
73 0 Journal of Natural Ptrdwts 
Vol. 5 1 ,  NO. 4 ,  pp. 730-735,  J~l-Aug 1988 

HETEROCYCLES, XXIII. AN APPROACH TO (+)-LEUCOCYANIDIN 
FROM BUTEA FRONDOSA' 

HIROSHI TAKAHASHI, SHAOSHUN LI,' YOSHIHIRO HARIGAYA, and MASAYUKI ONDA+ 

School of Pharmareittiral Sciences. Kitasato Uniiwsitj , Minato-ku. Tokyo 108, Japan 

ABSTRACT.-TWO enantiomeric chalcone epoxides 2a and 2b were synthesized under 
phase-transfer conditions using 1-benzylquinidinium chloride (BQdC) and I-benzylquininium 
chloride (BQC) as catalyst, respectively. Stereoselective cyclization of 2a and 2b, followed by 
methylation and preparative hplc, gave optically pure (+)-taxifohn tetramethyl ether [4al and 
its enantiomer 4b. Reduction of 4a and 4b with NaBH, afforded four optically pure flavan- 
3,4-diol tetramethyl ethers Sa, 6a, Sb, and 6b. 

From the comparison of the melting point and the specific rotation, it is deduced that (+)- 
leucocyanidin tetramethyl ether is 6a with the 2R,3S,4S configuration. 

Several descriptions of the isolation of leucocyanidins from natural sources have 
been reported (1). Among them, the existence of a leucocyanidin in the gum of But@ 
frondosa was first reported by Robinson (2). Later, Ganguly and Seshadri (3) isolated 
(+)-leucocyanidin from the same source, for which a 5,7,3',4'-tetrahydroxyflavan- 
3,4-diol structure with the 2R,3S configuration was proposed as follows. Reduction of 
(+)-taxifolin (2R,3R) tetramethyl ether [4a] with NaBH4 afforded two 4-epimeric 
flavan-3,4-diols, mp 171-172' and 198'. The one with mp 198" did not depress the 
melting point of(+)-leucocyanidin tetramethyl ether, mp 198-200°, [a ]"D + 125.2' 
(EtOH), which was derived from the natural product on methylation with CH,N,. 
However, the configuration at C-4 remained undecided. On the other hand, Porter and 
Foo (4) reported that 4a was reduced with NaBH4 to yield two 4-epimeric flavan-3,4- 
diols, mp 167-168", [ c Y ] ~ ' D  + 1.2' (CHCI,), and mp 187-189", [ a ] 2 5 ~  +35.0" 
(CHCI,). This paper is concerned with the stereoselective synthesis of 4a and its enan- 
tiomer 4b, and their reduction to the flavan-3,4-diol tetramethyl ethers 5a,5b and 
6a,6b in order to examine the discrepancy in the results obtained by both groups and 
the stereochemistry of (+)-leucocyanidin. 

RESULTS AND DISCUSSION 

The synthetic route to 5a,5b and h , 6 b  is shown in Scheme 1. 3,4,2',4',6'-Pen- 
takis(methoxymethoxy)chalcone El] (5) was epoxidized with tot-butyl hydroperoxide 
in the presence of 1-benzylquinidinium chloride (BQdC) and NaOH in toluene. 
Workup of the reaction mixture, followed by preparative tlc of the product, gave the 
chalcone epoxide 2a (42.0%), [ a ] " ~  -24.4'. Since 2a is levorotatory, it must have 
the 2R,3S configuration (6-8). Its enantiomeric excess (ee) was determined to be 
39.6% by hplc (9). (The ee's of all compounds were determined by hplc unless other- 
wise noted.) 

Treatment of 2a (39.6% ee) with HCI/MeOH stereoselectively furnished (+)- 
taxifolin 13a) (60.2%), [ a ] , ' ~  +4.6", as the sole product, which was converted into 
4a (43.2%) (38.9% ee), -8.6", on methylation with CH,N2 in Et,O. The 'H 
nmr (I,,,, = 12.0 Hz) of 4a supported a 2,3-diequatorial conformation. The 2R,3R 
configuration of 4a was determined by its cd spectrum [a positive Cotton effect at 330 
nm ( n H n + )  and a negative one at 288 nm (IT*IT*)] (7,8,10) (Figure 1). 

The asymmetric epoxidation of 1 using I-benzylquininium chloride (BQC) instead 

'For part XXII, see Takahashi et a / .  (8). 
'Exchange Research Fellow from Shenyang College of Pharmacy, Shenyang, China. 
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FIGURE 1. Cd spectra of (-)-4a and (+)-4b (each 100% enan- 
tiomeric excess). 

of BQdC gave the chalcone epoxide 2b (46.0%) (36.8% ee), [a]24D +21.8". The 
enantiomers 3b(54.0%), {a]24D -5.6", and 4b(62.7%) (36.1% ee), +9.0", 
of 3a and 4a ,  respectively, were derived from 2b by following the above procedures. 

Preparative hplc of 4a and 4b obtained above yielded optically pure 4a ,  
{a]% -25.5"{1it. (ll){a)% -23.4")and4b, +26.7", respectively, in the 
approximate ratio corresponding to the initial ee (9). 

Reduction of 4a (100% ee) with NaBH4 at -20" gave the flavan-3,4-diols 5a 
(57.0%), mp 172-174", {a]28~ -4.9" (EtOH), and 6a (36.0%), mp 192-194", 
{a)29D +32.0° (EtOH). The 'H-nmr spectra showed the 2R,3S,4R and the 2R,3S,4S 
configurations for 5a(J,,,= 10.2 HtandJ3 ,*=7.2  Hz)and6a(J2 , ,=  10.2 Htand  
J 3 , 4  = 3.6 Ht) ,  respectively. Their optical purities (100%) were confirmedby 'H-nmr 
spectroscopy using Eu(hfc),. The 'H nmr spectra of (+)-5 and (+)-6 taken in the pres- 
ence of Eu(hfc), showed the 5'-H signals at two positions that were used for the estima- 
tion of ee. 

Optically pure 5b (63.0%), mp 170-172", [ c x ] ~ ~ D + ~ . ~ "  (EtOH), and 6b 
(33.0%), mp 191-193", [aI2'~ -33.4"(EtOH), werepreparedfrom4b(100% ee)by 
following the above procedures. The absolute configurations of the b series compounds 
were deduced in the same way employed for determining those of the a series com- 
pounds (2b ,  2S,3R; 4 b ,  2S,3S; 5 b ,  2S,3R,4S; 6 b ,  2S,3R,4R). 

The results obtained by us were very similar to those of Porter and Foo (4). The dis- 
crepancy observed in the melting points and the specific rotations may be attributed to 
the optical purities (ours, 100% ee) and the solvents used for the measurements. None 
of the flavan-3,4-diol tetramethyl ethers obtained possessed a similar specific rotation 
to that ([a}32D + 125.2') of (+)-leucocyanidin tetramethyl ether (see above). Accord- 
ingly, its chiral property must be reinvestigated. On the other hand, Fletcher etal. (12) 
and Porter and Foo (4) claimed that the structure of (+)-leucocyanidin was incorrect be- 
cause of its sparing solubility in EtOH. However, Ganguly and Seshadri (3) stated that 
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(+)-leucocyanidin tetramethyl ether was the same as the synthetic one derived from 
(+)-taxifolin tetramethyl ether by the mixed melting point experiment. In our opin- 
ion, judging from the melting point and the specific dextro rotation, apossibility that 
(+)-leucocyanidin tetramethyl ether is 6a with the 2R,3S,3S configuration cannot be 
completely ruled out. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PRC€EDuREs.-Melting points were determined on a micro hot-stage 

apparatus and are uncorrected. Specific rotations were taken on a JASCO DPI- 18 1 polarimeter. Spectra 
were recorded on the following spectrometers: ir, Hitachi 260-30; uv, Hitachi EPS-2U; cd, JAKO J-600; 
'H nmr, Varian EM-390 (90 MHz) (reference, TMS); hrms, JEOL JMS DX-300. The ir and the 'H-nmr 
spectra obtained were superimposable on those of the corresponding racemic compounds (5). T h e  b series 
compounds were prepared by following the same procedures as employed for the preparations of the a series 
compounds. 

Hplc was performed on a Chiralpak OT(+) column under the same conditions as described by 
Takahashi et al. (9). 

(2R, 3s)-( -)- 1-2",4", 6"-TRIS(METHOXYMETHOXY)PHENYL-2,3-EPOXY-3-3 ' ,4 '-BIS(METH0XY- 
METHOXY)PHENYLPROPANONE 12aI AND ITS (2S, 3R)-( +)-ENANTIOMER 2b.-twt-Butyl hydroper- 
oxide (72.996, 0.5 ml), BQdC (7) (20.4 mg), and 2 N aqueous NaOH (1  ml) were added to a solution of 
pentakis(methoxymethoxy~ha1cone 111 (5) (184.1 mg) in toluene (5 ml), and the whole was stirred at 40" 
for 4 h. Workup of the organic layer, followed by preparative tlc (AI,O,; Me,CO-C6H6, 1:20) of the prod- 
ucr(180.4mg), gaveunreactedchalcone[1](94.7 mg, 51.4%)and2a(78.9mg, 42.096)(39.6% ee), R/. 
0.28, asacolorlessoil; specificrotation{al2'(nm) -24.4"(589), -25.9"(577), -34.0"(546), -112.5" 
(435) ( E =  1.00, CH,CI,), -402.7"(365) (c= 0.05, CH,CI,); ir v max (CHCI,3) cm-' 1700 (C=O); 'H 
nmr (CDCI,) 6 3.93 ( l H ,  d,  /=  1.8 Hz, 2-H), 3.84 ( lH ,  d,  J =  1.8 Hz, 3-H). Anal. calcd for 
CZ5H32012: C 57.25, H 6.15, found C 57.53, H 6.39; hrms m/z [M1+ 524.1892 ([MI+ 524.1893 for 
CZ5H320L2). 

tPrt-Butyl hydroperoxide (72.996, 0.5 ml), BQC ( 7 )  (20.4 mg), and 2N aqueous NaOH (1  ml) were 
added to a solution of the above chalcone (180.5 mg) in toluene (5 rnl), and the whole was stirred at 40" for 
4 h. Workup as above gave unreacted 1 (82.4 mg, 45.7%) and 2 b  (85.7 mg, 46.0%) (36.8% ee), Rj-0.28, 
as a colorless oil; specific rotation [a]24 (nm) +21.2"(589), f25.8" (577), +32.6"(546), +89.1"(435) 
(c= 1.00, CH,CI,), +370.6"(365) (c=O.O5, CH,CI,); hrms mlzcalcd for C,5H3,0,2: [MI+ 524.1893, 
found [MI+ 524.1889. 

(2R,3R)-(+)-TAXIFOLIN [%I ANDTHE(2S,3S)-(-)-ENANTIOMER 3b.-HCl/MeOH (12%, 1 ml) 
was added to a solution of (-)-2a (39.6% ee) (78.0 mg) in absolute MeOH (1 ml), and the mixture was 
stirred at 50" for 20 min. Concentration of the reaction mixture in vacuo, followed by preparative tlc (Si 
gel; CHC1,-MeOH, 10:1)oftheresidue(40.0mg), gave 3a(27.2 mg, 60.2%), R/.O.35, ascolorlessplates 
of mp 232-235'(H20); specific rotation [a]2s (nm) +4.6" (589), +5.2" (577), + 18.6" (546), +36.4" 
(435) (c=0.82, EtOH), +94.1" (365) (c=0.041, EtOH); ir u max (KBr) cm-' 3300 (OH), 1640 
(C=O); 'H nmr(Me,CO-d6)6 5.98(1H, d,]= 12.OHz, H-2), 4.55 (lH,d,]= 12.OHz, H-3); hrmsvdz 
calcd for C15H,,0,: [MI+ 304.0583, found [MI+ 304.0582. 

HCYMeOH(12%, 1 ml)wasaddedtoasolutionof(+)-2b(36.8% ee)(83.1 mg)inabsoluteMeOH 
(1 ml), and the mixture was stirred at 50" for 20 min. Workup of the residue (45.6 mg) as above gave 3b 
(26.1 mg, 54.0%), Rf0.37, as colorless plates, mp 232-234"(EtOH); specific rotation [a]26 (nm) -5.6" 
(589), -7.2" (577), -27.8' (546), -37.3" (435) (c= 1.00, EtOH), -98.9' (365) (r=O.O5, EtOH); 
hrms m/z calcd for CI5Hl,O,: {MI+ 304.0583, found [MI+ 304.0583. 

A solution of 3a([a]24~ +4.6") (26.5 mg) in Et,O (10 ml) was methylated with CH,N,/Et,O( 15 ml) in a 
sealed tube at 0" for 30 h .  Workup of the reaction mixture, followed by preparative tlc (Si gel; Me,CO- 
C6H6, 1:5)oftheproduct(29.2 mg), gave4a(13.1 mg, 43.2%)(38.9% ee), R,0.54, ascolorlessneedles 
ofmp 166168"(EtOH);specific rotation[a)" (nm) -9.2"(589), - 13.7"(577), -18.1"(546), -42.6' 
(435) (c=O.92, CHCI,), - 105.3" (365) (c=0.046, CHCI,); ir v max (CHCI,) cm-' 3450 (OH), 1670 
(C=O); 'Hnmr(CDCII)84.94(1H,d,]= 12.0Hz,H-2), 4.41(1H,dd,]= 12.0, 1.8Hz,H-3);ana/. 
calcd for C19H2,0,: C 63.33, H 5.59, found C 63.61, H 5.74; hrms m/z [MI+ 360.1206 ({MI+ 
360.1209 for CI9H2"0,). 

A solution of 3b ([cI]*~D -5.6") (25.6 rng) in Et,O (10 ml) was methylated with CH,N,/Et,O (20 
ml) in a sealed tube at 0" for 30 h. Workup as above gave 4b ( 18.7 mg, 62.7%) (36.1% ee), Rj.O. 54, as col- 
orless needles of mp 166-168" (EtOH); specific rotation [a)26 (nm) +9.0D (589). + 12.4'(577), + 18.7' 

(2R,3R)-( +)-TAX~FOLIN TETRAMETHYL ETHER 14a] AND THE (2s, 3S)-(-)-ENANTIOMER 4b.- 
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(546), +41.0" (435) (c= 1.00, CHCI,), + 101.8" (365) ( E =  0.05, CHCI );anal. calcd for C19H2,0,: C 
63.33, H 5.59, found C 63.28, H 5.59; hrms m/z [MI+ 360.1209 (EM] 

P R E P A R A T I V E H P L C O F ~ ~ A N D ~ ~ ( ~ ) . - A S ~ I ~ ~ ~ ~ ~ O ~ ~ ~ ( ~ ~ . ~ %  ee)(13.1 mg)inMeOH(O. 1 ml) 
was chromatographed on a Chiralpak OT(+) column to yield 4a (100% ee) (8.4 mg, 64.1%), Rt 14.0, as 
colorless needles ofmp 155-157'(EtOH) and 4b (100% ee) (3.8 mg, 29.0%), Rt 12.0, as colorless nee- 
dles of mp 158-160" (EtOH). 

Optical and spertral properties of 4a.-Specific rotation [a]28 (nm) -25.5' (589), -27.4" (577), 
-33.3'(546), -87.1'(435) ( E =  1.13, CHCI,), -256.1'(365) (c=O.O57, CHCI,); uv A rnax (MeOH) 
nm (log E) 226 (4.04), 283 (3.90), 320 (3.31); cd (c= 2.6 X MeOH) (nm) +6090 (330), 0 
(318), -31600 (288), 0 (217), +6650 (250), +2770 (240), +36600 (220); hrms m/z calcd for 
C,9H2007: [MI+ 360.1209, found [MI+ 360.1209. 

A solution of 4b (36.1% ee) (18.7 mg) in MeOH (0.1 ml) was chromatographed on a Chiralpak 
OT(+) column to give 4b (100% ee) (11.6 mg, 62.0%) and 4a(100% ee) (5.5 mg, 29.4%). 

Optical and spectral properties of 4b.-Specific rotation [a]28 (nm) +26.7' (589), +29.0° (577), 
+35.1" (546), +92.4" (435) (c= 1.26, CHCI,), +266.7" (365) ( E =  0.063, CHCI,); uv A max (MeOH) 
nm (log E) 226 (4. l l ) ,  283 (3.97), 320 (3.32); cd (c=2.6 X lo-', MeOH) (nrn) -6650 (330), 0 
(318), +25800 (288), 0(271), -7200(250), -2770(240), -31000(220); hrmsmhcalcdforC,9H2,0,: 
[MI+ 360.1209, found [MI+ 360.1209. 

1 360.1209 for CI9Hzo0,). 

(2R, 3S,4R)-( -t )-5,7,3 ' ,4'-TETRAMETHOXUFLIVAN-3 &DIOL [Sa], (2R, 3S,&)-( + )-5,7,3 ' ,4'- 

(-)-EPIMER 6b.-N&H4 (10.4 mg) was added to a solution of 4a (100% ee) (35.2 mg) in MeOH (15 
ml), and the mixture was stirred at -20" for 3 h. Workup of the reaction mixture and preparative tlc (Si 
gel; Me2CO-C,H,, 1:5) of the product gave 5a (20.1 mg, 57.0%) and 6a (12.8 mg, 36.0%). 

Thej¶auan-3,4-diol5a.-Colorless fine needles of mp 172-174' (EtOH); R,O. 16; ir v max (CHCI,) 
cm-' 3540, 3450, (OH); specificrotation[a]28(nm) +4.9'(589), +8.2'(577), + 14.3'(546). +32.2' 
(435), +56.4' (365) (c=O. 10, EtOH); 'H nmr (CDCI,) 6 7.08 ( l H ,  dd ,J=9.0 ,  1.8 Hz, H-6'), 7.02 

TETRAMETHOXYFLAVAN-3,4-DIOL [&I, AND THEIR (2S,3R,4S)-(-)-EPIMER 5b AND (23,3R,4R)- 

(1H,d,J= 1.8H2, H-2'),6.89(1H,d,]=9.0Hz, H-5'), 6 . 1 6 , 6 . 0 7 ( ~ h  lH,d ,J=2 .4Hz,H-6 ,H-  
8), 4 .99(1H,d,J=7.2Hz,  H-4),4.68(1H,d,J= 10.2H~,H-2) ,4 .07(lH,dd,J= 10.2, 7.2Hz, H- 
3); 3.87 (6H, s, Me X 2), 3.86 (3H, s, Me), 3.76 (3H, s, Me), 3- and 4-OH signals were not obtained; 
hrms m/z calcd for C,9H220,: [MI+ 362.1366, found [MI+ 362.1367. 

Thej¶avan-3,~-dzol6a.--Colorlessprisms ofmp 192-194" (EtOH); Rf0.25; ir u max(CHCI3) cm-' 
3590, 3420, 3300 (OH); specific rotation [a]29 (nm) +32.0" (589), +34.0" (577), +38.0' (546), 
+70.0' (435), + 136.0" (365) (c= 0.10, EtOH); 'H nmr (CDCI,) 6 7.06 ( lH ,  dd ,J=9.0 ,  1.8 Hz, H- 
6'), 6.99(1H,d,J= 1.8Hz,H-2'),6.89(1H,d,J=9.0Hz,H-5'),6.09(2H,s,H-6, H-8), 5.02(1H, 
d , J=3 .6Hz,  H-4), 4 .88(1H,d ,J=  10.2Hz,H-2), 3.82(1H,m, H-3), 3.87(6H,s,MeX2),  3.82, 
3.72 (each 3H, s, Me X 2), 3- and 4-OH signals were not observed; hrms m/z calcd for C19H2207: [MI+ 
362.1366, found EM]+ 362.1367. These flavan-3,4diols were confirmed to be 100% ee by 'H nmr spec- 
troscopy (see above). 

Theflavanonol4b(lOO% ee)(36.6mg)gave5b(23.1 mg, 63.0%)and6b(12.3mg,  33.0%). 

The j¶auan-3,4-diol 5b.--Colorless needles of mp 170-172' (EtOH); specific rotation [a)28 (nm) 
-4.2'(589), -8.0"(577), - 12.1"(546), -30.0'(435), -54.2'(365)(r=0.08, EtOH); hrmsmlzcalcd 
for C,9H220,: [MI+ 362.1366, found [MI+ 362.1367. 

(nm) 
-33.4" (589), -36.8" (577), -42.6"(546), -75.4" (435), - 128.0"(365) (c= 0.10, EtOH); hrms m/z 
calcd for CI9H2,O,: EM]+ 362.1366, found [MI+ 362.1374. The ir and the 'H-nmr spectra of 5b and 6b 
were superimposable on those of 5a and 6a, respectively. These flavan-3,4-diols were confirmed to be 
100% ee by 'H-nmr spectroscopy (see above). 

Thej¶avan-3,4-diol6b.--Colorless fine prisms of mp 19 1-193' (EtOH); specific rotation 
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