Phytochenustry, Vol 23, No 10, pp 229

Printed in Great Britain

W™

0031-9422/84 $3 00+ 0 00

© 1984 Pergamon Press Ltd

DUNAWITHANINES A AND B, THE FIRST WITHANOLIDE GLYCOSIDES
FROM DUNALIA AUSTRALIS*

GUNTER ADAM, NGUEN QUYET CHIENT and NGuyEN HOuU Kuéii

Institute of Plant Biochemistry, Academy of Sciences of the GDR, Halle/Saale, German Democratic Republic

(Recewed 11 October 1983)

Key Word Index—Dunala australis, Solanaceae, withanohde glycosides, steroidal lactones, dunawithanines A

and B

Abstract—Withanohde D, 78-acetoxy-withanolide D and two new withanolide glycosides, named dunawithanines A
and B, were 1solated from Dunalia australis From physical data and chemical transformations, the structures of the new

compounds were determined as

dihydroxy-1a-acetoxy-witha-5,24-dienolide and  the

(20R, 22R)-0(3)-[2',3'-d1-O-( B-D-glucopyranosyl)- f-p-glucopyranosy!]-38,20-

corresponding  O(3)-[ f-D-glucopyranosyl(1’ - x)-8-D-

glucopyranosyl] compound, representing the first withanolide glycosides found n the plant kingdom

INTRODUCTION

Recently we reported bniefly on dunawithanines A and B
from Dunalia australis (Griseb) Sleum [also known as
Acmistus austrahs (Gniseb ) Griseb.] which represent the
first withanohide glycosides found 1n the plant kingdom
[1] In ths paper, detailed results on the isolation and
structures of both constituents are given Furthermore,
besides the free withanolhides which were obtained pre-
viously [2, 3] from this plant, withanohde D and 78-
acetoxywithanolide D were 1solated

RESULTS AND DISCUSSION

Methanolic extraction of dried sprouts followed by
repeated column chromatography on silica gel and
alumina gave, besides withanohde D (0003 9;) and 78-
acetoxy-withanolide D (0004 %), the crystalline glyco-
sides dunawithanines A (4)and B (10)1n 0 18 and 0 0459,
yield, respectively Acid hydrolysis of 4 or 10 (1N
methanolic HCI, § hr reflux) afforded in both cases D-
glucose and an aglycone which was shown to be (20R,
22R)-12,36,20-trihydroxy-witha-5,24-dienolide (1) by
spectral data and chemucal transformations [1] as well as
by X-ray analysis of its monohydrate [4] Independently 1
was obtamed as a free withanolide (deacetyl physalo-
lactone B) from Withama somnifera chemotype III [5]

The composition CsH,,0,0 3H,O for dunawithanine
A (4) was derived from elemental analysis Its FDMS [26;|
with peaks at m/z 1009 [M + Na]* and 516 [M + 2Na]
confirmed the MW of 986 Peaks due to the stepwise loss
of three glucose units at m/z 847 [1009 — glucosyl + H]*,
685 [847 —glycosyl+ H]* and 524 [685 — glucosyl]*
indicated the presence of a triglucoside The typical
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withanolide signals 1n the 100 MHz 'H NMR spectrum
(Table 1) corresponded well with those of the la-mono-
acetyl withanolide 3 (also 1solated independently as
physalolactone B [7]) prepared via mild alkaline hydroly-
sis of the diacetate 2 Alkahine hydrolysis of 4 with 0 I N
methanolic NaOMe (72 hr at 20°) gave deacetyl duna-
withanine A (5), which lacked !H NMR acetyl signals
Selective cleavage of the glucosidic hnkage in 4 was
achieved by oxidative Smith degradation [8], which gave
30% of the crystalline monoglucoside 7 The typical
withanolide 'H NMR signals of 7 corresponded with
those of the triglucoside 4 (Table 1) A doublet at 54 33 (J
= 7 Hz) for the anomeric sugar proton {9, 10] indicated
the B-glucosidic linkage of the remaining glucose at C-3
Alkahine hydrolysis of 7 led to deacetyl monoglucoside 8
A second Smith degradation starting from 7 yielded 33 %,
of the monoacetate 3 which proved unequivocally the fa-
position of the acetyl function as well as the 38-position of
the sugar side chain moiety in 4 Partial acid hydrolysis of
4 (1N methanolic HCl, 1hr reflux) yielded aglycone 1
(54 %), 1la-monoacetate 3 (67 %), the monoglucoside 7
(27%,) and the deacetyl monoglucoside 8 (6 6%,), which
were 1solated by column chromatography on silica gel
For detection of the sugar sequence, the glycoside 4 was
methylated with Mel-BaO-Ba(OH), in DMFA follow-
g the procedure of Kuhn et al [11] Upon column

R' R?
i H H
2 Ac Ac
3 H Ac

2293



2294

Table 1 'HNMR spectral data of dunawithamines A (4) and B (10) and denvatives (100 MHz, CD,0D,
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]

HMDS as internal standard)

Compound 3+ 4 5 6 7 10
H-1 505brs 500brs t 492brs 497brs 497br s
H-3 380m ¥ T 1 t 1
H-6 555d (4)t 555d (5) 550d 4) 5374 4) 557d 9 547d (4)
H-22 422dd (12,4) 418dd (12,4) t 4164dd (12,4) 417dd (12,4) 417dd (12,4)
3H-18 083s 083s 082s 083s 081s 080s
3H-19 105s 106s 096s 102s 105s 103s
3H-21 1255 1225 1225 1225 120s 119s
3H-27,28 193s 1825 180s 178s 180s 180s
1845 1845 187s 193s 1925

-0OAc 200s 200s — 1945 197s 197s
Anomeric — t 1 433d (7) 4334 (7) 4444 (7)
glucose — t t 466d (7) — 457d (7)
protons — t t 4784 (7) — —

*In CDCl,

+Could not be 1dentified

1J (Hy

chromatography of the reaction product on silica gel,
289, deca-O-methyl dunawithanine A (6) and 22 % of the
lactone ring-opened dodeca-0-methyl derivative (9) were
obtained

Whlst the mass spectrum of 6 upon positive 1onization
exhibited no molecular 1on peak, under conditions of

RZ0CH;
R20CH, R20 Q o
R20 qQ O ]
R20 0 oR?
OR2 )
R R OR2
4 Ac, H 2 OR?
5 H, H R0CHy
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m/z 627
CH30CH,
CHyOCH,  CHO: 0

CH30

o]
CHgolﬁ‘\\p/ miz 29 \OCH3 OCHg
CH30 %00H3

9 CH20CH3

negative 10nization a molecular jonat m/z 1127 [M + 1]~
was ndicated besides characteristic sugar fragments at
m/z 643 [decamethyltriglucosyl fragment ncluding
O(3)]™ and m/z 407 [643 — tetramethylglucosyl — OH] ~
Compared to 6, compound 9 upon negative 10n1zation
showed the molecular 1on peak at m/z 1171 [M —1]"

HOCH;
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Withanolide glycosides from Dunaha australis

besides typical fragments of the methylated sugar part at
m/z 643 and 407 (see formula 9) Under positive 1on1z-
ation, the loss of m/z 171 instead of the charactenstic
fragment at m/z 126 of 20-hydroxylated withanohdes [2]
suggested hydrolysis of the é-lactone ning with simul-
taneous methylation Such a structural feature was also
confirmed by IR absorption at 1725 (a,f-unsaturated
ester) and 1730 cm ™! (OAc), as well as a UV maximum at
228 nm (loge = 358) (tnsubstituted o,f-unsaturated
ester), which is optically mactive unbke the a,p-
unsaturated d-lactone of withanohdes [1, 2]

Acid hydrolysis of 6 gave, besides the aglycone 1, two
methylated sugars identified as 2,3,4,6-tetra-O-methyl-a-
D-glucose (24 %) and 4,6-d1-O-methyl-a-D-glucose (27 %)
by direct comparison with authentic specimens

After these results, only the configuration of the three
glucosidic hinkages 1n 4 remained open All three were
found to be § by application of Klyne’s rule [12] ([M]p
calculated —11°, found 0°) Also the three doublets at
54 33,4 66 and 4 78, each with J = 7 Hz, 1n the '"H NMR
spectrum of 6 indicated the *C,-conformation of the
glucose [9, 10]

The structure of the minor glucoside dunawithanine B
(10)1s closely related to 4 Its FDMS with peaksat m/z 847
[M+Na]* and 435 [M + 2Na]** as well as fragments at
m/z 685 [M+ Na —glucosyl+ H]* and 524 [M +Na
—2glucosyl + 2H]* indicated an MW of 824 and the
diglucosidic nature of the compound The agreement of
mmportant signals in the !H NMR spectrum with those of
4 and 3 (Table 1) suggested an identical substitution
pattern for the withanohde part Two doublets at 64 44
and 457, each with J =7 Hz, for the anomeric sugar
protons and application of Klyne’s rule ([ M ], calculated
+52°, found + 103°) revealed again the S-configuration
of the two glucosidic hnkages As with 4, alkaline
hydrolysis yielded deacetyl dunawithanine B (11)

On the basis of the above results, dunawithanines A and
B were estabhished as (20R,22R)-O(3)-[2',3'-d1-O-(8-D-
glucopyranosyl)-g-D- glucopyranosyl]- 38,20- dihydroxy-
la-acetoxy-witha-5,24-dienolide (4) and the correspond-
ing  (3)-[ B-p-glucopyranosyl-(1’ - x)-g-D-glucopyrano-
syl] compound (10), respectively, representing the first
naturally-occurring withanolide glycosides Very recently,
Kirson et al [13] reported a third member named
physalolactone B 3-0-8-D-glucopyranoside from Physalis
peruviana which 1s structurally identical to our mono-
glucoside 7 prepared from 1

EXPERIMENTAL

Mps are corrected Specific rotations in CHCl, unless other-
wise stated IR spectra were determined in nujol UV and ORD
were taken m MeOH Low resolution MS electron attachment
mass spectrograph of the Research Institute M von Ardenne,
Dresden (positive and negative iomization) High resolution
EIMS Joel instrument MS D 100 FDMS Varian instrument
MAT 731 CC silica gel Merck grade 11, unless otherwise stated

Isolation Dred and powdered sprouts (18 kg) of Dunala
australis (grown 1n a greenhouse) were extracted successively with
CHCl, and MeOH (each 151) The MeOH soln was concdto 1 1
under red pres, diluted with H,O and extracted exhaustively
with CgHg—Et,0 (1 1) followed by CHCl,~MeOH (9 1) The
residue of the latter extract (1 g) was chromatographed over sihica
gel (Merck, grade III) The progress of the separation was
followed by TLC on silica gel (CHCl,-MeOH-H,O0, 70 20 3)
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Elution with CHCl;-MeOH-H,O (100 16 16) gave 08¢g
(0045%) dunawithanine B (10) Crystals (MeOH-Et,0), mp
192-195° dec, [x]E® +125° (MeOH, ¢ 05), R, 046 FDMS
(emutter current 28-29 mA) m/z (rel nt) 847 [M +Na]* (100),
721 [847 —C,H,,0,]* (14), 685 [847 —glucosyl + H]* (23),
523 [685—glucosyl+ H]* (32), 435 [M+2Na]?* (11)
IRvg,, cm™" 1135 (af-unsaturated S-lactone), 1240 (OAc),
1700 (o, B-unsaturated J-lactone), 1730 (OAc), 3400 (OH)
UV Ay, nm (logg) 228 (3 86) ORD [8],4, + 1810°,[0],5,0°,
[©]:3; —1360° (a = +317) For '"H NMR data see Table 1

Further elution with CHCl,-MeOH-H,0 (100 16 1 6) gave
32 g (0189%) dunawithanine A (4) Crystals (MeOH-Me,CO),
mp 208-213° dec, [«] 0° (MeOH, ¢ 04), R, 035,
C,sH;,0,0 3H,0 (Found C, 5624, H, 787 Calc C, 5657, H,
776% ) FDMS (emtter current 28-30 mA) m/z (rel int) 1009
[M+Na]* (100), 847 [1009 —glucosyl + H]* (24), 685 [847
—glucosyl+ H]* (18), 524 [685—glucosyl]* (24), 516 [M
+2Na]** (20) IRv,,, cm™! 1250 (OAc), 1630 (sh), 1700 (o, B-
unsaturated d-lactone), 1730 (OAc), 3400 (OH) UV 4, nm
(loge) 228 (367) ORD [@]z6, +2780°, [@]353 0°, [@]230
—970° (@ = +375)

The residue of the CgH4—Et,O extract (15 g) was chromato-
graphed over alumina (Merck, grade II) to give upon elution with
CsHg-Me,CO (9 1) 60 mg (00039%;,) withanohde D Crystals
(CHCl;-EtOAc), mp 241-249°, [a]3’ + 145° (¢ 0 2) 1dentical to
an authentic specimen

Further elution with C¢H—Me,CO (9 1) gave 70 mg (0 004 %)
7B-acetoxy-withanohde D Fine crystals (n-hexane-Me,CO), mp
184-186°, [a] & + 126° (c 0 3),1dentical to an authentic specimen

Further elution with C¢dHg—Me,CO (4 1) yielded (20R,22R)-
4p,78,20-trihydroxy-1-oxo-witha-2,5,24-trienohde and (20R,
22R)-48,7B,20-trihydroxy-1-ox0-58,6 8-oxido-witha-2,24-dieno-
Iide, already earlier 1solated from Dunalia australis [2, 3]

Acid hydrolysis of 4 or 10 4 or 10 (300 mg) were refluxed for
5 hr with 1 N methanolic HCI (50 ml) The soln was concd under
red pres and diluted with 50 ml H,O The collected ppt was
chromatographed over silica gel to give upon elution with
CHCI,-MeOH (97 3) 100mg (679%) (20R,22R)-10,38-20-
trihydroxy-witha-5,24-dienolide (1) Plates (Me,CO), mp
281-284° [a]®® +222° (c 05), it [5] mp 273°, [a]p +198°

For detection of the sugars, the aq soln of the hydrolysis was
refluxed for 3 hr, neutralized with Dowex 1 and concd under red
pres Upon PC [Schiecher & Schull 2043b, n-BuOH-
HOAc-H,0 (4 1 5) and H,O-saturated C,H,OH, detection
with aniline-phthalic acid], only glucose of R, 017 and 0 50,
respectively, was detected

Diacetate 2 Fine crystals (n-hexane), mp 135°, [«]&® + 30° (c
04), it [5] mp 85-86° (EtOAc), [a]p +176°

O(1)-Monoacetate 3 Compound 2 (30 mg) in MeOH (50 ml)
was stirred with Na,CO; for 2 hr at room temp Evapn and
chromatographic purification of the residue over silica gel yielded
upon elution with n-hexane-Me,CO (4 1) 15 mg (50%) 3 Plates
(n-hexane-Me,CO), mp 239-240°, [«]’ +356° (c 036) MS
(positive 10mization), 10-16eV, m/z (rel mt) 440 [M
—MeCOOH]" (23),422 [422 —H,0]" (23),404 [422 - H,0]*
(7), 375 [M —~125]* (15), 357 [375-H,0]* (20), 315 [375
—MeCOOH]* (69),297 [315 —H,0]* (56),279 [297 — H,0]*
(27), 169 (64), 126 (100), 125 (78) IR v ,, cm™* 1135,1702 («, B-
unsaturated J-lactone), 1250, 1730 (OAc), 3450 (OH)
UV A, nm (log ¢) 229 (3 80) ORD [®)65 + 3750°, [@],54 0°,
[8]23s —770° (a = +352)

Deacetyl dunawithanine A (5) Compound 4 (200 mg) 1n 30 ml
01N abs methanolic NaOMe was left for 72 hr at room temp
Upon neutralization with dil HOAc the soln was evapd under
red pres, the residue dissolved in 20 m] n-BuOH and washed 3 x
with H,O Evapn and crystalhzation gave 130 mg (65%) §
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Crystals (MeOH-Et,0), mp 216° dec, [«]&' +1,3° (c 078)
IR v, cm ™1 1135, 1690 (a,f-unsaturated é-lactone), 3400 (OH)
UV A ey nm (log e) 228 (3 93) ORD [@],45 + 1760°, [©],5, 0%,
[©]23s —1820° (a= +358)

Deacetyl dunawitharmine B (11) From 10 as described before
(50%) Crystals (MeOH-EtOAc), mp 192° dec, [ax]§' +34°
(MeOH, ¢ 029) IR v, cm™! 1135, 1690 («f-unsaturated 4-
lactone), 3400 (OH) UV A, nm (loge) 229 (3 73) ORD [@],4,
+1280°, [©],5, 0°, [©],35 —1280° (a = +256)

Oxidative Smuth degradation [8] of dunawithamine A (4) to 7
Compound 4 (500 g) in MeOH (100 ml) was stirred with NalO,,
(15g)in H,O (15 ml) for 16 hr at 4° After standing for 12 hr at
room temp and filtration, the soln was concd under red pres and
n-BuOH (100 ml) was added The organic phase was washed with
H,0, evapd, and the residue obtamed dissolved in MeOH
(100 ml) After addition of NaBH, (1 g), the soln was stirred for
1 hr at room temp and neutralized with 5% HOAc in MeOH
1 N methanolic HC1 (25 ml) was added and the soln left for 24 hr
at room temp Evapn under red pres, addition of 100ml n-
BuOH, repeated washing with H,O, and evapn gave a residue
which was chromatographed on 8 g silica gel Upon elution with
CHCl,-MeOH (49 4), 100 mg (30%) monoglucoside 7 was
obtamed Crystals (MeOH-H,0), mp 172-175° dec, [«]%}
+152° (MeOH, ¢ 04) IRvSHCem~' 1135, 1690 (8-
unsaturated d-lactone), 1255, 1730 (OAc), 3450 (OH)
UV A, nm (log €) 230 (387) ORD [@O],,;, +725° [@)as0
~3015° (a= +373), bt [13] amorphous, [a]p +37°
(pyridine)

Oxidatiwe Smith degradation of monoglucoside 7 to 3 From 7
(60 mg) as described before (CHCI; instead of n-BuOH was used
for the extraction after acid hydrolysis) Elution of the silica gel
column with n-hexane-Me,CO (8 3) gave 15 mg (33%) 3, mp
236-239°, 1dentical 1n every aspect to O(1)-monoacetate 3
prepared from 1 via diacetate 2

Deacetyl monoglucoside 8 Compound 10 (10mg) in 01N
methanolic NaOMe (2 ml) was left for 48 hr at room temp After
neutralization with dil HOAc, evapn under red pres, and
addition of CHCl,-MeOH (9 1), the soln was dried over
Na, S0, and evapd to give S mg (50%) 8 Crystals (EtOAc), mp
178-182°, [a]&° + 26 1° (MeOH, ¢ 0 3) MS (positive i0n1zation),
10-16eV, m/z (rel nt) 584 [M —2H,0]* (24), 440 [M
—glucose]™ (34), 422 [440 —H,O]* (100), 404 [422 —H,0]*
(74), 333 [M — glucose — 125]* (33), 315 [333 —H,0]* (59), 297
[315-H,0]* (61) IR vEHCl em 1 1135, 1700 (a,B-unsaturated
d-lactone) 3400 (OH) UV A, nm (log &) 229 (3 86)

Partial acid hydrolysis of 4 Compound 4 (600 mg) was refluxed
with 1 N methanolic HCI (100 ml) for 1 hr The soln was evapd
under red pres, the residue was dissolved in n-BuOH (100 ml),
washed with H,O, evapd under red pres, and the residue
obtained (300 mg) chromatographed over silica gel (15 mg)
Elution with CHCl;-MeOH gradients gave 20mg O(l)-
monoacetate 3 (49 1), 150 mg withanolde 1 (97 3), 11 mg
monoglucoside 7 (9 1) and 25 mg deacetyl monoglucoside 8
(4 1), 1dentical 1n every aspect to the otherwise prepared
specimen

Methylation of dunawithanine A (4) to 6 and 9 Compound 4
{600 mg) was shaken mn DMF (12ml) with BaO (24p),
Ba(OH), 8H,0 (48 mg) and Mel (26ml) [11] for 24 hr, and
after addition of further Mel (1 ml) and BaO (100 mg), agan for
24 hr at room temp The soln was diluted with CHCI, (200 ml)
and after filtration, extraction with H,O and ag Na,S,0; evapd
CC of the residue (626 mg) over silica gel (Woelm, 30 g) gave
upon elution with n-hexane-CHCI, (1 4) 200 mg (28 %) dodeca-
O-methyl denivative 9 Scales (n-hexane~-CHCI;), mp 76-80°,
[«]&® +35° (c05) MS (negative 1onization), 10-16 eV, m/z (rel
mt) 1171 [M —1]" (48), 999 [M —1~171]" (26), 643 (deca-

G ADAM et al

methyl triglucosyl fragment) (46), 545 [M —627]~ (26), 527 [545
-H,0]~ (70), 407 [643 —tetramethyl glucosyl — OH]~ (96),
333 (100), 331 (100) MS (positive iomzation), 10~16 eV, m/z (rel
nt) 643 (decamethyl triglucosyl fragment) (20), 627 (37), 529
(97), 469 [529 —HOAc]™* (78), 357 [529—1—171]* (95), 297
[357 —HOAc]™* (96), 279 [297 —H,0]* (83), 219 (tetramethyl
glucosyl fragment) (100), 187 [219—-MeOH]}* (91)
IR vg,, cm™! 1240, 1730 (OAc), 1725 (a, f-unsaturated ester),
3500 (OH) UV 4, nm (log £) 228 (3 58)

Elution with CHCl; gave 150 mg (229%) deca-O-methyl-
dunawithanine A (6), scales (n-hexane-CHCl,), mp 92-95°, [«] &°
+51° (c 04) MS (negative 1onmzation), 10-16 eV, m/z (rel 1nt)
1127 [M+1]" (12), 1108 [M—H,0]" (53), 1048 [1108
~HOAc] ™ (6), 889 [1108 —219] (7), 643 (decamethyl triglu-
cosyl fragment) (16), 481 (27), 463 [481 — H,0]~ (55), 421 [481
—HOACc]™ (33), 407 [643-tetramethyl glucosyl —OH]~ (76)
MS (positive 1omization), 10-16eV, m/z (rel nt) 499 [M
—627]* (5), 485 (46), 465 [M —643 —H,O]* (56), 439 [499
—HOAc]™* (36), 421 [439 —~H,0]"* (49), 405 [465 — HOAc]*
(46), 391 (81), 357 [M —643 —126]* (43), 297 [357 —HOAc]*
(44), 219 (tetramethyl glucosyl fragment) (85), 187 [219
—MeOH]* (100) IR vy, cm™! 1240, 1730 (OAc), 1700 (x, -
unsaturated d-lactone), 3500 (OH) UV vy, nm (loge) 228 (3 69)
ORD [B],66 +1940°, [0],50 0°, [@] 35 —2200° (a = +414)

Acid hydrolysis of 6 Compound 6 (200 mg) was refluxed with
1 N methanolic HCI (50 ml) for 5 hr Upon evapn under red pres
and dilution with H,O (50 ml), the ppt was crystallized to give 1
The aq filtrate was refluxed for 3 hr and extracted 5 x with
CHCI; The aq soln was neutralized with Dowex 1 and evapd
CC of the residue of the CHCI, extract over 2 g silica gel gave
upon elution with C,Hy-Me,CO (7 3) 20 mg (24%) 2,3,4,6-
tetra-O-methyl-a-D-glucose Needles (n-hexane), mp 88-91°,
[«]% +875—830° (H,O, ¢ 02), 1dentical in every aspect to an
authentic [14] sample CC of the residue of the aq soln over 2 g
silica gel gave upon elution with CHCl;-MeOH (47 3) 10mg
(27%) 4,6-d1-O-methyl-a-D-glucose Needles (MeOH-CHCl,),
mp 165-169°, [«]E’ +769 — 629° (H,0, ¢ 014), identical m
every aspect to an authentic sample prepared from a-tomatine

[15]
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