15) 
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was similar to that of dehydrophysalin B (8), showing 
the presence of the 14-25methylene oxide bridge and 
the 13-tertiary hydroxyl as well as the 2,4-dien-l-one 
system (Table 1). There was an additional doublet at 6 
5.08 (_I= 2 Hz), which disappeared on shaking with 
D,O. This signal was therefore assigned to a secon- 
dary hydroxyl in physalin G (15). The proton geminal 
to the secondary hydroxyl occured at 4.54, m, which 
changed to 5.50, m in physalin G acetate (15a). This 
resonance (4.54, m) of the proton was located at a 
much deshielded position unlike physalin E (2) (7 
CI+OH, 3.52, m) and physalin D (1) (6 C&-OH, 
3.85, m), indicating that it should be at an allylic 
position (C-6). 

The presence of the 2,4-dien-l-one system was 
confirmed by decoupling experiments with physalin G 
acetate (15a). Seth the C-2 (6.02 d) and C-4 protons 
(6.36, diffused d) became singlets on irradiation of the 
C-3 proton (7.04, dd), and the diffused doublet of the 
C-4 proton became sharper on irradiation at the C-6 
proton (5.50 m). The latter decoupling result showed 
that there was a weak long-range coupling between 
the C-4 and C-6 protons. The structure 15 thus as- 
signed for physalin G is epimeric to compound 13. 

Since there is little possibility that epimerization at the 
C-6 position occurred during the formation of com- 
pound 13 from physalin I (lo), physalin G is given 
structure 15, having a 6a-equatorial hydroxyl. 

Supporting structure 15, physalin G, like physalin D 
(1) and physalin I (lo), readily gave rise to dehy- 
drophysalin B (8) with the usual protonic reagents 
such as Me,CO-conc H,SO,,POCl,-Py, HOAc-cone 
HCl and DDQ-OH. A curious observation was made 
during the purification of 8 by chromatography on a Si 
gel column. When the column was left inadvertantly 
for 2 days, all the dehydrophysalin B (8) was con- 
verted into epi-dehydrophysalin B (16) [4]. Following 
this observation, the dehydrophysalin B (8) was 
refluxed with Si gel in C,II-EtOAc (1: l), where 
upon the isomerization to 16 was found to be com- 
plete within 1 hr. In attempts to obtain a 1,6-diketone 
from physalin G (15), oxidation with Jones’ reagent or 
with activated manganese dioxide always resulted in 
the formation of a complex mixture. Often the com- 
pound was destroyed and no isolable product could be 
secured, unlike the isomeric 7@-hydroxyphysalin B 
(physalin H) which readily furnished physalin B-7-one 
[Il. 
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Table I. ‘H NMR values of relevant protons in new physalin\ and their dcribatibcs” 

(‘ompound 2-H 3-H 4-H h-H 

1 

19 

g-i 

10 

12 

15 

15S 

17 

5.73dd h.hldrrt 
110.,4) /IO, 

5.72~1 6 63drn 
(IO) (I01 

5.8711 
(19) 

S.Vlrld 
110.3) 

7.Oidd 6.0811 

, I9.h) (hi 
h.65dw 

(lOI 

5.83d 
(II)) 

5.94d 
(101 

6.70dm 
(IO) 

7 OJdd h I 7 d :: 
(lO,hl (6) 

6.02di 
110) 

7.05&l 
(K.2, 

7.06dd 6.3hdi 
~10.61 (61 

6.73dd 4.6hdd 
18,hl (6.2) 

I-H 22-H 2(,-H, 26-H, 13.OFI 

4.55m 

3.H3m 4.64m 

4.54m 

:74.54m 4.28dd 

- 4.58rn 

4.27dd 

(14.-rl 

4.38dd 
( 13.41 

42Ydd 
(I4.Jl 

4.28dd 
(14.4i 

5.2Ydd 
(14.41 

3.6Od 
(12.41 

43Odd 

(12.11 

R.hOd 
114) 

3.63d 
II?) 

h.345 
(Ii) 

3.62d 

(13 

* Spectra were taken in DMSO-d, solution: chemical shifts are fi values; coupling constants (./I in pat-rnthrscs arc given in 
HZ. 

i Ref. 141. 
:F Diffused doublet. 

The slrucEure of physalifl K (17) 
Physalin K (17) is a minor component in P. angulatn 

and could be isolated from the eluant fraction contain- 
ing physalin G by careful fractional crystallization as 
colourless shining needles, mp 280-282”, C&H,,,O, ,, 
hz~EH 228 7rn (F 6500). From its spectral characteris- 
tics. it appeared to be unidentical to any known physa- 
lin. Thus. the name physalin K was given in confor- 
mity with this series of compounds. Its structure was 
established as 17 on the basis of its spectral properties 
and chemical reactions. 

The spectral data showed that physalin K had the 
same skeletal arrangement including the 2-en-l-one 
system as physalin B (11). Of the two additional 
oxygen functions, one was a secondary hydroxyl 
(d 5.69, d. J = 6 Hz, -CH-0I-j and 3.85, m, -CM- 
OH. decoupled each other) easily exchangeable with 
D20, and the other was present as an epoxide. A 
doublet of doublets at 4.66 (J = 6, 2 Hz) was assigned 
to a proton on the epoxide ring located between C-4 
and C-5, from its couplings with the C-2 and C-3 
protons. The unusual chemical shifts of the C-2 (7.05) 
and C-3 (6.73) protons compared to those of the 
known physalins are probably due to a distortion of 
the ring A having an epoxide ring. Thus, physalin K 
may have the structure 4a,5u-epoxy-ha-hydroxy-5.6. 
dihydrophysalin B (17). 

Physalin K (17) was readily converted into dehy- 
drophysalin B (8), when refluxed with acetone in the 
presence of sulphuric acid. The structure 17 was con- 
firmed by its synthesis from physalin G (15). When 
physalin G was treated with monoperphthalic acid at 
room temperature for 24 hr, a single product was 
obtained which was identical with physalin K (17). 

This synthesis led us to conclude that the h-hydroxyl 
had the a-configuration. Finally, the a-configuration 
of the 4,5-epoxide was given on the basis of the 
negative CD bands and Cotton effect for physalin K 
[I, 21. 

The chemical examination of P. urzgulata and P. 
lancifolia revealed as many as nine physalins. namely 
physalins B. D. E, F, G, H. I. J and K. Physalin B (11) 
seems to be the biogenetic precursor of all other 
physalins. Their plausible hiogenctic interrelationship 
is presented in Scheme I. 

EXPERIMENTAL 

Mps were determined on a Micro Boittus apparatus and 
arc uncorr. The compounds wcrc dried for microanalysis at 
room temp. or at lOO”/O.? mmHg for 6 hr. ‘H NMR spectra 
were determined m DMSCI-tl,, containing TMS as Int. stan- 
dard. CD and ORD spectra were I-ecorded in dioxanc soln. 
MS were determined at ?5 eL’. TLC’ wab carried out on 
chromatoplates of Si gel <‘ and spots wcrc visualiwd with 
MeOH-cone H,SO., (19: I). The solvent systems arc indi- 
cated at appropriate place\. 

Extraction of r/w lroca off P. angulata (C’opeuhugen). The 
seeds of P. angulatu (Solanaceaz) were secured from 
Copenhagen (Denmark) and the plants grown in the Botanic 
Farm, Andhra University. Waltair. India. ‘The dry leaves 
were collected and extracted \ucccssively with n-hexanc. 
CHCI, and EtOAc as described previously 111. The last two 
extracts were fractionated on a Si gel column using several 
eluants to give compounds listed in Table 2. The stems of P. 
anguluru (Lucknow) and the aerial parts of P. lurlcifolicl were 
similarly extracted and the compounds ucre identified [I. 21. 

f’lzyscdin L) (1). Crystallizarion of fractions X0-95. showing 
a single T1.C spot. from MelCO gave phyaalin E (21 as 
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Scheme 1. Possible biosynthetic relationships of physalins. - Chemical conversion achieved. ------+ Chemical conversion 
not achieved. 

colourless shining plates, mp 306-308”, identical with the 
sample isolated earlier. The mother liquor was evapd and the 
solid recrystallized from Me,CG-MeOH (1: 1) to give physalin 
D (1) as colourless shining plates, mp 286-287”, and mmp 
279-280” on admixture with physalin E. [Found C, 61.10; H, 
6.12; M+, 544. C H 0 requires: C, 61.82; H, 5.92%.] 2s 32 11 
hEatH nm: 227 (E 6500); Y,,, KBrcm-‘: 3400, 1792, 1757, 1742, 
1665; ORD (dioxane): [M]355nm-35000 (min), [M]sts + 
3300” (max), [M]246- 6500” (min), [M]zts + 24 300” (max); 
CD (dioxane): Amax: nm 344 (AE - 2.28), 339 (-2.26), 333 
(-2.35), 266 (-0.03), 222 (-6.11) (strongly positive at shor- 
ter wavelengths). The acetate (la) (Ac,O/Py, loo”, 1 hr) was 
obtained as colourless needles from MeOH, mp 242-244’. 
[Found: C, 61.05; H, 5.98; M+, 586. C,,H,,O,, requires: C, 
61.43; H, 5.85%.] hEa:” nm: 224 (E 6700); rj$;ccm-‘: 
3400, 1792, 1760, 1742, 1728, 1665; MS: m/e (rel. int.) 586 
(M+, 31) 568 (23) (M-H,O), 558 (57.3) (M-CO), 5.50 
(20) (M-2H,O), 540 (17.3) (M-CO-H,O), 526 (35) 

M-MeCOOH), 522 (11) (M-CO-2H,O), 332 (loo), 125 
(44). 

Oxidation of physalin D (1) to physalin D-6-one (3). 
Physalin D (70 mg) in aldehyde-free Me,CO (40 ml) was 
treated with Jones’ reagent (1 g CrO, + 7 ml Hz0 + 0.9 ml colic 
HzSO,; 8 drops) for 15 min. Excess reagent was destroyed 
using MeOH (1 ml). The mixture was coned, poured into cold 
Hz0 and extracted with CHCI, (30 ml x 3). The combined 
extracts were washed with NHCI followed by H,O, dried 
(MgSO,) and evapd. The residue crystallized from MeOH as 
shining needles, mp 294-295” (35 mg). [Found: C, 61.82; H, 
5.38; M+, 542. C H 0 requires: C, 62.06; H, 5.43%.] 28 30 11 
h$tH nm: 228 (E 7200); viz cm-r: 1780, 1767, 1730, 
1710 (6-membered-ring ketone), 1665; ‘HNMR: 6 5.75 
(dm, J= 10 Hz, 2-H), 6.69 (dm, J= 10 Hz, 3-H). 4.60 (m, 
22-H), 4.30 (dd, J= 14, 4 Hz, 26-H,), 3.60 (d, J= 14 Hz, 
26-H,), 6.04 (s, 13~OH), [ 5.82 (s, 5cr-OH); ORD (diox- 

ane): L’W360nm - 6800” (min), [Ml,,,-3500” (max), [Ml,,, - 
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Table 2. Isolation of new physalins from the leaves of P. 
ungulala 

Fraction Eluant K, YlCldi 

(500 ml) i&H,-EtOAcl Compoundh value* (g) 

95-120 

ss: IS 

x5: IS 

XS: IS 

7.5: 25 

7.5: 2.5 

75:25 

70 : 311 

70 : 30 

Phydin B 

Physalin F 

Physalm I-1 

Physalm K 

Phywlin K 

0 x7 lI.XS 

0.77 I .oo 

0.73 0.45 

0.7 I ll.ll) 

Il.25 

(I.65 I 20 

0.47 0.50 

0.47 1.X 

* Si gel TLC. C,H,,-EtOAc (3:7) 
5. Yield after crystallization. 

6800” (mm), LM],,,, ~ 6800” (min), [Ml,,,- 8 100” (min), 
[Mlzxa + 12 500” (max), [MlzA,) +6X0” (min): CD (dioxane) 
A,,,;,, 346 nm (AF -2.13). 334 (- 1 .h I), 308 (--6.06), 25X 
(FO.26). 232 (-3.28). 216 (11.23): MS m/e (rel. int.): S42 
(Mt. X0), S23 (80) (MmmH,O). 513 (100) (VPC‘O), SO6 (SO) 
(M--2H,O). 496 (YSj (M-CO--H,O). 386 15.5) (MG2C0). 
47X (SO) (M ~CO~~2H$>). 125 (100). 

Actiorl of glacia/ HOAc on pl~ysn[in I) (11. Physalin D 
(SO mg) in glacial HOAc ( IO ml) was refluxed on an oil bath 
for 24 hr. Thx L product was worked up and the residue 
crystallized from MeOH as shining needles (45 mg), mp 
2X0-281”, identical with physalin D-h-acetate (la) (IK and 
co-TLC). 

Dehydration of physalrn D (11 fo dehydrophysalin B 
(8). To a soln of physalin D (SO mg) in dry Mc,CO (2S ml] 
was added cone H,SO, (4 drops) and the mixture was heated 
on a steam bath for 1S min. After evapn in U~CIW. the 
mixture was poured into cold Hz0 and extracted with 
(30 mlx3) CIHCI,. After usual work-up, the extract was 
crystallized from Me,CO as bright yellow glistening plates, 
mp 230-232” (40 mg), identical with dehydrophysalin H (8) 
(mmp, IR, ‘H NMR) obtained earlier from physalin E (2) [I]. 

Action of POCI,/Py on physulin D (1). Physalin D (SO mg) 
in dry Py (I ml) was treated with freshly distilled POCI, (3 
drops) for IS min on a steam bath. The product was worked 
up and the residue crystallized from MeOH as shining col- 
ourless needles of SWchloro-hp-hydroxy-S.6-dihydro- 
physalin B (7) mp 260-262”. R, value O.S2 (C,H,-EtOAc. 
3:7), Me. 562 (C,,H,,O,,,CIl. A:‘,:” nm: 226 (E 7000): 
v$~~‘crn , . , I- 7100 1790. 1765, 1740, 1665. 830: ORD 
(dioxane): [Ml,,, ,,,~ - 5100” (min), [Ml,,,- 5000” (max), 
[MIJiZ -5600 0 (mm). [Ml,,,, t 3500” tmax), [Mlzf,(, -~. 2800” 
(min), [Ml,,,-- 3SOO” (min); CD (dioxane) A,,,,, nm: 400 
(hF = O), 390 (0,. 380 (0). 343 (m 1.21). 311 (-2.17), 332.5 
(-2.39). 275 (O), 265 (0) and 226 (0); ‘H NMR: 6 6.67 (rn. 
3-H), 5.78 (drn. _I = IO H7, 2-H), 5.00 is. 1%OH), 4.58 (m. 
22-H). 4.9X (tn, h-OH). 4.16 (m, h-HJ; 3.14 (d. J = S Hz, 
3-H), 4.31 (dd, _I = 14. 4 HT. 26-H,,). 3.63 cd, J= I4 Hz. 
26-H,,), 2.90 (d, J =4Hz, 25-H), 2.84 ts. 16-H); MS m/r 
(rcl. int.): 562 (M’, IS), S44 (Ii) (MmmH,O), 53-1 (27) (M- 
CO). .S2h (251 (MpH(‘I), 516 112.5) (M~~CO~~HZO), SO8 
(65) (M-HCIF H,O), 40X (45, (M-CO HCI), 390 (60) 
Mm- I-ICI- 2H,O). 171 (100,. 143 (77.51, 36 (65) (HCI,. 

Physalin 1 (10). Crystallized from MeOH a$ shining col- 
ourless ncedlca. isolated from I’. clngulara (Copenhagen) 
stems [I]. mp X)5--307” [Found: C. 61.23: H, 5.90: Me. 55X. 

‘&H,,O,, requires: C. 61.X2: H. S.92%]. la],? I?” (c 0.i. 
Me,CO), A~,‘~:,?’ nm: 226-22X (F 7200) --f 2 IX nm with 

NaOEt: ‘. v,:i?’ cm _ 1400, 2800 (-OMe). 1700. 1772. 
1745. 1662; ORD (dioxane): [Ml,,,, ,ln, - 3900” tmin). 
[ha],,,- 4lOO” (min), [Ml,,, f 17Ot)” Imax). [Ml,<,, -7200” 
(min); CD (dioxane) A,,;,,, iJh (1F 1.531. 3-U) (~_ I .S I), 333 
(--1.6(1). 272 (~~0.0031. 234 (Fh.42): MS In/e (rel. int.): 558 
(M’. -1-S), SiO (.<I) (M~~(‘O~, 526 12(l) (M MeOH). 508 (431 
(M- MeOH - H,O). I.39 (43). 

Plzysulirl B (11). Crystallized from h4eOH as coiourless 
needles. mp 26X--270”. identified hy compartson with an 
authentic sample (mmp and IRI l-l]. 

Oxidatior~ o/ phyFLllil1 I (101 co physcriin I-h-ow 
(12). Physalm I (70 rng~ in aldchyde-free klezCO (JO ml) was 
treated wth Jones’ reagent id drops) for I5 min. Excess 
reagent was destroyed using rMeOH ( 1 ml). The mixture was 
coned and poured into cold H,O and, after usual work-up. 
the product was crystallized from MeOM as colourless shin- 
ing nccdlcs. mp 380-2X7” (-15 mgi. IFound: C‘. 62.30: H. 
6.20: M’ , 556. c‘2,,IJ,20, I requires: C, h7.A2: H. O.l3%.] 
*r ,,“‘1 

lild-t nm: 229 (c. 6400). 11:!:: cm ‘: 3100. 7X20 (--0Me). 
1790. I7hO. 17-W I7 IO ((,-membered-rine~er~d-ring ketonei, lO6S: 
ORD (dioxanci: Negative C‘otton effect. FM],,,,,,,, 6 100” 
(min), [Ml,,,,- 6100" (min). [M],i,-- 6100‘ (min). [Ml,,, -- 
1200” (max). [Ml,,,,-- ?XOo’ (min). [R/I],,, hJO0” (max), 

IMl,K 8300” (min). [M],,,) -i 12 iO0” (mau). rMIZi<,-t SOO” 
(min). [Ml,,,,+ IX(K)” (mari): CD (diouanc): h,,,,,, nm: 3-W 
(If -- 1.W). 33X in 1.31. 3’(1 ,~ 1.93). ,312 (Fh.201. 264 
I 0.20). 2.50 l+2.26), ‘IS CT I OU). 2OC) t 1.521. 

14crior1 of’ Pv-Ac,O OF, phw!iri I (101. ;\t I00 fat- 3 hr. 10 
gave product 13 cl-yatallwd from MeOH a\, c~~Iou~-lc~s shin- 
inp needles, mp 2X4-2SS”. [l;ound: C. h7.9S: H. 5.98; M *. 
526. (_‘,,H,,,O,,, rcquircs: C‘. 6.3.87: H. 5.740/o.] A:,,::” nm: 
325 (P 6500): U&F” cm ‘: 34w, 1790. 1768. 1735, lhh8: 
‘HNMR: B 6.81 (drn. ./== IOlIr, 3-H). .i.XO (dd. .I= IO. 
2 Hz, 2-H), 1.55 irn, 22-H). 5.47 (<I, .I 7 5 Hz. 6-OH). 6.20 
(s. 13.OH), 6.32 td. J L 2 Hz. i-III), 3.SO (in, 0-H). 1.25 (dtl. 
J = 1-l. 4 Hz. 26-H,,). 3.5 (d, .f= l4H1. 2h-I~,,). 2.7X (s, 
16-H). 2.92 (d, .\ =-I Hr. 2S-HI. 

Dc~hydrrrtion O/ physctlm I (10) ro unhydrophpsalirl I (de- 
hydropl~y.salrn N 18)1. Physailn 1 (10) dissolved in dry Me,CO 
130 ml1 was mixed with cone H,SO., (5 drops) and rctluxed on 
an I-1,0 bath for IS min. After usual work-up. the residue 
was crystallized from CHCI i ah bright yellow plates. mp 
230-232”. identical with dchydroph!salin I3 (8) (IR. mmpl. 

Action of’ HCIO--MeOH on phy.wlin I; (14). Physalin F 
(14) (SO mg) dissolved in dr} T\lcOH (.30 ml) \vah mixed with 
HCIO, (3 drops) and hcatcd on a steam bath for I hr. The 
soln was coned. pourc’d into ctlld I-1,0 (SO ml) and cxtractcd 
with CHCI, (3 v 30 ml\. After usual work-up, the product, 
phyaalin I (10). cry\talllzcd from McOti-Mc,CO ( I : Ii as 
colourless needler. my 30&305 t4(I mg), identical (mmp. 
IR) with the natural \amplc i\olatcd ft-om P. ~rlgufnrtr by 
Row et nl. [ I ]. 

PhysnIrn I- (14). Cl-ystallizcd from MeOH-Me,{‘0 ( I : 1 I 
as colourless stout needlei. mp 20%2%;‘. ident~tied by direct 
compariwn with an authentic ~~mplc (mmp. IR and co-TLC 

121. 
Phy.salir~ (G (15). C’rystallired from Mc,CO BS colourless 

thin nccdlcs. mp 29%2%“. [a],,’ 17” ic 0.5. MeZCO). R, 
0.65 (EtOAc-(‘,,H,,. 7-.ii. [Found: c‘. 63.52; H. 590; M’, 
526. <‘z,li,,,O,,, require\: C. oi.S?: H, 5.74’%.] hL1i:,“’ nm: 
3 11 (F 4OtK1): v,tf:: cm ‘, U1)l) 17YO. l7hS. 1740, Ih6S: 
ORD (dioxanel: [M],qo ,,,_A h(;2’ lm:t\). /h/f],,,, t 1760” 
(max). IMI,,. + 1760” Imax). /M]l,,i 220’ (maxi, [M],,,,- 
8x0” imax). [hII;+ 3StIO’ lma\i. (Ml,,,, 500~” (min), 
LMI,, , -- 9500” (man,. [ kl]li- I I 000 (mm). [Ml,,: -- 
IJ 300’ (min), [M]?,,p IS SO(~’ imin), [Ml,,, -9700” (min). 
[Ml,.,, + iOS9” (maxI. [‘LI]>,, 4 53(10’ (man). j M]z7.,i 37SOO 
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bin), Dfl,,, - 1800” bin), [Ml,,, + 1700” (min), [Ml,,,+ 
1700” (max); CD (dioxane): A,,, nm: 415 (A&+0.78), 403 
(+1.43), 380 (+2.14), 375 (+2.14), 355 (+1.43), 319 (-4.01), 
312 (-4.80), 310 (-4.87), 307 (-4.87). 264 (-0.64), 241 
(2.65), 213 (+0.64) and 209 (+0.78). The acetate (15a) 
(Py-Ac,O for 1 hr at 100”) crystallized from MeOH into 
small shining needles, mp 257-259”, Rf value 0.83 (C,H,- 
EtOAc, 3:7). [Found: C, 63.20; H, 5.70; M+, 568. 
C H 0 requires: C, 63.42; H, 5.68%.] AEEH nm: 312 30 32 11 
(e 4000); ~5:; cm- l. 3400, 1790, 1765, 1740, 1720 (ace- 
tate), 1665, 1625; MS m/e (rel. int.): 568 (M’, 25). 560 (15) 
(M- H,O), 508 (75) (M-MeCOOH), 462 (10) 
(M-MeCOOH-CO-H,O). 

Dehydration of physalin G (15) to dehydrophysafin B 
(8). Physalin G (50 mg) in dry Py (1 ml) was treated with 
freshly distilled POCl, (4 drops) for 15 min on a steam bath. 
The mixture was worked up as usual and the residue crystal- 
lized from CHCI, as bright yellow glistening plates, mp 
230-232” (30 mg), identified as dehydrophysalin I3 (8) by 
mmp, IR and ‘HNMR. The same compound was also ob- 
tained when physalin G (15) was treated with Me,C@ 
H,SO,, HOAc-HCl or DDQ-MeOH. [Found: C, 65.85; H, 
5.72; M+, 508. C,,H,,O, requires: C, 66.1; H, 5.6%.] 
A mannm: 328 (F 50000); vEU,:O’ cm~‘: 3400, 1785, 1760, 
1750, 1660, 1630; MS m/e: 508 (M+), 490 (M-H,O). 

Isomerization of anhydrophysalin G (dehydrophysafin B) 
on Si gel to yield epi-dehydrophysalin B (16). Dehydrophysa- 
lin B (8) (35 mg) was adsorbed on Si gel G (100-200 mesh, 
1.5 g) and the column 1.5"~ 1”) was wet with C6H,. The 
column was eluted with C,H,-EtOAc (3 : 1). Several frac- 
tions (100 ml each) were collected. The residue (30 mg) from 
fractions showing a single spot on TLC was crystallized from 
MeOH as orange-red needles, mp 250-252”, Rf value 0.76 
(C,H,-EtOAc, 3 :7) (30 mg), identical with an authentic 
sample of epi-dehydrophysalin B (16) [4]. [Found: C, 65.9; 
H, 5.9; M’, 508. C H 0 requires C, 66.1; H, 5.6%.] A,,, 28 2x 9 
nm: 340 (E 6000); v,,,~~ cm~‘: 3410, 1790, 1750,1735,1665, 
1630, 1535; ‘H NMR: 6 5.88 (d, J= 10 Hz, 2-H), 7.08 (dd, 
J=lO, 6Hz, 3-H), 6.06 (d, J=6Hz, 4-H), 6.30 (d, J= 
10 Hz, 6-H), 6.17 (dd, J = 10, 3 Hz, 7-H), 6.56 (s, 13-OH), 
4.60 (WI, 22-H), 4.25 (dd, J= 12, 4Hz, 26-H,), 3.68 (d, 
J= 12Hz, 26-H,), 2.94 (s, 16-H), 3.02 (d, J=2Hz, 25-H), 
1.17 (s, 24-Me), 1.38 (s, IO-Me), 1.66 (20-Me); MS m/e: 
508 (M’), 490 (M-H,O). 

Oxidation of physalin G (15). Physalin G (60 mg) was 
dissolved in aldehyde-free Me,CO (40 ml) and treated with 
Jones’ reagent (8 drops). After 15 min at room temp., MeOH 
(1 ml) was added to destroy excess reagent. The soln was 
coned (lOml), poured into cold Hz0 (50ml) and extracted 
with CHCl,. The CHCl, extract was washed with NHCl 
followed by H,O, dried (MgSO,) and evapd to a residue 
showing several spots on TLC, mp 271-272” and being 
unseparable, hF$H nm: ?28 (B 10900); v::: cm-‘: 3400, 
1790, 1765, 1740, 1665. 

Physalin H (18). Crystallized from MeOH as colourless 
buttons, mp 238-240”, identified by comparison with an 
authentic sample (mmp, IR and co-TLC) [l]. 

Physalin K (17). Crystallized from Me,CO-MeOH (I : 1) 
as colourless shining needles, mp 280-282”. This compound 
was sparingly soluble in MeOH, Me,CO and Et,O, and 
moderately in CHCI,. R, value 71 (C,H,-EtOAc, 3 :7). 
[Found: C, 61.90; H, 5.40; M-‘, 542. C,,H,,O,, requires C, 
62.06; H, 5.43%.] AFgH nm: 228 (E 6500); v::: cm-‘: 
3400, 1785, 1760, 1740, 1668, 1080, 1068; ORD (dioxane): 
Negative Cotton effect, [Ml,,,,, - 16 100” (min), [M],l, - 
7900” (max), EMLo - 6600” (min), [Ml,,,+ 3500” (max), 

Mm - 6600” (min), [Ml,,, + 3500” (max), [MIZOb + 6300” 

(max), [Ml,,, + 3500” (max), [Ml*,.,+ 1260” (min), [Ml,,, - 
3600” (min), [Ml,,, - 3800” (min), [Ml,,, - 3500” (max), 

Mm - 2200” (min), [Ml,,, - 3600” (min), [M]Z1l + 5900” 
(max), [M]Z15 + 670~" (min), [Ml,,,+ 3600” (max), [Ml,,,* + 
4300” (max); CD (dioxane): A,,, nm: 370 (he +0.35), 365 
(+0.38), 360 (+0.35),336 (~4.59), 332 (-4.78),326 (-5.16), 
274 (-0.38), 270 (0.38), 265 (-0.38), 243 (-1.72), 238 
(-2.10), 224 (-3.63) and 217 (-2.68); MS m/e (rel. int.): 
542 (M+, 7.4), 524 (15) (M-H,O), 514 (11) (M-CO), 506 
(22) (M-2H,O), 496 (44) (M-CO-H,O), 486 (11) 
M-2CO), 478 (14) (M-CO-2H,O). 

Dehydration of physalin K (17) to anhydrophysalin K (de- 
hydrophysalin B (8)). Physalin K (60 mg) dissolved in dry 
Me,CO (30 ml) was mixed with cone H,SO, (5 drops) and 
refluxed on an Hz0 bath for 15 min. The mixture was 
worked up and the residue crystallized from CHCl, as bright 
yellow glistening plates, mp 230-232” (35 mg), identical with 
dehydrophysalin B (8) (mmp, IR and co-TLC) obtained from 
physalin G (15). 

Epoxidation of physalin G (15) to yield physalin K 
(17). Physalin G (100 mg) in CHCl, (50 ml) was treated with 
a soln of monoperphthalic acid (100 mg) in 25 ml Et,O. The 
mixture was kept for ca 24 hr at room temp. and diluted with 
CHCI,. The total soln was washed with 2% aq. NaHCO, 
soln, N HCl and H,O successively. The organic layer was 
dried (MgSO,) and evapd. The residue showed a single spot 
with some impurity on TLC, R, value 0.71 (C,H,-EtOAc, 
3: 7) and was crystallized from Me,CO-MeOH (1: 1) as 
colourless shining needles, mp 279-280”, which were iden- 
tified as physalin K (17) by co-TLC, mmp and IR. 
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