PROGRESS IN THE CHEMISTRY OF THE CYCLOARTANES

M. I. IsaeQ, M. B. Gorovits, and N. K. Abubakirov UDC 547.918+547.926

The review, which considers advances in the chemistry of the cycloartanes,
covers literature devoted to compounds of plants of the genus Astragalus
and other publications appearing in the period from 1984 to 1987 and, in
part, 1988.

Until recently, interest in the cycloartanes was due to the fact that the initial
compound of this series — cycloartenol — was a key intermediate in the biosynthesis of
phytosteroids. In recent years, cycloartanes have attracted the attention of research
workers not only as substances promoting our understanding of the pathways of the biosyn-
thesis of phytosteroids and the discovery of new ones but alsc as compounds possessing a
broad spectrum of biological activity. This circumstance has predetermined the growing
rate of investigations in the field of the chemistry and biology of the cycloartanes. The
increasing interest in these compounds can be clearly traced from the fact that while in
the middle of the 70s, i.e., 25 years after the structure of cycloartenol had been estab-
lished, about 50 derivatives were known, by the beginning of 1984 this number had risen
to more than 160 {1], and at the present time the number of compounds of this class that have
been described has surpassed 200. In parallel, the number of publications on biological
investigations of the cycloartanes has also increased. Progress has been reported in the
study of the glycosylated forms of the compounds under consideration. As a rule, the poly-
hydroxy compounds are found in the form of glycosides. The spectrum of the distribution
of the polyhydroxycycloartanes and their glycosides is narrower than that of the weakly
polar cycloartanes that are found mainly in plants belonging to six families: Leguminosae,
Ranunculaceae, Combretaceae, Passifloraceae, Meliaceae, and Orchidaceae.

The present review considers advances in the chemistry of the cycloartane methylste-
roids and covers the literature devoted to the cycloartanes of plants of the genus Astragalus
and other publications that have appeared since our first review [1].

The investigation of the secondary metabolites of representatives of the broad genus
Astragalus was limited mainly to phenolic compounds until publications [2-5] appeared which
showed that the plants of this genus produced cycloartanes. Compounds of the series under
consideration isolated from plants of the genus Astragalus are shown in Scheme 1, and the
physicochemical constants of these substances are given in Table 1. Table 2 includes the
free cycloartanes and their glycosides, and also their 4-monomethyl and 4,4-demethyl ana-
logs, from other sources. Scheme 2 shows their structural formulas.
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24. R=Ac, Ry=R;=R,=H, Ry=B-D-Xylp

25. Ry=Ac¢, RmRymR,=H, Ry=f-D-Xylp
/o-s-D-(a-OAc).Xylpia-L-Arap,
\\H

Ry=H

27. R=Ac¢, R{=R,=R,=H, R3=B-D-Glcp

98, Ry=Ac, R=Ry=R,=H, Rg=p-D-Glcp

29. R=R,=Ac, Ry=R,=H, Rg=B-D-Xylp

30. R=R,=Ac, Ry=8-D-Xylp, R;=R,=H

31. R=R,=Ac, Ry=R,=H, Ry=8-D-Glcp

32. R=R,=Ac, Ry=R;=H, Rg=B-D-Gicp

33. R=a-L-Arap, R;=Ry=R,=H,
Ry==f-D-Xylp

34. R=R,=R3=Ac, Ry=p-D-Xylp, R,=H

35. R=a-L-Rhap, Ry=Ry=R,=H,
Ra‘—‘p-D-Gle

36. R=R;=R,=Ac, R,=H, Ry=§-D-Glcp

37. R=a-L-Arap, R;=Ac, Ry=R,=H,
Ry=f-D-Xylp

38, R=a-L-Rhap, R,=R;=R,=H,
Ry=8-D-Glcp

39. R=R3=B'D'G1Cp, R1=R2=R4‘—=H
40. R=R1=R,=H, R3"—‘ 4=[3-D-G1Cp
41. R=R,=3-D-Glcp, R;=R;=Rs=H
42, R=a-L-Rhap, R;=Ac, R.=R,=H,
Ry=§-D-Xylp
43. R=a-L-Rhap, Ry=Ac, R;=R,=H,
Ra=@-D-Xylp
44, R=a-L-Rhap, R;=Ac, Rp=R,=H,
Ry=8-D-Glcp
- 45. R=a°L-Rhap. Rs=Ac, R1=R4=Hy
Ry=§~D-Glcp
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TABLE 1.

Plants of the Genus Astragalus

Cycloartane Methylsteroids and Their Glycosides from

mp, C[a.] p» de-

N Speci f milk Litera-
ame, sytflggﬁ; molecular grees (solvent) pecies of milk vetch turera
1 2 3 4
1. Dasyanthogenin C, gH, ,0, %leO-—2l (;1-1 )0 A, dasyanthus Pall 3

2. Cycloorbigenin CyqH, {05 217(—219 -+1-§8,3 A. orbiculatus Ledeb. 13

ethano

3. Cycloasgenin AC, oH, 404 235—236; 4130 | A. taschkendicus Bun- 4

. . ) (2methanol ge. ,
4. Quisquagenin G ¢Hy 40, A. quisqualis Bunge 14
+36 6 (chloroform) . .

5. Cyclosieversigenin 239—241; +50,6 |A. sieversianus Pall. |2, 6—8,
C30H5,05 (cycloas- (methanol) A taschendicug Bun-f 10—12.
tragenol, astr bran- ge, membranaceus| 15, 16
genfn) anembran: Bunge, A. pauiiren-| 90’

6. Cyclogalegigenin
3050Ys
7. 3-Dehydrocycloasgenin C
C39H 5405
8. Cycloasgenin B CyH 4 00 6

3. Cycloasgenin CCy oH 5,0 4
10. Cyclocanthogenin C4 oH 5,0 5
11. Dasyanthoside B C4,H; 40,

12. Cycloorbicoside A
.~ CasHse0g
13, »vclo%leg:mos:Lde B

14. Cyclosieversigenin 3-0-
B-D-xylopyranoside CysH 5409
(astramembranin II)

15. Cyclogaleginoside A

 Cg37Hge019

16. DasyanthosideA C 45 Hg 40,5

17. Cyclosieversioside E
CuoHesO1a

(astrasieversianin X)

18. Askendoside C G, oH ¢ 40,4

19. Cycloorbicoside G
414188~ 1¢

20. Cyclosieversioside F
CyiHg g0, (astragale-
side 1V, astrasieversi-
anin XI(I astramem-
branin I)

21. Astragaloside III
CuHesou' H20

22. Cyclocanthoside D C, ;H, 0,

23. 6-Oxocycloartane 38,168-di-
glucoside C) ,Hg 5044

24, Cyclosieversioside C
CypHgg0,, (astrasieversi-
anin VI)

25, Astrasieversianin V C,,H gg01,

195—196; +28,7
(methanol
208—210; -+82,5
(methanol)
232—233; +98.9
(methanol)
244-=246; 33,7
(methanol)
194—195; 57,5
(methanol)
255—260; —20
methanol

267—269; +8.

2é231'§h5§n °F 212

(pyridine)
263—264; +41,5

(methanol)

224—226. +40
dine

(e

265—267; —15

218-(—mz‘zu 1029) 9

(methano 1)

197—198; +4-27.3
(methanol)
247—-249; 0
(methanol

284-286; +-38,1

(methanol)

245—247: -l~21 4
(methanol)

290—292; +9,3
(pyrldme)

253—255; +-30,1
(meﬂlanol)

233 --234; +12,6

sis Ovcz. et Rassu-
lova, A. pterocephalus
Bunge, A, tragacan-
tha Habl, A. mong-
holicus Bunge.

A. galegiformis L.

A. taschkendicus Bunge

A. taschkendicus Bunge

A, taschkendicus Bunge

A. tragacantha Habl.

A. dasyanthus Pall

A. orbiculatus Ledeb.

A. galegiformis L.

A. pamirensis Ovcz. et
Rassulova, A, mcm—
branaceus Bun % , A,
tragacantha H a L

A. galegiformis L

A. dasyanthus Pall.

A, sieversianus Pall,
A. pterocephalus Buan-

ge, A. schachirudensis
Bunge, A. basineri
Trautv.

A. taschkendicus Bunge
A. orbiculatus Ledeb.

A, sieversianus Pall,
A, membranaceus Bun-
ge, A Kferocepha-lus
Bunge, schachiru-
densis Bunge, A. ku-
hitangi (Nevski)
Boriss, A. basineri
Trautv, A tragacan-
tha Habl., A. mon-
gholicus Bunge

A. membranaceus Bun-

A.g'g'ragacantha Habl

A, trigonus

A.  sieversianus Pall,
AK basineri Trautv,

schachirudensis
Bunge

17
18

16
19
20
21
15, 22,
32

21
19

15,
23—26

31
32
33

A. sieversianus Pall

(methanol)

26

2426,
34
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TABLE 1 (continued)

1

| 2

. [

26. Askendoside A C, ,H,,0 213-214; ¢

w2TTOT L (methanoI,)

27. Cyclosieversioside D C, H,,0; 5| 254—257; 731 3
(astragaloside II and astra- (methanol)
sieversianin VII)

28. Isoastragaloside IT 223--224; +15,0
Cygll 790,15 "H,0 (methanol)
(astras:.everszanm VIII)

29, Cyclosieversioside A 23u—232; +23,8
CyyH7,015 (methanol)
(astrasieversianin II)

30. Astrasieversianin III 250 —254: +15.7
CyyHy0y5°Hy0 {methanol)

31. Cyclosieversioside. B 185—183; +16,6
CyusHqqo0 g (methanol)
(astragalos1de I, astra-
sieversianin IV)

32, Isoastragaloside 1 218-220; +17.9
CugHy20, 4 *H, 0 (metna.nol)

33. Askendoside D 2:(55 %igine)
Cyglqy40 14 by

34, Astrasieversialnin I 236-937; +5.3
Cuglyg016 *3H 0

35. Cyclosieversioside G 922-224; —5,42
CugHpg0qy {methanol)

v (astrasieversianin XV) :

36. Acetylastraga1051de I 280—281; 41,8

] Cy7H 7,019 m

37. Askendoside B C,,H,40,4 °1'§ eﬁg 4% 5

38. Cyclosieversioside H (pyridine)
C,yHy 50,5 (astrasiever- 262—264; ~30,0
sianin xVI) (methanol)

39. Astragaloside VI 200—291; +17 3

. CuHiO,4.H,0 (methanol)

50, Astragalosme Vil 292—-293: +10.3

ﬁ' 78 than
4l Astragalosnie v 2ugie204 j—l)
R (47H,s()n 3H.0O ( )
42. Astrasieversianin IX 208—2()9 —6.,5
. CastizgUsg ,&})
43, Astras1eversxanm X1 19‘7-—193 —9.0
CHO04s 1)
Lh. Astrasieversianin XIT 23%_ 237 —4,0
o Guellgohyg- (m than )
45. Astrasieversianin XIII 223 -225; —6,3
C49H300,9-l.% H,0 (methanol—water)
Scheme 2
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e

A.gsieversiianus Pail

A. basineri Trautv,
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Scheme 2 (continued)
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TABLE 2.

Scheme 2 (continued)

N
LTyl

56. R=0, R;=Rg=H, Ry=OH, Ry=CH,
57. R=0, R,=~0H, R,=Rs;=H, R,=CHs
58. R=0, R;=R,=0H, Ra=H, R,=CH;
59. R=0, Ry=R;=OH, R,=H. R,=CH,
60, R=H
OH
64. R ={H , Ry=Ry=H, R,=OH
R,=CHj

OH
65. R={
H
R4=CH3

OH
y R1=R3=R3=H, R4=

, Ry=0H, Ry=R3=H,

66. R={

N

=CH,0H

/OH
67 R=v H » R1=R2=OH, R3=H,

R4=CH3
68. R=H
70. R=H
71. R=H
72. R=R;=H
74. R=CH,3, R;=R,=H

100

75, R=CH20H, R1=R7=H

77. R=R1=H
80. R=CHj, R;=H
83. R=H

84, R=H, Ry=Ac

85. R=a-L-Arap

86. R=8-D-Xylp

87. R=H, Ry=a-L-Arap

88, R =R-D-Xylp

89, R=8-D-Xvlp, Ry=Ac

90, R=—C0o —CH=CH—CH,—OH(p)

6
91. R=B-D-Glcp < B-D-Glep
6
92.R=8-D-Glcp « §-D-Glcp
93, R=CHj, Ry=a-L-Arap,
6
R,=8-D-Glcp « a-L-Rhap
94, R=CH,OH, R;=a-L-Arap,
6
Ry=§-D-Glcp—+a-L-Rhap
5
95, R=8-D-Glcp+a-D-Glcp

98. R=H, R;=OH
99. R=0H, R;=H

Cycloartane Methylsteroids and Their Glycosides

from Other Sources

Name and molecular mp, °C; [alp, Liter-
formula degrees (soleent) (-gg;ﬁ;) ature
1 2 3 4
46. (16S)-23,24,25,26,27-Pen- 228—231; Lindheimera texana Gray| 42
tanorcycloartan-3-on-16, = - et Engelm (Astera-
22-olide CygH 3404 _ceae)
47. 24-Norcycloartan-3-on-168, - 229—-230; Viguiera dentata (Astera-| 43
. 23~olide Cz 6H3803 - Ceae)‘
48. Trisnorcycloartanolic acid 219—221; Artemisia rubripens Na-| 44
acetate CygH , 0, : — kai (Asteraceae)
49. Uvariastrol Cg4 H, 4 0y 270, Uvariastrum zenkeri (An-| 45
-17,5 nonaceae)
50. (168,23R)-16,23-Epoxycyclo- 160 —162, 5; Lindheimera texanaGray
art-24-en-3-one - et Engelm (Aste-| 492
3otugve raceae) )
51. (16S,238)-16,23-Epoxycyclo- — Lindheimera texana| 492
értI{Zh-%n-S-one Gray et Engelm.
308 4gV2 (Asteraceae)
52. (168 ,23:248,25- Diegoxy-ZS- 164—167 Viguiera dentata (Astera-| 43
hgdroxycyc loartan-3-one — ceae)
(23-epimers) Cy H 5604
53. (165,23R)-16,23-Epoxy-23,25- 214 217 Lindheimera texana 42
epidioxveycloartan-3-one - Gray et Engelm
3oHyg 0y (Asteraceae)



TABLE 2. (continued)
1 2 8 4

54. (3S,168,238)- and (3S,16S,23R)- — Lindheimera texana 49
l@,23-epoxy<_:ycloart-ih—en-B-ol _ Gray et Engelm.

(in a 1:2 mixture) C4,H, 0, (Asteracene)

55. (16S,23S,24R)- or (16S,23R,24S8)- . .

(S Ssen Zlé,zsgdﬂy’dmiy- ) 185187 e e
cycloartan-3~one C,yoH, 40, (Astaraceae) € _

36. Z%R'H dr%xycycloartenone 0il Balsamorhiza sagittdca 46

30848V +97 (Push) Nutt, (Aste-

e . (¢hlorofrom) raceae)

57. 163-Hydroxycycloartenone 1693 497 Balsamorhiza sagittata 46

~ C3oHyu350, (chloroform) ,(,l:c';ase})l') Nutt. (Aste-

58. 16S,22R-Dihydroxycycloartenone 198; _5 Balsamorhiza sagittata 46
Caolyug0s (chloroform) £pclé; l;l-) Nutt, (Aste-

. raceae

59. 168,23E -Dihydroxycycloartenone 196: Balsamorhiza sagittata 4%
C3oH, 503 o (Push.) (Asteraceae)

60. Mollic acid CqH 440 4 210—212: Combretum molle (Com-| 47

+61,9 bretaceae)
1
61. (163,238,248 )-16,23,24,25-Tetra- (%il—}ﬁf) Lindheimera texana 42
hydroxycycloartan-3-one CyH g 0y Gray et Engelm.
.. (Asteras2ae)
62. Fruticin B C3qH,40, 235—9236; Parthenium  fruticosum| 48
+1 2£9 (Asteraceae)
~25=ane= -di chloroform
63. Ci’;i??gé;?g g ’Zhodml ( — ) Euphorbia trigona Ha w.| 49, 50
p 3l 500, (Euphorbiaceae) Man-
gifera indica L. (Ana-
cardiaceae)

64. 22R-Hydroxycycloartenol G oH 540, 164 Balsamorhiza sagittata 46
' +41 (Push) Nutt (Aste-

raceae)

65. 16S-Hydroxycycloartenol Gy oHg o0 , (chlorofrom) Balsamorhiza sagittata %

' +21 (Push) Nutt. (Aste-
. (chloroform) raceae)

66. Cycloart-24-ene-3B,26~diol .

Caoll 5002 154—155; | Mangifera indica L. 50
+51 (chloroform)|  (Anacardiaceae)

67. 165,22R-Dihydroxycyloartenol 219 Balsamorhiza sagittata 46
CaogH 5405 — (Push) Nutt (Aste

raceae)

68. Genin of quadranguloside 170; Passiflora  quadrangula-] 51
C3pHgo05 +43 ris L. (Passifloraceae)

(methanol) . .

69. Cycloart-25-ene-3p-24,27-triol 190—192; Mangifera indica L. (Ana-| 50

C3¢Hg5¢03 (24-epimers) +18.8 cardiaceae)
- {chloroform) .

70. 22,25-Epoxy-9,19-cyclolanostane- 184—185,5; Passiflora quadrangula-] 52

38,21,22R-triol Cy4 Hg,0, +45 ris L. (Passifloraceae)
.y (methanol) .

71. 21,24R-Epoxy-9,19-cyclolanostane- 138—14i; Passiflora  quadrangula-] 52
38,25,26-triol Gl 540, +17.8 ris L. (Passifloraceae)

ot ‘methanol . .

72. 20S,24R-Epoxycycloartane-3f , imorphogs) Beesia calthaefolia Ma-| 53
15a ,16R ,18,25~pentaol L xim. (Ranunculaceae)
CyoHg500

73. Cyglooa;ganz-BB »24,25-triol 154-(1)56; Migrg&fgzia gldica L (Ana- 5
CioHg 04 (24 epimers) (chloroforn) ' .

74, Cyclofoetigenin A C3gHg, 0, 182—1%4; Thalictrum foetidum L.| 54
: +68,2 {Ranunculaceae)

(methanol R .
75. Cyclofoetigenin B CaoH 50 5 240 242: ) Thalictrum foetidum L.| 55
. +72 (Ranunculaceae)

. methangl .

76. 168,23R:248,25-Diepoxy-23-methoxy- |  BHTH1SY) | Viguiera dentata (Aste] 43
cycloartan-3-one C4,H, 40, - raceae)

77. Jessic acid 0 196—202; Combretum elaeagnoides| 55
essic acid C43,H, 305 Py (Commbretaceas)

(pyridine)
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TABLE 2. (continued)

1 2 3 4

78. Heynic acid C3,Hg,0, 935—237; Heynea trijuga Roxb| 57

+40 (Meliaceae)
(chloroform) .
79. Methyl jessate la,1la -oxide 165--167; Combretum elaeagnoides| 5g
CyH, 505 +66,8 (Combretaceae)
chlorofrom .
80. Methyl jessate Cy,Hgo05 (220-223; )| Combretum elaeagnoides 56
+60,4 (Combretaceae)
(pyridine) . . gt
i 140 Euphorbia caudiciisiia
81. 3 Eplcycloaud@ol C3,Hs5,0 b (Euphorbiaceae) 59
. {chloroform) N .. .

82. 3-Acetoxycycloart-23-en-25-ol 148 . 150; Sapium insigne . Tri- 60, 61

CyH 590, 443 men (Euphorbiaceae)
. (chloroform) : .

83. Genin of beesioside III — Beesia ca»lt{lla;egoha (%\za- 62

Cy4Hs,0 +21,7 xim) er. (Ra-

3275247 ‘methanol nunculaceae), Souliea
(methanol) vaginata (Mazxim)
Franch. (Ranuncula-

eae).

84. Genin of beesioside II Amorphous | Beesia calihaciolia (Ma-| 53
CarHe O +28.7 xim.) Ulber. (Ra-

3y tg Yy (me '01) nunculaceae)

85. Mollic acid 3-0-t-L-arabinoside - C°g§‘§{;§§;‘;, molle (Lom- g3
C3sH 5603 ) 935937: Combretum molle (Com-| 4,

86. Mollic acid 3-0-f -D-xyloside 395 bretacaac)

C3s5Hs608 (pyridine) :

87. Jessic 3-0-a-L-arabinopyrano- 225—2217,; Corr&brettl’lrgt clacagnoides;  5¢

side Cye 5600 +52,6 (Combretaceae)
(pyridine)
88. Beesioside III Cy,Hgq40y7 ° 178=182: Beesia calthaefolia (Ma-| 88
0.5H,0 220 solidifies; | xim) Ulber. (Ra-
247—249; nunculaceae), Souliea
+9,2 vaginata (Maxim)
(methanol) Franch. (Ranuncula-
‘ 149—151 Besay calthacfolia (M 3

89. Beesioside II CaqHg 040" —181; eesia calthaefolia (Ma-] &

oo o LR K +9.3 xim) Ulber. (Ra-
2 (methanol) nunculaceae) |

90. 24-Methylenecycloartanyl 255; Cirrhopetalum elatum| 64
p-hydroxycinnamate +28,3 (Orchidaceae)
CuoHgg0s (chloroform)

91. 22,25-Epoxy-9,19-cyclolanostane- 167 - 168; Passiflora quadrangula-| 52
3-8,21,22R-triol-3-0-f-gentiobio- -+6 ris L. (Passifloraceae)
side G, ,H7001, (methanol)

92. 21,24R-Epoxy-9,19-cyclolanostane- 1891159]; Pa;s:flfra(Paqsigsiigggg:alg)- 52
3R,25,26-triol-3-0-B-gentiobio- (nethanol) - ¢
side C, gH7 014 than

. i 0 265—266; Thalictrum foetidum L. 65

93. Cyclofoetoside A C,5Hg4017 oo (Ranunculaceae)

(pyridine)
. 194-197; Thalictrum  foetidum L.J 66

94, Cyclofoetoside B C,,Hgo0138 1157 ’ (Ranunculaceae)

‘(pyridine) Passifl p
ide C5, Hg O 164 —165; assiflora quadragula- 51
95. Quadranguloside C5,Hs0023 —1 tis L. (Passifloraceae)
‘ ) (methanolj . .

96. 24-Methylene-3,4-secocycloart- - Ab(lf,sin_acg’glca Ledeb| 67
4(28)-en-3-cic acid C3;1Hg00, '

i 174—176; Pholidota chinensis 68

97. Cyclopholidonol C;,H 5,0 41,1 Lindl (Orchidaceae)

(chloroform) . .

98. Roxburghiadiol A C,gH, 3502 Agll_axa ~rc)>xburgh1-ana (Me-| 69

laceae

99, :Roxburghiadiol B CogH,g02 Aglli:;a;a;c;xburgmana'(Me- %

i lootochilone) 148—150; Pholidota chinensis 68, 70
100. cyclopholidone (cye +72.8 Lindl (Orchidacese),
30Hus (chloroform) | Otochilus porecta, Otochi-
140; lus fusca (Orchida-
+81,4 ceae)
(chloroform)




TABLE 3. Chemical Shifts and Sgereochemistries of the C-20
and C-24 Atoms in the 20,24-Epoxycycloartanes

3 3 AG Configuration .
Compound Coo Cou ¢ c.20-tc-24) g Literature
3 87,0 81,7 5,3 20R, 24S 7
4 87.14 81,56 5,58 20R, 24S 14
5 87,1 81,6 5.6 20R, 24S 8,9
6 86,7 85,0 1,7 208, 24R 8.9
72 86,2 85,2 1,0 208, 24R 53
83 85,8 83,1 2,7 20¢, 24¢ 62
84 84,4 83,5 0,9 208, 24R 53
101* 846 83,1 1,6 208, 248 62

*(101) is the 3,16-diacetate of (83).

More than ten compounds or genin nature isolated from plants of the genus Astragalus
and biogenetically interrelated are known. In this respect cycloorbigenin (2) must obvious-
1y be considered as an intermediate form on the evolutionary pathway to the appearance of
the norcycloartane dasyanthogenln (1). The most widely distributed are cyclosieversigenin
(5) and its glycosides.

Attention is attracted by the fact that no glycosides have been found of the 3-keto-
compounds cycloasgenins A (3) and B (8) and 3-dehydrocycloasgenin C (7). This fact sug-
gests that in Astragalus plants the cycloartanes are initially glycosylated at the C-3
hydroxy group. In favor of this hypothesis may also be the fact that the monodesmosidic
glycosides of the plants under discussion that have been described consist of derivatives
exclusively at the C-3 hydroxy group. At the same time, while monodesmosidic glycosides
at C-3 of cyclosieversigenin (5), cycloasgenin C (9), cyclogalegigenin (6), cycloorbigenin
(2), and dasyanthogenin (1) have been detected, no natural monodesmosides at other centers
of glycosylation have been described from plants of the genus Astragalus. It must be as-
sumed that the 3-ketocycloartanes (3, 7, and 8), isolated only from A. taschkendicus, are
not substrates of the enzyme system of this plant responsible for glycosylatlon

In various milk vetch species, two genins enantiomeric in the side chain have been
isolated - cyclosieversigenin (5), [2, 6-8] and cyclogalegigenin (6) [7-9]. Cycloastragenol
[10] and astramenbrangenin [11, 12] isolated from A. membranaceus are identical with cyclo-
sieversigenin.

The determination of the sterochemistry of the side chains of the cycloartanes having
a 20,24-epoxy function proved to be no easy task. The unambiguous answer to this question
in the early period became possible thanks to the x-ray structural analysis [8, 10, 12].
Subsequently, the presence of compounds with a known stereochemistry permitted the correct
interpretation of the results of the chemical and spectral correlation of the structures
of new substances. It was shown on the basis of chemical transformations and spectral
characteristics that cyclosieversigenin (5) and cyclogalegigenin (6) have the alternative
(20R,248)- and (20S,24R)-stereochemistries. An x-ray structural investigation of cyclogale-
gigenin established its (20S,24R)-stereochemistry and, consequently, cyclosieversigenin has
the (20R,248)-configuration [8]. As was shown, cycloasgenin A (3) has a side chain identi-
cal with that of cyclosieversigenin [4].

Table 3 gives the values of the chemical shifts of the C-20 and C-24 chiral atoms
of the known 20,24-epoxycycloartanes. As can be seen from the Table (compounds 3-6, 72),
the chemical shifts of the C-24 atoms differ substantially according to their configura-
tion, a 24R-atom resonating in a field approximately 3.5 ppm weaker than a 24S-atom. The
signal of the 20R atom is likewise found in a weaker field than that of the 20S atom but
the difference in this case is not so great (0.4 ppm). The magnitude of the difference
in the chemical shifts (A8 = yg-,, — 8¢-24,) is also characteristic for each enantiomer with
respect to the side chain.

, The presence and nature of substituents in the region of rings C and D are reflected
in the values of the chemical shifts of the asymmetric atoms of the side chain that are
under consideration. The acetylation of hydroxy groups at C-16 and C-18 leads to upfield
shifts of the C-20 and C-24 signals by 1.8 and 1.7 ppm, respectively. The small deviations
in the values of the C-20 and C-24 chemical shifts in compound (83) are obviously the
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TABLE 4.

Correlation of the Stereochemistry at C-24 with
the Values of the Difference Dichroic Adsorption and the
C-24 and H-24 Chemical Shifts in 16R,24,25-Triols

Configu- Litera-
rationat Compounds H.24 ture
24 h
OH
102. R=¢ 3.209 6
102 e
OAc
R 103. R= ¢ 3,489 6
103 “H
104. R=0 3,594 6
105. R 3,809 54
—— “H
106, R= & 3,829 16
o.l( - “H
. g OH
s e 0 wr.r=/ 3.88¢ 55
—— ‘H
R OAc
e 108. R= ¢ 3.554 16
T 108 -
109. R=0 3,67m 54
110. R=0 3,66 16
OoH
- 8 80,46 18
R oH -
: [ OH 9 80,52 18
oK
S “ T oH 77,2 54
{ GH ‘ 75 77,3 55
Ae (W)
OH-
R 0,
4 111 —6,05 (320 am) 6
{ OAc -
gH 12 +1,07(325 nm) | 55
s ] oH
[ DAC




TABLE 5.

Chemical Shifts of Protons Geminal to Hydroxy Groups

and Acetoxy Groups Located in the Polycyclic Part of the Cyclo-
artane Molecule

Chemical shifts, multi-
o 4| Chemicalshifts, multiplici- | oo [plicities, and $SeCs
Pro- [-OMPOUNGy yies, and SSCCs the gem- pound, | the gem-hydroxylic
ton 3§2ra hydroxylic protons litera-| protons
5, ppm | 7 0z ture sppn | ) Hz
13 177 156] 3,37 t] W, 4=7 13 [71]| (4,75 ¥). (&)
81 [56] 3,58¢t Wyj=6
3 | 619] 3,24dd 11,2; 4,8 n
[ [3.55 dd | s 4.8 |ne [&50]
114 [72] [4,38 dd| [11,0; 5,2]
ot | Esead s n3 p7i) [6.9644) | (12 8)
75 [55] | (3,34 dd]* 3= 16,2
63 6 [9 3,48d44 9,8, 9,8; 3,8
‘ ol (3.69ddd] | [o/6 9.6 3,6) | 116 19} | [4.6 7]
TR ataaa) | (108 1005 4 | 118 2] [18450e] - ios o4
7a | 213} | 13,704ddd] [10; 10; 3] 119 [13] |[4.80ddd | | [10; 10; 3]
118|122 73] 3,81m* W,,=15 )
304 | [4.194d] 0,925 [123 141 lI8.134a] | 16,8 2,0]
8 [18] (4,384 [9.3: 3,4] 125 (18] | 5,!14d 6,8, 2.
) 126 [74] | 4,87dd*
122 | 84 [62] 3,68dd * 8,1; 5,7 2 78] | £g5da*
58 (122 (73 3,64 T*
15 1% {53][ 4,03br.s* 84 [62] | 4.524" 3.2
120 {76] (4,40 s]* 121 {70} | 5,125
162 | 619 [4,70 ddd ] [Bi=21] |16 9] |{6.37 B]
[4.87 add]* [ =21}
4,54 dad =21
3 (4] [4,90ddd] (7.3 7.3; 7.3] [124 [4] | [5.44 ]
[5,03 ddd* [7,3; 7,3; 7,3}
117 [10] | [4.99m1*
8 [18] [4,75 ddd 1* (DR =20,2] 11925 [18] [5,324dd Z‘I =21
75 155] | [4.744dd|* = 20_46]
74 {54 4,78 ddd |* 7.9; 7.5; 4,9] I
114 }72} [[4,85 ddd |* %4,8; 7.9; 8,4] |115 [72] | [5,55ddd]* | 8,0; 8,0; 4,4
2H-18] T2 [53] 4,24 85 (53] 4,29; 4,79¢* 12,2
2H-29 (114 [72] |13,78; 4,22 4]* 10,5 115 [72] |[3.80;4,204)%]  11.4
9H-30| 75 [55] | [3.52; 4,37]* 11,3

Note. The indices given in curved brackets were obtained with

the use of deuterobenzene as solvent, those with square brackets
with deuteropyridine, and the others with deuterochloroform, in

the presence of HMDS as internal standard.
marked with an asterisk were measured relative to TMS.

The chemical shifts

- consequence of the influence of the C-128 hydroxy group and the C-15a acetoxy group.

passing from (83) to its acetate (101), the C-20 and C-24 chemical shifts agree well with

those of (84).

may also be made of PMR spectra.

On

On the basis of this fact and also of biogenetic considerations, it may
be assumed that compound (83) has the (20S,24R)-stereochemistry.

In the selection of the alternative (20R,24S)- and (20S,24R)-stereochemistries, use

served in the 2.97-3.0 ppm region (C D N, HMDS) in the form of a quartet with broadened

lines.

The

In the spectrum of (20S,24R)-epoxycycloartane — cyclogalegigenin — however, the
H-22 signal is present in a stronger field and is hidden in the methylene '‘hump."

In the PMR spectra of cyclosieversigenin and cycloasgenin
A, which have the (20R,24S)-stereochemistry, a signal from one of the C-22 protons is ob-

corresponding signal in the spectrum of quisquagenin (4) is found at 2.57 ppm (CDCl,, TMS)

[14].

Proof of the C-24 stereochemistry in compounds having an acyclic side chain and a

24,25-diol grouping merits attention.

The capacity for forming adducts with complex-forming
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reagents which reveal Cotton effects on the circular dichroism (CD) curves is used for
determining the C-24 stereochemistry [6, 55]. A negative sign of the effect indicates

the R-configuration and a positive sign the S-configuration of the chiral center under
consideration (Table 4). Conclusions concerning the C-24 configuration made on the basis
of measurements of CD curves have permitted a correlation to be drawn between the chemical
shifts of the carbon atom under discussion and its configuration. ‘

In the '3C NMR spectra of the 168,24,25-triols, the signal of a 24R-carbon atom is
shifted downfield by 3.2-3.3 ppm in comparison with that of a 24S-atom.

An interesting correlation can also be traced between the chemical shift of the H-24
atom and the C-24 configuration in the PMR spectra of 24,25-isopropylidene derivatives
of the 16B,24,25-triols. The signal of the proton at a 24R-carbon atom is shifted down-
field by 0.6 ppm in comparison with the signal of a proton attached to a carbon atom in
the same position but with the opposite stereochemistry. As follows from Table 4, the
magnitude under consideration also depends on the nature of the substituent at C-16. On
the acetylation or oxidation of a secondary 16f-hydroxyl, the values of the H-24 chemical
shifts of the two isomers approach one another and the difference between them reduces
to a minimum, although in the case of the R-configuration, the signal of the H-24 proton
remains the high-field signal in each pair of isomers.

Table 5 gives the chemical shifts, multiplicities, and spin-spin coupling constants
of the gem-hydroxylic and gem-acetoxylic protons located in the polycyclic part of the
molecules of the cycloartanes.

oH
JAc
o= 1
!
04 A~ L bi::j__J
517/‘\/v Poi?gj
Mo ;“’
e CH,OR
Ln.ru..«:‘s
115 114, R=H 116
115, R=Ac

COOH
7. R=ac RN g ~An
OH <! ' e A 4 e
e
:—f-—m‘ . ~
- S M Co
P -~ wom N
.- - L ~ 3R ALl tpe TS ” //;\E/k\, g
B : B ] i
- - TN ~ . —— ~- N g
! } 1 i =
- - = T TS
Lt - o
100 Z= 10= 128, R=H
= Lo F=CH
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A hydroxy group at C-1 in the known cycloartanes has the a-orientation. No compounds
with hydroxy functions at C-2 have been described. A hydroxyl at C-3 is B-oriented in
the overwhelming majority of cases, and the chemical shift of the geminal protein depends
on the substituents at C-29 and C-30. The presence of a hydroxy group at C-29 (114) or
of a 4a-carboxy group (77, 80) leads to an appreciable downfield shift of the 3a-H signal
in comparison with that of the cycloartane (6) not substituted in the positions under con-
sideration. The presence of a hydroxyl at C-30 (75) is reflected in a slight upfield dis-
placement of the 3a-H chemical shift.

Compounds with 6a-hydroxy group have been isolated from plants of the genus Astragalus.
The proton geminal to a 6a-OH group experiences the screening effect of the cyclopropane
ring and, as a consequence of this in PMR spectra its signal is found in a considerably
higher field that the corresponding signal in the spectrum of lanostene (117).

The influence of a 6a-hydroxyl on the chemical shift of the signal of a 4a-methyl group
in the PMR spectra when pyridine is used as solvent is characteristic. A pronounced down-
field shift of the 4a-CH; signal to 1.8 ppm is observed [2, 4, 6, 9, 16-18]. This takes
place thanks to the spatial propinquity of the 6a-OH and 4a-CH,; groups, because of which
a descreening action of the pyridine is shown.

A similar action of pyridine on the chemical shifts of the protons at C-15 [13] and
on the cyclopropane protons [4, 18] is observed in the spectra of cycloartanes having 78-
and lla-hydroxy groups, respectively.

The protons at C-15 in the spectrum of cycloorbigenin 3,7-diacetate (119) resonate
at 1.91 and 2.26 ppm. In the spectrum of cycloorbigenin (2), the same signals are shifted
downfield and are found at 2.46 and 2.70 ppm.

The resonance lines of the cyclopropane protons in the spectra of the cycloartanes
(3) and (8) are located at 0.5 and 1.6 ppm. At the same time, in compounds having no 1lla-OH
group the signals under consideration are located between 0.2 and 0.5 ppm.

Unlike a hydroxyl at C-15 which may have either an a- or B-configuration, oxy functions
at C-12 and C-16 usually possess the B-orientation. The value of the 16a-H chemical shift
varies according to the structure of the side chain, the signal of the proton under con-
sideration in the spectra of cycloartanes with aliphatic side chains being located in a
higher field by 0.25-0.30 ppm.

While the protons of a hydroxymethyl group at C-18 resonate in the form of a singlet,
the gem-hydrokylic protons at C-29 and C-30 appear as doublet interconnected in the manner
of an AB system. Differences in the chemical shifts (A8) of the H-29 and H-29' protons
(0.40-0.45 ppm) and the H-30 and H-30' protons (0.80-0.85 ppm) in the spectra of compounds
having a free hydroxy group in the position under discussion are diagnostic magnitudes.

The C-29 atom has the equatorial and the C-30 atom the axial orientation. In view
of this, hydroxymethyl groups at C-29 and C-30 are readily distinguished by the chemical
shifts of the corresponding carbon atoms. The C-29 atom resonates at 68-72 ppm, and the
C-30 atom at 64-65 ppm [55, 77].

TABLE 6. Extrema on the Circular Di-
chroism Curves of Cycloartane Ketones

[ae(N)]
ggsé§;°nbom- Cotton effects of the |Litera-
%eto ~ _|pound| keto functions ture
unction
c-3 123 —1,39 (29601 ) 78
C-3 3 +1,44 (287nm ); 4,78
~20.1 (320mm)
C-6 129 +0.54 (310 nm) 78
C-7 1.:0 —1,24 (305 nm) ks
=11 131 +0,32 (257 nm) 78
C-12 132 —2,86 (288 nm) 62
C-16 | 135 —5,69 (305 nm) 6

*Not published.
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Characteristic features of the circular dichroism (CD) curves and of the mass-spectro-
metric fragmentation of the cycloartanes have been found.

An influence of a 6a-hydroxy group on the nature of the Cotton effect due to a 3-keto
function has been established which consists in its splitting into two components: negative
in the 315-322 nm region and positive at 280-290 nm [{78]. This fact was used in proving
the structures of the 6a-hydroxy-3-ketocycloartanes [17, 18]. Table 6 gives the extrema

on the circular dichroism (CD) curves of cycloartane ketones.

OMe

- 0AC
KNG,

i
Ov/\'}/‘\—UAC
ACD AcO

The mass spectra of cycloartanes having no oxygen functions in ring B are characterized
by the peaks of the ion formed as the result of the splitting out of ring A [1]. The for-
mation of this ion depends on the presence of oxy and keto functions in rings B and C (at
C-11). The presence of a hydroxy or a carbonyl group at C-6 or C-7 leads to the disappear-
ance of the ion under. consideration. In the mass spectra of compounds having hydroxy groups
at C-6 and C-11 simultaneously the peak of this ion reappears.

In view of the fact that, in an acid medium, cycloartanes isomerize to lanost-9(11)-
enes, the production of the native genin from glycosides is the most important step in struc-
tural studies. Hydroxy groups at C-29 and C-30 or a carboxy function including the C-29
carbon atom promote isomerization, apparently by a mechanism of intramolecular catalysis.

As a consequence of this, it is impossible to obtain a native genin with analogous functions
by transformations including a stage of acid hydrolysis [55, 72, 77, 79]. Some points con-
nected with the migration of the cyclopropane ring have been considered in [1].

Intramolecular catalysis also takes place on the hydrolysis of cycloorbicoside G (19),
thanks to which the D-glucopyranose residue attached to the tertiary hydroxy group is elimi-
nated more readily than the D-xylopyranose residue present at the secondary hydroxyl [28].
This is shown by the formation, as the only progenin, of cycloorbicoside A (12), containing
a D-xylose residue. In this case, the oxygen atom of the ketal system assumes the role
of catalyzing function.

The possibility of using acetylation for resolving questions traditionally answered
by methylation has been shown [20].

Plants producing cycloartanes are widely used in traditional medicine. The active
principle of the majority of these plants has been revealed as the result of investigations
recently performed.

An extract from bugbane (Cimicifuga) rhizomes exhibits an effect in the prophylaxis
of liver disorders caused by carbon tetrachloride [80]. Biochemical and histological in-
vestigations have shown that one of the components of bugbane rhizomes — cimigenol xyloside
— is also effective in the prophylaxis of liver disturbances.
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The preparation tsimitsilen obtained frém the rhizomes with roots of Dahurian bugbane
[Cimicifuga dahurica (Turcz.) Maxim] and consisting of the sum of the cycloartane glycosides
possesses a hypolipidemic activity [81]. The hypocholesteremic effect of tsimitsilen is
superior to that of the well-known drug polistonin.

Among the species of plants of the genus Astragalus that have been studied, the most
widely distributed cycloartane is cyclosieversioside F (20 astragaloside IV, astramembranin
I, astrasieversianin XIV) and its various derivatives. This also explains the extremely
large number of studies devoted to various aspects of the pharmacological action of this
glycoside.

An unpurified extract from Astragalus sieversianus Pall. possesses a diuretic and hypo-
tensive action and can prevent the appearance of experimental gastric ulcer [82].

Cyclosieversioside D (27, a monoacetyl derivative of cyclosieversioside F) and a number
of other derivatives of cyclosieversioside F possess an antiviral and antitumoral activity
and a low toxicity on peroral or parenteral administration. The same glycosides are induc-
tors of interferon [83]. Formulations or preparations for the treatment of hepatitis, her-
pes, and cancer are given in a patent [83].

Cyclosieversioside F possesses a hypotensive and antiinflammatory effect [84] and an
analgesic and sedative activity [85]. This cycloside accelerates the protein metabolism
in serum and the liver [86] and exhibits an immunostimulating effect [87]. To complete
the picture, we may mention that cyclosieversioside F and other glycosides from Astragalus
membranceus Bunge also exhibit cardiotonic activity [88].

24-Methylenecycloartenol stimulates ovulation in women [89].

A number of other pharmacological properties of the cycloartanes is given in [1].
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