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AM-The title eompolmds have heen prepand by hydrogenation of the corresponding isoflavones 
and found to differ from padmakastein and padtmhstin, isolated, from PIWWS puddum and reported as 
4’,5dihydroxy-7-mcthoxyisofiavanone and its 4’-ghcoside. 

THE isolation of the first natural isoflavanone padmakastein (1) and its glucoside, 
padmakastin (2) from the bark of Prunus puddum was reported in 1952 by Narasim- 
hachari and Seshadri.’ Evidence supporting the saturated nature of the pyrone ring 
was based on dehydrogenation and hydrogenation experiments performed on the 
aglycone (1). Dehydrogenation of padmakastein was reported to afford the corre- 
sponding isoflavone, prunetin (3), another constituent of Pnunrrs pad&m and products 
of the reduction of prunetin and its derivatives with sodium metabisulphite were 
identified with padmakastein and its derivatives. Though these results were later 
revised,’ as only partial reduction had been affected by sodium metabisulphite, 
nevertheless the same correspondence with samples prepared by catalytic reduction 
of prunetin was maintained. 

1: R=R’=H 3: R=Me,R’=R”=H 

2: R = H, R’ = f3-D-glucosyl 4: R=Mc,R’=H 
7: R=R’=Ac R” = p D-glucosyl 
8: R=H,R’=Me 5: R=R’=H,R”=~~glucosyl 
9: R = AC, R’ = tetraacetyl-fI-D-glucosyl 6: R=H,R’=Ac,R”=tetraacetyl- 

w-glu=yl 
11: R=Me,R’=R”=Ac 

The configuration of the chiral centre at C, was not elucidated in the original papers 
and thus natural padmakastin could be the glucoside of one of the enantiomers or 
a mixture of the two. In order to clear this ambiguity we undertook the synthesis 
of padniakastin. 

* Work for Diploma in Chemical Engineeting; Institute of Organic Chemistry, Technical University, 
Budapest. 
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As no method for the resolution of isoflavanones has been elaborated, it was of 
interest to reduce the corresponding isoflavone glucoside prunitrin (4) and separate 
the mixture of diastereomers. For this purpose a synthesis of 4 had to be devised. 
One of the authors prepared prunitrit? by partial methylation of sophoricoside (5), 
the 4’glucoside of genisteine, easily extractable from the fruits of Sophorajuponica.4 
This method, however, suffered from the difRculty ofpurification due to small amounts 
of overmethylated products. Consequently, the pentaacetate of sophoricoside (6) 
bearing a single free OH at C, was methylated with diazomethane to yield directly 
the easily crystallizable pentaacetate of prunitrin. Sophoricoside pentaacetate (6) 
can be readily prepared by treating the hexaacetate5 briefly at 60” with one equivalent 
of dilute sodium methoxide. The structure of the pentaacetate was supported by the 
negative ferric chloride reaction, diagnostic for a blocked CS-OH, and its NMR 
spectrum indicating five acetoxy groups. Saponification of 6 gave in good yield 
pure free prunitrin. 

As glycoside acetates, as a rule, can be more easily puritied than the corresponding 
free glycosides, prunitrin pentaacetate was hydrogenated in acetic acid at room tem- 
perature with Pd-C until the uptake of one equivalent of hydrogen was complete. 
Before starting the tedious separation of diastereomers the product was saponified 
and hydrolysed to yield a product, m.p. 146-147”, clearly different from padmakastein 
(m.p. 23&2W):The same low melting substance was obtained by the direct hydro- 
genation of prunetin (3). The diacetate of our compound, prepared on the one hand 
by acetylation of the foregoing product and on the other by reduction of prunetin 
diacetate differed from padmakastein diacetate. A similar situation was encountered 
with the 4’-0-monomethyl ether obtained by two different methods. Consequently, 
the NMR spectra of our products was examined. 

1 s 

FIO. 1 NMR epctrum of 4’,S-dihydroxy-7-msthaxyiroflrvM om. 
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In the spectrum of hydrogenated prunitrin, the characteristic low field C,-H 
singlet of isoflavones (7.80 ppm in prunitrin) has disappeared and instead a Z-proton 
doublet (J = 7 c/s), centered at 6 = 4.67 and a one-proton triplet (J = 7 c/s), partly 
obscured by the OMe peak centered at 6 = 400 can be observed. Since the same 
characteristic A,X system is found in the spectrum of the hydrogenated prunetin 
diacetate and prunitrin pentaacetate, and there is no other significant change in the 
spectrum, the only possible structures to assign to our products are the isoflavanone 
structures 1,7,8 and 9 respectively.* 

These structures are further supported by the conversion of the diacetate 7 to the 
monobromo product 10 by treatment with N-bromosuccinimide and subsequent 
dehy~obrom~ation, giving prunetin diacetate (11). In the bromo compound, the 
X-part of the three proton system has disappeared and the AZ-part has given rise to 
a geminal AB system (J = 12 c/s). 

10 

Thus padmakastein and its glucoside cannot be represented by formulae I and 2 
resp.t When the hydrogenation experiments of Ramanujan et al2 were repeated, only 
unchanged starting material could be isolated from the reaction mixture. Examination 
of Table 1 reveals the close similarity between the m.ps of the prunitrin and pad- 
makastein series suggesting, that padmakastin and padmakastein could be impure 
samples of the corresponding isoflavones. 

In spite of these results, the separation of the diastereomeric glucosides was still 
of interest, as in this way we hoped to a&t the resolution of racemic 1. For this 
purpose the glucoside acetate 9 was recrystallized several times. The ORD curve 
of the constant melting product shows a negative Cotton effect. Compared with the 
sign of the Cotton effect of sophorol,’ an isoflavanone of known absolute configura- 
tion, the chirality of the C3 is R. Alkaline saponification afforded the free glucoside, 
which shows only a plain ORD curve, indicating complete racemization of the agly- 
cone part during this procedure. Fractionation of the diastereomeric mixture of the 
free glucoside (2) was ineffective. After recrystallization no Cotton effect was observed 
for the glucoside nor for the aglycone prepared by enzymic hydrolysis. 

l Private communication of T. R. !hhadri: Natural padmakastin and padmakahn are no longtr 
available and attempts to reisolate the compounds failed. 

t Apparently these same products (1 and 2) were obtained previously by SZ&&~ but the dkmpan~y 
with the natural compounds had not been chificd. 
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I%. 2 ORD of R( -)-59atoxy-9’-hydroxy-7-~~ox~~v~one_4- 
glucoside (1); 5-acetoxy4’-hydroxy-7-metboxyisoklavont4’_de (2); 

(It) 4’,5dihydroxy-7-methoxyisoflavanone-4’-&n-glucoside (3). 

EXPERIMENTAL 

M.ps were determined on a ICoMer hot stage and are uncorrected. NMR spectra were taken on a Varian 
A 60 instrument at 60 Mc, with TMS as internal standard. IR spectra wart recorded on a PerkiiEhner 
121 instrument, UV spectra on a U&am Sp 700 spectrophotometer. ORD meas urements were performed 
on an Opton REPM 12 spectropolarimeter. 

5,7-DiacetoxrP~t~~~yl-~~l~osyloxy~~~~~~p~~co~ hexaacetate). This was yrcpared 
according to literatures and recrystaIlked from AcOH, rap. 225-228” ; NMR (6, ppm) : 2-l (a, 12H, gluwse 
acetylf; 234 (s, 3H, C,-OAc); 291 (a, 3H, Cs--OAc); 38-4-l (m, lH, glucose Cs-H) 426-434 (m, 2Ii. 
glucose CH,); W-4~4 (m, 4H, glucose Cl.l.3.$ -H); 690 and 730 (doublets, J = 2.5 c/s, Cs-H and 
Cs-H): 7.1 (d, 2H. J = 9 Hz, C,.. ,.--H); 748 (d. 2H, J = 9 c/s, C,q. cH); 79 (s. lH, C,--H), 

~Acetoxy-7-hydroxy~‘~~e~~~yI-~~l~osyioxy)~o~w~ (sophoricoside pentaacetare) 6. To a 
VigOrOUdy stirred suspension of sophoricoside hexaacetate5 (398) in MeOH. IN NaOMe (t ml) was 
added in one portion at 60”. Alar 3 min, the clear soln was acid&d with AcOH (@4 ml) and filtered hot. 
The chromatograpbically pure product cry&Wed in colourlrss needles (065 g, 18x), nzp. 197’ measured 
in a preheated apparatus. (Found: C, 58Q8; H, 4.80. C&HsOO1s requires: C, 5790; H, 4*700/, NMR: 
2.1 (s, 12H, glucose acetyl); 238 (s., 355 Cs-OAc) 3.70-4.35 (3Y gluoose-CH, superimposed on glucose 
C,--H) 490-5.X) (broad multiplet, 4H, glucose C,,,_,.,-- H) 6-63 and 6-85 (two doubleta, J = 2.5 c/s, 
Cs-H and Cs-H) 7.1 (d, 2H., J = 9 c/s, C,.. s-H) 7.49 (d, 2H. J = 9 Hz, t$ s-H) 79 (s, lH, C,-Ii). 

5-Acetoxy-7-methoxy-4’-(tctroocetyl-BDgh (pnmftrtn pemaacemte). A sob of 6 
in CHCl, (75 ml) was treated with an excess of ethereal diazometbane. After standing overuigbt at O”, the 
soln was evaporated and the residue reuysmllkd from MeOH to yield colorless needles (l-85 g, 90%) 
of m-p. 191-192”. (Found: C, 58%); H, 495. CssH,,O,, requires: C, 58-60; H, 4W/J; NMR: 2.1 (s, 12H, 
glucose acetyl); 2.41 (s, 3H, C,-OAc); 393 (4H, C,-OCH, superimposed on glucose Cs-H); 4.2-4-36 
Wad multiplet, glucose CH,); 6+0@5*45 (broad multiple& 4H, C,.s, s-,-H), 6% and 683 (two doublets 
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J = 2.5 c/s, C,-H and Cs-H); 7.08 (d, 2H, J = 9 c/q C,.,,-H); 7.47 (d, 2H, J = 9 c/s, C,.,,.-H); 
7.87 (s, lH, C,-H). 

( f )4’,5-Dihydroxy-7-methoxy~o~~~~, 1. A soln of 3 (297 mg) in AcOH (30 ml) was hydrogenated 
at room temp with 10% Pd-C (300 mg) until the uptake of one equiv of H,. The crude product was re- 
crystallized from 50% aqueous McOH to afford colourleas platea (119 mg, 40”/,) of rap. 146-147” ; 
eH mp 289 (e: 2740) 335i (E: 16m)); 1 “& 1650 cm-‘; NMR: 3.01 (9, lH, C,.-OH); 3.88-4.10 (4H, 
C,-OMe superimposed on C,-H); 4604.73 (d, ZH, J = 7 c/s, C,-H,); 6.10 (s, ZH, C6-H; C,--H); 
6.86 (d, 2H, J = 9 c/s, C,,,,-H); 7.22 (d, J = 9 c/s, C2..,- H). (Found: C, 67.11; H, 4.77. C,,H,,O, 
requires: C, 67.12; H, 4.93%). 

(k) 4’,5-Diocetoxy-7-methoxyisoj7ummone, 7. (a) Compound 1 (119 mg) was acetylated with AC+ 
NaOAc on the water bath. Repeated crystallization of the crude product from EtOH gave colourless 
rhombic plates, mp. l&185”. 

(b) Compound ll(375 mg) was hydrogenated as described, to afford after purification the same diaatate 
(300 mg, 80%); NMR: 2.30 (s, 3H, C,AAc); 2.39 (s, 3H, C,-OAc); 3.78-4-CHl (t, 4H, C,-OCH, 
superimposed on Cs-H, J = 7 c/s) 465 (d, 2H, J = 7 c/s C,-H,); 632 and 643 (doublets, J = 2.5 c/s, 
C,-HandCs-H);7*lO(d,2H,I = 9c/s,C,..s-H); 7.33(d,2H,J = 9~/s,C~,.~-H).(Found: C65.13; 
H, 4.84. C,,H,,O, require-s: C, 64.86; H, 4.9ooA). 

5-Acetoxy-4’-hydroxy-7-methoxyisoFmrmone-,9.Prunitrinpcntnacetatc(3~g) 
in AcOH (50 ml) was hydrogenated as described. The crude product was -lized from MeOH 
giving the mixture of diastereomers as colourleas needles (2*4g, 8ao/,), m.p. 167-169”. This was ~llizcd 
5 timca from MeOH and twice from acetonbMedH. The m.p. was raised to 178-180”. [a];* = -26 
(c = 2.9 CHCl,). 

ORD in EtOH (c = @l) at 24”: [4]40,, = -658”, [4]s4, = -2340”. [4],,s = -4X@, [#]sil = O”, 
141,~s = +2340”, [~IFx = 0”; NMR: 2.1 (s, 12H, glucose acetyl); 2.36 (s, 3H, C,-OAc); 3.88 (5H, 
C,--OMe superimposed on glucose Cs-H and C,-H); 4.2-1.3 (broad multiplet, glucose CH,); 4.62 
(d, ZH, J = 7 c/s C1-H,); 50-5.45 (broad multiplet, 4H, glucose C,,z,a,,-H); 630 and 6.42 (doublets 
J = 2.5 c/s, C,-H and C,--H); 7a(d, 2H, J = SC/~, C,.,,-H); 7.22 (d, 2H.J = 9 c/s, C,..,.-H). (Found: 
C, 58.51; H, 5.21. C,2H4,0,, requires: C, 58,51; H, 5.21%). 

(+ )4’,5-Dihydroxy-7-methoxyisoflaooMne4’-B-glucosido, 2. The mixture of diastereomers, obtained by 
the hydrogenation of pnmitrin pentaacetate (@6 g) was treated with a mixture of MeOH (10 ml) and 10% 
NaOHaq for 10 min while heating under reflux. A&r neutralization the soln was evaporated to dryness 
and the residue crystallized from 20% aqueous EtOH. The mixture of diastereomers rystallixed as 
colourless plates (032 g), m.p. (115-l 17”); [a];* = - 32.5” (c = 10 EtOH). (Found : C, 55.58 ; H, 5.85. 
C,,H,,O,,* 1.5 H,O requires: C, 55.57; H, 572%). 

(f)5_Hydroxy_4’,7dfmet~x~~~~,RCompound1(036 g),dryK,CO,(6 g)andMe,S04(@18ml) 
was reIluxed in acetone (36 ml) for 2 hr. The reaction mixture was filtered hot, evaporated and the residue 
crystallized twice from EtOH to afford rhomboidal plates, m.p. 124-126”. (Found : C, 67.81; H, 5.27. 
C,,H,,O, requires: C, 6799; H, 5*370/,). 

(f)3-Bromo-4’,5-diucetoxy-7-methoxyi@hmone, (10). A soln of 7 (100 mg), N-bromesuccinimide 
(48 mg)and benxoyl peroxide (7 mg) was refluxed in dry CC14 for 3 hr. The chilled aoln was filtered to remove 
suozinimide, evaporated and the residue crystallized from EtOH to yield small colourless rods (51 mg), 
m.p. 158-161”; NMR: 2.3 (s, 3H, C,-OAc); 2.4 (s, 3H. C,-OAc); 3.83 (s, 3H, C,-OMe); 467 (d, lH, 
J = 12.5 c/s, C1-H); 4.97 (d, lH, J = 126 c/a, CI-H); 6.34 (s, 2H, C,-H, C,-H); 7.1 (d, 2H, J = 9 c/s, 
C,a.,-H) 755 (d, 2H, J = 9 c/s, C,.,,- H). (Found : C, 55.18; H, 3.85. C,,H,,BrO, squires: C, 54.72; 
H, 3.91%). 

4’,5-Diacetoxy-7-met~xyisoflaoone (11). Compound 10 (50 mg) and anhyd NaOAc (60 mg) was refluxed 
for 1 hr in Ac,O (@6 ml). The reaction mixture was poured into water, the ppt separated and recrystallized 
from AcOH to afford 11 m.p. 228-224” (lit. 225-226”); m.m.p. with authentic 222-225”. 

Acknowledgements-Thanks arc due to Prof. H. Wagner (Milnich) for providing the NMR-spectra, to 
Dr. M’. Kajt&r for ORD measurements and to Miss K. 6faIvi for microanalyses. 
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