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Thanh phan héa hoc ctia cay Mussaenda pubescens (Rubiaceae)
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Abstract

The genus Mussaenda is an important source of medicinal natural products, particularly iridoids, triterpenes,
saponines and flavonoids. The plants are members of the Rubiaceae and are native to the Old World tropics, from West
Africa through the Indian sub-continent, South-East Asia and to Southern China. There are more than 200 species of
Mussaenda known. Some species of Mussaenda have been used in traditional medicine. The abundance of the iridoids
and its wide availability makes the plant a potential target for studying the activity of this drug. From the water extract
of Mussaenda pubescens, six compounds, shanzhiside methylester (1), barlerin (2), mussaenoside (3), (6S, 9R)-
roseoside (4), mussaendoside L (5) and coniferin (6) were isolated. Their structures were elucidated by using MS and
NMR spectroscopic methods, including 2D NMR spectroscopy (COSY, HMQC, HMBC).
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1. MO PAU

Chi Buém bac Mussaenda thudéc ho Ca phé
(Rubiaceae) bao gdm khoang 200 loai, phan bd &
Cuyu lyc dia [1]. O Viét Nam co6 khoang 28 loai trong
do6 co loai Buém bac 16ng Mussaenda pubescens [1].
Nhiéu loai thugc chi Buém bac duoc sir dung trong
y hoc ¢6 truyén dé lam thudc giam dau, tri ho, té
thap, hen suyén, tiéu chay va tri ran cin [1-2]. Két
qua nghién ciru vé& thanh phan héa hoc cua chi

Mussaenda cho thiy cac loai thudc chi nay chira 16p
chét iridoid, triterpene, flavonoid, saponin... [2].
Trudc ddy, cac nha khoa hoc trén thé giéi da phan
lap dugc mot sb hop chat iridoid, tritecpen va
saponin tir loai Mussaenda pubescens [2-5]. Trong
khudn khé bai bao nay, chung t6i cong bd két qua
phan 1ap, x4c dinh cdu trac cia 3 hop chét iridoid
glycoside (1-3), 1 hop chat megastigmane glycosid
(4) va 2 hop chét phenolic glycosid (5-6) tir loai
Budm bac 16ng Mussaenda pubescens.

Hinh 1: Cu tric cac hop chét 1-6 phan lap tir loai Mussaenda pubescens

2. THUC NGHIEM

2.1. Hoéa chit thiét bi

Do quay cuc dugc do trén may Polax-21 cia

hang Atago. Phé cong hudng tir hat nhan NMR dugc
ghi trén may Bruker Avance 400 MHz va 500 MHz
v6i TMS 1a chét chudn ndi. Phd khdi lugng (ESI-
MS) duoc do trén may sic ky 1ong ghép khdi phd
v6i dau do MSD (LC/MSD Agilent series 1100), sir
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dung dau do DAD. Sic ky 16p mong (TLC) duoc
thyc hién trén ban mong silica gel Merck 60 F,g,
Séc ki cot dugc tién hanh véi silica gel ¢& hat 40-
63 um va sephadex LH-20 (Aldrich).

Cay Budm bac dugc thu hai tai Tam Nong, Pha
Tho vao thang 4 nim 2015. Mau ciy duoc TS.
Nguyén Thé Cuong, Vién Sinh thai va Tai nguyén
sinh vat, Vién Han 1am Khoa hoc va Cong nghé Viét
Nam dinh tén. MAu tiéu ban dugc luu giit tai Trudong
Cao dé“lng Duogc Pht Tho.

2.2. Xir ly miu va phan 1ap cac chat

Cay Budm bac dugc phoi kho, xay nho thu dugc
8,0 kg bot kho. Bot kho duoc ngam chiét véi etanol
(3 lan x 10 lit) bang thiét bi chiét siéu am (& 50 °C,
mdi lan 1 gi0). Cac dich chiét duge gom lai, loc qua
gidy loc va cit loai dung moi dudi 4p sudt giam thu
dugc 240 g can chiét etanol. Cin chiét etanol duoc
hoa tan vao 2 lit nude cat va chiét phan bd 1an luot
vai n-hexan, diclometan, etyl axetat rdi cat loai dung
mdi dudi ap sudt giam thu duoc cac can chiét n-
hexan (MP1, 84,0 g), diclometan (MP2, 28,0 g), etyl
axetat (MP3, 11,0 g) va cén nudc (MP4, 117,0 g).

Can nudce (117,0 g) sau d6 dua 1én cot Diaion
HP-20, loai bo duong bing nuéc sau d6 ting dan
nong d6 metanol trong nudc (25, 50, 75 va 100 %
MeOH) thu dugc 4 phan doan MP4.1-MP4.4. Kiém
tra cac vét chat ctia 4 phan doan thu duoc trén sic ky
16p moéng thay co su twong dong nén gop phan doan
MP4.1 va MP4.2 thanh mot rdi tién hanh chay cot
sic ky silica gel voi hé dung méi CH,Cl,/metanol
gradient (20/1, 10/1, 5/1, 2,5/1, viv) thu dugc 4 phan
doan MP4.1.1-MP4.1.4. Phan doan MP4.1.2 tiép tuc
dugc tinh ché trén cot sic ky silica gel pha dao véi
hé dung mdi metanol/nudc (1/2,5, v/v) va sic ky cot
silica gel v&i hé dung moi CH,Cly/metanol/nude
(7/1/0,05, v/v/v) thu duge hop chat 2 (40 mg), 4 (7
mg) va 3 (10 mg). Phan doan MP4.1.3 dugc tinh ché
trén cot silica gel pha ddo vdoi hé dung moi
metanol/nuée (1/2, v/v) thu dwoc hop chat 1 (40
mg), 5 (20 mg) va 6 (8 mg).

Shanzhiside methyleste (1): Chat bot mau
trang, d6 quay cuc [a]p> -101,5° (¢ 0,32, MeOH);
'H-NMR (500 MHz, CD;0OD) va “C-NMR (125
MHz, CD;0D), xem bang 1.

Barlerin (2): Chat bt mau tring, do quay cuc
[a]o* -81,0 (¢ 0,4, MeOH), ESI-MS: m/z 449
[M+H]*; *H-NMR (500 MHz, CD;0D) va *C-NMR
(125 MHz, CD5;0D), xem bang 1.

Mussaensoside (3): Chat bot mau tring; Do
quay cuc [a]p>* -106° (c 0,6, MeOH); ESI-MS: m/z
391[M+H]"; *H-NMR (500 MHz, CD;0D) va “*C-

Lé Thi Thu Hién va cong su

NMR (125 MHz, CD;0D), xem bang 1.

(6S, 9R)-roseoside (4): Chat bot mau tring, Do
quay cuc [a]¥ +162,7° (c 0,26, MeOH); ESI-MS:
m/z 385 [M-H]; '"H NMR (500 MHz, CD;0D): §
(ppm) 1,05 (3H, s, H-11); 1,06 (3H, s, H-12); 1,31
(3H, d, J = 6,5 Hz, H-10); 1,94 (3H, d, J = 1,5 Hz,
H-13); 2,17 (1H, d, J = 17,0 Hz, H-2a); 2,54 (1H, d,
J = 17,0 Hz, H-2b); 3,19 (1H, dd, J = 7,0; 8,0 Hz,
H-2"); 3,26 (2H, m, H-4’ + H-3’); 3,36 (1H, m, H-
5%); 3,66 (1H, dd, J = 5,5; 11,5 Hz, H-6’a); 3,88 (1H,
dd, J =2,0; 11,5 Hz, H-6’b); 4,36 (1H, d, J = 8,0 Hz,
H-1°); 4,44 (1H, m, H-9); 5,88 (3H, m, H-7 + H-4 +
H-8); *C-NMR (125 MHz, CD;0D): & (ppm) 42,4
(C-1); 50,7 (C-2); 201,2 (C-3); 127,2 (C-4); 167,3
(C-5); 80,0 (C-6); 131,6 (C-7); 135,3 (C-8); 77,3 (C-
9); 21,2 (CHs-10); 23,4 (CHs-11); 24,7 (CH5-12);
19,6 (CH;-13); 102,8 (C-17); 75,3 (C-27); 78,1 (C-
3%); 71,7 (C-4°); 78,0 (C-5°); 62,8 (C-6").

Mussaendoside L (5): Chat bot mau tring; Do
quay cuc [0]*p +104,7° (¢ 0,39; MeOH) 'H-NMR
(500 MHz, CD;0D): &, (ppm) 3,33 (1H, m, H-5");
3,53 (1H, t, J = 9,0 Hz, H-4’); 3,57 (1H, dd, J = 8,0;
9,0 Hz, H-3""); 3,66 (1H, dd, J = 7,5; 8,0 Hz, H-2"");
3,75 (1H, dd, J = 3,5; 10,0 Hz, H-1a); 3,78 (3H, s,
3’-OCHpg); 3,80 (1H, dd, J = 5,0; 11,0 Hz, H-6"’a);
3,88 (3H, s, 6-OCHs); 3,92 (1H, br d, J = 11,0 Hz,
H-6’b); 4,39 (1H, dd, J = 9,5; 10,0 Hz, H-1b); 4,83
(1H, d, J = 7,0 Hz, H-1""); 5,52 (1H, dd, J = 3,5; 9,5
Hz, H-2); 6,15 (1H, d, J = 2,0 Hz, H-6"); 6,38 (1H,
d, J = 2,0 Hz, H-4"); 6,69 (1H, s, H-4); 6,81 (1H, d,
J=8,0Hz, H-7); 7,70 (1H, d, J = 8,0 Hz, H-8); **C-
NMR (125 MHz, CD;0OD): ¢ (ppm) 64,4 (C-1);
49,6 (C-2); 199,3 (C-3); 112,8 (C-4); 148,6 (C-5);
152,9 (C-6); 115,8 (C-7); 124,7 (C-8); 130,0 (C-9),
133,6 (C-1°); 137,0 (C-2°); 154,3 (C-3); 100,6 (C-
4); 156,0 (C-5°); 106,1 (C-6"); 106,3 (C-1); 76,0
(C-27"); 77,8 (C-3""); 70,8 (C-4°"); 78,2 (C-5""); 62,2
(C-6""); 56,3 (3°-OCHs); 56,5 (6-OCHs).

Coniferin (6): Chat bot mau tring; 'H-NMR
(500 MHz, CD;0OD): 3y (ppm) 3,41 (1H, m, H-4’);
3,43 (1H, m, H-5°); 3,49 (1H, m, H-3"); 3,50 (1H, m,
H-2%); 3,71 (1H, dd, J = 4,5; 11,0 Hz, H-6’a); 3,89
(3H, s, 3-OCHs); 3,90 (1H, br d, J = 11,0 Hz, H-
6°b); 4,23 (1H, d, J = 6,0 Hz, H-9); 4,91 (1H, d, J =
7,6 Hz, H-1°); 6,29 (1H, dt, J = 6,0; 16,0 Hz, H-8);
6,58 (1H, d, J = 16,0 Hz, H-7); 6,97 (1H, dd, J = 2,0;
8,0 Hz, H-6); 7,08 (1H, d, J = 2,0 Hz, H-2); 7,12
(1H, d, J = 8,0 Hz, H-5); ®*C-NMR (125 MHz,
CD;0D): 8¢ (ppm) 133,7 (C-1); 111,4 (C-2); 150,9
(C-3); 147,6 (C-4); 118,0 (C-5); 120,8 (C-6); 131,3
(C-7); 128,9 (C-8); 63,7 (C-9); 56,7 (OCHs), 102,8
(C-1°); 74,9 (C-2°); 77,8 (C-37); 71,4 (C-4°); 78,2
(C-5%); 62,5 (C-6).
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3. KET QUA VA THAO LUAN

Hop chit 1 duoc phan lap dudi dang chat bot
mau trang. Trén pho **C-NMR va DEPT cho tin hi¢u
cua 17 nguyén ti cacbon trong dé6 cd6 1 nhém
cacbonyl ¢ d¢c 169,7 (C-11), 1 nhém metoxy & 6¢c
51,6 (C-12), 1 nhém metyl ¢ 3¢ 24,7 (C-10), 9 nhom
metin lai héa sp®, 1 nhém metin lai hoa sp* ¢ d¢
152,8 (C-3), 2 nhom metylen ¢ &¢c 49,0 (C-7), 62,7
(C-6”) va 2 cacbon bac 4. Phd 'H-NMR xuét hién tin
hiéu ctia 1 nhém metyl & 6y 1,31 (3H, s, CH;-10), 1
nhom metoxy ¢ o4 3,79 (3H, s, OCHj3), 1 proton
olefin & &y 7,46 (1H, s, H-3), 1 proton anome & oy
4,69 (1H, d, J = 8,0 Hz). Nhiing dir liéu phdo MS,
BC-NMR, 'H-NMR cho phép du doan day la mot
hop chit khung iridoid chita 1 phan tir duong
glucose. Trén phé HMBC, twong tac giira proton ciia
nhom metoxy (84 3,79) véi cacbon cacbonyl C-11
va tuong tac gitta proton olefin H-3 voi C-4 (8¢
111,2), C-11 (8¢ 169,7) va C-5 (8¢ 41,2) cho phép
xac dinh lién két doi tai C-3/C-4 va nhom COOMe
gin O vi tri C-4. Tuong tic HMBC giita proton
anome H-1' vai C-1 (¢ 94,7) va tuong tac gitra H-1
(O6n 5,62) véi C-1' (8¢ 99,7) cho phép xac dinh phan
tir duong gén & vi tri C-1. Tuong tac xa giita proton
cta nhém metyl H-10 véi C-8 (8¢ 89,6) va C-9 (5¢
49,7) trén phé HMBC cho phép xac dinh nhoém
metyl nay gan voi cacbon C-8. Trén phé HMBC cho
tuong tac xa gitta H-6 (64 4,09) vai C-4 (6¢ 111,2)
va C-8 (8¢ 78,9) va tuong tac gitta H-7 véi C-5 (¢
41,2), C-6 (8¢ 77,3), C-8 (3¢ 78,9), C-9 (3¢ 52,0) cho
phép xac dinh nhom OH gin & vi tri C-6. Hang s6
twong tac cua proton anome J = 8,0 Hz cho phép du
doan day 1a duong B-D-glucose. Tir cac dit liéu phd
MS, *H-NMR, ®*C-NMR, HSQC, HMBC va so sanh
véi tai ligu tham khao [6, 7] cho phép xac dinh hop
chat 1 1a shanzhiside metyleste. Hop chit nay da
dugc Zhao va ddéng nghiép phan lap tir cay
Mussaenda pubescens vao nam 1996 [7].

Hop chit 2 duoc phan lap dudi dang chit bot
mau trang. Phd khéi ESI-MS cho pic ion phan tir
proton héa & m/z 449 [M+H]". Gidng véi chat 1, phd
'H-NMR ciia hop chét 2 cho tin hi¢u ctia 1 nhom
metyl ¢ oy 1,48 (3H, s, CHs-10), 1 nhom metoxy &
3y 3,70 (3H, s, OCHjy), 1 proton olefin & 6y 7,43 (1H,
s, H-3), 1 proton anome & 64 4,64 (1H, d, J = 8,0
Hz). Trén pho *C-NMR va DEPT cua 2 cho tin hi¢u
cta 19 nguyén tir cacbon trong dé cé 6 cacbon cua 1
phan tr duong glucopyranosyl ¢ 8¢ 100,1 (C-1°);
74,4 (C-2%); 77,7 (C-3%); 71,4 (C-4"); 78,0 (C-5);
62,1 (C-6’), 1 nhom acetyl ¢ d¢c 173,1 (C=0), 22,3
(CH3), 1 nhom cacbonyl ¢ 8¢ 168,9 (C-11), 1 nhom
metoxy & 8¢ 51,6 (C-12), 1 nhém metyl & 6c 22,2
(C-10), 1 nhoém metin lai hoa sp* & 8¢ 154,0 (C-3), 4
nhom metin lai hoa sp®, 1 nhom metylen & 8¢ 47,5

Thanh phan héa hoc ciia cay...

(C-7) va 2 cacbon bac 4. Piéu nay cho phép xac
dinh hop chét 2 c6 bo khung tuong tu hop chat 1,
khac voi hop chat 1 1a  trén pho 'H-NMR va
BC-NMR ctia hop chit 2 thy xuét hién thém tin
hiéu ctia nhom axetyl. Tur cac dir liéu phd 'H-NMR,
BC-NMR va so sanh véi tai liéu tham khao cho
phép xéac dinh hop chét 2 12 barlerin [8].

Hop chit 3 duoc phan 1ap dudi dang chit bot
mau trang. Ph6 khéi ESI-MS cho pic ion phan tir
proton héa & m/z 391 [M+H]". Pho *C-NMR va 'H-
NMR ciia hop chéat 3 gidng v6i hop chat 1 va 2.
Khéc voi chit 1, trén phd *H-NMR va *C-NMR cua
hop chit 3 thiy mat di tin hiéu cia 1 nhom
oxymetin, thay vao d6 1a mgt nhom metylen & 6y
1,45 (H-6a), 1,74 (H-6b); 6¢c 30,7 (C-6). Tur cac di
liéu phd *H-NMR, ®C-NMR va so sanh véi tai
liéu tham khao [7] cho phép xéac dinh hop chit 3 1a
mussaensoside. Hop chat nay da duoc phan lap tir
mot sb loai thude chi Mussaenda [7-9].

Hop chit 4 dwoc phan 1ap du6i dang chit bot
mau trang. Ph6 khdi ESI-MS (negative) cho pic ion
phan tir deproton héa & m/z 385 [M-H]. Pho ‘H-
NMR cua hop chit 4 xuit hién tin hiéu coa 3 nhom
metyl bac 3 tai 64 1,05 (3H, s, H-11); 1,06 (3H, s, H-
12); 1,94 (3H, d, J = 1,5 Hz, H-13), mdt nhom metyl
dudi dang doublet tai 6 1,31 (3H, d, J = 6,5 Hz, H-
10), 3 proton olefin tai oy 5,88 (3H, m, H-7 + H-4 +
H-8), 1 proton anome tai oy 4,36 (1H, d, J = 8,0 Hz,
H-17) va tin hiéu cua 9 proton niam trong khoang 3y
2,17-3,87. Nhing tin hiéu nay goi y sy c6 mit ciu
trac khung megastigmane chtra 1 phan t&r duong.
Ph6 *C-NMR va DEPT ctia hop chit 4 xuat hién tin
hiéu cua 19 cacbon bao gdm: 1 cacbonyl, 3 cacbon
bac 4, 4 nhom metine, 1 nhdm metylen, 3 nhom
metyl va 6 cacbon thudc phan tir duong (5 nhom
oxymetin va 1 nhom oxymetylen). Ciu hinh 8 cua
phan duong dugc xac dinh tir hiang s tuong tac
16n (J = 8,0 Hz) cua proton anomeric H-1" tai oy
4,36. C4u hinh tuyét doi ciia hop chit duoc xéac dinh
bang phan tich phé CD. Hiéu tmg Cotton tai 240 nm
c6 gia tri duwong cho phép xac dinh ciu hinh S cho
cachon C-6 [9]. Tir c4c bang ching phd, so sanh do
quy cuc, phd CD Véi tai liéu tham khao, hop chét 4
dugc xac dinh 1a (6S, 9R)-roseoside [10, 11].

Hop chit 5 duoc phan 1ap dudi dang chit bot
mau trang. Phé "H-NMR cua 5 cho tin hiéu cia 5
proton vong thom, trong do c6 1 h¢ ABX & oy
6,69 (1H, s, H-4); 6,81 (1H, d, J = 8,0 Hz, H-7); 7,70
(1H, d, J = 8,0 Hz, H-8) va 2 proton twong tac dang
meta ¢ oy 6,15 (1H, d, J = 2,0 Hz, H-6’); 6,38 (1H,
d, J = 2,0 Hz, H-4"). Tin hi¢u cua 2 nhom metoxy &
dy 3,78 (3°-OMe), 3,88 (6-OMe) va 1 proton anome
cua phan tir duong p ¢ 644,83 (d, J = 7,5 Hz) ciing
dugc quan sat thiy trén pho 'H-NMR. Phan tich pho
B3C-NMR va DEPT véi su hd tro ctua phd HSQC cho
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thiy phan tir c6 23 nguyén tir cacbon, trong d6 c6 6
cacbon tai 8¢ 106,3 (C-1""); 76,0 (C-2"%); 77,8 (C-
37); 70,8 (C-4"’); 78,2 (C-5"); 62,2 (C-6") goi ¥ Su
c6 mat caa 1 phan tr dwong glucopyranosyl, 2
nhom metoxy, 12 cacbon vong thom (5 nhém metin
va 7 cacbon bac 4), 1 nhém metin, 1 nhém
oxymetylen va 1 nhom cacbonyl ¢ d¢c 199,3 (C=0).
Trén phé HMBC cho twong tac cua proton thudc 2
nhom metoxy véi C-5 va C-3’ cho phép xac dinh 2
nhém metoxy gin voi cacbon C-5 va C-3°. Tuong
tac xa gitta proton anome H-1 vdi C-2° cho phép
xéac dinh phan tir dudng gin voi cacbon C-2”. Tir cac
dir liéu phd 1D-NMR, 2D-NMR va so sanh voi tai
liéu tham khao cho phép xac dinh hop chét 5 la
mussaendoside L [7].

Hop chit 6 duoc phan 1ap dudi dang chit bot
mau trang. Pho 'H-NMR cua hop chat 6 xuét hién
tin hi€u ctia 3 proton thom tuwong tac dang ABX tai
d4 6,97 (1H, dd, J = 2,0; 8,0 Hz, H-6); 7,08 (1H, d, J
= 2,0 Hz, H-2); 7,12 (1H, d, J = 8,0 Hz, H-5), 1

Lé Thi Thu Hién va cong sy

proton anome tai oy 4,91(1H, d, J =7,6 Hz) goi y 1
phén t& duong B. Tin hiéu 1 nhém metoxy ¢ 5y 3,89
va 2 proton olefin & 6y 6,29 (1H, dt, J = 6,0; 16,0
Hz, H-8); 6,58 (1H, d, J = 16,0 Hz, H-7) cling duoc
quan sat thdy trén phé'H-NMR. Phé “*C-NMR va
DEPT cua hop chat 6 xuit hién tin hiéu cua 16
cachon, bao gdbm 6 cacbon cua 1 phan tar duong
glucopyranosyl & ¢ 102,8 (C-1°); 74,9 (C-2°); 77,8
(C-3%); 71,4 (C-4); 78,2 (C-5); 62,5 (C-6°), 6
cacbon vong thom, 1 nhdm metoxy, 2 nhom metin
va 1 nhém oxymetin. Sé liéu phé 'H- va *C-NMR
ciia hop chit 6 kha twong ddng v&i hop chit
coniferin [11]. Tuong taic HMBC gitta glc H-1" (dy
491) voi C4 (dc 147,6) goi y phan ti
glucopyranosyl tai C-4. Tuong tac HMBC gitia
proton cia nhém metoxy (dy 3,89) vdi C-3 (8¢
450,9) cho phép xac dinh nhom metoxy gin & vi tri
C-3. Tur cac dit liéu phd 1D-NMR, 2D-NMR va so
sanh véi tai liéu tham khao cho phép xac dinh chat 6
la coniferin [12].

Bdng I S6 liéu pho NMR cua hop chét 1-3

1 2 3
¢ b3 28 (J = Hz) b3 268 (J = Hz) b3 268 (J = Hz)
1 |947 |562(d, 20) 95,5 5,88 (brd, 2,0) 95,4 | 5,48 (d, 4,0)
3 | 1528 | 7,46 (s) 154,0 7,43 (s) 152,0 | 7,42 (s)
4 |111,2 |- 109,6 - 1134 | -
5 [41,2 |3,05(dd, 3,0;10,0) | 42,0 3,04 (d, 9,5) 32,0 2,30m
6 | 77,3 | 4,09 (brd, 3,5) 75,8 4,30 (br d, 2,0) 30,7 | 1,74 m
1,45 m
7 490 |189(dd, 6,0;130) |475 2,03 (m) 40,7 | 1,74 m
2,06 (dd, 6,0; 13,0) 2,17 (d, 14,5) 1,36 m
8 |789 |- 89,6 80,5 | -
9 |520 |268(brd, 10,0) 49,7 3,34 (m) 52,3 | 2,24 (d, 4,0; 9,0)
10 | 24,7 |131(s) 22,2 1,48 (s) 24,6 | 1,34 (s)
11 |169,7 |- 168,9 - 169,4 | -
1’ [99,7 |4,69(d,8,0) 100,1 4,64 (d, 8,0) 99,8 | 4,69 (d, 8,0)
2 | 745 | 324(t, 80) 74.4 2,98 (d, 8,0) 74,8 | 3,20 (dd, 8,0; 9,0)
3 | 77,8 | 3,45(m) 77,7 3,38 (t, 8,0) 78,4 | 3,37 (dd, 9,0; 9,0)
4 | 71,4 |350(t8,5) 714 3,16 (t, 8,0) 71,7 | 3.26 (dd, 9,0; 9,0)
5 | 781 |338(m) 78,0 3,25 (m) 78,0 | 3,18 (m)
6' |627 |372(dd, 50;11,0) |621 3,65 (dd, 6,0; 11,0) 62,9 | 3,66 (dd, 6,0; 12,0)
3,95 (d, 11,0) 3,88 (br d, 11,0) 3,92 (dd, 2,0; 12,0)
OC |51,6 |3,79(s) 51,6 3,70 51,6 | 3,71 (s)
Hs
Ace 173,1
tyl 22,3 2,01 (s)

@cD,0D, ®125 MHz, ©500 MHz.
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Loi cam on. Cdc tac gia xin cam on S¢ KH&CN

Thanh phan héa hoc ciia cay...

Hinh 2: Mot s6 tuong tac chinh trén phd HMBC cua hop chét 1, 5, 6

Tinh Phu Tho va Truong Cao dcfng Duwoc Phu Tho
da tai tro kinh phi nghién ciru cho dé tai.
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