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WITHANOLIDES — A NEW TYPE OF PHYTOSTEROIDS

A. V. Kamernitskii, I. G. Reshetova, UDC 547.926
and V. A, Krivoruchko

In recent years, to the types of steroids known previously [1, 2] a series of new ones isolated from natural
sources of animal and vegetable origin has been added.

Some of the newly discovered types of steroid compounds are of great interest for their biological proper-
ties. Thus, compounds possessing a steroid skeleton of the ergostane type with a pyran ring in the side chain
form a single biogenetic group which is found in plants of the family Solanaceae. New phytosteroids (about 60
compounds) have been isolated from Acnistus, Datura, Dunalia, Jaborosa, Withania, and Nicandra ph. and, ac-
cordingly, they have acquire the names of withanolides, jaborosalactones, withaphysalins, and nicandrins.

Biological Activity of the Withanolides

The enormous interest shown in the new class of phytosteroids, in the determination of their structure,
and in the development of schemes of synthesis has been due to their biological activity. After the first report
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[3] on the anticancer activity of extracts of the leaves of Acnistus arborescens, the intensive investigations. of
Withania somnifera Dun, carried out simultaneously by groups under Levie, Adam, and Snatzke in various
countries led to the isolation of the active principal of these extracts — withaferin A (4). The subsequent de-
tailed study of the activity of withaferin A showed that in extremely low concentrations of 0.01-0.5% in water

it inhibits the growth of plant cancer cells {4]. In an investigation of its influence on Ehrlich ascites cancer
cells [5] implanted into mice, it was found that withaferin A causes the suppression of their growth accompanied
by their complete disappearance in 80% of the mice. It is not known which structural features are responsible
for this effect and it is possible that in the anticancer activity of the withanolides an important role may be
played by structural elements both in rings A/B and in the side chains,

The present review is devoted to a consideration of features of substitution in the steroid skeleton and
the determination of the structures of the side chains, and also to approaches to the partial synthesis of these
compounds. Questions of the presence of representatives of this type in nature and methods for their detection
and isolation have been considered in the preceding paper of this issue {6].

At the present time, about 60 representatives of the type of steroids described have been isolated; their
structures are given in Table 1.

The steroid nature of the skeleton of the group of compounds under considerationis ascribed to them on the
basis of experiments [7, 8] on dehydration with SeO,, which led to derivatives of cyclopentanophenanthrene and
trimethylnaphthalene. All the withanolides, jaborosalactones, and nicandrins, with the exception of compounds
(15) and (17) are characterized by a A®-1-oxo grouping in ring A for which absorption at 225 nm in the UV spec~
trum, bands at 1690 and 1660 cm™! in the IR spectrum, and weak-field signals from the C-2 and C-3 vinyl pro-
tons at 6.18 and 6.97 ppm in the PMR spectrum (Table 2) are characteristic. A consideration of the supple-
mentary structural features in rings A/B enables these phytosteroids to be divided into a number of subgroups.

Characteristics of the Substitutions in the Steroid Skeleton

Of the 60 new phytosteroids described, 14 contain a 45~hydroxy-543,63-epoxy grouping in addition to the
A%-1-ox0 system and are characterized by the corresponding signals in the PMR spectrum (see Table 2 for
compounds 1-12) [7~14]. The allyl position of the 4-OH group is confirmed by oxidation to the enedione () [7],
having dihydroguinoid structure which can be present only in ring A of the steroid skeleton. The presence of
an oxide ring in the 5,6 position is also shown by chemical transformations of the A?-hydrogenated system,
leading either to the opening of the epoxide or to its reduction, The identities of all the reaction products have
been shown strictly by the PMR method. The conversion of (V) into the dithioketal and its reduction followed
by ozonization of the lactone group in the side chain —a 12-stage degradation of withaferin A (4) [1] to the known
bisnor~(5a)-cholanic acid (X) has served as a proof of the stereochemistry of the linkage of rings A, B, C, and
D. This linkage of rings A /B is also shown by the positive sign of the Cotton effect in the CD spectra at 340 nm
in the region of the n — r * transition of the «,p-unsaturated ketone. It has been shown by transformations of
1,4-diketo systems isomeric with respect to the C-5 center [15] that the 60 group at C-1 in Al-steroids makes
the cis (58) A/B ring system more stable than the trans (5a) system, which is explained by a decrease of the
nonbound interaction in the 538 series between the 1-keto group and the 1la proton.

It must be particularly noted that in a study of the transformations of the A%-1-oxo-48-hydroxy-583,65~
epoxide system interesting reactions have been found. Thus, on treatment with p-TsOH in CH,OH nucleophilic
addition of the solvent takes place at C-3 with the formation of 3-methoxy~2,3-dihydrowithaferin A (XD [7], or
a rearrangement of the pinacolone type is observed with the formation from withaferin A of the A-nor-2,5-dien-
1~one (XID) and from dihydrowithaferin of the A-nor-5-formyl derivative (XIII) [12] (see Scheme on following
page.)

Withanolides having no 5,6-oxide ring, of types (32 and 33), are distinguished by the absence of a signal
at 3-4 ppm in the PMR spectra, but in the weak-field region they have the signal of a vinyl proton in the form
of a doublet (in 33, & 5.78 ppm) or a multiplet (in 32, 5 6.00 ppm). A reflection of the 7-OH group in (33) is a
one-proton doublet from 7-H at § 3.84 ppm.

A second large group consists of withanolides with a polyenic system in rings A/B (21, 22, 29, 30, 34, 35)
[9, 16, 17], in rings A, B, and C — A%5#(1)_compounds (14, 16, 18) [18] =, or in rings A, B, and D — A% 14(19)_
compounds (19, 31) {10, 18]. They are characterized by signals from the vinyl protons in the weak~field region
of the PMR spectrum (see Table 2). The position of the A?(14) and A14(15) honds affects the downfield shift of the
signal from the 18-CHj group (6 1.03 ppm in 16, 19, and 31 as compared with, for example, 0.7 ppm in 4), while
in the case of a A(15) bond there is a signal from the 15-H at & 5.25 ppm. The positions of the double bonds in
the compounds mentioned have been shown by chemical transformations into saturated systems or epoxides.
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The nature of the multiplicity and the positions of the signals in the weak-field region varies on passing
from A? compounds to A%:®-withanolides (15, 17). To these are assigned signals from the vinyl protons at C-3
and C-4 in the form of a doublet of triplets at § 5.62 and 6.08 ppm with a coupling constant of 10 Hz [18]. The
A3*®-heteroannular diene shows absorption in the UV spectrum at Apax 232 nm, & 24,000,

A considerable number of withanolides and nicandrins is characterized by 5a~hydroxy- A’-1-oxo-6a,7 0~
epoxy grouping (23-27, 42-47) [9, 17, 19-27]. Of the three possible positions for a disubstituted oxide ring in a
17 -substituted steroid A%-1-ketone — 11,12;15,16; and 6,7 — the last was selected on the basis of a comparison
of the products of the degradation of the side chain. The « orientation of the 5-hydroxy group was assigned on
the basis of the coincidence of the change in the chemical shift from the 19-CH; group as a function of the nature

of the solvent (A6 831?3 =+ 0.26 ppm) and literature information for steroid 5a-1-ketones (+0.25 ppm). For

the 53 isomers, this difference amounts to —0.12 ppm. The 5o stereochemistry is also confirmed by the value

of Ab HN = 0.07 and the pronounced negative sign of the Cotton effect in the region of the n — »* transition
541 .

for enones at 338 nm in the CD spectrum. The « orientation of the 6,7-epoxide ring is shown, on the one hand
by its preferential formation from the corresponding A® compounds and, on the other hand, by the direction of
its opening by HBr-acid. From the preferential formation of the trans-diequatorial bromohydrin (XV) the in-
fluenee of a neighboring 5¢-OH group was deduced. The trans-diaxial bromohydrin (XVI) obtained from (42)
readily undergoes ring closure at the 5&¢-OH group to form the 5a,6c-epoxide (XVII). An x-ray structural
analysis of the nicandrins [20, 29} has shown that ring A has a half-chair conformation [C(5) below and C(2)
above the plane of the ring] and ring B a half-chair conformation with C(9) below and C(10) above the plane of
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TABLE 1. Compounds Isolated from Natural Sources
Structure and composition Name of the ;
of the compound compound Source Literature

27~Deoxywitha- W ithania 9,33,34
ferin A"(4B~hy=- [ somnifera
%rBoxy—l-mé%iSB,

- Epoxy~22R~
witha-zx,)éz;-di-

. enolide)

(48-Hydroxy-1- | Withania | 33,34
ox0-58,68~epoxy} somnlifera
-24,25-diléy o~
22R-with-2~
enolide)

Ho O
G?B H4ﬂ Gﬁ

48~27-Dihydroxy4 Withania 9

( -l-oxo-Sg,GB-y somnifera,
epoxy=-22R~witha] Withania
-5,14,24—trienol- aristata
ide)

withaferin A (48, | Withania 3,710,
27-dihydroxy-1-| somnifera, | 33,47
oxo-sg,BB—epoxy Withania
-22R-witha=2,24| aristata,
~dienolide) Acnistus

arborescens

| 14-Hvdroxy-27- | Withania | 9,32
deoxywirhaterin '

A (4B 1agoa~ | Somnitera
hydroxy~1-0xo-

58,68 =epoxy~
22R-witha-2, 24
-dienolide)

(48,17a~Dihy~ Withania | 9
droxy-1-0x0=58; somnifera
6§-epoxg-228~
witha=-2,24-di~
enolide)

028 H38 Uﬁ
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TABLE 1 (cont.)

Name of the

Suucturethingoﬁglol‘ais‘;ﬂm of compound Source Literature
7 Withanolide D , Withania ; 10, 33, 34
(48,20a~dihy- somnifera
droxy-1~oxo-5B
65 -epoxy ~22R~
witha-2,24-di-
enolide)
HE
gt 48,20a=Dih Withania | 33, 34
8 0 ( 65_8‘1'0%‘5_55 § somnifera
dihyaro-baR
wn -enohde)
Ho 0
EZB H4UUE
(48,°20a,-2%-Tri-| Withania | 10
§ *hydroxy-l-oxe- 3 somnifera
58, 6 B=epoxy~
22R=-witha=2,24~
dienolide)
10
10 (48, 14q, 20a-Tn}Wlthania
hydrox -l-oxo- somnifera
58, 8B-epo;
20R, 22R-wi af
2,24-dienolide
(48, 17a, 20a-Tri¢ Withania | 10

hydro -l-oxo- somnifera
58, 6 B-epoxy=-
203_, 2R ~witha=~
2, 24~dienolide)




TABLE 1 (cont.)

Suucture and composition of Name of the Source Literature
the compound compound
(48, 78, 20a-Tri~| Acnistus 35—37
hydroxy=-1-oxo- | australls,
58, 68=epoxy~- | Dunalia
22R~witha=-2,24~1 australis
dienolide)
Withanolide E - Withania 11,18
(14a, 178, 20- | somnifera
trihydroxy~1-oxo
-58, 6B8~epoxy-
17a-witha=-2,24~
dienolide)
Withanolide G Withania | 18
(20a-hydroxy-1-| somnifera
0x0-20R, 22R~
witha~2,5,8(14)~-
24 ~tretraenolide)
HD
15 00
] Withanolide I(20a| Withania | 18
~hydroxy ~1~-oxo~| somnifera
20R, 22R-witha~
3,5,8(14), 24~te~=
traenolide)
028 H3ﬁ D4
HD OH
16 1070 Withanolide H (20a, Withania | 18
0 27-dihydroxy=1«| somnifera
oxo=20R, 22R~
witha~2,5,8(14),
24 -tetraenolide)
GZ& Haﬁ 05
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TABLE 1 (cont.)

Structure and composition of Name of the
the compound compound Source Literature

Withanolide K Withania 18
17a, 20a=-dihy- somnifera
roXy~1-0X0=

205R, 29R~witha~

3 14 -

tétr';‘éno?_{de)

Withanolide J Withania 18
17a, 20a~dihy= somnliera
roxy~1-0Xo~

90R, 22R-witha~
2|5’8(14)| A4~
tetraenolide)

Withanolide L Withania 18
(17a, 20a-dihy«| somnifers
droxy=~1-ox0-

. 20R, 22R~witha+
2,5, 14,24 -tetra
enolide)

(5¢, 1Ta=Dihy~ Withania | 9
droxy-1~0xo- somnifera
99R-witha~2,6,
24-trienolide)

[withanolide M Withania 18

somn ifera

droxy «1-ox0~14a
150 ~epoxy=20R,
22R~witha-2,5,
94 ~trienolide)

(117a, 20~dihy=- -




TABLE 1 (cont.)

Structure and composition of

" Name of the

- the compound compound Source | Literature

Withanolide F W ithania 8
14a, 1718, 20~ somnifera
rihydroxy=-1-oxo
17a~witha~2,5,

24 -trienolide)

5a-Hydroxy-1-oxoq Lycium 24
6a, Ta=-epoxy= chinense
29R-witha-2,
24~dienolide)

(5a, 17a-Dihy- Withanfa | 9
droxy~1-oxo-6a, somniferd
To =epoxy =22R~
witha-é(,yzcl-di-
enolide)

(5a, 20-Dihydroxy} Withania | 19, 24. 25
~1-0%x0=6a, 7a~ { somnifera,
epoxy=-22R~ |} Withania
witha=-2,24-di- | coagulans,
enolide) Lycium

chinense

Withanolide R (5a,} Withania 17
23~dihydroxy-1-| somnifera
oxo=6d, Ta~
epoxy-22§, 23R~
witha=2,24=di~
enolide}

(5a, 27-Dihydroxy| Withania
-1-0x0-8d, Ta~" | somnifera

epoxywitha-2,
24 -dienolide)
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TABLE 1 (cont.)

, Name of the ‘

Structure and composition of
the compound compound Source Literature
(1la, 38, 5a-Trihy=-{ Withania 9
droxy~6a, Ta=- somnifera
epoxy=22R-witha
24-enolide)
17a, 27-Dihy= Withania g
droxy=-1=-ox0= somnifera
witha-2,5,24-
trienolide)
(7a, 27-Dihydroxys Withania | 9
-1-oxo-witha-2, | somnifera
5,24«trienolide)
Withanolide N Withania 10
(17a, 27~dihy- somifera
droxy-1=-ox0=
witha=2,5,14,24~
tetragnolide)
828 Haﬁ Us
(Withanolide O Withania 10
(48, 17a-dihy~ somnifera

C?B Hﬂﬁ US

droxy-1-oxo-
witha-2,5,8 (14),
24~-tetraenolide)




TABLE 1 (cont.)

Structure and composition of Name of the :
the compound compound Source Literature
(48, 78, 20-Trihy~| Acnistus 35—37 -
droxy-1-0x0-20R} australis,
22R-witha-2,5, {-Dunalia
24~trienolide) | australis
Withanolide Q Withania 17
(17a, 23,27-tri- | somnifera
hgdrox ~1=0%0~
228, 29R-witha~-
2,5,24~trienol~
i&c’
Withaphysalin A | Physalis 39
minima
828 H34 05
X
Ho 0e 070
3 ;
o withaphysalin B | Physalis 39
minima
0
CZB HSBU [
37
Jaborosalactone A | Jaborosa 16,30
(4~-deoxywitha- | Iategrifolia
ferin A)
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TABLE 1. (cont.)

Structure and composition of
the compound

Name of the
com pound

Source Literature

Jaborosalactone B

Jaborosalactone C

Jaborosalactone E

Jaborosalactone D

Nicandrenone ¢

hydroxy-6a, Ta:
23, 26: 24, 25~
tnepoxy-1'7

(13-+18)-abeo-
Se-ergosta~2,13,
15,16~tetraen-1~
one

thamcandnn
(5a-hydroxy«1

Xy=22R-Wi
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(Nic-1)(5,26~-did physaloides:

12 dioxo-64, 'la-
-2 ,24~dienolide)

Jaborosa 16,30
integrifolia

Jaborosa 16,30
integrifolia

Jaborosa 16,30
integrifolla

Jaborosa 16,30
integrifolia

Nicandra 23,28129,41

Nicandra | 21
physaloides




TABLE 1 (cont.)

Structure and composition of

the compound

Name of the
compound

Source

Literature

o
el

Nie-3 (20S,22R,
2485, 255, 26R~5,
26-dihydroxy-6d
Ta; 22,265 24,254
triepoxy-5a-er-

- gost-2-en-1-

one)

Nic~7 (208, 22R,
248, 258, 26R-
5,26-dihydroxy-
6a, Ta; 22, 26;
24, 25-triepoxy-
Sa~ergost~2-ene-
1,12~dione)

Nic-11 (5,25,26~
Trihydroxy-6a
Ta: 17,24 22,36
triepoxy~5a, 17a
~ergost~2-en-1=
one)

Nic-2 (5,118, 26-
trihydroxy-6a,
Ta: 22, 26; 24,
25-triepoxy=5a,
17a~ergost~2~en-~
~-1~one)

(5a¢, 17a-Dihy-
droxy-1,12~di~
oxo-6a, Ta=-
epoxy-22S-
‘withay~2 24~
dienolide)

Nicandra
physaloides

Nicandra
physaloides

Nicandra
physaloides

Nicandra
physaloides

Datura
quercifolia

20,22

20,22

20,22

38
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TABLE 1 (cont.)

Suucture and composition of
thie compound

Name of the
compound

Source Literature

150

(l4a, 178-dih¥-~
droxy-1-sx0-17
=witha-2,5,24~
trienolide)

4B-Hydroxywithz:}j
nolide E (48, 14¢
178, 20~tetrahy=-
droxy-1-0x0-58,
68-epoxy-~1T7a-
witha=2,24- di-
enolide)

48-Hydroxy-1~
(o oxo-% B8, '6g-
‘epoxy-22R~
witha-2,14, -
24-trienolide)

Damralactone (5a,
12a, 17g-trihy-
droxy=-1-oxo-6a,
7a-epoxy-228-
witha-2,24~di-
enolide)

(48-~Hydroxy=~1-
oxo-5B, 6B8-ep-
oxy=~-22R-witha~
2, 14, 24-tri-
enolide)

Wwithanolide P Withanta
a‘ somnifera

Physalis
peruviana

Withania
somnifera

Datura
quercifolia

Withania
aristata

47

48




TABLE 1. (cont.)

Structure and composition of Name of the Source Literature
the compound compound
Y COH
i
54
0 2,3~Dihydrowitha-| Withania 48
ferin A aristata

(la, 14a-Dihy~- Withania | 48
droxy-22R~witha+ aristata
5,24~dienolide)

(48, 17a, 27-Dihy4 Withania 49
droxy~1~oxo- frutescens
22R-witha-2, 5, | -
24~trienolide)

(48, 17a, 27~Tri~ | Withanta | 19
. hydroxy-1-oxo~ | frutescens
22R-witha-2,24~
dienolide)

(6a~Chloro-48, 584 Withania 49
‘27 ~wihydroxy-1- frutescens
'ox0-22R-witha-
2,24- dienolide)

WOy of
G,y My 0; CE

the ring. The 5a~hydroxy group does not form hydrogen bonds. The presence of a 12-keto function in with~
anicandrin (43) is shown by the difference of the 18~CH; chemical shifts, amounting to +0.38 ppm (compare &
0.85 ppm in 24 and 25, and 6 1.11 ppm in 43) (see Scheme on following page.)

The most interesting aspect of the compounds under consideration is the structure of their side ehain in
position 17. A common fragment of the withanolides, jaborosalactones, and withaphysalins is a six-membereda,
B~unsaturated lactone, while the nicandrins contain an epoxylactol ring attachedto the pregnane skeletonat C(20).
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Structures of the Side Chains

The $ -lactone structure has been shown by transformations [7, 8] amounting either to catalytic hydro-
genation with the hydrogenolysis of the allylic 27-hydroxy group, leading to deoxy derivatives, or to the ozono-
lysis of the a, g-unsaturated lactone grouping, and the formation in both cases (from the hydroxy and the deoxy
derivatives) of one and the same pB-hydroxy ketone (XVIII) enabled the primary OH group in withaferin to be
assigned to position 27. The upfield shift of the signal from the 21-CH; group in the PMR spectrum [doublet in
(XIX) at 1.08 ppm to 0.97 ppm in (XX)] confirmed the position of the secondary CH; group at C-20 in withaferin
A. Hydrogenation of the A** bond of the 27-deoxy analog is far slower than that of the A? bond, and subsequent
alkaline treatment and lactonization leads to epimerization at C-25, as has been shown on deuterated specimens
[7]. In chemical transformations of the 2,3-dihydrowithanolides the formation of the 27 -methyl ether (XXI),
which is unusual for alkaline conditions, is observed, and this has been explained [7] as a process involving the

elimination of an OH group accompanying the Michael addition of 2 molecule of solvent by the following mech-
anism;

The 27-deoxy analogs of withaferin A have two methyl groups on a tetrasubstituted double bond, giving in
the PMR spectrum a broadened six-proton signal at 1.90 ppm, which is characteristic for all the withanolides
with a similar substitution of the §-lactone in the side chain. The presence of a —CH,OH grouping at C-25 in
withaferin A (4) and also in the jaborosalactones (37-41) [16, 31, 30] is shown in the PMR spectrum in the form
of a two-~proton singlet from the two equivalent methylene protons at 4.35, or 4.90 for CH,OAc.

The signal from the C-22 proton in the PMR spectrum is extremely characteristic for all the withanolides
[9, 16, 29-34], and its shape and position are appreciably affected by substituents at C-20, C-17, and C-23. In
actual fact, in compounds having no OH groups at C-20 the same multiplicity of the signals at 4.22-4.40 ppm is
observed in the form of a doublet of triplets with constants of 12 and 3.5 Hz caused by coupling with the three
vicinal protons at C-20 and C-23 (1-5, 23, 27, 28, 30, 37-41, 43; see Table 2), which confirms the constant
stereochemistry of the withanolides at C-22. The doublet of triplets from the C-22 proton appears in a weaker
field when such a descreening group as OH at C-17 is near by. In the case of the 17« ~hydroxy withanolides (6,
20, 24, 29, 31, 32) [9, 10], this signal appears in the same form at § 4.63-4.7 ppm. The presence of a third
hydroxy group at C-17 has been shown by the reaction of the 2,3-dihydro derivatives with trichloroacetyl iso-
cyanate, in which derivatives are formed for which a low-field signal from the NH of the carbamate residue
(6 8.43 ppm) is characteristic. The localization of an OH group at C-17 is shown by dehydration with the aid
of SOCL,, the A1) and A% derivatives formed showing the same position and shape of the signals from the
C-22 proton. To determine the orientation of the 17-OH group a comparison of the values of Aé in the NMR
spectrum in CDCI; and C;H;N has been used. As is well known, in saturated cyclic systems protons present in

the 1,3-diaxial positions to an OH group show an upfield shift by 0.2-0.4 ppm (AégsH 11%). In the present case,
o5tls

for the 18-H, 21-H, and 22-H signals the values of A are—0.01, —0.16, and —0.2 ppm. Although in actual fact
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TABLE 2. Characteristics of the PMR Spectra of the Withanolides and Nicandrins

Number
8ortn-e 2-H 3~H 4—H 6-H | 7—H| 2 H 2%6-H| 21-cH, |18-CH,19~CH} 27 and 28—CHjz | Other signals
pound |l ’
inil"ableh
1 6,20d | 7,08dd 3,76dd | 3,23 4,37dt 0,98d | 0,685 1,395 1,91
" 10 10:6 6 4 123,5 6
2 6,21d. {7,074 3,76d | 3.21 4,31dt 0,974 | 0,60s{ 1,415{ 1,11d1,21d
10 6 6 4 11;3 6 66
3 6,23d | 7.00dd 3,80d |3,2 4,414t 1,10d | 0,795 1,43s 1,91 15—H 5,58
, 10 | 106 6 4 125 7
4 6,18d | 6,97 dd 3,734 |3,20 4,40dt 0,97d - | 0,67d] 1,39s 2,03 25-0OCH, 4,35
10 10:6 6 4 12;3,5 6.5
5 6,184 |6,95dd 3,75d | 3,23 4,50 1,02d | 0,88 1,41s 1,91
10 10;6 6 7
6 6,26d | 7,08 dd 4,694 | 3,2 4,74t 1,014 | 0,715 1,40s 1,90
10 10;6 6 4 7
7 6,21d | 6,97 dd 3.77d |3,25 4,25dd 1,27s | 0,838] 1,41s 1,91
10 10;6 6 4 12;5
8 6,20d |6,9 dd 3,75d {3,255 116dd 1,26s | 0,86s] 1,40s] 1,17d1,21d
10 10;6 6 4 1u,54 6 6
9 6,20d |7,00dd 4,604 | 38,2 4,29 dd 1,268 0,86 1,398 2,06 | 25—0CH,
10 10:6 6 4 12:6 4,90
10 6,26d |7,06dd 4,684d | 3,31 4,21dd 1,265 | 1,00 | 1,418 1,95
10 10:6 6 4 12:6
1 6,27d [7084dd 4,68d | 3,2 4,51 dd 1,255 |0,83]1,38 1,95
10 106 6 4 14,5:3
12 6.41d |7,3 dd 4,01 d | 3,53d] 3,83d 4,36dd 1,405 ]0,958) 1,88s] 1,68 1,88
10 10;6 6 21 9 125
50 6,30d | 7,08 dd 4,66.d | 3,31 4,78dd 1,4ts | 1,08s| 1,41s] 1,89 1,95
10 10;6 6 4
15 5,62 dt 6,084t | 5,71 4,25 dd 1,30s | 1,07s| 1,408 1,87 1,94
10 1 11,5:4,5
17 5,64dt 6,084t | 5,70t 4,66dd 1,328 1,074 1,39s] 1,88 1,95
10 10 105 :
14 5,83dq | 6,764dq 5,60 4,21dd 1,30s 1,05s{ 1,255 1,91
10;3;1 10;5:2,5 8 10;6,5
16 5,88 dq | 6,83dq 5,63 4,30 dd 1,31s- | 1,07s] 1,265 2,06 | 25—OCH, 4,90
10;3;1 10;5;2,5 8 10;6,5
18 5,84dq | 6,834 5,59 4,62 dd 1,31s | 1,06s| 1,245 1,90
10;3;1 | 10;512,5 8 10,5;5,5
19 5,89dq | 6,81dd 5,61 4,70 dd 1,32s | 1,21s] 1,265 1,93 15—H 5,26
10;3;1 10;5;2,5 8 11;5 5
21 5,91dq | 6,81:da 5,56 4,70t 1,265 | 1,24s] 1,284 1,90 15—H 3,58 s
10;3;1 10;5;2,5 8 8
31 5,90dq | 6,83da 5,621 4,66dt 1,15d ] 1,03[1,25 2,07 15—H 5,25
25—OCH, 4,93
29 5,90dq | 6,94 dq 5,68t 4,70dt 1,06d | 0,855 1,25 2,07 25—0CH, 4,90
7 : ,
34 5,92 dq | 6,86dq 5,63 4,42 1,13 0,871 1,25 23-H 4,42
10;3;1 | 16;5;2,5 8 25—OCH, 4,42
30 5,99 dq | 6,83da 5,86 | 4,90 4115138? 1_io5d 0,7%] 1,2 2,06 25—OCH4,90
35 5,90dq | 6,83dd 5,62 4532%;1 1,51 1,305 1,95
20 5,91 6,66 5,72 4,63dt 1,04d |0.85s] 1,215 1,9
. 7
32 6,60d | 6,83dd 4,664 (6,00 - 4,68 1.09d | 0,98 | 1,50 1,83 1,97
10 10;4,7 4,7 7 ;
33 5,91d |6,764d 4,64d | 5,78d|3,84d 4,25dd 1,30 0,92s) 1,465 1,85 1,96
10 10;4,7 4,7 L5 | 6 2,5
36 6,039¢: | 6,9:dq 3,15 ) 4,58 dd 1,28 1.25s 1,93 18—H 5,17 -
2% | 5.85dq | 6,564d4 3,05dd|3,32dd 4,73dd 0.93d {0,804 1,17 1,97 23—H 5,63d
10;3;1 10;4,5;3 3,5:2 . 3,52 7 2
27~ 15,81 6,61 3,06d [3,331d 4,46dt 1,04d | 0,78s| 1,18s 2,06 25—OCH, 4.9s
. 4 i1 123,5 7
42 5,88dt | 6,62m 3.22d | 4,0m 3,87m 4,9891 1.24d 1,33.1,35 15—H 4,0 m
107 / , 16—H 7,38d
43 ] 5,81dq | 6,604dq 3,08d 13,40dq 4,40 dt 0.98d | 1,11s} 1,24s 1,92
10;3;1 | 104,53 4 ; 12:3,5 6
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TABLE 2. (cont.)

Number
88‘%‘1-2 2-H 3-H 4-H 6-H | 7-H 22-H 2%-H | 21-CH, {18-CHJ19-CH,| 27 and 28—CH, | Other signals
11}
fn Table ‘ |
i |
48 5,854 | 6,60dg 3,084 [3424d 4,55m 0,9-d 1,135} 1,265 1,52 1,58
1 10:4,5;3 4 41 7
44 5,674 6,61dd 2,92 dd|3,14 3,92m 4,95d 0.85_d 0,75} 1,32 1,27 1,07
’ 10 10:4,8:3 7 6
45 5.56d | 6,52.dd 3,054 4,92) 0,725 | 1,04 1,325] 1,16 1,27
0 10;5;3 4 7 .
46 5,964 6,50dd 3,034 13.17dd 4,15m 5,365, 1,04 0,601 1,45 1,18 1,40
10 10;3,4;8 5 5 6.
47 5,8d 6,6dqg 2,76 3,3 3.0 3.8d 5,0 |1,0d 1.4
10 34 7 7
24 5,81dg | 6,60d 3,064 13,34dd 4,63dt 1,04d 0.85s| 1,185 1,90
10;3:1 10;4,5;3 4 41 8:5:3 7
28 5,52 2,974 |3,31dd 4 414t 1,014 0,751 0,85 1,92 1—H 3,68
: 4 41 12;3,5 . 7
39 fliiOSd 6,8m 4,38 0,994 0,71 | 1,12 2,04 25—0CH; 4,38
, ] 7
40 5,96d |6,8m Y 4,46dt 1,064 [0,78]1,37 2,12 | 25--OCH, 4,93
12 5 12:4 7
41 5,90d |6,8m - ]o84a Jo,68] 1,68 2,12} 25—0OCH, 4,73
10 ) 6

*Theupper lines give the chemical shifts (ppm) and the lower lines the coupling constants (Hz); s) singlet; d)
doublet; t) triplet; dd) doublet of doublets; dt) doublet of triplets; q) quartet; m) multiplet; dq) doublet of quartets.

the 17o~OH and 220-H are not included in such a system, it is considered probable that such a rigid conforma-
tion is preferred for the C(17) —C(20) bond in which the 17-OH group and the 22-H atom are located with respect
to one another in a position similar to the 1,3-diaxial position, which causes a solvent shift for the 22-H signal

[91.

XXH xxm 0 ¢

In the withanolides having a 20-OH group (7-10, 12, 14-16, 25, 33) [10, 16, 18, 19, 33-37], the 22-H signal
appears in the PMR spectrum in the form of a doublet of doublets at 4.25-4.30 ppm with constants of 12 and
5-6 Hz. For the 20~trichloroacetylcarbamates characteristic singlets are found in the PMR spectrum at $ 8.70
ppm, and the signals from the 21-CH, and 22-H protons are shifted downfield (6 1.30 and 4.86 ppm, respec-
tively) [18]. To show the a-orientation of the 20-OH group a comparison of the positions of the signals in the
PMR spectra from the C-18 CH; and C-21 CH; groups with the corresponding signals of 20a - and 20 3-hydroxy-
cholesterols has been used as a criterion. Chemically, the presence of the 20-hydroxy function is shown by the
dehydration of 24-25-dihydroderivatives of the withanolides.

xxv XXV XXvt

For withanolides (11, 13, 17-19, 21) containing simultaneously 17« and 20a~hydroxy groups [10, 11, 18],
the signal from the C-22 protoun has the form of a doublet of doublets and is shifted downfield to 6 4.70 ppm
through the descreening influence of the 17 «~OH group, and the signal from the 21-CH; group is shifted to §
1.25 ppm — through the descreening influence of the 20-hydroxy group. The presence of two tertiary OH groups
has been shown by esterification with trichloroacetyl isocyanate in the manner described above.

Particular interest is presented by the presence in nature of 14-hydroxywithanolides, since such substi-
tution is characteristic for cardenolides, bufadienolides, and ecdysones. A proof of the presence of a 14~OH
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group in (5) [32] consisted in obtaining A% and A dehydration products. It is also found that the signal from
the C-18 CH; group is shifted downfield by 6-7 Hz as compared with the 14-deoxy analogs. The presence of two
OH groups at C-20 and C-14 (10) [10] is shown by reaction with trichloroacetyl isocyanate when, as in the case
of the mono-20-hydroxy derivatives, the signal from the 21-CH, group is descreened and is found at 6 1.25 ppm.
Thanks to the appreciable influence of the 14a-hydroxy group on the C-18 CHj,, the signal of the latter is shifted
downfield as compared with withanolide D (7) by 0.17 ppm and appears at § 1.00 ppm.

14¢,178,20-Trihydroxywithanolides (13, 22, 50) with the o« stereochemistry of the side chain, which is
unusual for natural steroids, have also been isolated [10, 11, 18, 32, 40].

In withanolides with a 23~hydroxy group in the §-lactone ring (26, 34) [17], the substitution at C-23 sub-
stantially affects the nature of the 22-H signals in the PMR spectrum. Although the shape and position of the
signal from 22-H in (34) are similar to those for other withanolides (doublet of doublets at 6 4.80 ppm), never-
theless, in contrast to the 20-hydroxywithanolides, in which the signal is split because of coupling with the two
protons at C-23 into signals with constants of 12 and 5 Hz, in this case the coupling constants are considerably
smaller (3.5 and 2 Hz) solely because of axial—axjal interaction.

The influence of the acetate group at C-23 on the positions of the signals of the protons close to the sub-
stituent in position 23 has been studied. It was found that the signals from the 18-CH,; and 21-CH; groups are
shifted upfield, while the signal from the 22-H is shifted downfield by 0.4 ppm. As a model shows, the 23-
acetate group restricts rotation around the C(20) —C(22) bond and, as a result, in the most preferred conforma-
tion the 18- and 21~ protons prove to be more remote from the C-23 substituent (34) than in its hydroxy analog,
while the 22-H is present closer to the 17a~-OH group and, thus the latter descreens it. This interpretation is
confirmed by a comparison of PMR spectra in CDCl; and in C;H;N.

As is well known, the influence of pyridine is due to a hydrogen bond with a hydroxylic oxygen. In the
23-hydroxy compound (24), pyridine coordinates with the 23-OH group and interferes with rotation about the
C(20) —C(22) bond in such a way that the distance between the 23-OH and 18-CH; groups increases and the sig-
nal from the 18-CH; group shifts upfield; correspondingly, the protons close to the 23-OH and 17-OH groups
are considerably descreened and their signals shift downfield (21—CH3, 22-H). In the 23-acetate, where pyridine
does not coordinate with the acetoxy group, the signals from the 21-CH; and 22-H protons (close to the 17-OH
group) are shifted downfield, while the signal from the 18-CH; group does not change its position.

Withaphysalins A and B (35, 36) differ somewhat in the nature of their side chains [39]. Although they also
contain an o,f-unsaturated &-lactone ring at C-20, in each of them the 20-hydroxy function is included in an 18,
20-lactone grouping. In these circumstances, the 22-H atom gives a doublet of doublets in the PMR spectrum at
5 4.65 ppm. The presence of an oxygen atom at C-20 affects the position of the signals from 21-CH; group in
the weak field at 1.51 ppm in the form of a singlet. The conclusion of the presence of an 18,20-lactone ring is
made on the basis of the absence of a signal from the 18-CH; group and the strong descreening of the 21-CHjy
group. The very existence of an 18,20-lactone ring determines the stereochemistry at C-17; the possibility of
a 17« side chain is excluded. So far as concerns the configuration at C-20, although both possible orientations
of the OH group (¢ and 8) permit ring closure with the formation of a y-lactone, the o stereochemistry is con-
firmed by biogenetic arguments: in all 20-OH withanolides, just as in the physalins, the configuration at C-20 -
is @. The stereochemistry at C-22 is the same as in all the withanolides (see below). The presence of a 14a-
OH group in (35) is confirmed by its dehydration to a A4(5) derivative and the stereodirected peracid epoxida-
tion of the A® bond on the corresponding derivative to an a-epoxide, which is connected with the « configuration
of the 14~-OH group. It is considered that the 14 orientation is preferable biogenetically by analogy with the
14 -hydroxywithanolides (5, 10, 13, 22). Withaphysalin B (36) has in the same 18, 20 position a lactol grouping
which, on oxidation with CrO;, is converted into a vy -lactone. The structure of the acetate of the lactol is con-
firmed by the low-field position of the signal from the CHOAc group at 6 6.17 ppm.

In the nicandrins (44-47) [20], the lactone ring in the side chain that is characteristic of the withanolides
is replaced by an epoxylactol group, and its oxidation leads to a 24,25-epoxywithanolide. A study of the struc-
ture of the nicandrins by X-ray structural analysis [20] has shown that in ring E the C(23)-C(26) atoms are
located in approximately the same plane as the 24,25-oxide ring, O (22) lies in the same plane, and C(22) is be-
low the main plane of the other five atoms. Nicandrin (45) differs from (44) by the presence of a carbonyl
group at C-12 (which is analogous to withanicandrin) [20, 21, 40], and this is shown in the appearance of a sig-
nal from the 18-CH; group in the PMR spectrum in a considerably weaker field than for (44), at 6 1.04 ppm.
Nicandrin (47) has an ¢ side chain that is unusual for natural steroids and a 173-hydroxy group. The assign-
ment of the tertiary OH group to C-17 is based on the use of a shift reagent and on double-resonance technique
[22]. The 17-OH group determines the position of the signal from the 18~CH; group in the PMR spectrum of (47)
in a weaker field (6 1.10 ppm) as compared with 17~deoxynicandrin (44) (6 0.70 ppm).
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Compound (47) is apparently a biosynthetic precursor of (46), which contains a dioxabicyclo[3,3,11nonane
system at C-17 with an iso side chain, X~ray structural analysis of (46) showed [20] that the 17 —20 bond is
axial (o), and the C(17) —O bond is equatorial, in contrast to (44), which has a 178 equatorial side chain. In the
dioxabicyclo[3,3,1]nonane system, ring E has a slightly distorted boat conformation with the C(17) and c(23)
atoms below the main plane of the ring., The substituents C(16) and C(28) are equatorial in relation to the ring
and C(13), C(21), 0(22), and C(25) are axial.

. Ring F assumes the chair conformation with the equatorial substituents O(26), C(27), and C(28) and the
axial substituents O(17), C(20), and O(25). The biosynthetic relationships between the nicandrins (44-47) are
shown inthe Scheme. Their possible precursor is 24-methyl-24,25-dihydrocholesterol, the successive oxida-

tion of which leads to (44) — (45) (47). Here, (46) may be formed by intramolecular opening of the 24,25~
epoxide ring by the 175 ~OH group. The stereochemistry of (46) agrees with the trans-diaxial opening of the
oxide. The hypothesis has been put forward that (46) is also a biosynthetic precursor of an extremely unusual
nicandrin that has been detected in nature with an aromatic ring D (42). Its biosynthesis includes the oxidation
of the angular 18-CH; group, the cleavage of the C(13) —C(17) bond, and C(18)— C(17) recyclization [21~25]. The
structure of (42) was assigned from the results of an x~ray structural analysis [24] and has been confirmed by
chemical transformations into A?!-lactones forming analogs of the withanolides. The PMR spectrum of (42)
differs from those of the other nicandrins only by the presence of signals in the weak-field region at 5 7.38 and
7.0 ppm.

In addition to PMR spectra, an extremely informative method for determining the structures of the side
chains of the withanolides is mass spectrometry since the direction of fragmentation under electron impact is
determined by the number and positions of the OH groups in the side chain and by the steroid skeleton. Three
directions of fragmentation are possible: a, b, and ¢. In the absence of 17~ and 20-hydroxy groups and, in
particular, in the withaphysalins (35, 36) route "a," i.e., cleavage of the C(20) —C(22) bond predominates in the
mass spectra of the A2 compounds, and the strongest peaks are those with m/e 125, M* — 125, and M* ~ 125 —
18. The presence of an ion with m/e 127 shows the presence of a saturated lactone grouping. Weaker peaks
are formed on cleavage by route "h," i.e., at the C(17) —C(20) bond: m/e M* —153. This type of fragmentation
is characteristic of compounds (14, 23, 27, 28, 30, 3741, 43).

g D ) @5)
42) (s

The presence of a 20-OH group facilitates the cleavage of the C(20) —C(22) bond, and therefore the 20-
hydroxy- A*-withanolides (7-9, 12, 14-16, 25) are characterized by the strongest fragments with m/e 125 and
M* — 125 and fragments with a very low intensity having m/e 169 and Mt =~ 169 (route *b") [37]. The absence
of a 20-hydroxy group and the presence of a 17-hydroxy function intensifies fragmentation by route "c": cleav-
age at the C(13) —C(17) and the C(14) —C(15) bonds. The absence of peaks with m/e 209 (212) leads to the con-
clusion that a 17-hydroxy group is absent. In the mass spectra of compounds (6, 20, 24, 29, 31, 32) they are
extremely intensive. The presence of OH groups at C(17) and C(20) facilitates fragmentation at the C(17) —C(20)
bond, i.e., route "b." Consequently the presence in the mass spectra of compounds (11, 17-19, 21) of an intense
fon with m/e 169 confirms the position of the OH groups in the molecule at C(20) and C(17).
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In the 17,23-dihydroxywithanolide (34), the main peak in the mass spectrum is due to cleavage by route
"pr and the elimination of water: m/e 295 (M¥ — 157 — 18). There are also two considerable fragments with
m/e 342 and 324 which are assigned to the cleavage of the lactone itself at the C(22) —C(23) bond and the O—C=
O grouping [17]. In compounds containing 14-hydroxy or 14,20-dihydroxy groupings (5, 10, 13, 22), in contrast
to the 17,20-~diols, where cleavage at the C(17) —C(20) bond is predominant, the peak arising through the cleav-
age of the C(20) —C(22) bond with m/e (M — 125 — 18) are intensified [10].

Conformational Features of the Side Chains

A conformational study of six-membered lactones by x-ray structural analysis has shown that the car-
bonyl group, the ester oxygen atom, and the two neighboring carbons atom lie in 2 common plane, i.e., the
saturated lactone ring must have either the half-chair or the half-boat conformation.” Both conformations, with
small differences in energy, have been found in the crystalline state [33]. A convenient method for determining
the preferred conformations of saturated lactones in the withanolides (2, 8, XXVIII-XXX) has proved to be cir-
cular dichroism, since it was important only to know the configuration at C-22. In the jaborosalactones (37-41),
having the same side chains as the withanolides (3, 4), the R configuration at C-22 was established by compar-
ing the CD curves with those of the lactone of parasorbic acid (XXXI), showing a positive Cotton effect at 250
nm [42]. All the withanolides having similar CD spectra are therefore considered as possessing 22(R) stereo-
chemistry., Exceptions are compounds 48 and 52 [38, 47]. In view of the 22R configuration and the equatorial
orientation of the bond between the lactone and the steroid skeleton, from a consideration of models it may be
concluded [33] that a positive sign of the Cotton effect in the region of the n — r* transition of saturated lactones
at 215 nm must correspond to a half-chair conformation, and a negative sign to a half-boat conformation. In the
lactone ring of (XXVIII), a compound obtained by the catalytic hydrogenation of (4), the CH; groups at C-24 and
C-25 must be present in the cis position. The sign of the Cotton effect for (XXVIII) in the 215 nm region is
negative and, therefore, the existence of two half-boat conformations is possible with the methyl groups p-
oriented in A—b and ¢-oriented in D—b.

The choice between these conformations was made dfter the use of the well-known idea of the difference
in chemical shifts due to solvents in the PMR spedtrum, A 312;1013 , from which it is clear that the proton of the
g5

methyl group present in the a-position to the keto group has a considerable value of AS (in the strong-field
direction) if this group is axial and a very small one (in the direction of weak fields) if it is equatorial. The

. CDCl, ..
small solvent shifts Ag CaH, of similar magnitude for the 25-CH; group in (XXVIII, XXIX, XX) of 4.5, 5, and

4 Hz permit the conclusion that the 25-CH; groups in the neighborhood of the lactone carbonyl are similarly
oriented in all the compounds mentioned, and this orientation is equatorial.

Taking these facts into account, for the lactone (XXVIII) the half-chair conformation A—b was finally
selected. The positive sign of the Cotton effect in the region of the n — r* transition for (XXIX) leads to the
conclusion that (XXIX) has the B—C half-chair conformation in which the CH; groups at C-24 and C-25 are
trans-diequatorial. I is possible that (XXIX) is the equilibrium product of the hydrogenation of 4). On the
basis of the negative sign of the Cotton effect in the region of the n — n* transition and the solvent shift in the

CDCl1
PMR spectrum AS C:?{C t approximately 4 Hz, the lactone ring in (8) has the C—b conformation. In the all the
6

the proposed structares for the lactones (XXVIII-XXX, and 8) (A—b, B—c, C—b), 1,3-diaxial interactions are
reduced to a2 minimum.
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Syntheses of Withanolides

The first synthetic investigations in the field of the withanolides were directed to the creation of the di-
hydroquinoid fragment in ring A and the epoxide formation in ring B. Japanese workers [43, 44] have developed
a stereoselective synthesis of 1-oxo-583 ,63-epoxycholest-2-en-35-0l as a model of compound (A).
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Lavie et al. [45] have put forward a partial synthesis of the structures of rings A/ B containing, in addition to
substituents of types A and C, also B and D, not only in the cholestane but also in the 173-acetoxyandrostane

and 20B-acetoxypregnane series,
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A partial synthesis of the side chain of the withanolides has been performed [46] from the 20-aldehyde
(XXXII) by condensation withe acetone and the use of the Reformatsky reaction with ethyl a-bromopropionate,

cyclization of the resulting dihydroxy ester giving the o,8-unsaturated ¢ -lactone ring at C-20. The stereo-~
chemistry at C(22), evidently so important for the manifestation of biological activity is already present in the

stage of study (see Scheme on following page.)

158



1

10.
11.
12.
13.
14.
15.
16.
17.
8.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31,
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43.
44,

456,

02 0 R 0
H jéx\)‘\ OR
Me, 0 { C
— + — HO
AcO NeOH { {
XXXl xxxm XXXIV XY

LITERATURE CITED

L. Fieser and M. Fieser, Steroids, Reinhold, New York (1959).

A, A, Akhrem, I S. Levina, and Yu, A. Titov, Ecdysones — Steroid Insect Hormones [in Russian], Minsk
(1973).

S. M. Kupchan, R, W. Doskotch, P. Bollinger, A. T. McPhail, G. A, S8im, and J. A. S, Renauld, J. Am.
Chem. Sec., 87, 5805 (1965).

B. Shohat and H. Joshua, Europ. J. Cancer, 7, 561 (1971).

B. Shohat, S. Gitter, and D. Lavie, Inter. J. Cancer, 5, 244 (1970).

R. N. Tursunova, V. A, Maslennikova, and N. K. Abubakirov, Khim. Prirodn. Soedin., 145 (1977) [preced-
ing paper in this issue].

D. Lavie, E. Glotter, and Y. Shvo, J. Chem. Soc., 7517 (1965).

D. Lavie, E. Glotter, and Y. Shvo, J. Org. Chem., 30, 1774 (1965).

L Kirson, E. Glotter, D, Lavie, and A. Abraham, J. Chem. Soc., (C), 2032 (1971).

A. Abraham, I, Kirson, D. Lavie, and E. Glotter, Phytochem., 14, 189 (1975).

D. Lavie, L. Kirson, E. Glotter, D, Rabinovich, Z. Shakked, Chem. Commun., 877 (1972).

D. Lavie, Y. Kashman, E, Glotter, and N. Danieli, J. Chem. Soc., (C), 1757 (1966).

D. Lavie, S. Greenfield, and E. Glotter, J. Chem. Soc., (C), 1753 (1966).

E. Glotter and D. Lavie, J. Chem. Soc. (C), 2298 (1967).

E. Glotter, M, Weissenberg, and D. Lavie, Tetrahedron, 26, 3857 (1970).

R. Tshesche, M. Baumgarth, and P. Welzel, Tetrahedron, 24, 5169 (1968).

I. Kirson, A. Cohen, and A, Abraham, J. Chem. Soc., P1, 2136 (1975).

E. Glotter, L Kirson, A, Abraham, and D. Lavie, Tetrahedron, 29, 1353 (1973).

H. G. Menssen, and G. Stapel, Planta Medica, 24, 8 (1973).

M. J. Begley, L. Crombie, P. J. Ham, and D, A, Whiting, J. Chem. Soc., P1, 296 (1976).

I Kirson, D. Lavie, S. S. Subramanian, P. D. Sethi, and E. Glotter, J. Chem. Soc., P1, 2109 (1972).

R. B. Bates and S. R. Morehead, Chem. Commun., 125 (1974).

R. B. Bates and D, J. Eckert, J. Am. Chem. Soc., 94, 8258 (1972).

R. Hinsel, J. T. Huang, and D. Rosenberg, Arch. Pharm., 308, 653 (1975).

S. S. Subramanian, P. S. Sethi, E. Glotter, L Kirson, and D, Lavie, Phytochem., 10, 685 (1971).

M. J. Begley, L. Crombie, P. J. Ham, and D. A. Whiting, Chem. Commun., 125 (1972).

M. J. Begley, L. Crombie, P. J. Ham, and D. A, Whiting, Chem. Commun., 1108 (1972).

M. J. Begley, L. Crombie, P. J. Ham, and D. A. Whiting, J. Chem. Soc., P1, 304 (1976).

E. Glotter, P. Krinsky, and L. Kirson, J. Chem. Soc., P1, 669 (1976).

R. Tschesche, H. Schwang, and G. Legler, Tetrahedron, 22, 1121 (1966).

R. Tschesche, H. Schwang, H. W, Fehlhaber, and G. Snatzke, Tetrahedron, 22, 1129 (1966).

E. Glotter, R. Waitman, and D. Lavie, J. Chem. Soc., (C), 1765 (1966).

D. Lavie, I, Kirson, E. Glotter, and G. Snatzke, Tetrahedron, 26, 2221 (1970).

L. Kirson, E. Glotter, A. Abraham, and D. Lavie, Tetrahedron, 26, 2209 (1970).

L Kirson, D. Lavie, S. M. Albonico, and H. R. Juliani, Tetrahedron, 26, 5062 (1970).

G. Adam and M. Hesse, Tetrahedron Lett,, 1199 (1971).

G. Adam and M. Hesse, Tetrahedron, 28, 3527 (1972).

K. L. Dhar and A. K. Kalla, Phytochem., 15, 339 (1976).

E. Glotter, I. Kirson, A. Abraham, P. D. Sethi, and S. S. Subramauian, J. Chem. Soc., P1, 1370 (1975).
L Kirson, A. Abraham, P. D. Sethi, 8. S. Subramanian, and E. Glotter, Phytochem., 15, 340 (1976).

O, Nalbandov, R. T. Yamamoto, and G. Fraenkel, J. Agric. Food Chem., 12, 55 (1964).

G. Snatzke, Angew, Chem., Internat. Ed., 7, 14 (1968).

M. Ishiguro, A. Kajikawa, T, Haruyama, M. Morisaki, and N, Ikekawa, Tetrahedron Lett., 1421 (1974).
M. Ishiguro, A, Kajikawa, T, Haruyama, Y. Ogura, M. Okubayashi, M. Morisaki, and N, Tkekawa, J. Chem.
Soc., P1, 2295 (1975). .

M. Weissenberg, E, Glotter, and D. Lavie, Tetrahedron Lett,, 3063 (1974).

159



46. A. G. Gonzales, J. L. Breton, C. R. Fagundo, and J. M. Trujillo, An. Quim. Real. Soc. Esp. Fis. Quim.,
72, 90 (1976).

47. K. L. Dhar and M. L. Raina, Phytochem., 12, 476 (1973).

48. . A, G. Gonzales, J. L. Breton, and J. M. Trujillo, An. Quim. Real, Soc. Esp. Fis. Quim., 70, 64 (1974).

49. A. G. Gonzales, J. L. Breton, and J. M. Trujillo, An, Quim. Real. Soc. Esp. Fis. Quim., 70, 69 (1974).

STRUCTURE OF THE PECTIC ACID OF Matricaria chamomilla

A. I. Yakovlev and A, G, Gorin UDC 547.917

A water-soluble polysaccharide complex has previously been isolated from the racemes of Matricaria
chamomilla L. (German chamomile) and its mono- and polysaccharide composition has been studied [1-4]. We
have now investigated the structure of the pectic acid found in the fractionation of the initial complex [3].

In the first stage of the investigations, the polysaccharide was subjected to enzymatic hydrolysis. The
products were found to contain mono-, di, tri-, and tetragalacturonic acids and galactose, arabinose, and xylose.

Periodate oxidation of the pectic acid at +15°C was complete in 24 h., The consumption of sodium meta-
periodate was 0.81 mole per anhydro unit, Consequently, the polysaccharide does not have a strongly branched
structure. The oxidation product was isolated from the reaction mixture, [a]—85° (c 2% in water), and was
hydrolyzed. By paper chromatography (PC), weak spots of galacturonic acid and rhamnose, and also of xylo-
galactose were found in the hydrolyzate.

The partial acid hydrolysis of the pectic acid was then carried out. A polymer was isolated from the
hydrolyzate with [a]p +347° (c 0.2% in water in the form of the sodium salt). The physicochemical properties
and IR spectra of the polysaccharide were close to those of the products of partial hydrolysis obtained previous-
ly from the pectin substances [5].

The pectic acid was methylated by Hakomori's [6] and Purdie's {7] methods after preliminary esterifica-
tion with a 1 M solution of sulfuric acid in methanol and reduction of the carboxylic ester groups with sodium
tetrahydroborate to primary alcohol groups [8]. Chromatography of the methylated polysaccharide on Al,0;
gave only one spot, showing homogeneity. The IR spectra contained no absorption bands in the region of hydroxy
groups. This demonstrates that the process of methylation had gone to completetion.

In an investigation of the degradation products from the methylated polysaccharide by PC, a complex set
of methylated monosaccharides was obtained, and therefore no further study was continued after they had been
separated on a coumn of cellulose [7].

The isolation of considerable amounts of fully methylated L-arabinose and D-xylose indicates that the
corresponding sugar residues form a covalent bond with the main skeletal structure of the polysaccharide in the
form of individual branches, The same can be said about the D-galactose isolated from the degradation products
in considerable amounts.

The isolation of 2,3,6-tri-O-methyl-D-galactose as the main component indicates the presence of a skele-
tal structure consisting of D-galacturonic acid residues connected by 1—4 bonds. The considerable positive
specific optical rotation of the polysaccharide shows the o configuration of the glycosidic bond. In the molecule,
the galacturonic acid residues are present in the pyranose form, as is shown by the IR spectrum, which has ab-
sorption bands at 1000-1110 cm™! (vibrations of a pyranose ring) [9, 10]. The isolation of 3,4-di-O-methyl-L-
rhamnose permitted the assumption that rhamnose is included in the main polysaccharide chain by 1— 2 bonds.

Thus, the main polysaccharide chain of the pectic acid from German chamomile consisted of residues of
a-D-galacturonic acid in the pyranose form linked by 1—4 glycosidic bonds. Single branchings consisting of the
neutral monosaccharides galactose, arabinose, and xylose are possible.
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