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Abstract-Five isoflavones have been isolated from the heartwood of Dipteryx odorata: retusin, retusin g-methyl 
ether. 3’-hydroxyretusin g-methyl ether, odoratin (7.3’-dihydroxy-6.4’-dimethoxyisoflavone) and dipteryxin (7,8- 
dihydroxy-h,&dimethoxyisoflavone). 

INTRODUCTION 

ACCORDING to an old report,’ a wood called “Tonquin” yields a bright red sawdust, and 
when a workman attempted to remove the dust from his hair by dipping his head in a 
bucket of water, his hair turned a bright grass-green colour! Intrigued by this striking 
coldur change we attempted to obtain some “Tonquin” wood but nothing is recorded’ 
beyond the name and the fact that it ‘&was received from an East Indian Island”. It seemed 
possible that “Tonquin” was the wood from the tonquin or tonka bean tree (Dipteryx odor- 
uta = Coumarounu odor&u), the seeds of which are the original source of coumarin. How- 
ever, the heartwood of D. odorutu does not provide red sawdust nor does it turn green, 
and we report here on the isoflavone constituents. 

RESULTS AND DISCUSSION 

After defatting with petrol the heartwood was extracted (Soxhlet) with chloroform from 
which five isoflavones were isolated. Two of these were insoluble in cold chloroform, and 
were readily separated from the others. 

Compound 1, the major component, C, 7H140s, \lco 1640 cm- ‘, contained a hydroxyl 
and two methoxyl groups, and showed a characteristic isoflavonoid 2-H singlet at 6 7.95 
in the NMR spectrum. The aromatic proton signals comprised an AB quartet centred at 
6 7.04 and 7.96 clearly attributable to H-6 and H-5, and another (4H) at 6 6.96 and 7.48 
from ring B which must be substituted at the 4’-position. As the UV maxima undergo bath- 
ochromic shifts on addition of sodium acetate the hydroxyl group must be located at C-7 
which leads to structure (1; R=H. R’=Me) (retusin g-methyl ether)2 for compound 1. 
This was confirmed by direct comparison of the acetate with an authentic sample.2 

Compound 2, C,bH1205, one of the components insoluble in cold chloroform showed 
spectral characteristics very similar to those of retusin 8-methyl ether but possessed only 
one methoxyl group. As the UV spectrum gave a bathochromic shift with sodium acetate, 
and the compound formed a complex with sodium molybdate,3 it appeared to be retusin 

1 THOMPSON, W. G. (19 14) Thr Occupational Diseases, D. Appleton. London 
* JURD L., STEVENS K., and MANNERS, G. (1972) Phytochemistry 11, 2535. 
3 PRIDHAM, J. B. (1959) J. Chromatog. 2,605. 



I944 T. HAYASHI and R. H. THOMSW 

Isoflavone 

7-Acetoxy-X,4’-dimethoxy 
7.3’-Diacetoxy-8,4’-dimethoxy 
7,3’-Diacetoxy-6.4’-dimethoxp 
7.8-Diacetoxy-6,4’-dimethoxy 

Chemical shift 
6- or X-OMe 4’-OMc 

CDCI, (C,,D,) CDCl.3 (C,,D,,) 
-_ 

3.82 (3.72) 4.00 (3.34) 
3.86 (3.72) 4.00 (3.30) 
3 85 (3-X*) 3.‘): (3.30*) 
?84(3~lW) 3% (.?,ZW) 

* Assignment may be reversed. 
t Assignment may be reversed. 

(1; R=R’=H). This was established by direct comparison of the dimethyl ether with authen- 
tic material.* Retusin and its g-methyl ether were recently found in the heartwood of D. 
rrt11sa.* 

Compound 3, C, 7H ,40hT contained two methoxyl groups, five aromatic protons. and 
an isoflavonoid 2-H proton (Table 2), and formed a diacetate and a dimethyl ether. one 
of the hydroxyl groups being located at C-7 (UV). The NMR spectrum of the diacetatc 
is similar to that of (1 ; R=Ac, R’=Me), the AB quartet from the ring A protons being almost 
identical (Table 2), but the four-proton AB system of the latter is replaced by signals from 
only three protons in ring B. Further examination of the NMR spectra indicated that the 
additional substituent in ring B occurred at position-3’ suggesting that compound 3 

Compound H2 H-S H-6 H-8 H 2’ H 3’ H 4’ H-5’ H ~(3’ 

I (1; R=H,R’=Me) 79.5 

I-Acetate 800 

2 (1; R=R’=H): (retusin) 

3 (2; R’=H.R=McR 

3-Diacetate 

3-Dimethyl ether 

4 (5)s (odoratin) 
4-Diacetate 

4-Dimethyl ether 

5 (6)$ (Dipteryxin) 

SDiacetate 

SDimethyl ether 

X.05 

8.16 

8.04 

8.02 

X.08 
7.97 

7.94 

8.15 

7-93 

x.00 

7.96 d 
CJ 'jl) 

x.02 d 

(J 9 

764 11 
(J 9 

7.78 d 
fJ% 

Xald 

(J9) 

8.04 rl 
(J 91 
7.53 
7.73 

7.61 

7.16 

76.5 

745 

7.04 d 
(J Y) 

7, I 0 d 
(J 9 

6.96 11 
(J91 

6.98 dt 
(.J 9) 
7, I2 ti 
(J 9) 
7.04 d 
(J9) 

7’48 i/ 6% d 

(J 9) CJ 91 

7.48 II 6.46 (I 
(J 9 (J ‘)I 
7.45 11 6.96 d 
(J YI (J Y) 
7.03 tii 
(cl 7) 

7.31 ‘i 
(J 2 

7.21 ri 
(.I 2) 

f-- - -7+%6~86 (~1. 4Hj- 
7.12 7.29 tl 

(J 2) 

6.86 7.2 (1 
(J 2) 

744 d 6,Y4 Lf 
(J 9) (SJ 9) 

7.47 (1 6.97 11 
(J 8) (J xi 

7.50 d 6.96 ti 
(J 91 (J 9) 

6.96 (1 7.48 d 
1.1 9) (J Y) 

6 Y6 rl 7-38 d 
(J Y1 (J Y) 

h~Y6 ti 7.45 tl 
(,J Y’) (.I Y) 

6-98 dt h.YXt 

7.03 ci 
(J 91 

6.92 d 
(.I XI 

7.02 d 
(.I 9) 
6.90 il 
(J Y) 

6.94 (1 
1.1 9) 

6.97 il 
(J 8) 

6.Y6 (i 
(.I Yj 

7.42 dtl 
(J Y and 3) 

7.04 dd 
I.1 8 and 21 

+ 
7.42 dd 

(J 9 and 2) 
7.05 dd 

(.I Y and 7) 
744 d 
(J Y) 
7.17 d 
(.I 8) 
7.50 <i 
IJ ‘)I 

* Values in 6, coupling constants (J) in Hz. spectra recorded on Varlan HA-100 in CDCI, unless otherwise 
stated: d = doublet, dd = double doublet, m = multiplet. 

t Overlapping signals. assignment uncertain: see spectrum of the diacctate. 
$ In CDC’I,/CD,OD. 
5 In CD,OD. 
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dimethyl ether, m.p. 164165”, is 7,8,3’,4’-tetramethoxyisoflavone (lit.4 168-170”), and com- 
pound 3 itself is either 7,3’-dihydroxy-8,4’-dimethoxyisoflavone (2; R=H, R’=Me) or 7,4’- 
dihydroxy-8,3’-dimethoxyisoflavone (2; R=Me, R’=H). That the former is correct is evident 
from the NMR spectrum of the diacetate; the lowest field signal of the B ring protons (6 
7.42 dd), assigned to H-6, is coupled to H-5’ at 6 7.03 (d, J 9Hz) and to H-2’ at 6 7.31 
(d, J 2Hz). These values agree closely with those of (3)5 (7.42 dd, 7.02 d, and 7.30 d) but 
are not consistent with those of (4).6 Thus compound 3 is 3’-hydroxyretusin 8-methyl ether 
(2: R=H. R’=Me). 

(1) (2) (3) (4) 

Compound 4, odoratin, is a dihydroxydimethoxyisoflavone isomeric with compound 3. 
In the NMR spectrum of the diacetate three protons in ring B form an ABX system almost 
identical with that of the diacetate of compound 3 (2; R=Ac, R’=Me, OAc in place of OH) 
(Table 2). The remaining aromatic proton signals are 1H singlets, that at lowest field (6 
7.73) being assigned to H-5 and hence the other (6 7.22) corresponds to H-8. The small 
UV shift with sodium acetate was actually hypsochromic (cf. afrormosin)’ but after deuter- 
ium exchange, using the method of Kirby and Ogunkoya,8 the signal at 6 6.90 disappeared 
(as well as two others from ring B) showing that a hydroxyl group is located at C-7. Odor- 
atin is therefore 7,3’-dihydroxy-6,4’-dimethoxyisoflavone (5). Direct comparison showed 
that the dimethyl ether was identical with 6,7,3’,4’-tetramethoxyisoflavone previously iso- 
lated’ from Cordyla africana. The 3’-O-methyl ether occurs in Cladastris lutea.” 

Compound 5, dipteryxin, is another isomer of compounds 3 and 4. It possesses a 7-hy- 
droxyl group (UV), and a catechol system (molybdate test). The NMR spectrum of the 
diacetate includes a four proton AB quartet, the same as that from the acetate of com- 
pound 1, and a singlet (1H) at 6 7.16 which must be assigned to H-5. Thus dipteryxin is 
either (6) or (7). Reference to Table 1 shows that in the NMR spectra of the acetates of 
compounds 1 and 3, the signal from the 8-methoxyl protons is scarcely affected ( -0.1 ppm) 

4 KLIKLA A. S. and SI SIIAIXI. T. R. (1962) Tetrahedron 18, 1443. 
5 JAIN, A. C., LAL, P. and SESHAURI. T. R. (1969) Indian J. Chem. 7, 305. 
’ TAKAI, M., YAMAGUCHI, H.. SAITOH, T. and SHIBATA, S. (1972) Chun. Pha,m. Bull. 20, 2488. 
’ MABKY, T. J., MARKHAM, K. R. and THOMAS, M. B. (1970) The Systematic Ider~tifcation of‘ Flaoormids, 

Springer, Berlin. 
8 KIRBY, G. W. and OGUNKOYA, L. (1965) J. Chem. Sot. (C) 6914. 
9 CAMPBELL, R. V. M., HARPER, S. H. and KEMP, A. D. (1969) J. Chem. Sot. (C) 1787. 

lo SHAMMA. M. and STIVER. L. D. (1969) Tetrahedron 25, 3887. 
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on changing from chloroform to benzene solution, but for the A ring methoxyl signals in 
the acetates of compounds 4 and 5 the solvent shift is -0.65 ppm, Dipteryxin is therefore 
regarded as 7,8-dihydroxy-6.4’-dimethoxyisoflavone (6). 

EXPERIMENTAL 

E.Wactiorl of‘Dipteryx odorata. Finely ground heartwood (420 g) was extracted (Soxhlet) with petrol and then 
with CHCI, (2 1.). The residue (4.51 g) from the latter was treated with a little cold CHCI,. The insoluble portion 
(I.28 g) mainly compounds 2 and 5, was separated by PLC on SiOz in EtOAc-MeOH (100: 1). The CHCI,-sol- 
uble portion (3.23 g) was fractionated by PLC in SiOz in CHCl,-EtOH (20: 1). the three major bands (com- 
pounds I, 3 and 4) being eluted. 

Rrtusin X-methyl ether (compound 1) (1; R=H. R’=Me) crystallized from MeOH in leaflets (950 mg m.p. 2% 
221 (lit.’ 221 ‘), M’ 298, i,;,, (MeOH) 255 nm. i,,,, (MeOH--NaOAc) 265 nm. vco (KBr) 1640 cm- ‘. The acetate 
crystallized from McOH in ncedlcs. m.p. I 22.5~ 123.5’ (lit.’ 124-125’) identical (IR, TLC. m.m.p.) with X-O-me& 
ylretusin acetate. The methyl ether had m.p. 150 151 (lit.’ 151’). 

Ketusirl (compound 2) (1 ; R=R’=H) crystallized from acetone in cubes (40 mg). m.p. 249-250 (lit.’ 249 ). M 
2X4. i.,,,,, (MeOHj 261 nm, i,,, (MeOH NaOAc) 283 nm. l’co (K Br) 163O(brl cm- ‘. green colour v 101 FcC‘I, 
and brown with Na,MoO,. The dlmzthyl ether, m.p. 10~ 151 (lit.’ 151 ) OTIS Identical (IR. TLC. m.m.p.) \vith 
an authentic specimen. 

3’-Nq’d~o.~~rct[rsi/l X-methyl ether (compound 3) (2; R=H, R’=Me). crystallized from McOH in needles (35 tug). 

m.p. 20X-210 (Found: M‘ 314.0790. C,,H,,O, requires 314@790). i,,, (MeOH) 255 nm. &,,,, (MeOH-~Na0Ac1 
266 nm. I’,,, (KBr) 3500, 1630. 1610. 1590, 1515 cm-‘. Diuc,rrate, m.p. 163 165’ (from M&H) (Found: M ’ 
39X.0998. C, l H,sO, requires 398~1001), i.,, (MeOH) 256. 3 I5 S/I nm. v,~,, (KBr) 1770. 1765 s/r. 1650. Ihi5 cm I. 
Dirnc2h~pl c4wr. m.p. 164 165‘ (from MeOH) (Found: M’ 342.1 100. C‘,,H,,O,, requires 342-l 103). A,,,,, (McOH) 
255, 290 sh nm. I’,,,,, (KBr) 1640. 1600 cm- ‘. 

O&vtrtin (compound 3) (5). (65 mg). was puriiicd via the diacetate. This was hydrolqsed by rctluxing under 
nitrogen in EtOH-? N HCI for 3.5 hr. and the product, after TLC. crystallized from McOH as ncedlcs. m.p. 

210 311 (6Smg)(Found:M’ .~14~O79O.C,~H,.O~,requires314~0790).E.,,,,, (MeOH) 260. ‘90 .S/I nm. i,,,,, (;\~leOH 
NaOAc) 25X. 290 \/I. 33% nm. I’ ,“,,, (KBr) 3300 hr. 1625, 1585. 1510 cm ‘. Deuterium exchange* was cffccted hq 
heatmg odoratin (8 mg) ln DzO (0.1 ml) with tricthylamine (a3 ml) and chmethylftirmnmide (2 drops) in ;I scaled 
tube at 100~ for 4X hr. After evaporation to dryness the residue was dissolved m CD,OD. The NMR rpcctrum. 
at 10~ field. showed three singlets at 6 X.08 (H 2). 7.52 (H ~5) and 6.94 (H 5’) (cf. Table 2). Dimeth~l ether. 111.p. 

186 I X7 (lit.” 1X7 18X‘) was identical IIR. TLC, m.m.p.) with an authentic sample. Acet)lation in cold lclOp~r- 
idinc and purification by PLC gave the diclcvfatc’. m.p. I X5 I87 (from MeOH) (Found: M ic)S~Oc)9)x. C:, f-i, ,O, 
requires 39X~lOOl). ;,,,=, (MeOH) 260. 330 nm, v,,,,~, ( KBr) I 780. 1660. 1530. 1500 cm ‘, 

Diprcr~~.~/tl (compound 5) 16). m.p. 250 254 (from MeOH) (55 mg) (Found: RI’ ?1_1~O?SO. c‘, -HI 1O,, I-cquircs 
3 14~0790), i,,,,, (MeOH) 266. 325 nm, &,‘,x (MeOH NaOAc) 2X0. 340 nm. I,,,,~, (MeOH NaOAc H,\WO,] 272. 
33s nm, I’,“,,, (KBr) 336Obr. 1615. 15X5, 1555. ISIS cm ‘, green colour uith FeCl, and bro\\n with Nn,MoO,. 
Ditrcctcrtc. m.p. 17(> 171 (from McOH) (Found: M+ 39XG)OX. C2,HIXOX requires 39X.1001 J. i,,,,, (McOH) 758. 
3.30 nm. v,,,,, x (KBr) 17X.3, 1650. 1620. 1585. 1515 cm- ‘. OIUI~~/IJ~~ c.t/zcv. mp. 10X’ (from hleOI-I) (Found: hl + 
342.1 100. C,,H, aO,) requires 312.1 10.3). L,,,,x, (M&H) 264, .34Osh. I’,,,,, (KBr) 1645. iO(i0. 1575 cm ’ 

A~k,1o~lcrZ~rn2erlts~~Wc thank Dr. L. Jurd and Professors S. H. Harper. T. R. Scshadrg and S. Shibata for authen- 
tic samples, the latter also for NMR data. 


