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Dihydroxychalcones into Coumestans
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Abstract - Three coumestans, flemichapparin, medicagol and sophoracoumestan B, ar¢ synthesised by direct reaction of the
analogous 2,2’-dihydroxychalcones with thallium(II]) nitrate in methanol. ® 1998 Puhlished by Elsevier Science Lid. All rights
reserved.
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Coumestans, representing the fully oxidized state of the heterocyclic C-ring of isoflavonoids,

AN o denver T amdanireiaring 21 PR IS TP
d 2'-hydroxy-3-arylcoumarins {3], and the

tyrosinase-catalyzed coupling of suitably substituted 4-hydroxycoumarins with o-quinols [4].

Cyclopia intermedia, one of the primary

sources for the health beverage, honeybush tea [2], required the availability of substantial
quantities of the coumestans flemichapparin (14), medicagol (15) and sophoracoumestan (16)
with a view to unequivocally establish their structures and claimed physiological activity [6-9].
Herein we discuss their syntheses via a one-step reaction of the appropriate 2.2'-
dihydroxychalcones using the classical thallium(IIT) nitrate and aqueous acidic mediu

the two key steps of this transformation.
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Synthesis of coumestans 14-16. Reagents and conditions: (i) 50% aq KOH/MeOH at 20°C;
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(i) TI(NO:)s/MeOH at 20°C; (iii) reflux in MeOH/10% HCi (10:1); (iv) O..
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Resuits and Discussion

4 rans -

Syntheses of the three coumestans (Scheme 1), flemichapparin i4 [10], medicagoi 15 [ 11] an

D..

sophoracoumestan B (16) [12], were conceived to proceed via a procedure commencing with
the analogous chalcones (5, 6 and 7). These were prepared by base-catalyzed aldol-type
condensation [13] of the appropriate acetophenones (1-3) with 2-O-methoxymethyl-4,5-

methylenedioxybenzaldehyde (4), which is common to all three chalcones and accessible by

PSS

at 4-OH by methoxymethylation. The ensuing
chalcones (5, 6 and 7) were treated with TI(NOs);/MeOH [17] to yield the intermediate acetal-
type 1,2-diaryl-3,3-dimethoxypropanones (8, 9, and 10), respectively, by oxidative
rearrangement.

In the classical approach [18] the mask
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then reduced by NaBH, in EtOH, deprotected at 2-OH and cyclized (D-ring) [19] to the
pterocarpan which is oxidized by 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in benzene [20]
to the corresponding coumestan. In an attempt, however, to reduce the number of steps, we
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analogous sequence of reactions (6 — 12 — 15, 25% yield) and (7 — 13 — 16, 21% yield)
proceeded similarly. Because yields in the aforementioned multistep approach are often not
recorded, we suspect that our isolated yields compare favourably with the overall yield in a
typical conversion of chalcone — coumestan [18]. Acetylation of coumestans (15) and (16)
afforded the O-acetyl derivatives (17 and 18).
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The course of the reaction is attributable to the acid lability of the 2-O-methoxymethyl
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MeOH/10% HC1 (10 : 1) to liberate the 2-OH on the B-ring affording intermediate compounds
(11-13). Under these conditions acid-catalyzed D-ring formation foliowed by dehydration is

presumably the principle step which leads to an intermediate of type (19) which could then
undergo cyclization via transacetalation to a 6-methoxy-6a,11a-dehydropterocarpan (20). The
latter would be extremely susceptible to allylic autoxidation [2] involving the 6-H to yield the
coumestans (14-16). An alternative mechanism could involve the reversed order, ie. initial

dehvdration and autoxidation to g}vﬂ

Ve Uy 4S Aulg PRV ES 81 Lkl NAVAA Y wea Cava t I 8 uut IAACAEBLANSR I

intermediate (20), or possibly a combination of the two mechanisms. These mechanistic
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resistant 2-O-benzyl protective group which exclusively give C-ring formation by

transacetalati 2]
We have thus demonstrated a versatile, simplified and generally applicable approach to the

synthesis of coumestans.

Experimental

"H NMR spectra were recorded on a Bruker 300 MHz spectrometer at 23 °C for solutions in
CDCI; and TMS as internal standard. IR spectra were recorded on a Hitachi 270-50 instrument
in CHCI;, baseline 2200-1300 cm™. TLC was performed on Merck precoated plastic
(silica gel 60 PF,s4) and the plates sprayed with H,SO,-HCHO (40:1) after development. Prep.
plates (PLC) (Kieselgel PF,s4, 1.0 mm) were air-dried and used without prior activation. Flash
CC was carried out in a glass column (5 cm. dia.) charged with Merck Kieselgel 60 (230-400
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were performed in MeOH with a solution of diazomethane in Et;O and methoxymethylations by
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2-0-Methoxymethyl-4,5-methylenedioxybenzaldehyde (4). NaOH (15.0 g) in H,O (20 ml)
was added to a stirred solution of sesamol (5.0 g) in EtOH (15 ml). The solution was heated to
80 °C, CHCI; (10 ml) added dropwise over 10-15 min and refluxed gently with stirring for 6 h,
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Excess solvents were evaporated on a water bath and conc. HCI (9 ml) was added dropwise to
produce a dark oil. Sufficient H,O was added to dissolve the precipitated NaCl and the oil was
extracted with EtOAc (3x100 ml), dried (Na,SO,) and the solvent evaporated. Following
purification by flash CC (tubes 28 - 55) with hexane-EtOAc (8 : 2) and methoxymethylation the
product (4) was obtained as a yellow amorphous solid

(s, CHO), 7.28 (s, H-6), 6.8 (s, H-3), 6.02 (s, OCH,0), 5.25 (s, OCH,OMe), 3.52 (s,
OCH,0Me) (Found: M", 210.0531. C,oH;,Os requires M*, 210.0528).

(1.5 g 30%). 'H NMR (CDCL): § 13.0
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2-Hydroxy-4-methoxyacetophenone (1). 2,4-Dihydroxyacetophenone (1.0 g) was methylated
tn xnald tha mathyl athar 1) ac wrhita naadlac ([fram T4 n &1 &7 0 1t TINT san o [ 4]
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53 °C (0.96 g, 95%). '"H NMR (CDCls): & 7.4 (d, J=9.0 Hz, H-6), 6.51 (dd, J=2.5, 9.0 Hz, H-

£\ £ = A 7 Y N &
5), 6.54 (d, J=2.5 Hz, H-3), 3.99 (s, OMe), 2.5

2-Hydroxy-4-O-methoxymethylacetophenone (2). 2,4-Dihydroxyacetophenone (1.0 g) was

Fa R R VAY vy v v £ e~ o~y

_methoxymethylated 1o give the product (2) as a coiouriess oil (0.93 g, 91%). "H NMR (CDCls):
3 7.53 (d, J=9.0 Hz, H-6), 6.52 (d, J=2.5 Hz, H-3), 6.48 (dd, J=2.5, 9.0 Hz, H-5), 5.12 (s,

OCH,0Me), 3.40 (s, OCH,0OMe), 2.48 (s, COCH3) (Found: M', 196.0731. CcH1,0;4 requires
M, 196.0736).

TN

2-O-Methylpyrogallol. To a solution of pyrogallol (8.0 g) in H,O (12 ml) was added

~
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3) gave a mixture (ca. 1 : 1) of 1-O- and 2-O-methylpyrogallol (tubes 36 - 68, 4.9 g, 30% total)
which was not further resolved.

2-Hydroxy-3-methoxy-4-O-methoxymethylacetophenone (3). To a mixture of anhydrous
ZnCl, (1.65 g) in glacial AcOH (20 ml) at 140 °C was added the mixture of 1-O- and 2-O-
methyl-pyrogallol (1.1 g) with constant stirring. The mixture was refluxed for 6 h., cooled and
extracted with EtOAc (4x100 ml). The combined extracts were dried (Na,SOy), and the solvent
evaporated. Following purification by PLC in CiHg-Me,CO (95 : 5) (Ry 0.42) and
methoxymethylation the product 3 was obtained as a colourless oil (0.33 g, 31%). 'H NMR
(CDCL): §7.46 (d J=9.0 Hz, H-6), 6.53 (d, J/=9.0 Hz, H-S5), 5.12 (s, OCH,OMe), 4.01 (s,

w
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OMe), 3.90 (s, OCH,0Me), 2.59 (s, COCH;) (Found: M, 226.0838. C;;H4Os requires M",
226.0841).

General procedure for the preparation of chalcones. 50% (m/v) ag KOH (2.5 ml) was mixed
with a solution of the appropriate acetophenone (0.7 g) in EtOH (10 mi), stirred at room
temperature for 30 min and an excess of 2-hydroxy-4,5-methylenedioxybenzaldehyde 4 (0.5 g)
in EtOH (5 mi) added dropwise. After depletion of the acetophenone (18-24 h.), H,O (10 ml)
was added, the mixture acidified with 10% (v/v) H,SO4 and extracted with EtOAc (4x20 ml).

Drying of the extract (Na,SO,) followed by evaporation of the solvent and flash CC gave the

2'-Hydroxy-4'-methoxy-2-O-methoxymethyl-4,5-methylenedioxychalcone (8). Flash CC of

C}9H1307 .rcqui_r >S W 358.1053)

2'-Hydroxy-2 4'-di-O-methoxymethyl-4,5-methylenedioxychalcone (6). Flash CC of the
roantinn nroadnet with L. H. _hevana . FtNOA-~ (5 - 4 + 1) vielded the chaleana (&) (tihee 27 - 87 ac
IVAVUIVLL pIUGuLl vwWildl UALIGTUVAGUVTLA /v Y “ 1) YItIUCTU Ui WRAIVULIC (U) (tuUlD J2 JI1)]as
a yell orphous solid (0.72 g, 60%). IR (CHCI): 1632, 1574, 1506, 1484, 1410, 1370,
1244 Al ITT N NN R 09Q (7 T=1N & IT5 IT. ~N 7 Q9L 7 J_ON LT IT £\ 77 A" 7.7
1346 cm; H NMR \L«Ubl3} 0 06.40 \G4, v=1VU.D HZ, ri-Q), /.63 (4, J=7.U nz, n-0'), /.42 (q,

J=10.5 Hz, H-B), 7.16 (s, H-6), 6.82 (d, J=2.5 Hz, H-3"), 6.67 (dd, J=2.5, 9.0 Hz, H-5"), 6.62
(s, H-3), 6.02 (s, OCH;0), 5.25 and 5.23 (2xs, OCH,OMe), 3.54 and 3.51 (2xs, OCH,OMe)
(Found: M", 388.1319. CyoH,(Os requires M, 388.1315).

2'-Hydroxy-3 —methoxy 2,4'-di-O-methoxymethyl-4,5-methylenedioxychalcone (7). Flash CC
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as a yellow amorphous solid (0.56 g, 47 %). IR (CHCls):

m': '"HNMR (CDCL): & 8.30 (d, J=10.5 Hz, H-a1), 7.66
} .SV \ 1V, X AR VAV S

clll D) L1 LNLIVIEN \\.AJ..I\./ e, o
Hz, H-B), 7.16 (s, H-6), 6.84 (s, H-3), 6.75 (d, J=9.0 Hz, H-5"), 6.02 (s, OCH,0), 5.34 and 5.23
(each s, OCH,OMe), 3.95 (s, OMe ), 3.55 and 3.535 (each s, OCH,0OMe) (Found: M",



418.1266. C51H,00 requires M', 418.1264).
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General procedure for the preparation of coumestans. Ti(NO;);.3H,0 (38 mg) was added
ti

a
g

a vigorously stirred suspension of the chalcone (28 mg) in MeOH (1.0 ml) and the stirring
continued for 24 h. The mixture was fiitered, satd. ag NaCl (0.4 ml) and satd. ag NaHCO; (0.2
ml) were added to the filtrate and the mixture was extracted with EtOAc (3x10 ml). The solvent
was evaporated and the residue refluxed with MeOH/10% HCI (10:1, 0.5 ml) for 1 h. Water (30

ucts were extracted with EtQAc (3x20 ml)

‘v VY RRRE ASUAIL AW fhda\y  XEEL ).

white needles (from EtOH), m.p. 178-180 °C, lit. [22] m.p., 179-180 °C (8.4 mg, 31%). IR
4, 1430, 1360 cm™; 'H NMR (CDCl): 6
1), 7.49 (s, H-7), 7.14 (s, H-10), 7.01 (d J=2.5 Hz, H-4), 6.99 (dd, J=2.5, 9.0 Hz, H-2), 6.1 (s,
OCH,0), 3.93 (s, OMe).

3-Hydr0xy-8,9-methylenedioxycoumestan (15) (medicagol). Obtained (R¢ 0.94) as white

(s, OMe).
3-O-Acetyi-8,9-methylenedioxycoumestan (17). Acetylation of the coumestan (i3
gave the monoacetate (17) as white needles (from EtOH), m.p. 260-262 °C, lit. [23
263 °C (4.9 mg). 'H NMR (CDCls): 8 7.98 (d, J=9.0 Hz, H-1), 7.51 (s, H-7), 7.29 (d, J=2.5 Hz,
6

H-4),7.20 (dd, J=2.5, 9.0 Hz, H-2), 7.17 (s, H-10),

a3
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12( OCH-0),. 2.38 (s OAc).
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3-0-Acetyl-4-methoxy-8.9-methylenedioxycoumestan (18). Acetylation of the coumestan

Iy NINMR
joes (49 A% LAL 5,. A1 LNWNLIVIEN

(16Y (A § mo) oave t

w
2
3

©

]

(@]

[4']
>
>

o

~

[y

(¢ -]

p——

w

s

£
=

=3

(4]
v
3
3
=R
2

o

w

0

=

[~%

~

4

o]
3
-

[¢e]



868 B. I. Kamara et al. / Tetrahedron 55 (1999) 861-868

(CDChL): 8 7.70 (d, J=9.0 Hz, H-1), 7.51 (s, H-7), 7.16 (s, H-10), 7.13 (d, J/=9,0 Hz, H-2), 6.12
(s, OCH,0), 4.13 (s, OMe), 2.41 (s, OAc) (Found: M', 368.0529. C;sH,,03 requires M",
368.0532).

Acknowledgements - Support by the Foundation for Research Development, Pretoria, the
Sentrale Navorsingsfonds of this University and Infruitec, Stellenbosch is gratefully

acknowledged.

[11 Dewick, P.M. 1988 in The Flavonoids - Advances in Research since 1980, ed. J.B. Harborne, Chapman & Hall, London, p.
125; and Dewick, P.M. 1994 in The Flavonoids - Advances in Research since 1986, ed. Harborne, Chapman & Hall

LA, LAIDOIIG, LA @

NI T MNhaa

ThAsnonn Q
L 11, I\.X1. J. ULICLHEL O

M.A., Moir, M., Thomiso

(31 Martin, M., Dewick, P.M. Tetrahedron Lett., 1978, 2341-2344.

[4] Bhalerao, U.T., Muralikrishna, C., Pandey, G. Synth. Commun., 1989, 19, 1303-1307, Pandey, G., Muralikhrisna, C. and
Bhalerao, U.T. Tetrahedron, 1989, 45, 6867-6874.

51 Kamara, B.1, Brandt, E.V., Joubert, E., Ferreira, D. J. Agric. and Food Chem., 1998 in the press, paper JF980258X.

[6] Laks, P.E., Pruner, M.S. Phytochemistry, 1988, 28, 87-91.

7N Adlercreutz, H., Fotsis, T., Bannwart, C., Mikel4, K., Wihila, K., Brunow, G., Hase, T. J. of Steroid Biochem., 1986, 25,
791-797.

[8] Martin, P.M., Horowitz, K.B., Ryan, D.S., McGuire, W.L. Endocrinology, 1978, 103, 1860-1867.

pL
i
-

L[} ] DRirk~aff FAM Cnanrar DD Wit Q f‘ Knnrlklae B E Tasrhnicral Rull 104£Q na 1ANQ TTC I A
l7j l_)ll.«l&.ul.l AL IVL, t."l}bll Lly, DvGING, VY ILL, 0., IMIUVAILILDY, L0, 1A inuLval uuu., l)U’, 1 1‘1\'(‘, V. J AL 5
fen1 I UL R Pl M. YT V g R S O ) A T P 1NOD 4 -~ - 1.
{10} Burmns, D.T., Daigrano, B.G., Gargan, P.E., Gnmshaw, j. Phytochemisiry, 1984, 23, 167-169.

{12]  Komatsu, M., Yokoe, I, Shirataki, Y. Chem. Pharm. Bull,, 1981, 29, 2069-2072.

[13] Shimokoriyama, M. in The Chemistry of Flavonoid Compounds, ed. T.A. Geissman Pergamon Press, London, 1962, p.
308, and references therein.

[14} Wynberg, H. Chem. Rev., 1960, 60, 169-184.

[15] Geissman, T.A., Mojé, W. J. Am. Chem. Soc., 1951, 73, 5765-5768.

] Robinson, R., Shah, R.C. J. Chem. Soc., 1934, 1491-1498.
7 MeKillan A Quwann R D Tavlar F ' Tatrahadran T att 1070 §2R1_.57%4
11/ McKillo P, AL, oWallll, 5.0, 1dYi0f, O.C. 1 8danlaron LeU., 177/V, 2451=0406%.

[18]} Farkas, L., Gotsegen, A., Nogradi, M., Antus, S. J. Chem. Soc., Perkin Trans. I, 1974, 305-312.

[19] Rappoport, Z., Dyall, L.K., Winstein, S., Young, W.G. Tetrahedron Lett., 1970, 3483-3488.

[20} Gunning, P.J.M., Kavangh, P.J., Meegan, M.1,, Donnelly D.M.X. J. Chem. Soc., Perkin Trans. I, 1977, 691-694.
{21} Adams, R. J. Am. Chem. Soc., 1919, 41, 247-270.

{221 Adityachaudhury, N., Gupta, P.K. Phytochemistry, 1973, 12, 425-428.

23] Livingstone, A.L., Witt, S.C., Lundin, R.E., Bickoff, EM. J. Org. Chem., 1965, 30, 2353-2355.



