ADVANCES IN THE CHEMISTRY OF NATURAL ISCFLAVONOIDS

V. A. Bandyukova and A. L. Kazakov UDC 547.972

The majority of known isoflavonoids are considered as diphenylpropane derivatives [1].
They include isoflavones, isoflavanones, isoflavanes, isoflavenes, coumestans, pterocarpaus,
and some others (I-XI). In 1970 [1], the number of known natural structures was more than
100, of which the aglycones of the isoflavones were represented by 58. In recent years, the
number of isoflavonoid structures described has rigen sharply. This is due to the fact that
a large number of plants have been subjected to study of the purposes of chemotaxonomy and
that NMR and mass spectroscopy are widely used for determining their structures.
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In addition to the determination of structures, great attention is being devoted to

elucidating the pathways of the biogenesis of isoflavonoids in higher plants and to determin-
ing their biological action on animal organisms.

It has been established that a number of isoflavonoid compounds possesses blood-vessel
strengthening, estrogenic, antisclerotic, antimicrobial, and antifungal actioms [2, 3, 5].

Isoflavonoids are found in the families Fabaceae, Iridaceae, Rosaceae, Moraceae, Amaran-

thaceae, and Podocarpaceae [1, 2, 4, 7]. Reports have appeared of their isolation from bac-
teria [8, 9], but one of the reports was subsequently refuted [10].
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TABLE 2. Glycosidic Structures of Natural Isoflavones

l : . V spec= source of isola-
Name Structure mp, °C trum, tion
I may: 10
1. Isoflavone C~Glycosides
Prunetin 8-C-glycoside !8-C-Glucosyl-4', | 286287 287 sh Dalbergia [52]
5-dihydroxy-T- 216
methoxy

Puerarin 8~C~Glucosyl-4", 187 —_— Pueraria [63]

7~dihydroxy

Di-O~acetylpuerarin 87795? lrlg)?;_}_l‘l}-. g 250—251 - Pueraria [62]

~di=-O~acetyl

Paniculatin 6,8=-Di-C-gluco- 225-227 265 Dalbergia [74]

) ?1-5,'7- hy-
TOXY
Dalpanitin §=C=Glycosyl=4', | 213-214 — Dalbergia [53]
5,7-trihydfoxy-
3'~-methoxy
Volubilinin 8}95%;5&?’;25' 159—161 | 340, 263 | Dalbergia [54]
4',6- dime~ -
thoxy '
Volubilin 8-C-Rhamnopy=. > 300 336, 268 | Dalbergia [57]
ranosyl-3*,64di-
hydroxy=-4°,7-
dimethoxy
II. Koflavone O-glycosides
Daidzin 7-Glycosyloxy= ( 215-217 |310, 258 | Piptanthus [50],
4'-hydroxy Psoralea [59],
Pueraria [61], Ter-
mopsis [68]
Ononin 7=-Glucosyloxy- 210-212 1300, 261, Dalbergia [56],
4'-methoxy 250, 230 | Omonis [58],
sh, Piptanthus [50],
Termopsis [68],
Trifolium {70]
Genistin 7-Glucosyloxy= | 254—256 330, 262 | Adenocarpus
4',5-dihydroxy [28], Genista [12],
Sarothamnus [64],
Termopsis [67}],
) Ulmus [12].

Genistein T-rhamno- 4',5-Dihydroxy- - — Baptisia {11]

glucoside oy fiamnoglucos

Genistein 47,7-digluco~| 4*,’7-Diglucosyl- — 320, 259 Termopsis [68],

side oxy=-5-hydroxy Piptanthus [13]

Sophoricoside 4°-B-Glucosyloxy~ 2975 330 sh, | Piptanthus [73],
5,7=-dihydroxy 262 Sophora [4]

Sopherabioside 5,7-Dihydroxy-4",] 247, 248 — Sophora [4]
B~neohesperido- :
syloxy

Wistin T-Glucosyloxy-4',| 206--210 322, 261 Cladrastis [15],

6-dimethoxy Wistaria [49, 78]

Spherobioside 7-Rutinosyloxy- 204 350sh Baptisia {51]
47,5-dihydroxy 305

Pseudobaptisin 3'4'-Methylenedi-| 150—151 295, 268, | Baptisia [79],
oxy~1T-rutinosyl~ | (bydrate) 248 sh | Maackia [79]
oxy 247250 220

Texasin 7=glucoside T-Glucosyloxy-6- - 325, 258, | Baptisia [35]
hydroxy-4'meth- 225 sh
OXy. )

{1-G 5= .
- hy}ﬁgﬁ;ﬁ;’.’%gth_ 207209 | 336/263 | Termopsis [68],
oxy Trifolium [70]

Trifoside (prunetrin) 4"-Glucosyloxy=-5~| 183194 325, 264 Prunus {61,
ggdroxy-”-meth- Trifolium [72)

. . 7-Glucosyloxy-5- .

Sissotrin hvd LAt L 205—206. 325sh , Dalbergia [55,
oy Y4 " MmenT 555 (anhyde.) | 262~ |56]

Calycosin 7-glucoside {T-Glucosyloxy-3'~ - — Baptista [11],
hydroxy~4'~meth; Termopsis [18]
oxy

T-Glucosyloxy~5~
: ; hydroxy)-]-z}'-};neth- : A Termopsis [68],
.Biochanin A T-glucosidy oXy 208210 ‘323, 262 |} Trifolium [70}
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TABLE 2 (Continued)

Name

Structure

mp, °C

tru

UV spec= .

Source of isola~-

Arnax' nmytion

Biochanin A diglucoside |7

Bigchanin A xylogluco-
side

Lanceolarin

Tectoridin

Orobol 7-glucoside

Orobol T-rhamnogluco-

side

3'-0-Methylorobol 7~ .

glucoside

Fujikinin

5 -B-Glucosyl-
(1-~6)-8-D -glu-
COs dyloxy] 5'=
roxy-4'-
methoxy
5-Hydroxy-4"~
methoxy=-7-0-
[xylosyl-(1—* 6)~
B-glucosyloxy]

-Glucoszrloxy- -
malony oxy=4'-
methoXky
7-0O-Apiosylgluco-
syloxg-s yh%droxy
-4'-methoxy
7-Glucos loxy-4'
5-dihydroxy-6-
methoxy
-GlucosKloxy-S !
~trihydroxy
3',4',5-Trihydroxy-
7= rhamnogluco-
syloxy
T~ Gluco on
-d1hy
methoxy
T B-Glucosyloxy-
6-methox}

224226

228—230

214-216

258

185

231-2325

324, 262

324, 263

335, 263

325 sh,
262

331, 266

322, 262

330, 286,
259, 219

288,
260 sh.

i

Sophora [65]

Sophora [65]

Trifolium [69]

Dalbergia [2]

Baptista [11],
Dalbergia {2},
Iris [2]

Orobus [78]

Baptista [11}],
Termopsis [68]

Termopsis [68]

Cladrastis [80]

4'-methy ened1-

oxy

Irisolone 4'-bioside 4'-Blosyloxg 173—175 —_ Iris [75]
methdx

methylenedwxy
-Glucosgloxy-

6-dimethoxy-4",
5)‘(—methy1ened1-

Dalpatin 261263 —_ Dalbergia [53]

Iridin 213217 | 325sh,

Iris [76]
268

T-Glycosyloxy=-3°*,
5-d1ﬁy rox}ZtL

5',6-trimet oxy
7-8-D=-Glucos — —
dy ihy-

?‘Xx?-f i %— di-
- methoxy’

Iristectorin A Iris [77]

The most studied group is that of the simple isoflavones [1], the structure of which
are given in Table 1. In contrast to the composite isoflavones they have no additional rings
and isoprenyl radicals. Table 2 shows the structures of their glycosides.

The majority of isoflavones accumulate in plants of the family Fabaceae, and more rare~
ly in the Iridaceae and Rosaceae. The hydroxy and methoxy groups in them may be present not
only at Cs and C7 in ring A and 3' and 4' in the lateral phenyl radical but also in positions
6 and 8 (afrormosin, texasin, 8-methylretusine, and at ¢' in the lateral phenyl radical (cav-
uinin, tlatlancuayin). Some of them have a methylenedioxy grouping in the lateral phenyl
radical, or in ring A (tlatlancuayin, maxima substance A, milldurone ) (see Table 1). In the
glycosides, of the carbohydrate components we find most frequently glucose in the form of the
B-pyranose and bioses — rutinose and neohesperidose (see Table 2). Acylated glycosides have
"been reported [62, 69, 71]. At the present time, the structures of a number of the glycosides
have been confirmed by their synthesis [78, 79, 81-83].

Complex isoflavones contain isoprenoid chains and additional furano or pyrano rings
(Table 3). These compounds are also themost characteristic for the family Leguminosae (Der-
ris, Piscidia, Milletia, Mundulea, Neurautanenia, etc.). Wide use is made of NMR spectros-
copy to establish the structures of isoflavones and their glycosides [2, 91-97, 106].

Table 4 gives details of the NMR spectroscopy of some complex isoflavones [106].

In contrast to the isoflavones, the isoflavonone group has few representatives. At the
present time, only 13 isoflavanones are known; their structures are shown in Table 5. Al-
most all of them have been isolated from plants of the family Fabaceae. The UV spectra of
these compounds each have two absorption maxima (270 and 310 nm) by means of which it is
easy to distinguish them from the isoflavones.
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TABLE 3. Complex Isoflavones

Formula Name Sources of isolation
MO0
@ U> Derrubone Derris [84]
HO 0 0
HO 0.}
@ ! OH Piscidone Piscidia [2]
‘ HO
0 0"
Piscerythrone Piscidia [2]
Durmillone Miiletia [2]
Ichthynone Piscidia {2]
Auriculatin Milletia [85)
Auriculin Milletia {2]
Osajin Maclura [86] Moraceae
Pomiferin Maclura [86]
Chandalone Derris [88]
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TABLE 3 (Continued)

Souzce of isolation

Formula Name
H Scandinone Derris [2]
OH
Scandenone Derris 2]

R =H— Robustone
R=CH;~- Robustone
methyl ether

Dehydroneotenone

Ferrugone

Munetone

Mundulone

Jamaicin

Toxicarol isoflavone-

Derris [84]

Neorautanenia, Pachyr-

rhisus 2]

Milletia [2]

Mundulea [2]

Mundulea {2]

Piscidia [2]

Derris [2]



TABLE 4. Chemical Shifts (6 Scale) of the Protons of Some
Complex Isoflavones [106]

Chemical shifts of the following protons
com- Solvent H
pound Ho |Hs (H6 |2 |ne | HE | e |cing| e [Har [OGW
Durmil~ |CDCI, 7,93] 7.56 7,12 6,85' 6,97 1,55 | 5,72 1 6,80 | 5,97
lone ;18 |U=8Hz)

Ichthy- [(CH;),SO| 8,36] 7,43 ' 7,01 7,10 5,9516,80 | 6,10

none (/=8 Hgz) -l (J=10 Hz)
Ferrugone|CbCl 7,89 7,53 6.61 6,80/ 1,56 | 5,71 16,79 | 5,93
& CDCIZ 7,92| 8,06 6.84 5,54, 1,50 | 5,72 | 6,83 | 6,03

(/=85 Hz) (/=10 Hz)

JamaicinCDCI; | 7,92| 8,03| 6,85 6,62 6,85, 1,49 | 5,79 1 6,80 | 5.95

TABLE 5. Isoflavanones

Name Structure - ' Source of isolation
Padmakastein l4‘,5-Drlhydroxy--’I-methoxy Cerasus {6]
Ferreirin 2,5, T=Trihydroxy-4 -methoxy Ferreirea [4]
Homoferreirin - |5, 7-Dihydroxy-2',4* ~dimethoxy Ferreirea [4], Qugeinia {89],
Cicer [90]
Sophorol 2',7-Dihydroxy-4',5'-methylenedioxyMaackia [2], Sophora [4]
Dalbergioidin 2',4%,5,7-Teirahydroxy Dalbergia {2], Ougeinia {2]
Ougenin 2,4, 5~ Tribydroxy-3', T-dimethoxy~  Ougeinia [89]
6~methyl
Neotenone 2'-Methoxy-4',5' ~methylenedioxy= Neorautanenia {2], Pachyrrhi-
6 = T~ furano .’ zus [2]
Violanone 3, 7-Dihydroxy~2',4' ~dimethoxy Dalbergia [2]
Parvisoflavonone| 4*, 5, 7=Trihydroxy-2°,3'=dimethoxy |Poecilanthe [2]
- 5, 7-Dihydroxy=~4* ~methoxy Andira [118]
- 6.7=Dimethoxv=3',4'~methylenedioxy Cordyla [2] _
Kievetone 2',4",5,7-Tetrahydroxy=8= (3= Phaseolus [125]
-methylbut-2-enyl) o - -
Nepseudin’ 2,'3*,4'~ Trimethoxy-6 : 7-furano |
Onogenin T-Hydroxy-6-methoxy-3',4' - methy=Onoais [115]
lenedioxy

In order to establish their structure, they were subjected to the dehydrogenation and
the isoflavones formed were identified by the usual methods [2]. With the exception of so-~
phorol, all known isoflavanones were optically inactive. Characteristic for the majority of
isoflavanones is the presence of a hydroxy group in position 2'. Among them is known one
C-glycoside — dalpanin, isolated from Dalbergia paniculata [2].

An interesting group of isoflavonoids is the coumestan derivatives, which are known
under the names of coumestans, coumaronocoumarins, and coumestones [101].

The first natural representative of this group — wedelolactone — was described in 1957
[2]. At the present time, 19 compounds are known. Their physicochemical properties are given
in Table 6. Only one of them is a glycoside. The majority of the compounds have been iso~
lated from species of the family Fabaceae. Wedelolactone, a demethylwedelolactone glycoside,

and norwedelolactone have been isolated from two genera of the family Compositae (Eclipta,
Wedelia).
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TABLE 6. Coumestans

o |UV spec-
Name Structure mp, °C  |tum, A g,y | Source of isolation
nm
Coumestrol 7,12~ Dihydroxy 285 '244, 304, |Medicago [101],
344 Trifolium [100]
Erosnin 11,12- Dihydroxyfur- 300 240, 285, [|Pachyrrhizus [101]
ano [2%,3":6,7] 1290, 350. 365
12~Methoxycoumestrol: T-Hydroxy=-12=methoxy 331-.332 1242, 302, |Medicago [99], Tri-
342 folium {100)
11-Methoxycoumestrol: 7,12~Dihydroxy=11~ 399 248,208, |Medicago [99]
methoxy 351
7-Hydroxy-11,12-di=  |305 246, 280, 305 Medicago [102]
methoxy | 350 :
Flemichapparin C 7-Methoxy-11,12~ 272 246, 296, 308’Flemingia [103]
methylenedioxy 315
Wedelolactone 5,11,12-Trihydroxy-  |397—300 211, 250, 303;Eclipta {101], We-
T-methoxy 350 delia [101]
Norwedelolactone 5,7,11,12=Tetrahydroxy|360 — Eclipta [101], We-
delia [101]
Psoralidin 1,12~Dihydroxy-6- 315 208, 244, 305{Psoralea [101]
isopentenyl 347
Trifoliol 7,10-Dihydroxy-12- (332 268, 309, 348 Trifolium [100]
methoxy
Medicagol 7-Hydroxy=11,12~ 325 245, 309, 347|Medicago [104]
methylenedioxy
Lucemol 6,7, 12 Trihydroxy 350 232, 310, 335/ Medicago [101]
Glycyrol 5,12-Dihydroxy-6- 872
isopentenyl- 7-meth-~ - - Glycyrrhiza {101]
oxy
5=-0=Methylglycyrol | 12-Hydroxy-6-isopen~| — — Glycyrrhiza {101]
tenyl=5, T~dimethoxy
Isoglycyrol 12-Hydroxy-T-meth~ | — - Glycyrrhiza [101]
oxy=2, 2'-dimethgr -
pyrano [2',3" :5,6]
Sojagol ' T-Hydroxy=6,6'-di- [284—286 | — Glycine [105], Pha-
methyl-(12:13; | seolus [124]
2', 3%)=chromano
Repensol 7,10,12~Trihydroxy - — Trifolium {100]
Sativol 8,12~Dihydroxy-T- 303 241, 305, 342|Medicago [101]
methoxy
Wedelolactone gly- | T-Glucosyloxy=5,11, — — Eclipta {101]
coside 12=tsihydroxy

Their UV spectra each show three absorption maxima which cbrrespond to the three chromo-

mophoric groups -
R O T
i | o ., @C i

{240% 10 nm) (295% 10'nm) ' (345+ 10 nm)

The presence of a free hydroxy group at C, can easily be established from the batho-
chromic shift of the long-wave maximum in the presence of sodium acetate, and the presence
of an ortho-dihydroxy grouping from the bathochromism in the presence of boric acid and so-
dium acetate [101].

In the IR spectra of the coumestans it is easy to detect the lactone carbonyl group
from a band at 1700-1730 cm™', the band of hydroxy groups at 3700-3500 cm™', and the bands
of a furanocoumarin system at 1280, 1270, 1170-1160, and 1080-1070 cm~'. The NMR spectra
have been well studied. The positions of the protons have been determined by comparing the
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TABLE 7. Results of

the NMR Spectroscopy of Natural Coumestans

Chemical shifts of the following protons, ppm (6 scale)

Coumestan
Hs | H6 | H8 | Hw | Hu | H
Coumestrol 7,95 7,20 7.00 7,20 7,00
Coumestrol acetate 7,90 7,18 7,26 8,03 7.13 7.48
Trifoliol 7.83 7,03 6,97 — 6,42 6,80
Trifoliol diacetate 7,88 7,13 7,21 — 7,03 6,73
Sativol diacetate 7,83 7,03 — 8,06 7,18 7.50
Lucernol triacetate 7,82 — 7,40 8,06 7,20 7,49
7,11,12-Trimethoxycou~
mestan 7,85 6,95 6,97 7,52. — 7,18
7,11,12-Triacetoxycou-
mestan 7,98 7,18 7,31 7,89 — 7,59
11-Methoxycoumestan 7.82 — - 7,39 — -

NMR spectra of the coumestans with

cal shifts of the protons are given in Table 7.

have also been described [101].

the spectra of the corresponding benzofurans. The chemi~

The mass spectra of individual coumestans

The isoflavonoids alsc include a group of 3~aryl-4-hydroxycoumarins, which are tauto-
meric with the 2-hydroxyisoflavones:

’ 0.0

@

oH

Representatives of this group are scandenin, ionchocarpin, derrusin, robustin, robustic acid,
and their methyl derivatives, which have been isclated from plants of the genus Derris (XII-

XvIi) [88, 112, 113].

N
g 00 CH.O 00
Lﬁjr\( SO/Y u
G)

[1],]

H 0CH
onp o gy, ond oo,
Scandenin XII Lonchocarpin XIII . Derrusnin XV
g 0.0
g U D XV XVI Y &
N 7 |
@ 0CH, 0R OCH
OCH, OH OH s

Lonchocarpic Acid

R=H — Robustic Acid

R:CH3 — Methyl
Robustate

The wood of a series of tropical plants, the Caesalpiniaceae and Fabaceae, contains

derivatives of pterocarpan (coumaranochroman).

They have been isolated from the genera

Andira, Baphia, Maackia, Dalbergia, Machaerium, Neorautanenia, Swartzia, etc. (Table 8).
Some of them — for example, neodulin, pisatin — are formed in the plants when they are at~

tacked by a fungal infection [2].

They possess a well pronounced antifungal action. Some

pterocarpans have a hydroxy group in the 6a position (pisatin, 6a-hydroxyphaseollin, variab-

lin), and 6a,lla-dehydropterocarpans are occasionally found [134] (Table 8).

The IR spec=-

tra of the pterocarpans each have two absorption maxima: a well-defined ome at 285-310 mm
and a weakly defined one in the 280-287 nm region.

The majority of these compounds

[2]. It has been established by the

are optically active and have a negative value of [a]

investigations of a number of authors {2, 1271 that D

the absolute configuration for the (~)-pterocarpans is 6aR,llaR, and for the {+)-enantiomers

6aS,11aS. The protons at 6a and 1lla

are in the cis position:
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TABLE 8. Pterocarpans

Name Structure Source of isolation
(—)=Medicarpin 3~Hydroxy-9~-methoxy Aldina [118], Dalbergia [120],
Medicago [121], Trifolium {2],
Swartzia [2]
(+)-Medicarpin 3-Hydroxy=-9~methoxy Dalbergia [2]
(+)-Medicarpin . Aldina [118], Dalbergia [120],
Machaerium [2], Platymiscium [119];
(-)-Homopterocarpin  [3,9~Dimethoxy Baphia {4, 122], Pericopsis [2],
Pterocarpus [2], Swartzia [2]
(+)-Homopterocarpin » Machaerium [2]
(—)-Maackiain 3-Hydroxy-8,9-methyl- Andira [2], Dalbergia [120],
enedioxy Diplotropis [118], Maackia {4],

(+)~Maackiain
(+)-Maackiain

(—)-Pterocarpin

(—)~-Phylenopteran

{=)~9- Methylphy-
lenopteran

(—)~2-Hydroxyptero=-
carpin

~)-2-Methoxyptero-
carpin

Neodulin

- Ficinin

(+)~Leiocarpin
(~)-Phaseollin
(—)-Phaseollidin

(—)-Neorautane

(—)-Ficifolinol

(=)-Folitenol

(~)=Folinin

3-Methoxy-8,9-methyl~
enedioxy
(—)-3-Hydroxy-4,9-di-
methoXy
(—)-4-Hydroxy=-3-meth-
oxy-8,9-methylenedioxy
(—)-3,4-Dihydroxy-8,9-
methylenedioxy
(~)-3,4-Dimethoxy=-8,9~-
methylenedioxy
3,9-Dihydroxy~7,10-di~
methoxy
3-Hydroxy-1,9,10~tri~
methoxy
2-Hydroxy-3-methoxy-8,
9-methylenedioxy
2,3=-Dimethoxy=-8,9~-
methylenedioxy
8,9-Methylenedioxyfu-
ano(2,3
8,9-Methylenedioxyfur-
aﬁd [2’ 3]

dimethylpyrano
3-Hydroxy-9,10-dimeth~
ylpyran
3,9-Dimethoxy-10-iso- -
pentenyl
8,9-Methylenedioxy-2,3-
dimethylpyrano
(T)=3=Hydroxy-2~isopen~-
tenyl-8,9-methylenedi-
oxy_
3,9-Dihydroxy-2,8-diiso-
pentenyl
3-H ydroxy-2-isopentenyl-
2, -dim}éth lpyprgno y
[2%,3": 9,10]’
2,2,9,9-Tetramethyl (di=
pyrano[3',2*: 2,31 [2",

8,9-Methylenedioxy~3,4~|

3%.9,10]

Sophora [129], Swartzia [2]
Aldina [118]

Aldina [118], Dalbergia [120}],
Pterocarpus [2], Sophora {2]

Baphia {122], Lonchocarpus
[114], Pterocarpus [1], Sophora [2],

Swartzia [2]
Dalbergia [2]
Dalbergia [2]
Swartzia [2]
Lonchocarpus [114]
Lonchocarpus [114]
Neorautanenia [109], Swartzia:
[123]
Neorautanenia [111]

Neorautanenia [2]

Neorautanenia [2]

Apuleia [2]
Phaseolus [2]
Phaseolus [125]
Neorautanenia [2]

Neorautanenia [2]

Neorautanenia [110]

Neorautanenia [110]

Neorautanenia [110]



TABLE 8 (Continued)

Name Structure Source of isolation
(-)-Gangetin 9~Hydroxy~10~-isopenten- Desmodium 2]
8 yl-yl-meythoxy-z?s-di-
methylpyrano
Edulan 1,9-Dimethoxy-2,2~di- Neorautanenia [107]
i methylchromano{2',3"
5,6] - -
Edudiol 3,9-Dihydroxy-2~isopen~ Neorautanenia [107,
tenyl-1-methoxy .
Neoraucarpene 2~Iso%entenyl-3,4-di— Neorautanenia {107]
methoxy~8,9-methyl-
enedioxy
Neorautanin 9-Dimethoxy-8,9~meth- Neorautanenia [107]
ylenedioxy
Edulenol 3-Hardrpxy-2-isopentenyl- Neorautanenia [107]
1,9-dimethoxy
3-De=-O-methylneorau~ |3-Hydroxy-2-isopentenyl- ! ia [107
carpene y 4- ethgxy-éff)gmeteﬁ?'-" Neorautanenia [107]
enedioxy )
- 3,10~Dihydroxy~9- methoxy | platymiscium {119
Neobanol 8,9-Methylenedioxyfur- Neorautanenia [108}
anof2,3 )
- 3« Hydroxy=2, 9-dimethoxy’ Pisum [126]
— 2,3,9-Trimethoxy Pisum [126]
- 4-Hydroxy-2,3,9~trimeth- Pisum [126]
oxy , :
Pisatin 6a-Hydroxy-3-methoxy- Pisum [126]
8,9-methylenedioxy
Variabtin _ ﬂ@-&\){,dzoxv-&i)_- dimeth~ Dalbergia {2]
6a-HyEi—roxyphAseollin 3,6a]'-.'l')-ihyliroxypyrano[9, Phasev.us l]
10 '
Dehydropterocarpin 3-Methoxy-8,9- methyl~ Swartzia [2]
enedioxy
ifolirhizi 3-Glucopyraposyloxy-8,9- 117}, Trifolium {116
Trifolirhizin SO ye"x,xec?iogyv y Ononis [117], Trifolium [116]
Sophora japonicin 3-p-D~-Glucosyloxy-8,9- Sophora [131]
methylenedioxy
Trifolirhizin 6’-mono- |6'-O~Monoacetyl-3~-glu- Sophora [129]
acetaie cosyloxy-8,9-methyl-
enedioxy

XVl

6aR, 11aR- (—)~Pterocarpan

In the NMR spectra of the pterocarpans it is easy to distinguish the protons of the
heterocycle [2] (XVIII).

5 scale
Ha—5.45 ppm Jbe=10.8 Hz
Hd—4.19 ppm Jed =10.5 Hz
He ~3.63 ppm Jpd=5.1 Hz
Jac=0.8 Hz
XVt Jab=0.6 Hz

Pterocarpin
In the biogenetic aspect, the isoflavans are close to the pterocarpans [2]. They have

also been isolated from plants in the form of optically active isomers. (+)-Vestitol, (~)~—
duratin, and (~)-mucronulatone have the 2S configuration and have been isolated from Brazil-
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TABLE 9. Isoflavans

Il S i -
Name - Structure mp, °C [a]D' ti%l;rce of isola
deg
(—)~Duartin 3*,7-Dihydroxy-2*,4",8- 149 —25 Machaerium
trimethoxy [133]
(—)~Mucronulatol 8", 1-Dihydroxy-2',4'-di4 145 [_18,5/ Machaerium
methoxy [133]
(+)~Mucronulatol . 227 —_ Dalbergia [133],
i Glycyrrhiza [132]
(+)=Vestitol 2',7-Dihydroxy~4'~meth- 156 4,—‘21,6! Dalbergia [133],
| oXy Maciiaerium [133]
(=)= Vestitol | . - - Cyclolobium 2]
Isovestitol 4',7-Dihydroxy~-2'-metht _ — Anthyllis, Lo-
oxy tus. Tetragonolo-
. bus [123]
Demethylvestitol 2,4", T-Trihydroxy — -
Sativan T-Hydroxy-2',4'-dimetht _ — .
oxy
(—)~Mucroquinone 7-Hydroxy~4',8-dimeth- 192 _15,45 Machaerium
oxy=2',53"-quinone i 1133]
(35)-2'-Hydroxy=4',7- _ _ albersia [2]
- dimeth}(,)xy y Dalbergia [2]
(H-Laxifloran 4’,'7-Dihydroky-2',3'-di-{ 63 —64 — Lonchocarpus
methoxy (dimeth~ [114]
yi ether)
(+)-Lonchocarpan 4',7-Dihydroxy,2",3',6'- {186 187 | — Loncilocarpus
trimethioxy i [1H4]
Phaseollin isoflavone 2',T=-Dihydroxy-3':4'- _ — Phaseolus [125]
pyrano
(+)=Licoricidin 2°4*-Dihydroxy-3'6- - — Glycyrritiza [2]
diisopentyl-7-methoxy’
(3R)~Claussequinone T-Hydroxy-4'-methoxy- - - Cyclolobium [2]
2',5'-quinone il
Unanisoflavone 3! '7-Dihydro>?l-2',4’- 184 |-73,5/ Sophora [130]
&imethoxy- '~dimeth~-
ylpropenyl
- (28)=3",6,7=Trihydroxy- - —17.3| Brya [134]
2',4'-di’methox}}rr y- 188889 ' ve |

ian species of Dalbergia and Machaeriwnm [2]. The dimethyl ethers of (+)-laxifloran and (+)-
lonchocarpan have the R configuration at C; and have been isolated from the African plant
Lonchocarpus laxiflorus [114] (Table 9). It is also possible to include among the isoflavan
derivatives the isoflavan quinones: (28)-(—)-mucroquinone from Machaerium mucronulatum and
(3R)-claussequinone from Cyclolobium claussenii [33].

In 1976-1977, derivatives of 3-isoflavene were isolated from Gliricidia sepium: 2',3',7-
trihydroxy-4'-methoxy-3-isoflavene (sepiol) and 2'-O-methylsepiol [135].

The rotenoids also belong to the isoflavonoid group. A distinction is made between
pyranorotenoids (deguelin, tephrosin, toxicarol) pyranomethylenedioxyrotenoids (millettone),
pyranorotenoids (rotenone, sumatrol,. amorphin, elliptone, and malaccol), and furanomethylene-
dioxyrotenoids (dolineone, pachyrrhizone, and isomillettone) [136]. They have been isolated
from plants of the family Leguminosae (the genera Derris, Tephrosia, Lonchocarpus, Piscidia,
Amorpha, Dalbergia, Neorautanenia, Pachyrrhizus, and Milletia).

More details concerning their structure and distribution and the methods of determining
their structures have been given in reviews [1, 2]. Of other isoflavonoid structures we must
mention the coumaronochromone lisetin isolated from Piscidia erythrina (XIX) and a represen-
tative of the a-methyldeoxybenzoins — (—)-angolensin (XX) [2].
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The diisoflavone disain has been isolated from Maclura aurantica (family Moraceae)
[87].

In a study of the distribution of the isoflavonoids in the family Leguminosae it is
possible to establish that in the individual tribes the isoflavones are present together
with some definite group of isoflavonoids [136]. For example, isoflavones + coumestans in
the tribe Trifoliae, isoflavones + rotenoids in the tribe Galegeae, isoflavones + pterocar-
pans in the tribe Podalyriae, isoflavones + pterocarpans and isoflavanones in the tribe
Sophoreae, isoflavones + pterocarpans, isoflavanones, 3-phenylcoumarins, coumestans, and
rotenoids in the tribe Phaseolieae, and isoflavones + pterocarpans, isoflavanones, 3-phenyl-
coumarins, rotenoids, and isoflavans in the tribe Dalbergioideae. This fact is of definite
interest not only for the chemotaxonomy of the family but also for studying the pathways
of the biogenesis of these compounds in plants.
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ACID HYDROLYSIS OF THE HYDROXYETHYL DERIVATIVE OF THE AMYLOPECTIN
STARCH OF WAXY MAIZE

L. N. Ivanova, L. A. Peregudova, UDC 615.545(088.8)
and N. V. Fedorova

Interest in starches and their chemical modifications has risen as the result of the ap-
pearance of reports on their successful use for medical purposes. According to the available
literature information, hydroxyethylated starch (HES) is used for preparing a new blood sub-
stitute [1, 2], is being studied as a cryoprotector for erythrocytes [3-5] and other blood
cells [6, 7], and is being used in leucophereses [8] and the preparation of erythrocytes [9].
To obtain HESs with different molecular weights, degrees of substitution, characteristic
viscosities [n], and molecular-weight distribution, together with other methods acid hydroly-
__sis, isused [2, 5], since the ether bonds in HESs are resistant to the action of acids and
alkalis and the hydroxyethyl groups are not split off under the conditions of acid hydroly-
sis [10].

Continuing our investigations {11, 12] on the preparation and study of the physicochemi-
cal properties of hydroxyethyl derivatives of the amylopectin starch (HEAPS) of waxy maize
[Al1-Union State Standard (GOST) 7697-66*], we have used acid hydrolysis to obtain a series
of HEAPS hydrolysates with different physicochemical properties.

The present work was devoted to obtaining hydrolyzates of HEAPS with molecular weights
of 200,000 (£20,000) and 50,000 (+5000) and a degree of substitution of 0.60-0.70, which may
be of interest for their subsequent study as cryoprotectors, since there are positive results
in the literature on the study as blood substitutes [2, 13, 14] and cryoprotectors [5, 15] of
hydroxyethylated starches with molecular weights of 40,000-90,000 and 100,000-200,000 and de-
grees of substitution of 0.5-0.7. As the initial raw material for obtianing the HEAPS we
used partially hydrolyzed amylopectin starch (PHAPS) with different degrees of polymeriza-
tion [16].

TABLE 1. Results of the Determination of the Relative Viscosi-
ties of HEAPS during Hydrolysis

Expt. Relative viscosity
No. Time of hydrolysis, min
' 0 l 10 \ 20 1 30 I 40 [ 50 [ 60 | 70 [ 80 | 0
i
1 5,9 — 2.9 '
2 5.9 2,9 2,5
3 5,8 2,9 2,7
4 5,9 2,9 2,7
5 5.9 2,9 2,5 2,3 —- 1,9 | 1,8
6 5,9 2,7 2,4 2,1 2,1 11,9 | 1,8
7 5,7 2.9 2,5 2,1 — |19 |18
8 5,9 — - 2.4 2,3 12,2 |20
9 5,7 2,9 — 2,3 21 11,9 11,9
10 5,7 2.9 2,6 2,2 2,0 {1,9 I'L9
11 11,4 3,5 2,9 2,5 12,3 121 120 1,9 1,8 11,7
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