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Abstract: Objective To investigate the chemical constituents of Bauhinia variegate. Methods The methanol extract of flowers
of B. variegate was isolated and purified by column chromatographies with Sephadex LH-20, Chromatorex Cis, Diaion HP20SS.
And their structures were identified by various spectroscopic methods, such as HR-ESI-MS, NMR, ECD, et al. Results A total of
eight compounds were isolated from the extract of flowers of B. variegate. Their structures were identified as 4,6-
dihydroxycyclohexylideneacetonitrile-8-B-D-glucoside (1), L-tryptophan (2), methyl caffeate (3), p-hydroxybenzoyl-B-D-
glucopyranoside (4), kaempferol-3-O-o-L-rhamnoside (5), kaempferol-3-O-B-rutidine (6), kaempferol-5-O-[a-L-rhamnol-(1—6)-
B-D-glucuronoside] (7), kaempferol 3-O-B-glucopyranosyl(1—2)[a-rhamnopyranosyl(1—6)]-B-glucopyranoside (8). Conclusion
Compound 1 is a new compound named menisdaurin G. Compounds 2—6 and 8 were obtained from the plant for the first time.
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rutidine
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TR A R EMER B %, (A E R HE .
1ERZF . T REEDRDY, FEERIIE X 44 E B1E,
ZEEESMNE R EZ Al AT, TR
FRE RIS B B FURR B 2D, A B 22 LT
R oy 34T TREFS, L s%E 1 8 4
EY), VLR R A 7 B AT 1
WHoE, L BEEE T 14 MEEY, G
(IS SRRV AT 7K, IR LRI
O B A B B B PR B S ). Dy T S
— B BB VEERIE Y B, D H T RR F St
PORSCHE, ARSI SR IR E 1) P I S ) s oz
17 TACSE PR TE, s 1 8 ML EY,
GrRN 4,6- R HE L IR Ok 2% -8-B-D- i % A T
( 4,6-dihydroxycyclohexylideneacetonitrile-8-p-D-
glucoside, 1). L-BZ & (L-tryptophan, 2). WK
TR HBE (methyl caffeate, 3). XJF2IEAKHR-B-D-
mt i % BE R p-hydroxybenzoyl-B-D-
glucopyranoside, 4). 1l ZWM;-3-0-a-L- i 25 %
(kaempferol-3-0-o-L-rhamnoside, 5)+ 1L Z2}-3-0-p-
=&Y (kaempferol-3-O-B-rutidine, 6). 1LIZ%MH;-5-
O-la-L- R 7= B % -(1—6)--D- Mt Wi % % K H ]
( kaempferol-5-O-[a-L-rhamnol-(1—6)-B-D-glucuro-
noside], 7). 1 Z2M}-3-0-B-H % K FE (1 —2)[a- it
25 B 3 (1—6))-p- i % B 1 ( kaempferol 3-O-B-
glucopyranosyl(1—2)[a-rhamnopyranosyl(1—6)]-f-
glucopyranoside, 8). L&Y 2~6. 8 LINEIRM
PSRy B3, a1 vtk ay,
N blE S E I G
1 UE5RHY

Brucker Avance 500 MHz i S AZ Wi PR B 15X
(3t Bruker 22 7] ); LC-MS/IT-TOF AR €5 - it 1%
S CHARSHEATD; CA-1111 BAHUKER (KL
HALAT]); EYELAN-1300 B jgfE 75 R AL (AR5
WA T HEnHECH A Advantee A ] ); BS400S
ROEE R RF (RIESEAERE R AR, B
WA R TERMEAAX S B R A ] D; Sephadex
LH-20(25~100 um; GE Healthcare Bio-Science AB,
Uppsala, %4z ); Chromatorex Cis (Fuji Silysia
Chemical A%, H7Z); Diaion HP20SS (Mistubishi
Chemical, Tokyo, HA); MCI gel CHP 20P (75~
150 um; Mitsubishi Chemical, Tokyo, HZA); GFass
2 EAIEEER (Merck KGaA, #8E); A k7] A
M. CIEEEEIRHTEAE (AR), JKNZEEFK.

FEEGRAET 2020 4F 3 HRET PEMIN T, £
T T PR 7 5 B 1) R v 4 R U 65 v K
B. variegate L., FEUEFEM (20200318A) 7T
I VEFEY) D REN B 75 BRI FH SR =
2 REEESNE

HUH PR S0304E 33,1 kg, 400 IS S5 IR 4R 3 7K,
TR S d, TRHGRIED JG 6, TR 415 27450
TEIRE 1344.9 go TEEIHAEE T IV 5 A
ik Je 2 A o t, KIEIREE 73 42 Diaion HP20SS
FEEARE (10 cmX 65 cm) 7355, HEE-/K (0—100%,
10%49 1 B6EE, FERERE 500 mL) Ay i 7146 FE e
i, 3% Fr. 1~7 3£ 7 M85 Fr. 3 (17.7 @) &
Sephadex LH-20 #4173 &, HEE-/K (0—-100%,
10%49 1 BEEED) el FIB6 FEGEE, 193] 8 A4
% Fr. 3.1~3.8. Fr. 3.1 (4.7 g) %4 Diaion HP20SS
B, HEE-K (0-80%, & 10%A4 1 #HE)
SR TR P e i A5 21k &4 1(43 mg) o Fr. 4(63.7
g) 22 MCI i1 73 55, HEE-/K (0-100%, & 10%
91 BREED N RIRR BG4 3 Fr. 4.1~4.5 3t
5 NHAY . Fr. 4.2 (7.5 g) 48 Chromatorex Cis+ Diaion
HP20SS #: i 5, HEE-K (0-80%, &F 10%7K
1 BEEED Bt RS B BE S 254 8 (28 mg).
Fr.4.3 (3.4 g) % Chromatorex Cis» Diaion HP20SS
FEEE > B, FEE-/K (0-100%, & 10%A4 1 B6E)
NVEIFER e . Sephadex LH-20 #4312,
LIEE-K (100%—0, & 10%A4 1 BEEED A7
FEVRM o B A3 R AP0 2 (78 mg)+ 4 (22 mg).
Fr.7 (4.2 g) % Sephadex LH-20 #: &35/ By, HEE-
K (0—100%, HF 10%M 1 BEEE) Al 77046 B G
i, 193] Fr. 7.1~7.3 3£ 3 MMy, Fr. 7.1 (2.5 g)
2 Diaion HP20SS. Sephadex LH-20 #:{f il /355,
FEE-7K (0—100%, 5 10%4 1 BEEE) Akl 7k
FEBEML, Zead TLC fill, 43 5il& FEAH AR 73 15 24k
A9 3(32mg). 5(34mg). Fr. 7.3 (0.4 g) £ Diaion
HP20SS g5 &, HEE-K (0-100%, B 10%
N BEEED BRI EE B, 223 TLC &, 43
AEFHAFRRFBINAD) 6 (42 mg). 7 (42 mg).
3 PEENHABIANERE

2 Tanaka 25 VARG G4 1 A opE 2%
KR AT E o FEHRRRECEE 1.0 mg, A 0.6 mL
0.5 mol/L £R, 7E 90 “C NJM 2 h i H 750 /K i,
TNBA B 728 b i IRA 400 P82 b, 3 kg2
WA, R DR R 4 Jo 1 T4, [l BBV ki
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MANEA 1.0 mg L-F B TR SRR &k i ntk e v
# 0.2mL, 7E 60 ‘C TN 1h, MY IIA
A 1.0 mg A0 F R R F R S 1L BE AR 0.2 mL,
F 60 C R 1 h, B3RS AR5 AT A
Y, BERRE S DU [R) S AR AT AR A o 23 ol EDOAH [ 4
FURIRE SR AT A S O AT AR, TEAE
BAGIEE 40 'CF, L 25%ZM5-KAE R shAf,
254 nm 1E RIS K, 0.8 mL/min FERG & T
o R LR B AT 43 AT, dE e B R B R E],
S W TR 2 %65 A 2
4 ITHEECD

XHLEY 1 (1) ECD THE S B G S 4T
THEAERER S 3 NP e FH ChemDraw 3D
X ENIHAT R B MEIRAE, RBWIIRII SR,
% K H Spartan's 10 AT LA RIE R, LB
IR2E - BAR KT 5% RidE4T ECD 5, 28 )5 F
FH CPCM #i fb & & it & #5 & %f MeOH
B3LYP/6-31+g (d, p) /K FHIRIRIITHIEMAL;
K FH B TR AR % B 72 iR 318 (TD-DFT) XL &9
18b MG I GALE B3LYP/6-311+¢g (d, p) /KFHE
MeOH 147 ECD FUEEISH5, it T 50 Fhig
RASINE G, 48 2T SpecDis 1.6 (4E/RI%K
K2, f8[E) I GraphPad Prism 5 U4 JE T
KEFEX RS, RED MERK IR 3 T R
sigma=0.3 eV fm il TR AE R ECD Sk K, E
B S A RS2 EE LR, et AR At
XA
5 KR

WEW 1: AR, SETHE: R¥EmS
EF R HR-ESI-MS R0 T8 T8~ m/z
376.124 4 [M+HCOO]" (it51{H 376.124 9), L&
WA CluHuNOs, AMAFIFENR 5. (& 1
1) BC-NMR i &7 HHARFIEYER o, B-AHLA T BE(S
T [6c 117.5(C-DAEWA D 1 #) TH-F1 BC-NMR
PR IR 1N SEOME B BRI B I T
[0 4.35 (1H, d, J = 7.8 Hz, H-1"); dc 104.3 (C-1"),
77.9 (C-2"), 77.4 (C-3"), 74.6 (C-4"), 71.1 (C-5"), 62.2
(C-6"]o BEATAEMRIL, FAEY) 1 HEE S 1IfT
AW D AR HE AT AR E e RO
RO, H RS T — 2 ((r=18.76 min), MIfi#fiE 1k
YT EE AN D M. LAY
'H-NMR ", BREEILAL, EBA7AE 3 MRFREAGES
O 4.82 (1H, m, H-4), 4.14 (1H, m, H-6), 4.91 (1H, m,

H-8), 2 MIEFREEA(ES 6u 2.16 (1H, brd, J = 11.8
Hz, H-5a), 1.56 (1H, brt, J = 11.8 Hz, H-5b), 2.26 (1H,
brd, J = 14.9 Hz, H-7a), 1.77 (1H, brd, J = 14.9 Hz,
H-7b), @it 'H-'H COSY & HSQC % B/ #ral 40,
C-4 & C-8 M#E#: 77 2\ A -CH(O)-CH,-CH(O)-
CH>-CH(O)-o #F T HIIXHEAZS [du 5.56 (1H, s,
H-2), dc 92.7 (C-2)] MZEHK [oc 169.5 (C-32)] KA
F menisdaurin IR ZMEREID, 25 3CER% T,
AW 1 5 MK EAKRBAED 555
menisdaurin D ZEILIREPEIEF ML, S5HEY
menisdaurin D A EL, (KA1 /0T 1 ANTEH IR T
59, 27 | MEARRFEREES [0c66.5 (C-4),
on 4.82 (IH, m, H-4)], #ENiZE DT HE N
menisdaurin D A [V B 35 gl A0 0 SRR R 3,
HMBC i+ 28 H-2 5 [dc 169.5 (C-3)- 6c 66.5
(C-4) F 5c78.5 (C-8)] Z [AIAFLE R HIKAZMBIK,
Wi T 4 A0 g S BOE IR AL, DL B-AS
TG A &

RENED 1 ST 48 NMR AR
TT7HE, WHE 1. £ HMBC i) DU 25
H-1' (6u 4.35) 5 C-8 (6c78.5)~H-8 (5u 4.91) 5 C-1’
(5c 104.3)/C-2 (6c 92.7)/C-3 (dc 169.5)/C-6 (dc
67.2)/C-7 (oc 38.2). H-2 (du 5.56) 5 C-1 (dc
117.5)/C-3 (dc 169.5)/C-4 (dc 66.5)/C-8 (5c 78.5)~ H-4
(0u 4.82) 5 C-2 (6c 92.7)/C-3 (dc 169.5)/C-5 (¢
44.5) mFEMOG, PR EYIRIFRS R LA 1.

6" _OH

(6] (6]
OH [e) OH
HO, 8,\\\0#}1 HO Q.o \#)H
T S
NS
Y 3 1 EGJ
OH 2 OH

1 L&Y 1 WX HMBC (—) #1 'H-'H COSY
(=) HEXEE

Fig. 1 Chemical structure, key HMBC (H—C) and 'H-'H
COSY (=) correlations of compound 1

7E NOESY % &+ & 8l H-4.H-6 F1 H-8 #H LL[H]
BI{E(E NOE #HXME 5, WiH] H-4. H-6 I H-8 £ [A]
], #E—@EE 5 ECD W7, Mg a1
ST HI LA 4R, 68, 8S (B 2). AW EW 1)
SERIYE N 4,6- R IR OB 216 -8-B-D- 7 4 b
H (K1), & Sci-finder KRN 1 NHLEY), A
SONWRIEE T Go RS WK 1.

& 2: B g i (I ; 'TH-NMR (500 MHz,
DMSO-ds) d: 11.08 (1H, s, NH), 7.58 (1H, d, J = 8.0
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Exp. ECD of 1
—— C(al. ECD of (4R,6S,8S)
— = Cal. ECD of (4S,6R,8R)

.......
............

Ae/(M™-em™)

220 242 264 286 308 330 352 374 396
Amm
2 &Y 1 KSEH ECD #iHE ECD Eif
Fig. 2 Experimental and calculated ECD spectra of

compound 1

1 1L&4 1 H 'H-NMR (500 MHz) 1 BC-NMR (125
MHz) ##& (CD;0D)

Table1 'H-NMR (500 MHz) and *C-NMR (125 MHz) data
of compound 1 (CD3;0D)

73DA Ou dc
1 117.5
2 5.56 (1H, s) 92.7
3 169.5
4 4.82 (1H, m) 66.5
5 2.16 (1H, brd, J = 11.8 Hz) 445
1.56 (1H, brt, J = 11.8 Hz)
6 4.14 (1H, m) 67.2
7 2.26 (1H, brd, J = 14.9 Hz) 38.2
1.77 (1H, brd, J = 14.9 Hz)
8 4.91 (1H, m) 78.5
Glu-1'  4.35(1H,d,/="7.8 Hz) 104.3
2 3.16 (1H, m) 74.6
3 3.31 (1H, m) 77.4
4 3.30 (1H, m) 71.1
5’ 3.19 (1H, m) 77.9
6' 3.77 (1H, d, J = 11.8 Hz) 62.2

3.64 (1H, dd, J=11.8, 4.3 Hz)
Hz, H-4), 7.35 (1H, d, J = 8.0 Hz, H-7), 7.24 (1H, s,
H-2), 7.06 (1H, t, J = 7.6 Hz, H-6), 6.96 (1H, t, J= 7.6
Hz, H-5), 3.51 (1H, dd, J = 4.0, 8.7 Hz, H-11), 3.31
(1H, dd, J = 4.0, 15.0 Hz, H-10a), 2.99 (1H, dd, J =
8.7, 15.0 Hz, H-10b); 3C-NMR (125 MHz, DMSO-d)
§: 124.3 (C-2), 109.5 (C-3), 118.3 (C-4), 118.5 (C-5),
120.9 (C-6), 111.4 (C-7), 136.4 (C-8), 127.4 (C-9),

27.1 (C-10), 54.8 (C-11), 170.6 (COOH). LA ¥ 5
SCERIRIE FEA N, RS 2 N L-VA TR

&) 3: st d CFFEED; 'TH-NMR (500 MHz,
CD;0D) ¢: 7.52 (1H, d, J = 16.0 Hz, H-7), 7.03 (1H,
d, J = 2.0 Hz, H-2), 6.94 (1H, dd, J = 2.0, 8.2 Hz,
H-6), 6.76 (1H, d, J = 8.2 Hz, H-5), 6.24 (1H, d, J =
16.0 Hz, H-8), 3.75 (3H, s, -OCH3); '3C-NMR (125
MHz, CD;OD) d: 127.7 (C-1), 115.1 (C-2), 146.8
(C-3), 149.5 (C-4), 122.9 (C-5), 116.5 (C-6), 146.9
(C-7), 114.8 (C-8), 169.8 (C-9), 52.0 (-OCH3). 5 ik
FRIE X LA — 213, MU e A 3 iR
F T .

&Y 4: ABTEE A K 'H-NMR (500 MHz,
CD;0D) d: 8.04 (2H, d, J = 8.9 Hz, H-2, 6), 6.99 (2H,
d, J=8.9 Hz, H-3, 5), 5.69 (1H, t, J = 7.5 Hz, H-1),
3.87 (1H, dd, J = 2.1, 12.1 Hz, H-6'a), 3.86 (3H, s,
-OCH3), 3.71 (1H, dd, J= 4.9, 12.1 Hz, H-6'b), 3.42~
3.52 (4H, m, H-2'~5"); 3C-NMR (125 MHz, CD;0D)
5: 167.5 (C-1), 114.9 (2C, C-2, 6), 133.1 (2C, C-3, 5),
122.7 (C-4), 96.0 (C-1'), 74.0 (C-2"), 78.0 (C-3"), 71.1
(C-4"), 78.7 (C-5"), 62.3 (C-6'), 166.7 (-COO). A %1
I 5 SRR TE H AR — 04, a4 JoxfFrsE
K FR B-D-MH e ] 2 FE e

WEY 5: WEOALEEMA: 'H-NMR (500
MHz, CD;0D) ¢: 7.76 (2H, d, J = 8.4 Hz, H-2', 6'),
6.94 (2H, d, J = 8.4 Hz, H-3', 5), 6.37 (1H, d, J=2.0
Hz, H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 5.39 (1H, d,
J = 1.6 Hz, H-1"), 425 (1H, s, H-2"), 3.74 (1H, m,
H-3"), 3.33~3.35 (2H, m, H-4", 5"), 0.94 (3H, d, J =
5.8 Hz, H-6"); 3C-NMR (125 MHz, CD;0D) ¢: 158.5
(C-2), 136.2 (C-3), 179.5 (C-4), 161.5 (C-5), 99.8
(C-6), 165.8 (C-7), 94.7 (C-8), 163.1 (C-9), 105.9
(C-10), 122.6 (C-1"), 131.9 (2C, C-2', 6), 116.5 (2C,
C-3',5"), 159.2 (C-4"), 103.4 (C-1"), 71.9 (C-2"), 72.2
(C-3"), 73.2 (C-4"), 72 (C-5"), 17.6 (C-6"). L _E¥¥&
ORI EFEA S, KA 5 Nl #EE-
3-0-a-L-FRAHELF

&) 6: B3I E T K 'TH-NMR (500 MHz,
CD;0D) ¢: 8.10 (2H, d, J = 8.8 Hz, H-2', 6'), 6.89
(2H, d, J = 8.8 Hz, H-3', 5), 6.39 (1H, d, J = 2.0 Hz,
H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 5.05 (1H, d, J =
7.8 Hz, H-1"), 4.54 (1H, brs, H-1""), 1.14 (1H, d, J =
6.5 Hz, H-6""); 13C-NMR (125 MHz, CD;OD) o:
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158.5 (C-2), 135.7 (C-3), 179.6 (C-4), 162.9 (C-5),
100.0 (C-6), 166.0 (C-7), 94.9 (C-8), 159.4 (C-9), 105.6
(C-10), 122.6 (C-1"), 132.5 (2C, C-2', 6'), 116.1 (2C,
C-3, 5%, 161.5 (C-4'), 105.5 (C-1"), 75.0 (C-2"), 772
(C-3"), 70.1 (C-4"), 75.3 (C-5"), 674 (C-6"), 101.9
(C-1"), 72.3 (C-2"), 72 (C-3"), 73.9 (C-4"), 69.7
(C-5""), 18.0 (C-6"")o LA L Ei¥s 5 Uik s 3 A —
;O3 KA 6 ALEM-3-0-B-=F 1.

&) 7: BRI E TR K 'TH-NMR (500 MHz,
CD;0D) ¢: 8.07 (2H, d, J = 8.9 Hz, H-2, ¢'), 6.89
(2H, dd, J = 8.9 Hz, H-3', 5"), 6.39 (1H, dd, J = 2.0
Hz, H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 5.13 (1H, d,
J =15 Hz, H-1"), 4.54 (1H, brs, H-1""), 1.20 (1H, d,
J = 6.5 Hz, H-6""); '3C-NMR (125 MHz, CD;0D) ¢:
159.4 (C-2), 135.5 (C-3), 179.4 (C-4), 166.0 (C-5),
100.0 (C-6), 163.0 (C-7), 94.9 (C-8), 158.5 (C-9),
105.6 (C-10), 122.6 (C-1"), 132.4 (2C, C-2', 6'), 116.1
(2C, C-3', 5%, 161.5 (C-4"), 104.6 (C-1"), 75.0 (C-2"),
78.1 (C-3"), 71.4 (C-4"), 75.7 (C-5"), 68.7 (C-6"), 101.9
(C-1"), 72.0 (C-2"), 72.3 (C-3"), 73.9 (C-4"), 69.7
(C-5""),17.9 (C-6"")o LA b EH 55 STk 38 e A —
U, KEWEY) T N AEH-5-0-[o-L- FRZHE
Fe-(1-6)-B-D- I 4 &5 ] o

&Y 8: WEEOITELHA; H-NMR (500
MHz, CD;OD) ¢: 8.02 (2H, d, J = 8.6 Hz, H-2', 6'),
6.92 (2H, d, J = 8.6 Hz, H-3', 5), 6.38 (1H, d, J = 2.1
Hz, H-8), 6.17 (1H, d, J = 2.1 Hz, H-6), 5.35 (1H, d,
J=17.6 Hz, H-1"), 4.83 (1H, d, J = 7.8 Hz, H-1""), 4.50
(1H, d, J = 1.4 Hz, H-1""), 1.11 (2H, d, J = 6.5 Hz,
H-6""); 3C-NMR (125 MHz, CD;0D) 6: 159.3 (C-2),
134.7 (C-3), 179.3 (C-4), 162.3 (C-5), 99.9 (C-6),
165.7 (C-7), 94.9 (C-8), 158.3 (C-9), 105.6 (C-10),
122.9 (C-1"), 132.3 (2C, C-2, 6), 116.1 (2C, C-3', 5"),
161.2 (C-4"), 101.1 (C-1"), 81.5 (C-2"), 77.7 (C-3"),
71.1 (C-4"), 76.6 (C-5"), 68.2 (C-6""), 104.1 (C-1""),
75.1 (C-2"), 77.6 (C-3"), 71.3 (C-4""), 78.1 (C-5""),
62.4 (C-6"), 102.0 (C-1""), 71.9 (C-2""), 72.2
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kaempferol  3-O-B-glucopyranosyl(1—2)[a-rhamno-
pyranosyl(1—6)]-p-glucopyranoside.
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