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LOI CAM POAN

T6i xin cam doan luin 4n: “Nghién ciru thanh phin héa hoc va danh gia
hoat tinh giy ddc té bao ung thw ciia hai loai sén bién Aplysia dactylomela va
Aplysia oculifera & ving bién Viét Nam” 13 cong trinh nghién ctru cuia chinh minh
duéi su hudng dan khoa hoc cua tap thé huéng din. Luan 4n sir dung thong tin trich
dan tir nhiéu ngudn tham khao khac nhau va cac thong tin trich ddn dugc ghi ré ngudn
gbc. Cac két qua nghién ciru cua toi duge cong bd chung véi cac tac gia khac di dugce
su nhéat tri cua déng tac gid khi dua vao luan an. Céc s6 liéu, két qua duogc trinh bay
trong luan 4n 14 hoan toan trung thyc va chua timg dugc cong bd trong bat ky mot
cong trinh nao khac ngodi cac cong trinh cong bd cia tac gia. Luan an dugc hoan
thanh trong thoi gian t6i lam nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé,
Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Ha Noi, ngay thang  nam 2025
Tac gia luan an

(Ky va ghi ro ho tén)

Pham Thanh Binh
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LOI CAM ON
Luan an nay dugc hoan thanh tai Vién Hod hoc, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam, vé6i su hd tro kinh phi cua dé tai TDDLBO0.05/20-22 va dé tai
DLTE00.01/23-24. Trong qué trinh nghién ciru, tic gia da nhan dugc nhiéu su giup
dd quy bau cua cac thdy cd gido, cac nha khoa hoc, cac dong nghiép, ban bé va gia
dinh.

T6i xin bay to 10i cam on chan thanh va siu sic va kinh trong t&i thay TS.
Nguyén Vin Thanh va TS. Nguyén Hoai Nam, nhitng ngudi thay d tan tinh huéng
dan, hét 1ong chi bao va tao moi diéu kién gitp do toi trong thoi gian 1am luan an.

T6i xin tran trong cam on Ban Lanh dao Hoc vién, Phong Pao tao Hoc vién
Khoa hoc va Cong nghé da gitp d& va tao moi diéu kién thuan loi cho t6i trong sudt
qué trinh hoc tap, nghién ctru va thyc hién luan an.

To6i xin tran trong cam on Ban lanh dao Vién Hoa hoc cung tap thé can bo -
céc nha khoa hoc ctia Vién dd quan tam gitp d& va da tao moi diéu kién thuan loi cho
t6i trong sudt qué trinh hoc tip va nghién ctru thyc hién luan 4n nay.

T61 xin chan thanh cdm on Phong Nghién ctru sinh vat bién - Vién Hoa hoc va
cac cong sy di tao diéu kién giup d& va c6 nhitng 161 khuyén bd ich, nhitng gbp ¥ quy
bau trong vi¢c thuc hién va hoan thi¢n luan an.

T6i xin bay t6 long biét on chan thanh va sau sic nhit t6i toan thé gia dinh,
ban bé va nhitng ngudi than di ludn ludn quan tim, khich 18, dong vién toi trong sudt

qua trinh hoc tap va nghién cuu.

Xin tran trong cam on!

Tac gia

Pham Thanh Binh
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

Ki hiéu Tiéng Anh Dién giai
"H NMR Proton Nuclear Magnetic Pho cong hudng tir hat nhan
Resonance Spectroscopy proton
BC NMR Carbon-13 Nuclear Magnetic Pho cong huong tir hat nhan
Resonance Spectroscopy carbon 13
A-549 Human lung cancer cell line Dong té bao ung thu phdi & ngudi
C.C Chromatography column Séc ky cot
COSY Correlation spectroscopy Pho tuong tac 2 chiéu dong hat
nhan 'H - 'H
CTPT Cong thurc phan tir
CHxCl, Dichloromethane Dung moi dichloromethane
DEPT Distortionless Enhancement by Phé DEPT
Polarisation Transfer
DMEM Dulbecco’s Modified Eagle MBoi trudng nudi cdy té bao
Medium DMEM
DMSO Dimethylsulfoxide (CH3)2SO
DPPH 1,1-diphenyl-1-picrylhydrazyl 1,1-diphenyl-1-picrylhydrazyl
ECso Effective concentration of 50% Nong d6 hiéu qua t6i da 50% dbi
tuong thir nghiém
ESI-MS Electrospray Ionization Mass Pho khéi phun mu dién tir
Spectroscopy
EtOAc Ethyl acetate Dung moi ethyl acetate
EtOH Ethanol Dung moi ethanol
Hela Cervical cancer Dong té bao ung thu ¢b tir cung
HepG-2 Human liver cell line Dong té bao ung thu gan nguoi
HMBC Heteronuclear mutiple bond Pho tuong tac di hat nhan qua
correlation nhiéu lién két
HR-ESI-MS High resolution electrospray Pho khéi lwong phén giai cao phun
Ionization mass spectrometry mu dién tur
HSQC Heteronuclear Single-Quantum Pho tuong tac di hat nhan qua 1
Coherence Spectroscopy lién két
ICso Inhibitory concentration at 50%  Nong do trc ché 50% dbi twong thir
nghiém
IR Infrared Spectroscopy Pho hong ngoai
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MeOH
MIC
MPLC

MTT

NOESY

OD
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PC3

ppm
PTLC

ROESY
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OH, Oc

Human epidemic carcinoma
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Minimal Inhibitory Concentration
Medium Performance Liquid
Chromatography
3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide
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Optical density

Human prostate carcinoma cell
Part per million
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Rotational Overhauser
Enhancement Spectroscopy
Human lung carcinoma

Thin layer chromatography
Tetramethylsilane

Ultraviolet

Dong té bao ung thu biéu md
miéng nguoi

Dong té bao ung thu va & nguoi
Nhom methyl

Dung moi methanol

Nong d6 trc ché tdi thiéu

Séc ky 10ng trung ap

3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide

Pho hiéu ung hat nhan Overhauser

Mat d6 quang

Nhom methoxy

Dong té bao ung thu tuyén tién liét
Phan triéu

Séc ky 16p mong diéu ché

Pho hiéu tng Overhauser hat nhan
khung xoay
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Séc ky 16p mong
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MO PAU
Ngay nay sy xudt hién ctia bénh ung thu dang gia ting theo thoi gian. Ung thu
1a thuat ngir chung chi nhom cac bénh c6 thé anh hudng bat ky bd phan nao trén co
thé. Céc thuat ngit khac hay dung 1a khéi u 4c tinh va khi u tan sinh. Ung thu 13 sy
hinh thanh nhanh chéng cac t& bao bat thuong, phat trién vuot ngoai ranh gisi binh
thudng cta ching, sau d6 xam 14n dén cac bd phan khac cling nhu cic co quan khac
ctia co thé (qua trinh di cin). Di cin ciing 14 nguyén nhan gay tir vong chinh do bénh

ung thu.

Theo tb chuc y té thé giéi (WHO) cong bd vé bénh ung thu cho thiy c6 khoang
9,7 triéu ngudi tr vong va khoang 20 triéu ngudi mic méi trong ndm 2020 [1]. Ung
thu 1a khdi u 4c tinh duoc dic trung bdi sy xam 14n md tai chd va/hodc cac qua trinh
di cin xa. O giai doan dau cta qué trinh phat trién ung thu, phiu thuit hoic phau
thuat két hop véi xa tri bo tro c6 thé chira khoi trong hau hét cac trudng hop. Khi ung
thu da phat trién hon va xam l4n cac mo khac, hoa tri toan than (ubng hodc tiém tinh
mach) duoc bd sung vao phau thuat va xa tri dé loai bo cac té bao ung thu bi co 1ap
va/hodc cac phan nhom té bao ung thu chua duogc loai bo hodc tiéu diét. Theo nguyén
tac chung (luén c6 ngoai 18), ung thu cang tién trién tai thoi diém chan doan thi hoa
tri bo trg hodc da hoa tri s& dugc 4p dung cang manh. Boi vy viéc tim kiém thudc
dac tri cling nhu thude hd trg diéu tri ung thu va cac tdc nhan dy phong hoéa hoc 1a

hét strc can thiét va cap bach.

Nhan loai dang gap rit nghién ctru, tim kiém dé phat hién ra nhitng hop chét
tir thién nhién ciing nhu t6ng hop c6 hoat tinh tot va diéu tri thubc phong ciing nhu
diéu tri ung thu. Mdi chi c6 15 san pham thudc c6 ngudn gdc tir cac loai hai mién, hai
tiéu, vi sinh vat, c4 va dong vat than mém dugc FDA chap thuan [2]. Cac hop chét co
ngudn gbc ty nhién chiém ty 1¢ 16n trong dugc dién hién tai, véi khoang 70% thudc
khang sinh va thuéc chdng ung thu hién dang sir dung c¢6 ngudn gdc tir cac ngudn tyr
nhién, chang han nhu thyc vat va vi khuéan [3]. Trong khi cac loai thudc c6 ngudn gdc
tir thye vat ¢6 lich sir ghi chép hon 5.000 nam va céc loai thudc c6 ngudn gde tir vi
khuan di duogc st dung trong gan mot thé ky, thi cac hoat chat tir ngudn sinh vat bién
gan ddy méi duoce nghién ciru nhu cac loai thuée méi [3]. Bén nay di c6 15 loai dugc
pham c6 ngudn gdc tir bién duge FDA (Cuc quan 1y Thuc phdm va Duge phdm Hoa
Ky) phé duyét 1am sang, chu yéu dé diéu tri ung thu va do NCI (Vién Ung thu Quéc
gia Hoa Ky) tai trg tir nhiing nam 1960 [2].



Khoang 39.560 hop chét c6 hoat tinh sinh hoc duoc bat nguén tr dong vat bién
nhu Bot bién, San hd mém, dong vat Da gai, Sén bién va céc sinh vat bién khac da
duoc cong bd [4]. Trong d6, nganh than mém c6 nhiéu ching loai rat da dang, phong
pht va 1a nhém dong vat bién 16n nhat chiém khoang 23% tong s6 cac sinh vat bién
da duoc dat tén. Trong cac khu vuc nhiét déi, bao gém Viét Nam, nganh nay c6 hon
90 nghin loai hién hiru, trong dé co6 céc loai nhu trai, so, dc, hén, ngao, muc, bach
tudc... Cung véi gia tri kinh té, su da dang phong phu da cho thiy tiém ning khai
thac rat 16n cta cac loai dong vat Than mém, dic biét 1a nhimg loai sén bién (tho
bién). Ttr mot sb loai sén bién dugc nghién ctru da tim thdy nhiéu hoat chat dang quy,
trong d6 c6 mot sd hoat chat da dugc Gng dung trong thir nghiém 1am sang va lam
thudc diéu tri bénh. Nhu hop chét dolastatin dé san xuat thudc Brentuximab vedotin
(Adcetris®) diéu tri ung thu gan, hop chat Jorumycin tong hop thanh thudc
(Zalypsis®) thir nghiém 1am sang pha II diéu trj ung thu biéu mo, da u tay, tir cung,
hop chét kahalalide F dugc tong hop thanh elisidepsin (PM02734), hop chat nay duoc

thir nghiém 1am sang pha II diéu tri ung thu v va ung thu mau.

Dat nuée Viét Nam c6 duong bd bién dai trén 3000 km, hon 3.000 ddo 16n
nho, trong d6 c6 hai quan dao Hoang Sa, Truong Sa, v6i ving dic quyén kinh té rong
khoang 1 triéu km?, gip 3 1an dién tich dat lién theo Cong udc ciia Lién hop qudc vé
Luat Bién ndm 1982 (UNCLOS). Pay 1 tién dé quan trong dé Viét Nam phat trién
kinh té da nganh, da myc tiéu, day manh giao thuong hang hai trong nudc va quéc té.
Trong qué trinh nghién ctru, nghién ciru sinh da khao sat vé dong vat than mém, cu
thé 14 loai sén bién Aplysia dactylomela va cho thiy mot sb chat co hoat tinh manh
gy doc 1én té bao ung thu. Tuy nhién, & nudc ta chua c6 nhiéu nghién ctru vé thanh
phﬁn hoa hoc cling nhu hoat tinh sinh hoc, méi chi c6 mot ) nghién ctru trong vai
niam gan day. Vi vay dé tiép tuc nghién ciru vé dong vat than mém, cy thé 13 loai sén
bién nhdm phat hién ra nhitng hop cht c6 hoat tinh sinh hoc ciing nhu c6 thé tng
dung trong diéu tri bénh ung thu thi t6i di lwa chon dé tai “Nghién ctru thanh phan
héa hoc va danh gia hoat tinh gy ddc té bao ung thw ciia hai loai sén bién Aplysia
dactylomela va Aplysia oculifera & ving bién Viét Nam”. Luan an gdm cac muc

ti€u cling nhu cac ndi dung nhu sau:
e Muc tiéu cua luan an:

1. Phan 13p va xac dinh dugc cAu triic hoa hoc cac hop chat tir hai loai sén

bién Aplysia dactylomela va Aplysia oculifera.



2. Panh gia duoc tac dung gy doc té bao trén mot sé dong té bao ung thu
& ngudi cua cac hop chat phan 1ap duoc nham tim kiém cac chat c6 hoat tinh sinh
hoc, 1am co s& khoa hoc cho nhitng nghién ctru y - sinh - dugc hoc tiép theo.

e Noi dung cua luan an:

1. Phan lap va xéac dinh cdu tric cac hop chat phan lap duoc tir loai sén
bién Aplysia dactylomela thu & dao Phii Quy, Lam Pong.

2. Phén 1ap va xac dinh cdu triic cac hop chat phan lap duoc tir loai sén
bién Aplysia dactylomela thu & dao Ly Son, Quang Ngii.

3. Phan 1ap va xac dinh ciu tric cac hop chat phan 1ap duogc tir loai sén
bién Aplysia oculifera thu & Lang Co, Hué.

4. Panh gia tac dung gay doc té bao ung thu ngudi tir [Ba dong té bao ung
thu 1a: ung thu gan (Hep-G2), ung thu phd (A549) va ung thu vii (MCF-7)] véi cac
hop chét da phan 1ap dugc tir hai miu sén bién Aplysia dactylomela.

5. Pénh gia tic dung gy doc té bao ung thu nguoi tir [Ba dong té bao ung
thu 1a: ung thu gan (Hep-G2), ung thu ¢6 tir cung (Hela) va ung thu va (MCF-7) véi
cac hop chét da phan 1ap duogc tir loai Aplysia oculifera.



Chuong 1. TONG QUAN

1.1. Giéi thi¢u vé gidng sén bién Aplysia

Sén bién thudc gidng Aplysia trén thé gidi co khoang 40 loai, thude ho
Aplysiidae, bd Anaspidea, 16p chan bung Gastropoda, nganh dong vat thin mém
Molluses. Sén bién thudc gidng Aplysia (Gastropoda: Opisthobranchia) c6 tudi tho
ngan, toc do ting trudng nhanh va san lugng trang cao [5]. Nhitng con non sinh
truéng nhanh trong khoang thoi gian hai tuan dau va ting con sén bién c6 thé dé
nhiéu hon 108 trimg trong sudt vong doi cta ching [5]. Sén bién ciing cho thiy sy
bién d6i 16n vé téc do ting truong va kich thudce co thé toi da & cac quan thé cing
loai khac nhau séng ¢ cac dja diém hoic thoi gian khac nhau hodc trong cac diéu kién
moi truong khac nhau [6, 7]. Nhimg dit liéu nay cho thiy Aplysia sp. co ning suat

tiém nang cao va song trong cac diéu ki€n moi truong khéac nhau.

Sén bién phan bd rong khép cac chau luc, & vung nhiét do1 va can nhiét doi
[8]. O Viét Nam, sén bién phan bd ¢ cac ving bién Thanh Hoa, Quang Binh, Quang
Ngidi, Nha Trang. .. Trén thé gi6i d c6 nhiéu nghién ctru vé sinh thai ciing nhu thanh
phﬁn héa hoc va hoat tinh sinh hoc. Mot sb hop chét tr sén bién d3 co nhiing hoat
tinh t6t va duoc lam thudc chéng ung thu. Lop chit chinh cua ching 14 terpenoid,

ngoai ra con mot sb 16p chat nhu alkaloid, sterol, macrolid. ..

Bang 1.1. Danh sach céc loai sén bién thudc giéng Aplysia

STT Loai STT Loai STT Loai

1 A. angasi 15 A gigantea 28 A perfata

2 A. brasiliana 16  A. gracilis 29  A. rehderi

3 A. californica 17 A inca 30 A reticulata

4 A. cedrosensis 18  A. juliana 31 A reticulopoda
5 A. cervina 19 A keraudreni 32 A robertsi

6 A. corrigera 20  A. kurodai 33  A. rudmani

7 A. cronullae 21  A. maculata 34 A. sagamiana
8 A. dactylomela 22 A. morio 35  A. sowerbyi

9 A. denisoni 23 A. nigra 36  A. sydneyensis
10  A. depilans 24 A. oculifera 37  A. tanzannensis
11 A dura 25  A. parvula 38  A.vaccaria

12 A. euchlora 26  A. pulmonica 39  A. willcoxi

13 A. extraordinaria 27  A. punctata 40  A. winneba

14 A. fasciata




1.2. Nhirng I}ghién ciru vé thanh phan héa hoc va hoat tinh sinh hoc ciia cac loai
sén thudc giong Aplysia

Nhiing két qua nghién ctru vé thanh phan héa hoc va hoat tinh sinh hoc tir loai
sén bién Aplysia cho thiy chung rat da dang va phong phu. Sén bién Aplysia 12 dong
vat thAn mém 4n rong, tdo...da duoc chimg minh 13 ngudn cung cap chit chuyén hoa
thir cap phong phu, c6 ngudn gdc chi yéu tir ché do an udng. Phan 16n cac chét chuyén
hoa thtr cdp duoc phan 1ap tir loai sén Aplysia 1 cac terpene duoc halogen hoa, bén
canh d6 nhitng dong vat nay con chira cac 16p chat khac nhu macrolide, sterol,
alkaloid... Gin lién véi nhirg hop chit trén thudng thé hién cac hoat tinh gay doc té
bao, khang khuan, khang ndm, khang vi sinh vat va khang vi rat... Mot s6 hop chét

tiéu biéu cho céc 16p chat duoc phan 1ap tir sén Aplysia duoc thong ké sau day.
1.2.1. Thanh phin héa hoc
1.2.1.1. Terpenoid

Nhitng halogen monoterpene co6 thé 1a mach thang hoac mach vong. Céc loai
Aplysia dugc biét dén co rat nhi€u monoterpene dugc thé nhiéu halogen, nguén goc
cua chung co ban 1a & tdo do thudc céc chi Laurencia va Plocamium ma sén bién an

[9].
Bang 1.2. M6t s6 hop chit monoterpene phan 1ap tir giéng Aplysia

STT Hop chit Loai Tacgid | \im | TLTK
chinh
1 | aplysiapyranoid A A. kurodai | Kusumi T. | 1987 | [10]
2 | aplysiapyranoid B
3 | aplysiapyranoid C
4 | aplysiapyranoid D
5 | costatone A. parvula | Grkovic T. | 2005 | [11]
Plocamium | Kazlauskas | 1976 | [12]
costatum R.
6 | 2,4-dibromo-5-chloro-1- A. punctata | Quinoa E. | 1989 | [13]
[(1E)-2-chloroethyl]-1,5-
dimethylcyclohexane
7 2-bromo-4,5-dichloro-1-
[(1E)-2-chloroethyl]-1,5-
dimethylcyclohexane
8 | aplysiaterpenoid A A. kurodai | Miyamoto | 1988 | [14]
T.




2-bromo-4,5-dichloro-1-
[(1E)-2-bromoethyl]-1,5-

dimethylcyclohexane

10

4-bromo-5-chloro-2-[(1E)-2-
chloroethyl]-1,5-
dimethylcyclohex-1-en

A. punctata

Quifioa E.

1989

[13]

11

(1R,25,4S,5R)-1,4-dibromo-5-
chloro-2-[(1E)-2-
chloroethyl]-1,5-

dimethylcyclohexane

12

4-bromo-5-bromomethyl-2,5-
dichloro-1-(E)chloroethyl-1-

methylcyclohexane

13

aplysiaterpenoid B

A. kurodai

Miyamoto
T.

1988

[14]

14

7-chloro-3,7-dimethyl-1,4,6-

tribromo-1-octen-3-ol

A.

californica

Faulkner
D.J.

1973

[15]

15

3,7-dimethyl-1,8,8-tribromo-

3,4,7-trichloro-1,5-octadiene

A.

californica

Faulkner
D.J.

1974

[16,
17]

16

kurodainol

A. kurodai

Katayama
A.

1982

[18]

17

(3Z,5E)-1-acetoxy-4-chloro-
3,7-dimethylocta-3,5,7-trien

18

(7E)-1-acetoxy-8-chloro-7-
(dichloromethyl)-3-

methyloct-7-en-4-one

19

(7Z2)-1-acetoxy-8-chloro-7-
(dichloromethyl)-3-

methyloct-7-en-4-one

20

(3Z,5E)-1-acetoxy-8-bromo-
4,7-dichloro-3,7-
dimethylocta-3,5-dien

A. punctata

Ortega
M.J.

1997

[19]

21

(1E,5E,7E)-1-bromo-7-
dichloromethyl-3,4,8-

trichloro-octa-1,5,7-trien

A.
dactylomela

Wessels
M.

200

[9]




a W=

R,
CI
a-Cl
a-Cl

ACl

=TT TN

X =DBr. Y =H. a-chlorovinyl
X =DBr. Y =H. B-chlorovinyl
X=H. Y =CL a-chlorovinyl
X =H.Y =CL B-~chlorovinyl

Cl
Cl
Cl

Br.

R R,
a-Br Cl
/*Br Cl
/+Cl Cl
/FBr Br

Cl

16

Cl

I~

¢}
19

OH

Cl

Br

OAc

Cl
20

OAc

Hinh 1.1. Cau trac mot sd hop chit monoterpene phan 1ap tir giébng Aplysia

Céc chét co khung sesquiterpene thong thuong c¢é 15 carbon. Trong khi d6

khung nay lai chia thianh nhiéu loai khung nhu: chamigrane sesquiterpene, bisabolane

sesquiterpene, laurane sesquiterpene, brasilane va omphalane sesquiterpene,

eudesmane va snyderane sesquiterpene. Cac khung chat lién quan dén moi truong

bién, cac chat chuyén hoa thir cap sé hiru dang khung nay l1a dac diém cua tdo do

thudc chi Laurencia ma sén bién an [20].

Bang 1.3. Mot sd hop chat sesquiterpene phan lap tir gibng Aplysia

] N Ticgid | _
STT Hop chat Loai ) Nam | TLTK
chinh
Chamigrane sesquiterpene
22 | elatol (22) Dias T. 2005 | [21]




23 | acetylelatol A.
24 | deschlorelatol dactylomela
25 | acetyldeschlorelatol
26 | (4R,65,8S,95)-4,9-dibromo-8-
chloro-1,5,5,9-
tetramethylspiro[5.5]undec-1-
ene
27 | iso-obtusol A. Diaz- 2012 | [22]
dactylomela | Marrero
A.-R.
28 | johnstonol A. Pitombo 1996 | [23]
dactylomela | L.F.
29 | obtusol A. Diaz- 2012 | [22]
dactylomela | Marrero
A.-R.
30 | epi-obtusane A. oculifera | Hegazy 2014 | [24]
M.-E.F.
31 | prepaciferol epoxide A. Kaiser C.R. | 1997 | [25]
32 | dehydroxyprepaciferol dactylomela
epoxide
33 paciferol A. Kaiser C.R. | 2001 | [26]
34 | pacifenediol dactylomela
35 | pacifidiene
36 | rogiolo A. Palaniveloo | 2014 | [20]
dactylomela | K.
Laurencia | Pietra F. 2002 | [27]
37 | nidificene A. McPhail 1999 | [28]
dactylomela | K.L.
38 | cartilagineol A. Wessels M. | 2000 [9]
39 | 9-acetylisoobtusol dactylomela
40 | 9,15-dibromo-1,3(15)-
chamigra-diene-11-ol
41 | (E)-dibromotrienol A. Schmitz 1981 | [29]
42 | (£)-dibromotrienol dactylomela | F.J.




43 | (65,105)-10-bromo-3,11,11- | 4. Shubina 2007 | [30]
trimethyl-7-methylidenespiro | dactylomela | L.K.
[5.5] undec-2-ene-4-one
44 | (45,6S,105)-10-bromo-
3,11,11-trimethyl-7-
methylidenespiro [5.5] undec-
2-ene-4-ol (44)
45 | (3R,4S,6S,10R)-10-bromo-
3,11,11-trimethyl-7-
methylidenespiro [5.5]
undecane-3,4-diol (45)
46 | (6S,7S,115)-2-chloro-3,7,11-
trimethyl-10-
methylidenespiro [5.5] undec-
2-ene-7-ol
47 | dactylone A. Fedorov 2000 | [31]
dactylomela | S.N.
48 | aplydactone A. Matsuura 2017 | [32]
dactylomela | B.S.
49 | 10-epi-datylone A. Fedorov 2000 | [31]
dactylomela | S.N.
50 | 8-epi-isoapydactone A. Matsuura 2017 | [32]
51 | 8-epi-apydactone dactylomela | B.S.
52 | 10-bromo-f-chamingren-2-ol
53 | 10-bromo-f-chamingren-2,3-
diol
Bisabolane sesquiterpene
54 | isodeodactol A. Gopichand | 1981 | [33]
55 | 8-deoxyisocaespitol dactylomela | Y.
56 | caespitane A. Wessels M. | 2000 [9]
57 | caespitol dactylomela
58 | 8-acetylcaespitol
59 | laucapyranoid A
60 | furocaespitane
61 | furocaespitanelactol
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62 | caespitenone A. Wessels M. | 2000 [9]
dactylomela
63 | caespitenone A. Brito L. 2006 | [34]
64 | deschlorobromo caespitol dactylomela
65 | deodactol A. Hollenbeak | 1979 | [35]
dactylomela | K.H.
66 | aplysiadactydiol A. Brito L. 2006 | [34]
dactylomela
67 | puertitol-f-aceate A. Wessels M. | 2000 [9]
dactylomela
68 | algoane A. McPhail 1999 | [28]
69 | 1-deacetoxyalgoane dactylomela | K.L.
70 | 1-deacetoxy-8-algoane
71 | cupalaurenol Laurencia | Vairappan | 2010 | [36]
C.S.
A. Ichiba T. 2010 | [37]
72 | cupalaurenol acetate dactylomela
73 | oculiferane A. oculifera | Hegazy 2014 | [24]
M.-E.F.
Laurane sesquiterpene
74 | cyclolaurane A. Ichiba T. 2010 | [37]
75 | cyclolaurenol dactylomela
76 | cyclolaurenol acetate
77 | laurinterol A. kurodai | Tsukamoto | 2005 | [38]
78 | laurinterol acetate S.
79 | debromolaurinterol
80 | Debromolaurinterol acetate
81 | aplysin A. kurodai | Yamamura | 1963 | [39]
82 | debromoaplysin S.
83 | aplysinol
84 | ibhayinol A. McPhail 1999 | [28]
dactylomela | K.L.
85 | allolaurinterol A. Appleton 2001 | [40]
86 | allolaurinterol acetate dactylomela | D.R.

87

isolaurenisol
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88 | isolaurenisol acetate
Brasilane va omphalane sesquiterpene
89 | brasilenol A. Stallard 1978 | [41]
90 | brasilenol acetate brasiliana | M.O.
91 | epi-brasilenol
92 | epi-brasilenol acetate A. fasciata | loannou E. | 2009 | [42]
93 | 6-hydroxy-1-brasilene
94 | dactylomelatriol A. Diaz- 2012 | [22]
dactylomela | Marrero
A.-R.
Eudesmane va Snyderane sesquiterpene
95 | brasudol A. Dieter RK. | 1979 | [43]
96 | isobrasudo brassiliana
97 | lankalapoul A A. Baker B. 1988 | [44]
98 | lankalapoul B dactylomela
99 | aplysistatin A. Vairappan | 2007 | [45]
100 | palisadin A dactylomela | C.S.
101 | palisadin B
102 | 5-acetoxypalisadin
103 | 12-hydroxypalisadin

(O

[ IS S
N de fe B9

R,=0ll R.=Cl
R, =0Ac R-=Cl
R;=Oll R-=H
Rj=0A¢ R:=H ¢

Britme:

Br
41-(E) 42-(Z)

Hinh 1.2. Cau trac mot sd hop chit chamigrane sesquiterpene phan lap tir gidng

Aplysia
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OH

Br Br

43

5! H OH

48

Br’

Br
19 50 Br 51 Br 52

Br

Hinh 1.3. C4u trac mét sd hop chit chamigrane sesquiterpene (¢iép)

oy o
Br "Br Cl "Br

"t "y,

=: Ry
|
73

68 R,=0Ac R-=OIl
69 R,=H R-.=0Il
70 R,=H R:.=H

Hinh 1.4. Céu trac mét sd hop chit bisabolane sesquiterpene

81 R, =Br R,=H
8 R,=H R,=H 85 R=0H
74 Ry-H R;-H 83 R;=Br R,=OH 86 R=0Ac
75  R,=OH R,=Br
76 R;=0Ac R,=DBr
7 R, =DBr R, =0H
78 R;=Br R.=0Ac
79 R=H R,=OH
80 R;=H R,=0OAc

Sy

Br

87 R =0H
88 R =0Ac

Hinh 1.5. Cau trac mot sé hop chat laurencia sesquiterpene



H////:,.
on  OH
E : no -k
PN /\ /\ Br
brasilane 89 R=0H 91 R=0H 93 04
90 R=0Ac 92 R=0Ac

Hinh 1.6. Cau trac mot sd hop chit brasilane va omphalane sesquiterpene

99 100 101 R,=H R.=H
102 R,=H R.=OAc
103 R,=0OH R,=H

Hinh 1.7. Cau tric mot s6 hop chit eudesmane va snyderane sesquiterpene

Diterpene c6 trong ca dong vat va thuc vat dudi bién. Mac du tdo dé thudc chi
Laurencia chu yéu la cac chat chuyén hoa c6 chira brom véi khung sesquiterpene,

nhung cling c6 mdt s6 cong bo vé diterpene c6 chira brom.

Bang 1.4. Mot s6 hop chat diterpene phan 1ap tir giéng Aplysia

STT Hop chit Loai Tac gia chinh | Nam | TLTK
104 | aplysin-20 A. kurodai Matsuda H. 1967 | [46]
105 | aplysiadiol A. kurodai Ojika M. 1990 | [47]
106 | aplysiadiol methyl ether

107 | epi-aplysin-20 A. kurodai Ojika M. 1992 | [48]
108 | acetoxycrenulide A. vaccaria Midland S.L. | 1983 | [49]

109 | 1,9-dihydroxycrenulide
110 | I-hydroxy-9-

acetoxycrenulide

111 | 9-hydroxycrenulide
112 | dactylomelol A. dactylomela | Estrada D.M. | 1989 | [50]
113 | punctatene acetate A. perfata Findlay J.A. 2002 | [51]
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114 | isoconcinndiol

115 | neopargueroldione

116 | parguerol

117 | deacetylparguerol

118 | deoxyparguerol A. dactylomela | Schmitz F.J. 1982 | [52]

119 | deoxyparguerol acetate | A. kurodai Tsukamoto S. | 2004 | [53]

120 | punctatol A. perfata Findlay J.A. 2002 | [51]

121 | isoparguerol A. dactylomela | Schmitz F.J. 1982 | [52]

122 | dactyloditerpenol A. dactylomela | Jiménez- 2014 | [54]
acetate Romero C.

123 | angasiol A. angasi Pettit G.R. 1978 | [55]

124 | Angasiol acetate A. juliana Atta ur R. 1991 | [56]

Br\\\\\\“

108 R =H R:
109 R =011 R:
19 R =01 R:
111 R =H R:

122

123 rR=0I
124 R=0Ac

Hinh 1.8. C4u trac mot sé hop chét diterpene
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Bang 1.5. Mot s6 hop chit triterpene phan 1ap tir giébng Aplysia

Mot sb hop chét triterpene di dugc phan lap tir loai 4. dactylomela.

STT Hop chit Loai Tacgid | \am | TLTK
chinh

125 | aplysiol A A. dactylomela | Manzo E. | 2007 | [57]

126 | aplysiol B

127 | thyrsiferol

128 | venustatriol

129 | aplysqualenol A A. dactylomela Vera B. 2009 | [58]

130 | aplysqualenol B

127

OH

Hinh 1.9. Cau trac mot sd hop chit triterpene

1.2.1.2. C-15 Acetogenin

C6 rét nhiéu acetogenin, cu thé 1a mach vong halogen hoa C-15 dd duoc tim

thdy trong cac loai Aplysia khac nhau. Hau hét cac hop chit nay déu c6 ngudn gdc tir

tao, dac biét 1a nhitng loai thudc chi Laurencia va Polocamium ma nhirng loai sén da
an [16, 20].




Bang 1.6. Cac hop chat C-15 Acetogenin phan 1ap tir giéng Aplysia

16

STT Hop chit Loai Tacgid | \am | TLTK
chinh
131 | dactylyne A. McDonald | 1975 | [59]
dactylomela F.J.
132 | (32,9Z2)-7-chloro-6-hydroxy- | A. fasciata Gao L.-x. | 1992 | [60]
12-oxo-pentadeca-3,9-dien-1-
yne
133 | (32,9Z2,127)-6-acetoxy-7-
chloro-pentadeca-3,9,12-trien-
I-yne
134 | dactylallene A. Letizia 1997 | [61]
dactylomela | Ciavatta M.
135 | laurencenune A. punctata Findlay 2002 | [51]
JA.
136 | apysiallene A. kurodai Okamoto | 2001 | [62]
Y.
137 | aplyparvunin A. parvula Miyamoto | 1995 | [63]
T.
138 | (+)-laurenyne A. Manzo E. | 2005 | [64]
139 | (+)-3E-pinnatifidenyne dactylomela
140 | (32)-13-epi-pinnatifidenyne A. fasciata | loannou E. | 2009 | [42]
141 | (-)-3E,6R,7R-pinnnatifidenyne | 4. Manzo E. | 2005 | [64]
dactylomela
142 | cis-dihydrorhodophytin A. Kinnel 1979 | [65]
143 | cis-isohydrorhodophytin brasiliana R.B.
144 | 3Z-venustinene A. fasciata | loannou E. | 2009 | [42]
145 | (3Z)-bromofucin A. parvula McPhail | 2005 | [66]
K.L.
146 | (+)-E-pinnatifidenyne A. Manzo E. | 2005 | [64]
147 | (+)-3E,6R,7R-obtusenyne dactylomela
148 | (+)-3Z,6R,7R-obtusenyne
149 | dactylyne A. Vanderah | 1976 | [67]
150 | isodactylyne dactylomela D.J.
151 | (2)-dactomelyne A. Gopichand | 1981 | [33]
152 | (E)-dactomelyne dactylomela Y.
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153 | dactylallene A. Manzo E. | 2005 | [64]
dactylomela

OH 0OAc

131 132

H
Brlinme: 135 136
ll(% SBr
- . \\Cl ____ WCl
>>>: ----- ml.—C=< /\/
W bl
139 140
/ C I // / ,,\\\\\C I O_,“\\\C l / .‘.\\\\C |
~ iy o N
—0 . /\) - ,/\) \ g /\)
Br\ Br | | Br/s\_ | | | |
141 142 143 144
O /\/ o “
0]
\
B \\
146 147(32) 148 (3E)

Cl

/ /”n,“_ O .\\“\\Cl
Br o By
Cr® Br
14937 150-3E 151 (32) 152 3E)

Hinh 1.10. C4u trac mot sé hop chit C-15 acetogenin
1.2.1.3. Sterol

Trong nhitng thap ky gan déy, nhiing sterol duoc cong bd tir cac sinh vat bién

nhu nam, tdo 16n, bot bién, san hd va cac dong vat than mém da cho thay céc chat co
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nhiéu hoat tinh sinh hoc. Sau day 1a mot s6 sterol duoc phan 1ap tir cac loai sén bién

thudc gidng Aplysia.
Bang 1.7. Mot s6 hop chit steroid phén lap tir gidng Aplysia
STT Hop chat Loai Tacgia | Nim | TLTK
chinh
154 | (3p,5a,80)-5,8- A. depilans | Jiménez C. | 1986 | [68]

epidioxycholesta-6,24-dien-3- | A. punctata
ol

155 | (38,5a,8a)-5,8-
epidioxycholest-6-en-3-ol
156 | (38,5a,8a)-5,8-
epidioxycholesta-6,9(11)-

dien-3-ol
157 | aplykurodin A A. kurodai | Miyamoto | 1986 | [69]
158 | aplykurodin B T.
159 | 4-acetylaplykurodin B A. fasciata | Spinella A. | 1992 | [70]
160 | aplykurodinone B
161 | 3-epi-aplykurodinone B A. fasciata Ortega 1997 | [71]

M.J.

158 R=011

I 159 R=0ac |
(8] (0]

Hinh 1.11. Cau trac mot sd hop chat sterol
1.2.1.4. Alkaloid
Sy da dang va phong phu vé thanh phan hoa hoc cua gidng sén Aplysia cling
duoc 1am ndi bat nhd sy hién dién cua céac alkaloid. Sau day la mot s6 alkaloid da

dugc cong bo.
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Bang 1.8. Mot s6 hop chit alkaloid phan 1ap tir gibng Aplysia
STT Hop chat Loai Tac gia chinh | Nam | TLTK
162 | aplaminone A. kurodai Kigoshi H. 1990 | [72]

163 | neoaplaminone

164 | neoaplaminone sulfate

165 | aplysepine A. kurodai Ojika M. 1993 | [73]

166 | dactylamides A A. Appleton D.R. | 2001 | [40]
dactylomela

167 | aplaminal A. kurodai Kuroda T. 2008 | [74]

168 | dactylamides B A. Appleton D.R. | 2001 | [40]
dactylomela

162 0 163 R = OH 0
OH 164 R =0S0:H
H
H 0 H N N'(CHa)z
| \ HO, ]I{
AN N N
N O COy \ N
\
165 \ 166 H
HO
O
O/

0O 167 168 H
Hinh 1.12. Cau trac mot sd hop chét alkaloid
1.2.1.5. Macrolide

Hau hét macrolide biét dén nhu 1 nhém khang sinh duoc str dung trong diéu
trji cac bénh nhiém trung do vi khuan va ndm thong thudng gy ra. Mot sé ching, dic

biét 1a c6 ngudn gdc tir bién co hop chit chdng ung thu tt [75].



Bang 1.9. Mot s6 hop chat macrolide phéan 1ap tir gidng Aplysia
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STT Hop chat Loai Tac gia chinh | Nam TLTK
169 aplyolide A A. depilans 1997 | [76]
170 aplyolide B

171 aplyolide C

172 aplyolide D

173 aplyolide E

174 aplyronine A A. kurodai Yamada K. | 1993 [77]
175 aplyronine B

176 aplyronine C

177 aplyronine D A. kurodai Ojika M. 2012 [78]
178 aplyronine E

179 aplyronine F

180 aplyronine G

181 aplyronine H

174
175
176
177

A U CHs
H A CHs
H  H  CHs
A U CHs

H
H

178
179

180
181

A H CH,
A H H

A H CH;
H A CH;

Hinh 1.13. Cau trac mot sd hop chat macrolide

1.2.2. Nghién citu vé hoat tinh sinh hoc

1.2.2.1. Hoat tinh gdy doc té bao ung thu

Phén 16n cac hop chit dugc phén lap tir gidng sén bién Aplysia, (hop chat don

gian - monoterpene dén nhitng hop chat phirc tap - aplyronine) cé hoat tinh gay doc
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té bao ung thu véi nhidu dong té bao ung thu khac nhau. Dic biét 16p cht aplyronine

c6 hoat tinh gdy doc té bao ung thu rat manh.

Niam 1987, bén hop chat aplysiapyranoid A — D (1-4) duoc phan lap tir loai A.
parvula thé hién doc tinh t& bao vira phai ddi véi cac dong té bao biéu moé than khi
Vero va cac dong té bao than ché Madin-Darby (MDCK) va ung thu té bao hic t6
chudt (B16) véi gia tri ICso trong khoang 19-96 pg/mL. Bén canh d6 hop chit 4 cho
thiy hoat dong thu vi gay doc dong té bao ung thu biéu mé dai truc trang & ngudi
(Moser) (ICso = 14 pg/mL) [10]. T loai A. parvula (1997) bdn hop chat monoterpene
méi ciing dugce biét dén, bao gdm: (3Z,5E)-1-acetoxy-4-chloro-3,7-dimethylocta-
3,5,7-trien (17), (7E)-1-acetoxy-8-chloro-7-(dichloromethyl)-3-methyloct-7-en-4-
one (18), (7Z2)-1-acetoxy-8-chloro-7-(dichloromethyl)-3-methyloct-7-en-4-one (19),
(3Z,5E)-1-acetoxy-8-bromo-4,7-dichloro-3,7-dimethylocta-3,5-dien (20). Bén hop
chat (18-20) thé hién dic tinh gy doc té bao twong duong nhau trén cic dong ung
thu hach & chudt (P-388) (EDso = 2,5 pg/mL), ung thu biéu mé phoi & ngudi (A549)
(EDso = 1,5 pg/mL), ung thu biéu mo rudt két & ngudi (HT-29) (EDso = 2,5 pg/mL)
khéi u 4c tinh & nguoi (MEL-28) (EDso = 1,5 pg/mL) [19]. Mot monoterpene mach
h¢ khac (1E,5E,7E)-1-bromo-7-dichloromethyl-3,4,8-trichloro-octa-1,5,7-trien (21)
duoc phan 1ap tir loai A. dactylomela. Hop chét ndy gay doc tinh té bao manh 1én ca
ba dong té bao (HMO2, Hep G2, MCF7) voi céac gia tri ICso tuong g 1,1, 1,0 va 1,5
ng/mL [9].

Hop chat aplysiaterpenoid A (8) tir lodi A. kurodai c6 hoat tinh gay doc té bao
nhe d6i véi cac dong té bao khdi u khac nhau, thé hién gia tri ICso 1a 10,0 pg/mL dbi
v6iung thu hach ¢ chudt (L1210), 15,3 pg/mL ddi voi ung thu biéu mo phéi O nguoi
(QD-90), va 30,2 pg/mL véi ung thu va & ngudi (MCE-7) [14]. Hop chét 4-bromo-
5-bromomethyl-2,5-dichloro-1-(E)-chloroethyl-1-methylcyclohexane (12) tir loai A.
dactylomela (ndm 2000) gay doc té bao dbi voi ung thu phdi & ngudi (Lul), ung thu
biéu md biéu bi & miéng ngudi (KB), va té bao ung thu v & ngudi (ZR-75-1) véi cac
gia tri ICso trong tng 1a 12,9, 13,3 va 7,8 pg/mL.

Céc hop chét sesquiterpene dugce phan l4p tir cac loai sén bién thudc giéng
Aplysia. Bbn hop chat elatol (22), acetylelatol (23), deschlorelatol (24),
acetyldeschlorelatol (25) phan 1ap tir loai sén A. dactylomela. Tac dung gy doc té
bao cua elatol 1a do né c6 kha ning bat giit t& bao ¢ pha Gi va pha sau Gi, dan dén té
bao tu chét theo chwong trinh (apoptosis) [79]. Ca hai hop chat 22 va 23 déu thé hién
hoat tinh gdy ddc té bao trén dong Vero, v6i gid tri ICso twong Gng 1a 25,0 va 44,6
ng/mL, trong khi hop chat 24 va dan xuét acetyl ctia nd 25 khong gy doc tinh [21].

Két qua nay cho thdy muc do lién quan ciia nguyén tir clo va nhom hydroxyl ty do tai
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vi trf C-3 ctia vong A véi doc tinh té bao d6i véi té bao Vero. Nam 2012, hop chat
iso-obtusol (27) duoc cong b tir loai sén A. dactylomela [22] thé hién hoat tinh gay
doc té bao manh ddi véi ba dong té bao ung thu [ung thu biéu mé da day (HMO02),
ung thu gan (Hep G2) va ung thu va (MCF7)] véi gia tri ICso twong tng 1a 7,0, 1,0
va 1,5 pg/mL [9]. Hop chit epi-obtusane (30) duoc phan lap tir loai 4. oculifera cd
hoat tinh gy doc t& dang ké trén nhiéu dong té bao ung thu nguoi [ung thu tién liét
tuyén (PC-3), ung thu phd (A549), MCE-7 va ung thu dai truc trang (HCT 116)] voi
cac gia tri ICso twong tng 1a 3,1, 0,96, 5,9, 2,4, va 4,1 ug/mL [24]. Hai hop chat
cartilagineol (38) va 9,15-dibromo-1,3(15)-chamigra-diene-11-0l (40) tr loai A.
dactylomela [9]. Hop chat 38 c6 hoat tinh gdy doc té bao & ngudi voi cac dong A-
549, HT-29, MEL-28 va dong P-388 (chudt) vdi céac gia tri ICso twong tng 1,0, 0,25,
1,0 va 5,0 pg/mL. Hop chit 40 thé hién doc tinh té bao manh véi cac dong HEP-G2,
MCF-7 véi gia tri ICso twong tng 1,0 va 1,0 pg/mL [9]. Hai hop chit (4S,6S,10S)-10-
bromo-3,11,11-trimethyl-7-methylidenespiro [5.5] undec-2-ene-4-ol (44), dactylone
(47) ciing duoc tim thay tir loai A. dactylomela [30, 31]. Cac hop chat 44 va 47 da
dugc thir nghiém doc tinh té bao d6i véi té bao bach cau LH-60 va THP-1. Hop chat
47 khong thé hién doc tinh, con hop chat 44 c6 hoat tinh voi gia tri ICso lan luot 1a
102,0 va 152,0 uM. Tuy nhién hop chit 47 giy ra apoptosis ¢ ca hai dong té bao &
ndéng do ICso 1a 80,0 va 40,0 uM [30]. Nghién ciru khac cho thay hop chat 47 gay e
ché 50% db6i vai hai dong té bao biéu bi H460+Cl141 va té bao ung thu phoi H460 &
nguoi ¢ nong d6 45,4 pM va 92,4 uM [80]. Hop chat deodactol (65) duoc phan lap
tir loai sén thudc giéng Aplysia, hop chét sesquiterpen ndy cé hoat tinh giy doc d6i
v6i dong té bao ung thu bach cau lymphocytic ¢ chudt (L-1210) véi gia tri EDsp 1a
12,0 pg/mL [35]. Nhitng thay d6i nho trong cau trac héa hoc ¢6 thé anh hudng ro rét
dén hoat tinh sinh hoc, vi du nhu nghién ctru ciia Wessels va cac cong su [9], ho théy
rang 8-acetylcaespitol (58) chi khac caespitol (57) trong nhom acetyl, hoan toan mat
hoat tinh. Hop chét caespitenone (62) 1 san phadm oxy hoa chuyén hoa tir caespitol
(57). Hop chét 62 c6 tac dung chdng lai cac dong té bao HT-29, MCF-7 va ung thu
biéu bi & ngudi (A-431), voi gia tri ICso 1an luot 12 18,9, 19,7 va 21,6 pg/mL [81].

Niam 2010, mot hop chit oculiferane (73) dugc phan lap tir loai sén 4. oculifera
[24], hop chat nay cho thdy doc tinh té bao in vitro tuong tu so voi hop chit epi-
obtusane (30), hoat tinh manh hon dang ké dbi voi dong té bao A549 (ICso 1a 3,1
ng/mL) [24]. Hop chat (80) di duoc x4c dinh trude day boi Stallard va Faulkner (ndm
1974) tir loai sén A. californica [16, 17] va Findlay va Li (ndm 2002) tir sén A.
punctata [51] va né dugce coi 1a chit c6 trién vong dé ngin ngira va tc ché cac khoi

u 4c tinh bang cach gy ra té bao tu chét theo chwong trinh (apoptosis) véi gia tri ICso
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13 10,0 pg/mL [82]. Cac hop chit 77 va 79 va acetate ciia n6 (78) cho thay doc tinh
té bao vira phai ddi véi dong té bao Hela véi cac gia tri ICso tuong Gng 1a 18,0, 32,0
va 20,0 ug/mL [83]. Hop chit aplysin (81) phan 1ap tir loai 4. kurodai [39]. Nghién
ctru ctia Gong va cac cong su cong bd nim 2014 cho thiy hop chit 81 c6 thé ting
cudng tic dung cta temozolomide (mdt loai thude hoa tri) trén té bao ung thu than
kinh dém bang cach ting mirc d6 biéu hién budc diau miR-181 (tién than cia
microRNA) [84]. Nghién ctru gan day ciing da chi ra rang aplysin thuc su c6 thé gay
ra qua trinh apoptosis trong té bao u than kinh dém bang cach can thiép vao con duong
HSP90/AKT [85]. Nam 2001, Applenton va cac cong su dd phan lap duoc bon
sesquiterpene allolaurinterol (85), allolaurinterol acetate (86), isolaurenisol (87),
isolaurenisol acetate (88) tir lodi A. dactylomela [40]. Cac nghién ctru vé hoat tinh
sinh hoc ctia cac hop chit nay cho thay sesquiterpene 85 va 87 chira cic nhom phenol
tu do, thé hién doc tinh gay doc té bao bach cau & chudt (P388) vira phai véi gia tri
ICso twong Gng 23,4 va 17,3 uM. Mit khéc, cic din xuét acetate twong tng (86 va
88) cho thiy doc tinh trén té bao P388 thap hon véi cing gia tri ICso > 74 uM [40].

Nam 1983, nha khoa hoc Midland va céc cong su da phan 1ap dugc diterpene
khong halogen hoa trong tuyén tiéu hoa ctia loai 4. vaccaria 1a acetoxycrenulide (108)
[49]. Hop chét 108 thé hién hoat tinh chdng lai ung thu biéu mé vom hong & nguoi
(KB), ung thu biéu mé phdi & ngudi (NSCLC-NG6), (P388) va bénh bach cau & chudt
biéu hién gen da khang thudc (P-388/DOX) c6 cung gié tri EDso > 10 pg/mL va chat
doi chung duong mercaptopurine véi EDso 1a 5,4, 0,76, 0,7, 0,25 pg/mL tuong ing

v6i cac dong té bao trén [86].

Niam 2007, hop chat triterpene thyrsiferol (127) phén 1ap tir loai 4. dactylomela
[57]. Hop chét 127 hoat tinh manh v&i dong té bao P-388, thé hién gia tri ICso 12 0,01
ng/mL, hop chét ciing cho thay doc tinh té bao trén cac dong té bao A549 va HT29
v6i gia tri ICso 12 10,0 pg/mL cho ca hai dong té bao [87]. Nam 2009, hop chat
aplysqualenol A (129) ciing duoc tim thiy tir sén bién A. dactylomela [58]. Mot
nghién ctru khac cua Vién Ung thu Québc gia (NCI’s) cho thiy hop chat 129 thé hién
hoat tinh manh trc ché chéng lai té bao ung thu va T-47D véi gia tri ICs013 0,3 pg/mL
[58].

Niam 1986, hai hop chit sterol (38,50,80)-5,8-epidioxycholesta-6,24-dien-3-ol
(154), (38,5a,8a)-5,8-epidioxycholest-6-en-3-ol (155), (34,5a,8a)-5,8-
epidioxycholesta-6,9(11)-dien-3-ol (156) [68] tir cac loai thudc gidng Aplysia. Sau
d6 Mun va cong sy (2015) di danh gia doc tinh té bao ctia hop chit 154 véi té bao
ung thu dai tryc trang ¢ ngudi (HTC-116) véi gia tri ICso 1a 2,5 uM [88], hop chit
155 thé hién hoat tinh véi dong té bao ung thu va MCF-7 [89].
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Hop chét sterol thoai bién 3-epi-aplykurodinone B (161) béi Ortega va cac
cong su tir lodi A. fasciata thu & Rio San Pedro, Cadiz (Tay Ban Nha) [71]. Hop chét
161 di duoc thir nghiém hoat tinh chéng lai ung thu bach huyét & chuét (P-388), ung
thu biéu mo phdi & nguoi (A-549), ung thu biéu mé rudt két & ngudi (HT-29) va cac
dong té bao khdi u melanoma ¢ nguoi (MEL-28) thé hién doc tinh nhe in vitro (EDso
13 2,5 pg/mL trong moi té bao trén) [71].

Mot sé alkaloid dugc cong bd tir sén bién giéng Aplysia. Ba hop chét
aplaminone (162), neoaplaminone (163), neoaplaminone sulfate (164) dugc tim thay
tir loai A. kurodai [72]. Cac hop chat nay thtr nghiém in vitro c6 hoat tinh manh gy
doc té bao dbi v6i dong Hela S3 véi gia tri ICso 1an lwot 13 0,28, 1,6 x 107 va 0,51
mg/mL [72, 90]. Mot hop chat aplaminal (167) ciing duoc biét dén tir loai 4. kurodai
[74]. Hop chat 167 thé hién hoat tinh gdy doc té bao chdng lai dong Hela S3 voi gia
tri ICs0 0,51 pg/mL [74].

Céc hop chat aplyronine ciing duoc phat hién tir sén bién va c6 hoat tinh gay
doc té bao. Nam 1993, ba hop chét aplyronine A (174), aplyronine B (175) va
aplyronine C (176) thu dugc tir loai sén A. kurodai. Ca ba hop chét aplyronine A-C
thé hién hoat tinh gay ddc té bao manh, véi cac gid tri ICso 13 0,45, 2,9 va 22,0 nM
v6i dong ung thu biéu mé cd tir cung & nguoi (Hela S3) [78]. Sau d6 dén nam 2012,
nam hop chat aplyronine D-H (177-181) ciing duogc tim thay tir loai sén A. kurodai.
Ca nam hop chét nay ciling c6 hoat tinh rdt manh véi dong té bao Hela S3 véi gia tri
ICso twong tng 1an luot 13 0,075, 0,18, 0,19, 0,12 va 9,8 nM [78].

1.2.2.2. Hoat tinh khéng khudn, khéng nam

Hai hop chét elatol (22) va deschlorelatol (24) tir loai sén bién A. dactylomela
(nim 2005) thé hién hoat tinh khang khuan d6i véi tit ca 13 chung vi khuan duoc thir
nghiém. N6 cho thiy nong d6 trc ché ti thiéu (MIC) 1a 5,5 va 10,0 mg/dia ddi voi
Clostridium cellobioparum, Proteus mirabilis va Flavobacterium helmiphilum va
15-30 mg/dia dbi voi cac loai vi khuan Chromobacterium violaceum, Clostridium
fallax, Clostridium novyi, Clostridium sordellii, Escherichia coli, Enterobacter
aerogenes, Shigella flexneri, Vibrio cholerae, Vibrio parahaemolyticus, va Vibrio
vulnificus. [91]. Hon nita hai hop chat 22 va 24 déu thé hién hoat tinh khang nim
chdng lai Mycotypha microspore va Eurotium repens véi dudng kinh vong vi khuan
lan Iuot 13 2,5 cm va 2,5 cm ctia hop chat 22 va hop chat 24 thé hién hoat tinh yéu
hon véi duong kinh vong vi khuan twong tng 2,0 cm va 1,8 cm [92].

Nam 2012, mot hop chit khac 13 iso-obtusol (27) ciing duoc tim thay tir loai
sén bién 4. dactylomela [22]. Hop chat 27 thé hién hoat tinh khang khuan chdng lai
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chung Klebsiella pneumonia va Salmonella sp.. N6 cho thiy gia tri ndng d6 tc ché
t6i thiéu (MIC) 1a 1,5 va 1,0 mg/ml ddi voi K. pneumonia va Salmonella sp. va voi
cung két qua thu duoc 19-24 mm. Mirc d6 khang khuan tuong duong véi cac khang
sinh thwong mai chdng lai hai loai vi khudn ndy, bao gdm: augmentin, latamoxef,
ceflaclor, ceftriaxone va kanamycin [93]. Hop chét paciferol (33) duoc phan lap tir
loai A. dactylomela [26]. Nhitng nghién ctru hoat tinh sinh hoc cho thdy hop chat 33

c6 hoat tinh chéng lai vi khuan Gram am Pseudomonas aeruginosa [94].

Nam 2010, hop chat sesquiterpene 1a cupalaurenol (71), duoc phan 1ap tir sén
A. dactylomela [37]. Hop chat 71 thé hién trc ché manh ddi véi cac ching vi khuan
Staphylococcus sp., Staphylococcus aurenus, va Salmonella sp., voi ndong do trc ché
t6i thiéu (MIC) 1a 125 pg/mL d6i véi tat ca cac chung [36]. Nam 2005, tir loai sén
bién A. kurodai phét hién duoc cac hop chat laurinterol (77), laurinterol acetate (78),
debromolaurinterol (79), va debromolaurinterol acetate (80) [95]. Cac hop chit 77 va
79 (duong kinh vong vi khuan 1an lwot 16 mm va 10 mm) c6 hoat tinh khang khuan
manh hon cac hop chit acetate turong tng 78 va 80 (co6 dudng kinh vong vi khuan 7
mm va 6 mm) tai MIC 14 50 pg/mL trén ching vi khuan Staphylococcus aureus. Didu
nay ciing giai thich dugc cac hop chat dugc hap thu vao sén bién va dugc sinh tong
hop chuyén hoa thanh cac hop chét acetate dé giam tinh doc ciia cac hop chat ban dau
va gitp sén bién thich nghi va khéng anh hudng dén co thé ciia sén bién. Mot nghién
ctru khéc cling cho thay hai hop chét sesquiterpene allolaurinterol (85), isolaurenisol
(87) chira cac nhom phenol tu do, ¢6 hoat tinh khang khuan dang ké chong lai Bacillus
subtilis va hoat tinh vira phai d6i v6i ndm Trichophyton mentagrophytes. Mat khac,
cac dan xuit acetate twong tng allolaurinterol acetate (86) va isolaurenisol acetate
(88) c6 hoat tinh khang khuan kém hiéu qua véi B. subtilis [40]. Hop chat 105 thé
hién tac dung manh d6i voi cac chung vi khuan Staphylococcus sp., S. aureus va
Salmonella sp. [36].

Niam 1983, hop chat diterpene acetoxycrenulide (108) phat hién tir loai A.
vaccaria [49]. Hop chit 108 c6 hoat tinh khang khuan trén hai ching vi khudn bién
Paracoccus sp. va Pseudoalteromonas sp. v6i cac gia tri ECso lan lugt 13 69,0 uM va
82,0 uM [96].

Nam 1986, hop chat sterol (38,50,8a)-5,8-epidioxycholest-6-en-3-ol (155)
duoc tim thiy trong loai A. depilans [68]. Hop chat 155 thé hién hoat tinh khang
khuan véi gia tri ICso 1 4,9 uM dbi v6i loai Leishmania donovani, nhung khong co

tac dung vé6i loai vi khuan Plasmodium falciparum, Trypanosoma cruzi [89].
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1.2.2.3. M{t s6 hoat tinh khdc

Mot hop chat c6 khung chamigrane sesquiterpene 12 elatol (22), duoc phan lap
tir loai sén A. dactylomela thé hién hoat tinh sinh hoc da dang, vi du hoat tinh diét ky
sinh trung chdng lai bo xit hit mau nhu Trypanasoma cruzi va Leishmania

amazonensis [97], va diét u tring chéng lai mudi s6t xuat huyét dedes aegypti [98].

Mot nghién ctru khac vao nam 1999, hop chét nidificene (37) duoc tim thay tir
lodi sén bién A. dactylomela [28]. Hop chéat nay dugc phat hién cé hoat tinh khang vi
rat chong lai vi rat herpes (HSV-1), nhdm exomethylene 13 nhan t6 chinh cho hoat
tinh khang vi vat [99].

Nam 1981, Gopichand va cac cong su phin lip dugc hop chéat 8-
deoxyisocaespitol (55) tir loai sén bién A. dactylomela [33]. Hop chit 55 cho thiy tac

dung diét 4u trung va giun trong ddi v6i Caenorrhabditis elegans [9].

Nam 1963, Yamamura va Hirata da phan lap tr loai sén 4. kurodai thu dugc
hop chét aplysin (81) [39]. Mot nghién ciru khac cho thay chét 81 c6 tac dung bao vé
dang ké d6i véi ton thuong gan & chudt duoc diéu tri bang ethanol bang cach diéu
chinh con dudng chuyén hoa ethanol, giam cing thing, cai thién chirc ning ty thé va
trc ché qua trinh mao quan qua trung gian ton thuong ty thé, cudi cung 1a ngin ngira

chita ton thuong gan do bia ruou [100].

Hai hop chit deoxyparguerol (118) va isoparguerol (121) di duoc biét trude
day tir mau sén A. dactylomela [52]. Hai hop chat 118 va 121 giy ra sy phat trién
dinh dudng than kinh déng ké véi té bao tuyén thugng than PC-12 & cac nong do lan
lwot 14 25,0 va 50,0 uM [101]. Dong té bao nay co kha ning biét hoa thanh té bao
than kinh khi duoc kich thich béi yéu t6 ting trudng than kinh (NGF). PC-12 duogc
st dung dé nghién ctru cac qua trinh nhu biét hoa té bao than kinh, chic ning té bao
hat, va phan tmg cua té bao dbi voi cac yéu td moi truong nhu dién tir trudng (EMF),
cho thiy ching c6 thé duoc sir dung trong diéu tri cac chimg réi loan thoai hoa té bao
than kinh khéc nhau.

Nam 2009, nghién ctru vé lodi sén A. dactylomela d phan lap duoc
aplysqualenol A (129), aplysqualenol B (130) [58]. Mt nghién ctru cua Vién Ung
thu Quéc gia (NCI) cho thdy hop chat 129 thé hién hoat tinh trc ché chong lai hé than
kinh trung wong SNB-19 (CNS) véi gid tri ICso lan luot 14 0,4 pg/mL [58]. Hon nita
hop chat 129 c6 kha nang khang vi rat chong lai vi rat Herpes simplex loai 1 (HSV-
1) va loai 2 (HSV-2), vi rat Varicella zoster (VZV) va Cytomegalovirus & ngudi
(HCMV) [58]. V& hoat tinh chdng co that, hai hop chat 129 va 130 cho thay tac dung
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vua phai voi1 Plasmodium falciparum voi gia tri 1Cso 1a 11,0 va 18,0 ug/mL tuong
ung [58].
1.2.3. Mt s6 nghién ciru trong nudc vé loai sén thugc giong Aplysia

Trong nude mai chi co6 hai nhom nghién ciru. Nhom nghién ciru Pham Thi Mai
Huong va cac cong sy (2021) da nghién ciru vé loai sén A. dactylomela (Hon M8,
Thanh Hoéa) dugc ba hop chat méi aplydactylonin A (182), aplydactylonin B (183),
aplydactylonin C (184) [102]. C4u tric cta 3 hop chat trén duoc xac dinh bang cac
phuong phap phd NMR, Xray va ECD két hop véi cac phuong phap tinh toan 1y
thuyét hoa lwong tir. Hop chat 183 thé hién hoat tinh doc té bao véi ba dong té bao
HepG2, DU145 va A549 vé1 gia tri ICso twong trng 13 4,08, 38,64 va 12,33 uM. Ngoai
ra, hop chat 183 con duoc ching minh c6 kha ning gay chét té bao theo chuong trinh

(apoptosis) ddi v6i dong té bao ung thu gan ngudi HepG2 [102].

182 183 184

Hinh 1. 14. Cac hop chat phan 1ap tir sén bién 4. dactylomela — Hon Mé, Thanh
Hoa

Nghién ctru thir hai méi duoc cong b trong ndm (2022) do nghién ciru sinh va
cac cong su cling nghién ciru vé loai sén trén nhung khéc vi tri dia Iy (Phti Quy, Lam
Pdng) va phan 1ap duoc bdn hop chat 1a dactylomelanin A (185), dactylomelanin B
(186) va hai hop chat da biét ma'ilione (187) va (38,5a,8a)-5,8-epidioxycholest-6-en-
3-0l (155). Hai hop chat 185 va 186 duoc xac dinh ciu trac bang phuong phap phd
cong hudng tir hat nhan, két hop véi cac phuong phép tinh toan 1y thuyét NMR va
ECD [103].
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Hinh 1. 15. Céc hop chat phan 1ap tir sén bién A. dactylomela — Phu Quy, Lam
Dong
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Két qua nghién ctru khao sat cho thiy tir loai sén bién 4. dactylomela phan
duoc 16p chét sesquiterpene va c6 nhiéu chat méi. Pién hinh chit méi aplydactylonin
B (183) thé hién hoat tinh doc té bao manh v&i hai dong té bao HepG2 va A549 voéi
gia tri ICso twong Gmg 14 4,08 va 12,33 pM. Day 1a tién dé cho nhirng nghién ctru tiép
theo vé cac loai sén bién. Nén viéc can nghién ciru vé thanh phan hoa hoc ciing nhu
hoat tinh sinh hoc tir cic loai sén & Viét Nam 14 can thiét, can nhiéu nghién ctru hon

dé tim ki€m nhi€u chat méi cling nhu hoat tinh sinh hoc cua ching.

1.3. DPic diém hai loai sén bién thudc gidng Aplysia
1.3.1. Pic diém loai sén bién Aplysia dactylomela

Sén bién Aplysia dactylomela thudng c6 mau vang nhat dén xanh luc, diéu nay
thay d6i rat nhiéu tuy theo thirc an ma chiing tiéu thy, ching c6 thé c6 nhiéu mau cam
hon néu ché d6 an ciia chung chu yéu 1a tao d6. Mot dac diém gitp phan biét A.
dactylomela véi cac loai khac trong gidng ctia né 1a cac vong den khong déu bao phu
co thé. B& mit lung cta 16p 4o va parapodia dugc danh dau bang cac dém den khong
déu tao thanh cac vong khong hoan chinh, trong khi phan con lai ciia co thé dugc
danh déu bang cac vong hoan chinh hon. Ban chan rong va phat trién tbt, dau trudc
tron, dau sau nhon hon. Ban chan c6 két cau tho rap, trai nguoc v4i bé mit mém min
ciia phan con lai ctia co thé. Parapodia 1a phin md rong cia ban chan, & A.
dactylomela chung cao va mong, cho phép dong vat boi trong nudc. Lop vo thu nhéd
duoc bao phu bi 10p 40 va mang ndm & phia bén phai cta 16p 4o, gitra 16p v va co
parapodia bén phai [104].

Tring cta A. dactylomela thudng duge nhin thiy & cac tham co, ¢ do sau bai
triéu khoang 3 mét, ching xuét hién duéi dang mot chudi dai cé6 mau xanh luc hoic
nau c6 nhiéu mau sic khac nhau. S6 lugng 16n trimg duogc san sinh & trong sinh vat
phu du trong thoi gian dai mot thang. Sau giai doan nay, au trang dinh cu trén tao noi
chung phat trién. Chung tiép tuc kiém an va phat trién dén tudi truong thanh vé mat
sinh duc. Tdo do Laurencia da dugc ching minh la c6 tac dung kich thich t61 mau
sdc cua sén bién, va thanh phan hoa hoc cua ching cling ¢ su twong dong v6i nhau
[105].

Gidng nhu tit ca cac loai Aplysia, A. dactylomela 13 loai ludng tinh. Co quan
sinh duc nam niam ngay duéi gbc xtc tua trude bén phai, ndm gitra mét phai va miéng
phai. Mot ranh c6 16ng chuyén rd rét kéo dai vé phia sau tir co quan sinh duc duc gitta
co quan chan dén 18 ludng tinh, dugc danh diu bang mot vét 1dm tdi. Ranh duoc danh
dau bang mot dudng hep mau den kéo dai tir 16 sinh duc dén ng ludng tinh. Khi giao

phdi, mot con A. dactylomela, doéng vai con duc s& leo mot phan 1én con A.
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dactylomela thlr hai, dong vai con cai, dua bd gen duc va giai phong tinh trung vao
dng ludng tinh cta con thir hai. Theo cach ndy, chung tao thanh chudi gdm tdi da 12
sinh vat, moi sinh vat dong vai tro déng thoi 13 duc va cai, sinh vat dau tién trong
chudi chi dong vai trd 1a con cai va sinh vat cubi cing chi déng vai tro 13 con duc
[106]. A. dactylomela c6 kha ning boi va bo. N tién t6i phia trude bang cach tao ra
mot cai phéu bang cach st dung parapodia (phan mang, tua nho ra khoi co thé) gip
vé phia trude va huéng xudng dudi, hanh dong nay kéo nudc vao. Sau do, nd diy
nudc ra khoi phia sau con vat bang cach an cac phan trude ciia parapodia lai voi nhau,
do d6 dat dugc chuyén dong vé phia trudc. Phuong thirc di chuyén thong thuong cia
sén bién 13 bo; n6 bo bang cach nhac dau trudc ciia ban chan 1én, dudi vé phia trude
r0i dit xudng dat phia trudc, tao thanh hinh vong cung, phan con lai ctia co thé tun

theo kiéu udén cong nay cho dén khi cham t6i dudi [107].
1.3.2. Dic diém loai sén bién Aplysia oculifera

Sén bién An Do-Thai Binh Duong Aplysia oculifera (Adams & Reeve, 1850).
Loai dong vat an cé quan trong theo mua, chu yéu séng vé dém, & cac ving bii triéu
va can triu cua cac bd bién nhiéu d4 ¢ phia bac Vinh Eilat (Aqaba), Bién Dé. Sén
bién A. oculifera cé thé duoc tim thiy & ving nudc nong, thuong sau tir 1-10 mét, tai
bai Tay Duong. Nhirng sinh vat nay ua thich cac vung nhiét déi va can nhiét do1i, noi
nhiét d6 nudc dao dong tir 15-25°C, cho phép chung phat trién manh trong moi trudng
bién. N6 xuét hién tir thang 12 dén thang 5 va an cac loai tdo xanh (Enteromorpha
intestinals va Ulwa sp.). Cac quan sat dugc thyc hién tr nam 1988 dén nam 1992 tai
sdu dia diém co6 khoang cach gin nhau cho thiy su khac biét 16n vé ca kich thuée co
thé va téc do sinh san giita cac quan thé khac nhau trong cing mot mua va giira cac
nam [108]. Dé sinh séng thanh cong trong méi trudong séng khong thé doan trudc,
sén bién phai c6 kha ning st dung tai nguyén mot cach hiéu qua bang cach dat ning
sudt cao vao nhirng thoi diém tao ddi dao, nhung cling phai c6 kha ning ton tai va
sinh san khi tao khan hiém. Sén bién sinh con véi s6 luong twong quan véi kich thudce
co thé, tir d6 lién quan dén ngudn thirc dn san c6 [108]. Khi thire an khan hiém, chung
c6 thé phan bd ngudn luc dé sinh san & giai doan dau khi co kich thudc co thé nho.
Diéu nay s& dan dén sb luong con thap, nhung s& dam bao sy lién tyc ctia quan thé
trong nam tiép theo.

Sén bién 4. oculifera nay 1a dong vat an co, nghia la chung chi yéu an céc loai
thuc phém co nguén géc thuc vat nhu tdo va rong bién, ¢ thé an t&i 50% trong luong
co thé ctia ching 13 tao mdi ngay. Chung st dung radula, mot ciu tric gibng nhu ludi

v6i nhiing chiéc rang nho, dé cao va nghién thuce an, cho phép chung ti€u thu mot
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lugng 16n tdo va giip can bang h¢ sinh thai bién, di€u nay rat quan trong doi véi su

duy tri h¢ sinh thai cua dai duong.

Thirc an cua sén bién chi yéu 1a cac loai tao nhw Laurenica sp. va Plocamium
sp.. Do d6 thanh phan hoa hoc giita sén bién va cac loai tdo ndy ¢ cdu trac gan gidng
nhau. Theo chién lugc phong vé bang hoa chat, sén bién du trir va tap trung thirc an
trong cac tuyén tiéu hoa [8], va do do, cc tuyén ndy 1a ngudn cung cip ddi dao cac
chat chuyén hoa doc hai bao gdm polyketide, alkaloid, peptide va terpene [109].
Ngoai cac chit tiéu hoa nay cac tuyén 1a mot ngudn san pham ty nhién da dang, cac
nghién ctru trude ddy da xac dinh rang cac chit chuyén hoa nhu vay ciing 13 mot
ngudn phong phu cac thanh phan c6 hoat tinh sinh hoc, tir cac chét gay doc té bao noi
chung dén céc chat chdng ung thu nhim vao cic bénh ung thu cy thé. Hoat tinh sinh
hoc nhur vay di 1am cho sén bién tro thanh ngudn cung cép céc san pham tu nhién

m&i day hira hen c¢6 tiém ning cao [9, 110].

Tong quat lai cho that giéng sén bién Aplysia 1a mot nhoém dong vt than mém
sdng & ving bién nhiét d6i va can nhiét déi, c6 kha nang hap thu, bién doi va tich liy
nhiéu hop chét ty nhién c6 ngudn gdc tlr tio va vi sinh vat bién. Cac nghién ciru trén
thé gidi cho thay, nhidu loai Aplysia da dugc phat hién chira cac hop chét thi cap da
dang nhu alkaloid, terpenoid, polyketide, peptide, cting nhiéu dan xuét d3 dugc ching
minh c6 hoat tinh sinh hoc dang chi ¥, dic biét 1a khang khuan, khang ung thu, chong
oxy hoa va khang viém. Kha ning ty acetyl hoa hodc bién d6i hoa hoc mot s6 chat
doc tu nguén thirc an dé giam doc tinh va tao ra céac cAu trac méi cling 1a dac diém
sinh hoc ndi bat, gép phan lam giau thém kho tang hop chat thién nhién c6 tiém ning

duoc hoc.

Do vay, viéc tién hanh nghién ctru thanh phﬁn hoa hoc va danh gia hoat tinh
sinh hoc cuia giéng sén bién Aplysia khong chi gop phan bo sung co so dit lidu vé da
dang sinh hoc va héa hoc tu nhién & bién Viét Nam, ma con mé ra nhirng dinh hudng
m&i trong khai thac, sang loc ngudn nguyén liéu bién phuc vu phat trién thude va san
pham sinh hoc. P4y ciing chinh 13 co sé khoa hoc - thuc tién quan trong cho dinh

huéng nghién ctru tiép theo.
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Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ctru
2.1.1. Méu sén bién Aplysia dactylomela - dio Phii Quy, Lim Dong

Sén bién Aplysia dactylomela Rang, 1828 dugc thu thip vao thang 5 nim 2021
tai dao Phu Quy, Lam Pong véi khéi luong tuoi 1a 600 (g) do GS. P4 Cong Thung,
Vién Khoa hoc Cong nghé Nang Luong va Méi truong, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam giam dinh bang dic diém hinh thai. Miu tiéu ban dugc ngam
trong con va luu gilr tai Phong Nghién ctru sinh vat bién, Vién Hoéa hoc, Vién Han

lam Khoa hoc va Cong nghé Viét Nam.

Hinh 2.1. Sén bién 4. dactylomela — Pht Quy, Lim Dong

2.1.2. Méu sén bién Aplysia dactylomela — Ddo Ly Son, Quing Ngii
Sén bién Aplysia dactylomela Rang, 1828 dugc thu thap tai ddo Ly Son, Quang
Ngii vao thang 6 nam 2023 véi khdi lugng mau tuoi 1,25 (kg) do ThS. Nguyén Chi
Mai, Phong Nghién ciru sinh vét bién, Vién Héa hoc giam dinh bang phuong phap
sinh hoc phan tir. Mau tiéu ban dugc ngam trong con va luu giir tai Phong Nghién

ctru sinh vat bién, Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Hinh 2.2. Sén bién 4. dactylomela — Ly Son, Quang Ngai
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2.1.3. Méu sén bién Aplysia oculifera — Ling Cé, Hué

Sén bién Aplysia oculifera, dugc thu thap vao thang 06 naim 2023 tai ving bién
Lang Co, Hué voi khdi luong tuoi 1 9,0 (kg) do ThS. Nguyén Chi Mai, Phong Nghién
ctru sinh vat bién, Vién Hoa hoc giam dinh bang phwong phap sinh hoc phan tir. Mau
tiéu ban dugc ngdm trong con va luu giit tai Phong Nghién ctru sinh vat bién, Vién
Hoa hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Vi¢t Nam.
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2.2. Vit liéu va thiét bi nghién ctru
2.2.1. Vit ligu va héa chit nghién ciru

- Céc dong té bao ung thu phdi (A549), ung thu va (MCE-7) va ung thu gan
(HepG2) va ung thu ¢6 tir cung (Hela) do ATCC cung cap.

- Mbi truong nudi cy té bao: DMEM (Dulbecco’s Modified Eagle Medium)
hoac MEME (Minimum Esental Medium with Eagle salt) (Invitrogen), c6 bo sung
thém L-glutamine (Invitrogen), sodium pyruvat (Invitrogen), NaHCOs,

penicillin/streptomycin (Invitrogen), 10% FBS (Fetal Bovine Serum) (Invitrogen),
Trypsin-EDTA (0,05%) cua Invitrogen (Hoa Ky).

- Pia 96 giéng nhya va dia nudi cdy té bao sau giéng nhua (Corning, USA),
pippette (eppendorf), may doc ELISA 96 giéng (BioRad).

- Kinh hién vi soi nguoc (Axiovert 40 CFL); budng dém té bao (Fisher); ti 4m
CO: (Sanyo), ti lanh sau -80°C (Biobase), binh nito long (Trung Qudc), cn phan
tich (Ohaus), may do pH va cac dung thi nghi¢m thong thuong

- Chat tham khao: camptothecin (AK Scientific).

- Céac hoa chat co ban khac: DMSO (Dimethyl sulfoxide) (Fisher), PBS
(phosphate buffered saline) (Gibco), camptothecin, MTT (3-(4,5-dimethylthiazol-2-

y1)-2,5- diphenyltetrazolium bromide), axit axetic (Trung Qudc) v.v.
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- Céc hoéa chét cho sic ky va phan 1ap hop chat: silica gel pha thudng 0,040-
0,063 mm (240-430 mesh), pha ddo RP C-18, YMC (12 nm, S — 150 um, Karasuma-
Gojo) va sephadex LH-20. Nhya trao ddi ion Diaion HP-20 (Misubishi Chem. Ind.
Co., Ltd.). Cac hoa chat nay xuat xi tir Ptrc do hing Merck cung cip. Cac dung moi
hiru co nhu #-hexane (95%), methanol (95%), dicloromethane (95%), acetone (95%),
nudc, ethyl acetate (95%) va c6 xuat xtr tir Trung Qudc, Malaysia.

- Dung mdi sic ky 1ong nhu methanol (99%), acetonitril (99%), hiang Fisher
cung cap va ¢ xuat xir Han Quéc.

- Céac dung moi do phé nhu: CD30D, CD;Cl, Acetone-ds dugc cung cép bai
cong ty hoa chat thuong mai nhu Scharlau.

2.2.2. Thiét bi nghién ciru

- May do d6 quay cuc JASCO P-2000 Polarimeter cua Vién Hoa hoc - Vién
Han 1am Khoa hoc va Cong nghé Vi¢ét Nam.

- May sic ky 16ng hiéu ning cao Agilent 1260 (Agilent Technologies, M¥) tai
phong Nghién ctru sinh vat bién, Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong
ngh¢ Viét Nam.

- May do ECD Chirascan™ECDspectrometer (Applied Photophysics Ltd.,
Surrey, UK) tai Vién Hoa hoc, VAST.

- May do phé khdi phan giai cao do trén may Agilent 6530 iFunnel Q-TOF
LC/MS cua Vién Hoa hoc.

- May do phdé NMR duoc ghi bing may BRUKER AVANCE 500 MHz va
may BRUKER ASCEND 600 MHz ctia Vién Hoa hoc - Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam.

- Ngoai ra con mot s6 may khac nhu may sy ban mong, may hing phan doan

Fraction collecto 1200, may c6 quay chan khong Eyela-N-1110...

2.3. Phuwong phap nghién ciru cic hgp chit tir miu nghién ctru
2.3.1. Phwong phdp phén Igp cdc hop chit
Mot sé phuong phap sic ky duoc st dung dé phan 1ap cac hop chat thir cap tir

sén bién nhu sau:
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2.3.1.1. Sdc ky ban mong (Thin layer chromatography - TLC)

Séac ky ban mong - TLC 1a phuong phap nghién ctru hiéu quéa dé phan tich va
xéc dinh sb lugng cac nhom chat khac nhau c6 trong thanh phan dich chiét sinh vat

bién hodc cac phan doan tach ra tur do.
2.3.1.2. Sdc ky c6t (Column chromatography - CC)

Séc ky cot 1a phuwong phap thuong quy duoc st dung dé tach phan doan cac
nhém chét khac nhau tir dich chiét hon hop ban dau nhu cac dich chiét mau bién. Cac
chat co trong lwong va kich ¢& phén tir khac nhau ciing nhu ¢6 cdu triic hoa hoc khac

nhau s€ dugc phan tach thanh cac phan doan hoa hoc khac nhau [111].

2.3.1.3. Sdc ky Iong hiéu nang cao (High Performance Liquid Chromatography-
HPLC)

Sac ky long diéu ché hiu ning cao duoc tién hanh trén hé thong sic ky long
hi€u nang cao Agilent 1260 (Agilent Technologies, M¥y). Dua trén thoi gian luu cua
céc chét trén duong nén UV dé xac dinh duoc tin hiéu cta cac chit va tinh ché duoc
hop chat tinh khiét.

2.3.2. Phwong phdp xdc dinh céiu triic cdc hop chit phan lip dwoc
2.3.2.1. Do quay cuc ([d] ;)

Dua trén d6 quay cuc cho goi v cdu tric 14p thé twong ddi cuia mot hop chét
khi c6 mot chit c6 khung chit twong ty va cdu hinh dd duoc cong b.
2.3.2.2. Phé ludng sdc tron (ECD)

Duya trén phé ECD thyc nghiém va sau d6 dung phwong phép tinh toan ECD
thi xac dinh duoc cau hinh tuyét ddi cua cac vi tri bat dbi trong mot sb hop chit can
xéc dinh cau hinh 1ap thé.
2.3.2.3. Phé khéi phan gidi cao (HR-ESI-MS)

Dua trén phd khdi phan giai cao xac dinh duoc cac pic ion gia phan tir cua hop
chat can xé4c dinh, tir d6 xac dinh duoc cong thirc ion gia phén tir, xac dinh dugc cong
thirc phan ttr va khéi luong phan tir cia hop chat.
2.3.2.4. Phé céng heong tir hat nhan (NMR)

Céc k¥ thudt phd cong huong tir hat nhan duoc st dung bao gdm:

Ph6 cong huéng tir hat nhan mot chiéu (1D NMR): 'H NMR, '*C NMR va
DEPT;

Phé cong hudng tir hat nhan hai chiéu (2D NMR): HSQC, HMBC, COSY va
NOESY/ROESY.
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Dung mdi dugc st dung bao gdm cac dung mdi: acetone-ds, CDCl3, CD;0D,
DMSO-ds ... Viéc lya chon dung moi do phu thudc vao ban chét cua tirng mau, theo

nguyén tic dung moi phai hoa tan hoan toan miu thir.

Dua vao phd 1D, 2D xac dinh duoc ciu triic phiang cua hop chat cling nhu xac

dinh duoc céu trac lap thé tuong ddi cua hop chét can x4c dinh ciu tric.
2.3.2.5. Phuong phap tinh toan ECD

Cau hinh tuong déi

- Co hoc phan tir

Spartan :
p - Ban luong tr

v
Cac cau dang ben

@ - Toi wu cau dang hinh hoc
y

5

Cac cau dang to1 uwu

Gaussian @ -Tinh toian ECD theo ham mat do TDDFT
r

ECD céc cau dang
@ - SpecDis
L J

ECD tinh toan

Hinh 2.4. So dd céc budc tinh toan ECD

- Bude I: Tim kiém chu dang duogc thuc hién trén phﬁn mém Spartan 18 (Vién
Hoéa hoc). Mdi phan tir dugc thuc hién theo phuwong phap co hoc lugng tr MMFF
(Merck molecular force field) va ban luong tur PM3.

- Buoc 2: Céac cau dang nhan dugc c6 hé s6 phan bo Boltzmann trén 1% s€

duoc to1 uvu hoa.

- Buoc 3: Tinh toan phé ECD theo ham mat d6 phu thudc thoi gian (Time
Dependent Density Functional Theory, TDDFT) trén phin mém Gaussian 16 (Vién
Hoa hoc) str dung cadc muc tinh toan B3LYP/6-31G(d,p), CAM-B3LYP/6-31G(d,p),
hoic wB97XD/6-31G(d,p). Anh huong cua dung moéi methanol duge tinh toan theo
mo hinh IEFPCM (Integral Eequation Formalism Polarizable Continuum Model). Dé
xé4c nhan rang mdi cau tir dugc tdi vu hda twong ing v6i mot gia tri nang luong tbi

thiéu thuc, cac phép tinh tan sé di dugc thyc hién & ciing mic 1y thuyét.

- Buoc 4: Cac phé ECD thu duge ciia mdi ciu dang s€ duogc téng hop lai dya
trén hé s6 phan bd Boltzmann cta ching sir dung mém SpecDis 1.71 dé nhan phd
ECD theo 1y thuyét ciia mdi hop chat [112].
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2.3.2.6. Phuong phdp tinh todn phé NMR

Céu tric hop chat __
sran | @ © Bintuong -
v
Céc cau dang bén

@ - Téi vu héa hinh hoc
Céc ciu d;;mg tdi ru .
Tinh toan NMR céc cau

Gaussian @ i dang

A\ GIAO C-NMR

NMR céc cau dang

@ - Tdng hop NMR céc céu dang
A J

NMR tinh toan ctia hop chat

So sdnh véi NMR thue nghiém @ - MO0 hinh tinh toan STS

r

Cau hinh tuyét doi

Hinh 2.5. So dd tinh toan NMR

- Buéc I: Tim kiém céu dang bén duoc thuc hién trén phén mém Spartan 18.

Dua trén 1y thuyét co hoc lwong tir, ban luong tir.

- Bude 2: Céc ciu dang nhan dugc c6 hé $6 phan bd Boltzmann trén 1% sé&
dugc ti wu hoa hinh hoc.

- Butée 3: Tinh toan phd NMR sir dung phan mém Gaussian 16 v6i muc tinh
toan wB97XD/6-31G(d) bang phuong phéap obital nguyén tir khong chuan (GIAO)
[113, 114].

- BuGe 4: Céc 6 1iéu NMR thu duge cia mdi ciu dang s€ duoc téng hop lai
dua trén hé sb phan bd Boltzmann cua ching dé nhan duoc s6 liéu NMR tinh toan

cho mdi hop chat.

- Buoc 5: Dir ligu NMR cua metanol va benzen dugc tinh toan ¢ cung mot mire
va dugc st dung lam tai liéu tham khao da chuin [115]. PBac biét, do dich chuyén hoa
hoc khong theo ty 18 (Jy) ciia cacbon sp? duge tinh toan bing cach st dung benzen
1am tai liéu tham khao, trong khi metanol duoc sir dung dé tinh d, ctia cacbon sp® va
tat ca cac proton. Do dich chuyén hoa hoc theo ty 18 (Scaic) duwgc hiéu chinh bang cong
thirc deale = (du — b)/m, trong d6 m va b 1an luot 1a 46 déc va diém chin, thu duoc tir
biéu dd hdi quy tuyén tinh ctia 8, so véi dd dich chuyén hoa hoc thie nghiém (JSexp).

Viéc so sanh do dich chuyén hoa hoc NMR thyc nghiém va tinh toan dugc thuc hi¢n
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bang cach sir dung sai sb tuyét doi trung binh di hiéu chinh (CMAE), d6 1éch binh
phuong trung binh (RMSD), hé s twong quan tuyén tinh (R2) va xac sudt (DP4+).
1 n
CMAE = EZ:] |5exp & 6cafc[

| n
n
RMSD = F; Berp = Bcate)?
Cubi cung, dir licu NMR tinh toan s€ dugc so sanh véi dir licu NMR thuc
nghiém bang mo hinh tinh toan STS (Sorted Training Sets) [116] va xac dinh dugc

cAu hinh lap thé tai cac vi tri carbon bat ddi trong mot hop chét.

2.3.3. Phuwong phdp thir gdy djc té bao ung thw (Phwong phip MTT)

Phuong phap thtr d6 doc té bao in vitro dugc Vién Ung thu Qudc gia Hoa Ky
(National Cancer Institute - NCI) xac nhén 13 phép thir 46 doc t& bao chuan nhim
sang loc, phat hién cac chét co kha niang gay doc té bao & diéu kién in vitro. Phuong
phap nay lan dau tién duoc miéu ta béi Tim Mosmann trén tap chi Immunological
Methods nam 1983. Tac gia st dung mudi tetrazolium (MTT-(3-(4,5-
dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium)) lam thudc thir trong phép so mau,
qua d6 danh gia vé su song so6t va kha ning phat trién cia té bao. Vong tetrazolium
cta thudc thir bam chit vao ti thé cia té bao hoat dong. Dudi tac dung cua enzym
dehydrogenase trong té bao, mau vang cia MTT bién ddi thanh mau tim formazan

[117]. Phép thur dugc thuc hién trong diéu kién cu thé nhu sau:
- Chét thir (20 ul) duoc dua vao cac giéng cua khay 96 giéng dé co ndng do
100 pg/ml; 20 pg/ml; 4 png/ml; 0,8 pg/ml.

- Sau khi diéu chinh dé c6 mat d6 té bao phu hop, hat 180 ul té bao vao cac
giéng cta khay 96 giéng di co chét thir. Trén cung mot dia thir, bd tri mot sé giéng

dé 1am ddi chimg khong c6 mau thir, chi c6 dung méi pha mau 1a DMSO10%.

- Bé dia nuoi cdy vao trong ti am CO» & diéu kién 37°C, 5% CO, nudi trong
thoi gian 72 gio.

- Sau 72 giod, 10ul MTT (5mg/ml) duoc cho vao mdi giéng.

- Sau 4h, loai bé moi trudong, tinh thé formaran duoc hoa tan béng 50ul DMSO
100%.

- Gia tri OD do & budc song 540nm bang may quang pho.

- Luong té bao song sot s& duoc tinh theo cong thirc:
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OD(chét thir) - OD(d6i ching tring)

% song sot =
OD(DMSO) - OD(d6i chimg trang)

% trc ché = 100% - % song sot

- Céc phép thir duoc 1ip lai 3 1an dé dam bao tinh chinh xac. Camptothecin
(Sigma) luén duogc sir dung nhu 14 chéat déi chimg duong va duoc thir nghiém & cac

ndng d6 10 pg/ml; 2 pg/ml; 0.4 ng/ml; 0,08 pg/ml.

- DMSO 10% luén duoc sir dung nhu ddi chimg dm. Gia tri ICso (ndng d trc
ché 50% su phat trién ciia t& bao) s& dugc xac dinh nho vao phan mém may tinh
TableCurve 2DvA4.

Theo tiéu chuan ctia Vién ung thu qudc gia Hoa Ky (NCI), cin chiét duoc coi
c6 hoat tinh tét véi ICso < 20 pg/ml, trong khi chat tinh khiét duoc coi c6 hoat tinh
tdt (hit compound) khi ICso< 5 uM, ICso> 80 pM duoc coi 1a khong cé hoat tinh
[118].

2.4. Thue nghiém
2.4.1. P{tdn Igp cdc hop chit tiv lodi sén bién A. dactylomela thu tir dido Phii Quy,
Lam Dong

Sén bién A. dactylomale (600 g) thu dugc & dao Pha Quy, Lam Pdng, sau d6
xay nhuyén va ngdim chiét v&i methanol (2 1it), siéu am ¢ 35°C trong 30 pht, loc dich
chiét va co can trén may cit quay dudi 4p suat thap. Lap lai thém hai lan chiét nhu
trén thi thu duoc can chiét methanol (35 g). Sau d6 hoa tan can nay voi 0,5 it nude
va chiét phan 16p voi dung méi hitu co dichloromethane (1 lit), lic déu, dé lang, gan
16p dich dichloromethane bén dudi, c6 can dich ndy trén may cit quay. Lap lai chiét
thém 2 1an thu duoc cin chiét phan doan dichloromethane (10,3 g). Tién hanh séc ky
can dichloromethane trén cot silica gel voi hé dung moi gradient (100% n-hexane
—100% acetone) thu dugc 10 phan doan AD1.1 — AD1.10. Ttr phan doan AD1.1
(115 mg) tién hanh sic ky trén cot silica gel voi hé dung méi n-hexane/acetone (80/1
v/v) thu duoc phan doan AD2.1 (67 mg), tir phin doan ndy tiép tuc sic ky trén cot
pha ddo RP-C18 cung v6i1 h¢ dung moi rira gidi methanol/nude (3/1, v/v) thu dugc
phan doan AD2.5 (32 mg). Tir phan doan AD2.5 sic ky trén mot cot silica gel voi hé
dung moi n-hexane/ethyl acetate/dicholoromethane (25/10/0,1, v/v) thu duoc hop
chét sach ADA3 (5,7 mg).

Tir phan doan AD1.9 (1200 mg) tién hanh sic ky trén cot silica gel v6i hé dung

moi rira giai n-hexane/dicholoromethane/acetone (50/1/1, v/v) thu dugc 8 phan doan
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nho AD5.1 — AD5.8. Tir phan doan AD5.5 (861 mg) tién hanh sic ky trén cot silica
gel voi hé dung méi dicholoromethane/methanol (70/1 v/v) thu dugc 3 phan doan nhé
AD6.1 — ADG6.3. Tir phan doan nhé AD6.1 (203 mg) tién hanh sic ky trén cot silica
gel voi hé dung moi n-hexane/ethyl acetate (6/1, v/v) thu dugc phan doan AD7.1 (56
mg), tir phan doan nay tiép tuc sic ky trén cot pha ddo RP-C18 v6i hé dung méi rira
gidi acetone/nudc (1/1,2, v/v) thu dugc phan doan AD7.2 (22 mg). Tt phan doan
AD7.2 sic ky trén may HPLC trén c6t ZORBAX 300SB-C18, 4,5x250 mm, toc do
dong 0,8 ml/phat va hé dung méi ACN/nuée (40/60, v/v) thu duoc hop chat sach
ADA2 (8,4 mg, tr = 25,641 phut).

Sén bién (Aplysia dactylomela RANG, 1828)

M: methanol
(600 g) A: acetone
+ 2 L methanol x 3 lan D: dichloromethane
Siéu am & 35°C, 30 phut E: ethyl acetate
Can methanol H: n-hexane
(35 g ) W: nude
+ 0.5 nudc
+1 L dichoromethane x 3 lan
v v
Can dichloromethane Nudc
(10,3 g
l Gradient, 100% n-hexane —100%acetone
v v v
ADI1.1 ADI1.9 ADI.10
(115mg) (1200 mg)
l CC, cc,
HA: 80/1 viv HDA:S0/1/1 viv
AD2.1 v v v
(67 mg) ADS.1 ADS5.5 ADS5.8
RP, C-18, (861 mg)
MW:3/1 viv l CC,
AD2.5 DM:70/1 v/v
(32 mg) v v v
CC, AD6.1 ADG6.2 ADG6.3
l HED:25/1/0,1v/v (203 mg) (154 mg) (210 mg)
CC, CC, HAD: RP, C-18,
ADAO3 HE: 6/1 viv 7/1/0,1 viv AW: 1/1,2 viv
(5.7mg) AD7.1 ADS.1 AD9.1
(56 mg) (128 mg) (147 mg)
RP, C-18, CC, Sephadex,
AW: 1/1,2 v/v HE:3/1 viv MW: 1,2/1 viv
AD7.2 HS8.2 AD9.9
(22 mg) (85 mg) (36 mg)
HpLC | ACN/W: 40/60 viv RP, C-18, cc,
0,8 ml/min, f = 25,461 min A/W: 2/1 v/v HDE: 8/2/1 v/v
ADAQ2 ADAO1 ADA04
(8,4 mg) (5,3 mg) (7,3 mg)

Hinh 2.6. So d6 phan 1ap cac hop chét tir sén bién A. dactylomela

Tir phan doan AD6.2 (154 mg) tién hanh sic ky trén cot silica gel voi hé dung
moi1 n-hexane/acetone/dichloromethane (7/1/0,1, v/v) thu dugc phan doan ADS.1

(128 mg). Tir phan doan ADS.1 sic ky trén cot silica gel v6i hé dung méi n-
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hexane/ethyl acetate (3/1, v/v) thu dugc phan doan AD8.2 (85 mg). Tur phan doan
ADS.2 tiép tuc sic ky trén cot pha ddo RP-C18 v6i hé dung méi rira giai acetone/nude
(2/1, v/v) thu dugc hop chat sach ADA1 (5,3 mg). Hop chat ADA4 (7,3 mg) ciing
thu dugc khi sic ky phan doan AD6.3 (210 mg) trén 3 cot sic ky cung cac hé dung
moi rira giai thich hop.

2.4.2. Phén ldp cdc hop chit tiv loai sén bién A. dactylomela thu tiv dio Ly Son,
Qudng Ngdi

Sén bién (Aplysia dactylomela RANG, 1828)
(1.25 kg)

+ 4 L methanol x 3 lan
Siéu 4m ¢ 35°C, 30 phat

Can methanol

(115g)

+ 1.5 L nuéc
+ 1.5 L n-hexane x 3 lan

v v
Can n-hexane Nudc
(8.69)

l + 1.5 L dichloromethane x 3 lan

v v

Cian dichloromethane Nudc
(8159

Hinh 2.7. So d6 chiét phan doan sén bién A. dactylomela thu tr Quang Ngai
Sén bién A. dactylomale (1,25 Kg) thu duoc & Quang Ngii, sau d6 xay nhuyén

va ngam chiét voi methanol (4 1it), siéu am & 35°C trong 30 phut, loc dich chiét va co
can trén may cat quay dudi ap suat thap o nhiét do 50°C. Lap lai thém hai 1an chiét
nhu trén thi thu dugc can chiét methanol (115 g). Sau d6 hoa tan can nay véi 1,5 lit
nuéc va chiét phan 16p voi dung moi hitu co n-hexane (1,5 lit), lac déu, dé lang, gan
16p dich n-hexane bén trén, ¢6 can dich nay trén may ct quay ap suat giam va & nhiét
do 50°C. Lap lai chiét thém 2 1an thu dugc cin chiét n-hexane (8,6 2). Phan dich nuéc
con lai tiép tuc tién hanh chiét véi dung méi co6 dd phan cuc hon dichloromethane
(1,5 lit), lic déu hdn hop, dé ling phan 16p thanh hai 16p, gan lay 16p dich
dichloromethane phia bén dudi, co quay dudi ap suit giam & nhiét do 50°C. Lap lai
chiét thém hai lan thu duoc cin chiét dichloromethane (81,5 g).

Tién hanh sic ky cin n-hexane trén cot silica gel v6i hé dung moi gradient
(100% n-hexane — 100% ethyl acetate) thu dugc 12 phan doan AD-H1 — AD-H12.
Tir phan doan AD-H5 (2136 mg) sic ky trén cot silica gel voi hé dung méi rira gidi
n-hexane/acetone (50/1, v/v) thu dugc hai phan doan AD-H5.1 (429 mg) va AD-H5.2
(615 mg). Phan doan AD-H5.1 duoc sic ky trén cot silica gel pha dao RP-C18 vé6i hé
dung moi acetone/nudce (1/1, v/v) thu dugc phan doan AD-H5.1A (163 mg), sau do



41

tiép tuc sic ky phan doan nay trén cOt silica gel voi hé dung méi n-
hexane/dichloromethane (10/1, v/v) thu dugc phan doan AD-HS5.1B (53 mg). Tinh
ché phan doan AD-H5.1B trén may diéu ché HPLC Agilent cung véi cot sic ky (4,5
mm x 250 mm), tbc d6 dong 0,8 ml/phit, hé dung moéi methanol/nude (70/30, v/v)
thu dugc hai hop chat sach ADB1 (7,3 mg, fr = 44,930 phut) vi ADBS (4,2 mg, fr =
53,595 phit). Phian doan AD-H5.2 sic ky trén cot silica gel pha dao RP-C18 voi hé
dung méi rura gidi acetone/nudc (1/2, v/v) thu dugc phan doan AD-H5.2A (326 mg),
phan doan AD-H5.2A tiép tuc dugc sic ky trén cot sephadex LH-20 cung v6i hé dung
modi methanol/nude (2/3, v/v) thu duge phan doan AD-H5.2B (41 mg). Phan doan
AD-H5.2B dugc tinh ché trén may HPLC cung voi ¢t sdc ky (4,5 mm x 250 mm),
tdc 46 dong 0,8 ml/phit, hé dung mai acetonitrile/nudc (20/80, v/v) thu duoc hai hop
chat sach ADB9 (3,6 mg, frr = 23,813 phut).

M: methanol

A: acetone

D: dichloromethane
E: ethyl acetate

Can n-hexane
(8,68

H: n-hexane
Gradient, 100% H —100%E W: nuge
v v v v v
AD-H1 AD-H5 AD-H7 AD-H8 AD-HI12
(2136 mg) (422 mg) (357 mg)
Gradient, 100% H —100% A l %}’1 /}1“‘3/2: l 1C(§1 /}1”3/2:
v v AD-H7.1 AD-H8.1
AD-H5.1 AD-H5.2 (257 mg) (214 mg)
(429 mg) (615 mg) CC, RP-C18
CC, RP-CI8 CC, RP-C18 l (s AW:172 Vv
AW:1/1 viv AW:1/2 viv : AD—HSIA
AD-H5.1A AD-H5.2A AD-H7.1A (136 mg)
(163 mg) (326 mg) (56 mg) cc,
cc, Sephadex, . DA: 50/1 viv
HD: 10/1 viv MW:2/3, viv HPL AD-H8.1B
AD-H5.1B AD-H5.2B ADBI10 (4me) 4 ml/phat
0,8 ml/phit 2 H g ml/phit, (6,4 m) HPLC l €6t20x250 mm
Cot4,6x250mm | HPLC HPLC l COt46x250mm (s = 41,112 phi) MW:8713
MW 70130 ACN/W: 20/80 ADBI12
ADBI1 ADB9 (12,0 mg)
(73 mg) (3,6 mg) (tg = 58,110 phut)
(1 = 44,930 phi) (tx = 23,813 phiit)
ADBS
(4,2mg)

te = 53,595 phiit )

Hinh 2.8. So d6 phan lap cac hop chét tir phan doan chiét n-hexane ciia sén bién A.
dactylomela

Séc ky phan doan AD-H7 (422 mg) trén cot silica gel v6i pha dong bang hé
dung moi n-hexane/dichloromethane/acetone (20/1/1, v/v) thu dugc phan doan AD-
H7.1 (257 mg), tiép tuc sic ky phan doan vira thu dugc trén cot pha dao RP-C18 véi
hé dung moi rira gidi acetone/nudce (1/3, v/v) thu dugc phan doan AD-H7.1A (56 mg).
Sau d6 tinh sach phan doan AD-H7.1A trén may sic ky long hiéu ning cao HPLC
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v6i cot sic ky (4,6 mm x 250 mm), toc do dong 0,6 ml/phit, hé dung moi
acetonitril/nudc (30/70, v/v) thi thu duoc hop chit sach ADB10 (6,4 mg, trr= 41,112
phut). Phan doan AD-HS8 (357 mg) sic ky trén cot silica gel v6i hé dung méi n-
hexane/dichloromethane/acetone (10/1/1, v/v) thu dugc phan doan AD-HS8.1 (214
mg), sau d6 phan doan AD-HS.1 dugc sic ky trén cot silica pha dao RP-C18 v6i hé
dung méi rura gidi acetone/nudc (1/2, v/v) thu dugc phan doan AD-HS.1A (136 mg).
Phian doan AD-H8.1A tiép tuc sic ky trén cot silica gel v6i hé dung moi
dichloromethane/acetone (50/1, v/v) thu dugc phan doan AD-HS8.1B (44 mg). Sau do6
phan doan AD-H8.1B ciing dugc tinh ché trén may HPLC cung voi cot sic ky (20
mm x 250 mm), toc 6 dong 4 ml/phit, hé dung méi methanol/nude (85/15, v/v) thi
thu dugc hop chit sach ADB12 (12,0 mg, fr = 58,110 phut).

Cin dichloromethane (81,5 g) tién hanh sic ky trén cot silica gel véi hé dung
moi gradient (100% n-hexane — 100 % acetone) thu dugc 15 phan doan AD1 —
ADBI10. Tién hanh sic ky phan doan AD1 (248 mg) trén cot silica gel v6i hé dung
moi n-hexane/acetone (60/1, v/v) thu dugc hai phan doan AD1.1 va AD1.2 (120 mg).
Phan doan AD1.2 dugc sic ky trén cot silica gel voi hé dung moi gradient (100% n-
hexane — 100% dichloromethane) thu dugc phan doan AD1.2B (92 mg). Hop chat
sach ADBI11 (9,9 mg) thu duoc khi tinh ché lai phan doan AD1.2B trén cdt silica gel

v6i hé dung moi rira gidi n-hexane/ethyl acetate/dichloromethane (28/1/0,1, v/v).

Can dicholoromethane

(81,59
Gradient, 100% n-hexane —100%acetone
v v v v
ADI1 AD9 ADI12 ADIS5
(248 mg) (3240 mg) (5013 mg)
CC, HA: CC. HDA: l CC, HE2/1 viv
; 60/1, viv 50/1/1 viv ; | .
AD9.5
ADI1.2 ADI.1 (830 me) ADI2.1 ADI2.5
(120 mg) (341 mg) (658 mg)
CC, l oy RP C-18
HD: gradient v/v DM:70/1 viv RP C-18, .
J 3 AW /T viv AW 23 vl
ADI1.2B AD9.5C ADO.5F ADI2.1.1
(92 mg) (108 mg) (954 mg) (163 mg) ADI12.5.1 ADI12.5.2
(255 mg)
cc, cc, cc. cc,
HED28/1/0.1v/v HE: 7/2 viv HDES/9/1 /v HDA:7/2/1 viv l RP C-18,
M/W: 2/3 viv
ADBI1 AD9.5C1 AD9.5F1 ADB4
(73mg) (325 mg) ADI2.5.1A
(.9 mg) RP C-18, (10,0 mg) (84 mg)
RP C-18, MW: 2/3 v/v
MW: 1/1 viv l cc,
ADB7 AD9.5F1A AD9.5F1B HAZ/L viv
(4.2 mg) ©6mg) (50me) ADB6
cc, cc,
HE: 7/2 viv HE: 3/1 viv (5,0 mg)
ADB2 ADB5
(6,3 mg) (9,8 mg)
ADB3
(8,3 mg)

Hinh 2. 9. So d6 phan lap cac hop chit tir phan doan dichloromethane cta sén bién
A. dactylomela
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Tién hanh sic ky phan doan AD9 (3240 mg) trén cot silica gel v6i hé dung moi
rua giai n-hexane /dichloromethane/acetone (50/1/1, v/v) thu dugc phan doan AD9.5
(1830 mg), phan doan nay tiép tuc duogc sic ky trén cot silica gel véi hé dung moi
dichloromethane/methanol (70/1, v/v) thu dugc hai phan doan AD9.5C (108 mg) va
AD9.5F (954 mg). Phan doan AD9.5C sic ky trén cot silica gel voi hé dung méi ria
gidi n-hexane /ethyl acetate (7/2, v/v) thu dugc phan doan AD9.5C1 (73 mg), phan
doan nay tiép tuc duoc sic ky trén cot silica gel pha dao RP-C18 véi hé dung méi rira
giai methanol/nude (1/1, v/v) thu dugc hop chat sach ADB7 (4,2 mg).

Tir phan doan AD9.5F tién hanh sic ky trén cot silica gel cing v6i hé dung
moi pha dong n-hexane/dichloromethane/ethyl acetate (8/9/1, v/v) thu dugc phan
doan AD9.5F1 (325 mg). TUr phan doan AD9.5F1 sic ky trén cot pha dao RP C-18
v6i1 hé dung moi rira gidi methanol/nudc (2/3, v/v) thu duge hai phan doan nhd
AD9.5F1A (96 mg) va AD9.5F1B (50 mg). Tiép tuc sic ky phan doan AD9.5F1A
trén cdt silica gel voi hé dung moi rira giai n-hexane /ethyl acetate (7/2, v/v) thu dugc
hai hop chét sach ADB2 (6,3 mg) va ADB3 (8,3 mg). Hop chit sach ADB5 (9,8 mg)
cling duoc tinh ché khi sic ky phan doan AD9.5F1B trén cot silica gel v6i hé dung

moi rua giai n-hexane/ethyl acetate (3/1, v/v).

Tir phan doan AD12 (5013 mg) tién hanh sic ky trén cot silica gel v6i hé dung
moi rira giai n-hexane/ethyl acetate (2/1, v/v) thu dugc hai phan doan AD12.1 (341
mg) va ADB12.5 (658 mg). Tir phan doan AD12.1 tién hanh séc ky trén cot pha déo
RP C-18 cung véi h¢ dung moi acetone/nudc (1/1, v/v) thu dugc phan doan AD12.1.1
(163 mg), va ciing tir phan doan nay tién hanh sic 1y trén cot silica gel voi hé dung
moi rira gidi n-hexane /dichloromethane/acetone (50/1/1, v/v) thu dugc hop chit sach
ADB4 (10,0 mg). Tir phan doan AD12.5 tién hanh sic ky trén cot pha dao RP C-18
cung véi hé dung mdi acetone/nudc (2/3, v/v) thu dugce phan doan AD12.5.1 (255
mg) va AD12.5.2. Tir phan doan AD12.5.1 séc ky trén cot pha déo pha dao RP C-18
cung v6i hé dung moi methanol/nude (2/3, v/v) thu dugc phan doan AD12.5.1A (84
mg) va hop chat ADB6 (5,0 mg) ciing thu dwogc khi tinh ché lai phan doan AD12.5.1A
trén bang cot pha thudng silica gel cing v6i hé dung moi n-hexane/acetone (3/1, v/v).
2.4.3. Phén ldp cdc hop chit tiv loai sén bién A. oculifera thu ¢ Ling C6, Hué

Sén bién A. oculifera (9,0 Kg) xay nhuyén va ngam véi 10 Lit methanol, ngdm
trong bé siéu am & 35°C trong 30 phut, dé ling, gan dich chiét va co can trén may cd
quay & 50°C, ap suat giam thu dugc cin chiét methanol. Lap lai thém hai 1an thi thu

duoc cin methanol (800 g). Cin methanol hoa tan véi nuéc am (3 Lit) va chiét phan
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16p véi ethyl acetate (3 Lit), lac déu, dé ling trén phéu chiét, gan phan dich chiét ethyl

acetate & phia trén va c6 can trén may cat quay ¢ 50°C dudi ap suat gidm. Tién hanh

1ap lai thém 2 14n thi thu duoc cin ethyl acetate (350 g).

Sén bién (Aplysia oculifera)
9.0kg)

+ 10 L methanol x 3 lan
Siéu am ¢ 35°C, 30 phat

M: methanol

A: acetone

D: dichloromethane
E: ethyl acetate

l

. H: n-hexane
Can methanol W- nuée
(800 g)
+ 3 L nude
+3 L ethyl acetate x 3 lin
v v
Cén Ethyl acetate Nudc
(350 g
Gradient, 100% n-hexane —100% ethyl acetate
¥ v v
AOl.1 AO1.21 AO1.33
(1,62 (14g)
CC, CC,
HA, 20/1, viv DME:50/1/0.5 v/v
AO1A v ' v v
(513 mg) AO2A AO2B AO2C AO2D
RP C-18, (2518 mg) (3042 mg) (1005 mg) (2073 mg)
M/W: 1/3 viv RP C-18, RP C-18, RP C-18,
AOIAI AW: 1/5 Vv AW 12V AW 12 i
(15 mg) v AOS5A AO6A
ACNIW: 45/55, vy | o AO3A AO3B (99 mg) (483mg)
3 ml/phit (602mg) @3 9'“%(: wpLe | AoNw: sosovw | CC
AOB2 cc, 105 o 3 mUphit DMA:16/1/0.5 viv
DMA:25/1/0.5 viv . A AO6A4
(2,0 mg) AO3AL AO3BI AOB7 (43 mg)
(28 mg) (11,3 mg)
(197 mg) ACNAY: 3070 < HpLC l ACN/W: 25/75 viv
. N viv 3 V/phu
3A1CIII;I/[/:}}:;t25/7S viv l HPLC HPLC l 3 mipht RP C15, ml/phat
A/W: 12 v/v AOBS
AOB3 I?OB“ (1,0 mg)
(11,0 mg) 2,4 mg) v
v v
AO4A AO4B
(56 mg) (523 mg)
ACN/W: 50/50 vV | pprc RP C-18,
3 ml/phat A/W: 213 v/v
AOBI1 AO4B1
(3,2 mg) (62 mg)
HPLC ACN/W: 50/50 v/v
3 ml/phut
AOB6
(2,8 mg)

Hinh 2.10. So d6 phan 1ap cac hop chét t

ur sén bién A. oculifera

Can ethyl acetate sau khi chiét phan 16p dugc tién hanh sic ky trén cot silica
gel véi h¢ dung moi gradient (100% n-hexane —100% ethyl acetate) thi thu dugc 33
phan doan AO1.1 — AO1.33. Tién hanh sic ky phan doan AO1.21 (1,6 g) trén cot
silica gel véi hé dung moi rira gidi n-hexane/acetone (20/1, v/v) thu dugc phan doan
AOI1A (513 mg). Phian doan AO1A sic ky tré cot pha dao RP C-18 véi hé dung moi
rira giai methanol/nudc (1/3, v/v) thu dugc phan doan AO1A1 (15 mg), va tiép tuc
tinh ché phan doan nay trén hé thong may diéu ché 1ong cao ap Agilent 1260 [cot sic
ky JHO8S04-2520WT (250 x 20 mm; S-4pm, 8 nm), toc do dong 3 ml/phuat, hé dung
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moi acetonitrile/nude (45/55, v/v), thoi gian luu r = 37,461 phut] thu dwoc hop chit
sach AOB2 (2,0 mg,).

Tién hanh sic ky phan doan AO1.33 (14 g) trén cot silica gel véi hé dung moi
rura giai dichloromethane/methanol/ethyl acetate (50/1/0,5, v/v) thu duoc 4 phan doan
AO2A—AO2D. Phan doan AO2A (2518 mg) duoc sic ky trén cot pha dao RP C-18
v61 h¢ dung moi rira giai acetone/nudc (1/5, v/v) thu dugce hai phan doan AO3A (602
mg) va AO3B (359 mg). Sic ky pha doan AO3A trén cot silica gel ciing v6i hé dung
moi dichloromethane/methanol/acetone (25/1/0,5, v/v) thu dugc phan doan AO3A1l
(197 mg), phan doan nay tiép tuc dugc tinh ché trén may HPLC [hé dung mdi
acetonitrile/nudce (25/75, v/v), tbc do dong 3 ml/phut va thoi gian luu tr = 38,951
phut] thu duoc hop chat sach AOB3 (11,0 mg). Phan doan AO3B dugc sic ky trén
cOt silica gel véi hé dung moi rira giai dichloromethane/methanol/acetone (25/1/0,5,
v/v) thu dugc phan doan AO3B1 (28 mg). Hop chat AOB4 (2,4 mg) ciing thu dugc
khi tinh ché lai phan doan AO3BI trén may HPLC [hé dung mdi acetonitrile/nudc
(30/70, v/v), toc d6 dong 3 ml/phat va thoi gian luu fr = 44,506 phit]. Tién hanh sic
ky phan doan AO2B (3042 mg) trén cot pha ddo RP C-18 vdi hé dung moi rira gidi
acetone/nudc (1/2, v/v) thu dugc hai phan doan AO4A (56 mg) va AO4B (523 mg).
Tinh ché phan doan AO4A trén may HPLC [hé dung mdi acetonitrile/nuéc (50/50,
v/v), tbe @6 dong 3 ml/phit va thoi gian luu fr = 22,743 phut] thu dugc hop chét sach
AOBI (3,2 mg). Phan doan AO4B dugc sic ky trén cot pha dao RP C-18 voi hé dung
moi rira giai acetone/nudc (2/3, v/v) thu duoc phan doan AO4B1 (62 mg), tinh ché
lai phan doan nay trén may HPLC [hé dung mdi acetonitrile/nudc (50/50, v/v), toe do
dong 3 ml/phit va thoi gian luu fr = 13,886 phut] thu dugc hop chat AOB6 (2,8 mg).
Séac ky phan doan AO2C (1005 mg) trén cot pha dao RP C-18 véi hé dung méi rira
giai acetone/nudc (1/2, v/v) thu duge phan doan AOS5A (99 mg). Tinh ché phan doan
AOS5A trén may HPLC [hé dung méi acetonitrile/nuée (50/50, v/v), toc do dong 3
ml/phut va thoi gian luu tr = 17,374 phut] thu duoc phan hop chat sach AOB7 (11,3
mg). Sic ky phan doan AO2D (2073 mg) trén cot pha dao RP C-18 véi hé dung méi
ria giai acetone/nudce (1/2, v/v) thu dugce phan doan AO6A (483 mg), phan doan nay
tiép tuc duwoc sic ky trén cot slica gel voi hé dung méi
dichloromethane/methanol/acetone (16/1/0,5, v/v) thi thu dugc phan doan AO6A4
(43 mg). Tinh ché lai phian doan AO6A4 trén may HPLC [hé dung moi
acetonitrile/nudc (25/75, v/v), toc 46 dong 3 ml/phat va thoi gian luu r = 35,522
phut] thi thu dwoc hop chit sach AOBS5 (1,0 mg).
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2.5. Thong s6 vat Iy va du liéu pho ciia cac hop chit phan lap dwoc
2.5.1. Théng sé vat Iy va die liéu phé ciia cic hgp chit phén lgp tiv loai sén bién
A. dactylomela thu ¢ dao Phu Quy, Lam Dong
2.5.1.1. Hop chdt ADAI: Dactylomelanin C (chdt méi)

Chat bot vo dinh hinh mau tréng;

b6 quay cuc [a] 7 =+107,3 (¢ 0,87, MeOH);

Cong thuc phan tu: C14H19BrOo;

Khéi lugng phan tir: 298;

Pho UV (MeOH) Amax (log €): 235 (3,60) nm;

Ph6 ECD (c 3,36 mM. MeOH) Amax (Ag) 207 (+3,10), 233 (-1,19) nm;

Phoé HR-ESI-MS m/z 299,0657 [M + H]" va 301,0624 [M + 2 + H]" (tinh
toan 1y thuyét cho cong thirc C14H20BrO2" m/z 299,0641 va 301,0621);

S liéu phd '"H-NMR (CDCl3, 600 MHz) va *C-NMR (CDCls, 150 MHz)
xem Bang 3.1;

S liéu phd "H-NMR (CD;OD, 600 MHz) va *C-NMR (CD;OD, 150 MHz)
xem Bang 3.2.
2.5.1.2. Hop chat ADA2: Dactylomelanin D (chdt méi)

Chat bot vo dinh hinh mau tréng;

b6 quay cuc [a] 7 =-25,3 (¢ 1,0, MeOH);

Cong thuc phan tu: CisH21BrOs;

Khéi lwong phan ti: 340;

Pho UV (MeOH) Amax (log €): 235 (3,79) nm;

Ph6 ECD (c 2,94 mM. MeOH) Amax (Ag) 207 (+2,38), 233 (-0,77) nm;

Pho HR-ESI-MS m/z 341,0747 [M + H]" va 343,0728 [M + 2 + H]" (tinh
toan 1y thuyét cho cong thitc C16H22BrOs", m/z 341,0747 va 343,0726);

S liéu phd '"H-NMR (CDCls, 500 MHz) va '3*C-NMR (CDCl;, 125 MHz)
xem Bang 3.3.

2.5.1.3. Hop chat ADA3: Dactylomelanin E (chdt méi)

Chét dau vang;

Cong thure phan ti: Ci15His0;

Khéi lwong phan ti: 214;

Phd UV (MeOH) Amax (log €): 220 (3,59), 290 (3,01) nm;

Pho HR-ESI-MS m/z 215,1433 [M + H]" (tinh toan 1y thuyét cho cong thirc
CisH100", m/z 215,1430);
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S liéu phd 'H-NMR (CDCl3,600 MHz) va *C-NMR (CDCls, 150 MHz)
xem Bang 3.4.
2.5.1.4. Hop chdt ADA4: (2S,3R, 7S, 7R)-2-chloro-3, 7-epoxychamigrane-9-one

Chat bot vo dinh hinh mau tra“ing;

b6 quay cuc [a] 7 =+ 40,8 (¢ 0,4, MeOH);

Cong thuc phan tu: C1sH23Cl1O0g;

Khéi lugng phan tir: 270;

Ph6 UV (MeOH) Amax (log €): 239 (3,09) nm;

Phd ECD (c 1,85 mM. MeOH) Amax (Ag) 293 (- 4,40) nm;

Phd HR-ESI-MS m/z 271,1459 [M + H]" va 273,1430 [M + 2 + H]" (tinh toan
1y thuyét cho cong thitc CisH24ClO2", m/z 271,1459 va 273,1430); 288,1720 [M +
NH4]" va 290,1699 [M + 2 + NH4]* (tinh toan 1y thuyét cho cong thirc C1sHa7CINO,",
m/z 288,1725 va 290,1695); 293,1285 [M + Na]" va 295,1244 [M + 2 + Na]" (tinh
toan 1y thuyét cho cong thirc C1sHa3CINaO>" m/z 293,1279 va 295,1249);

S liéu phd "H-NMR (CDCl3, 500 MHz) va *C-NMR (CDCls, 125 MHz)
xem Bang 3.5.

2.5.2. Théng sé vit Iy va die liéu phé ciia cdc hop chit phén ldp tir lodi sén bién
A. dactylomela thu ¢ ddo Ly Son, Qudng Ngai

2.5.2.1. Hop chdt ADBI: Elatol

Chat dau khong mau;

b6 quay cuc [a] ' =+ 75,3 (¢ 0,3, MeOH);

Nhiét d0 néng chay mp: 62-66°C

Cong thure phan ti: C15sH22BrCIO;

Khéi lwong phan ti: 322;

S liéu phd '"H-NMR (CDCl3, 600 MHz) va *C-NMR (CDCls, 150 MHz)
xem Bang 3.6.
2.5.2.2. Hop chdt ADB2: Aplydactylonin I (chét méi)

Chét dau vang;

b6 quay cuc [a] 7 =+ 70,4 (¢ 0,1, MeOH);

Cong thuc phan tu: CisH23BrO»;

Khéi lwong phan ti: 314;

Pho UV (MeOH) Amax (log €): 217 (2,24) nm;

Phd ECD (¢ 1,27 mM. MeOH) Amax (A€) 203 (13,00) nm;
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Phdé HR-ESI-MS m/z 349,0576 351,0554 [M + C1] va 351,0554 [M + 2 + CI]-
(tinh toan 1y thuyét cho cong thirc C1sHa3BrO2Cl, m/z 349,0575 va 351,0554);

S liéu phd '"H-NMR (CDCl3, 500 MHz) va *C-NMR (CDCls, 125 MHz)
xem Bang 3.7.
2.5.2.3. Hop chdat ADB3: Aplydactylonin K (chdt méi)

Chét dau vang;

b6 quay cuc [a] 7 =+ 24,4 (¢ 0,1, MeOH);

Cong thure phan tir: C17H23BrOz;

Khéi lwong phan ti: 356;

Ph6 UV (MeOH) Amax (log €): 217 (1,95) nm;

Phd ECD (¢ 2,23 mM. MeOH) Amax (Ag) 205 (10,82) nm;

Phd HR-ESI-MS m/z 391,0669 [M + C1] va 393,0648 [M + 2 + Cl]- (tinh toan
1y thuyét cho cong thirc C17HasBrOsCl, m/z 391.0681 va 393,0661);

S liéu phd 'H-NMR (CDCl3, 500 MHz) va *C-NMR (CDCls, 125 MHz)
xem Bang 3.8.
2.5.2.4. Hop chdat ADB4: Aplydactylonin G (chdt méi)

Chét dau vang;

b6 quay cuc [a] 7 =+ 21,0 (¢ 0,1, MeOH);

Cong thuc phan tu: CisH23BrO»;

Khéi luong phan tu: 314;

Pho UV (MeOH) Amax (log €): 217 (2,46) nm;

Phd ECD (¢ 0,7 mM. MeOH) Amax (A€) 203 (8,98) nm;

Ph6 HR-ESI-MS m/z 332,1208 [M + NH4]" va 334,1182 [M + 2 + NHa4]" (tinh
toan 1y thuyét cho cong thirc C1sH27BrO-N*, m/z 332,1220 va 334,1200);

S liéu phd '"H-NMR (CDCls, 500 MHz) va '3*C-NMR (CDCl;, 125 MHz)
xem Bang 3.9.
2.5.2.5. Hop chdat ADBS5: Aplydactylonin H (chdt méi)

Chét dau vang;

Do quay cuc [a] 2 =+ 69,1 (¢ 0,1, MeOH);

Cong thuc phan tu: C17H25BrOs;

Khéi lugng phan tir: 356;

Pho UV (MeOH) Amax (log €): 217 (2,15) nm;

Ph6 ECD (c 1,68 mM. MeOH) Amax (Ag) 201 (11,54) nm;
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Phé HR-ESI-MS m/z 379,0871 [M + Na]* va 381,0836 [M + 2 + Na]" (tinh
toan 1y thuyét cho cong thire C17HasBrOsNa*, m/z 379,0880 va 381,0859);

S liéu phd '"H-NMR (CDCl3, 500 MHz) va *C-NMR (CDCls, 125 MHz)
xem Bang 3.10.
2.5.2.6. Hop chdt ADB6: Aplydactylonin F (chdt méi)

Chét dau vang;

b6 quay cuc [a] 7 =- 16,7 (¢ 0,1, MeOH);

Cong thure phan tir: C15sH23BrOgs;

Khéi lwong phan ti: 330;

Ph6 UV (MeOH) Amax (log €): 220 (3,06) nm;

Phd ECD (¢ 0,73 mM. MeOH) Amax (Ag) 192 (- 6,92) nm;

Phd HR-ESI-MS m/z 365,0517 [M + C1] va 367,0491 [M + 2 + CI] (tinh toan
1y thuyét cho cong thirc C1sHa3BrOsCl, m/z 365,0525 va 367,0504);

S liéu phd 'H-NMR (CDCl3, 500 MHz) va *C-NMR (CDCls, 125 MHz)
xem Bang 3.11.
2.5.2.7. Hop chdt ADB7: Aplydactylonin E (chdt méi)

Chét dau vang;

b6 quay cuc [a] 7 =-7,3 (¢ 0,1, MeOH);

Cong thuc phan tu: C17H27BrOg;

Khéi luong phan ti: 374;

Pho UV (MeOH) Amax (log €): 217 (2,27) nm;

Ph6 ECD (c 1,07 mM. MeOH) Amax (Ag) 193 (- 4,51) nm;

Phé HR-ESI-MS m/z 397,0996 [M + Na]* va 399,0975 [M + 2 + Na]" (tinh
toan 1y thuyét cho cong thirc C17H27BrOsNa*, m/z 397,0985 va 399,0965);

S liéu pho "H-NMR (CDCl3, 600 MHz) va *C-NMR (CDCls, 150 MHz)
xem Bang 3.13.

2.5.2.8. Hop chat ADBS: [3(15)E,4Z,68S,9S,10R]-10,15-dibromochamigra-
3(15),4,7(14)-trien-9-0l

Chét dau khong mau;

Cong thure phan tir: C15sH20Br20;

Khéi lwong phan ti: 374;

S liéu phd "H-NMR (CDCl3, 600 MHz) va *C-NMR (CDCls, 150 MHz)
xem Bang 3.14.
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2.5.2.9. Hop chat ADBY: Pacifidiene

Chat dau khéng mau;

Cong thuc phan tu: CisHi9Br2ClO;

Khéi lugng phan tir: 408;

S liéu pho "H-NMR (CDCl3, 600 MHz) va *C-NMR (CDCls, 150 MHz)
xem Bang 3.15.

2.5.2.10. Hop chit ADBI0: 11-hydroxy-8-oxo-p-cyperon

Chét dau khéng mau;

Phé hdng ngoai IR: 3620 (OH): 1670, 1600 (C=C-CO) cm™;

Cong thtrc phan tr: C15H2003;

Khéi lwong phan tir: 248;

Phé HR-ESI-MS m/z 271,1302 [M + Na]* (tinh toan 1y thuyét cho cong thirc
Ci5sH2003Na" m/z 271,1310);

S liéu pho "H-NMR (CDCl3, 600 MHz) va '*C-NMR (CDCls, 150 MHz)
xem Bang 3.16.
2.5.2.11. Hop chdt ADBI11: Aplydactylonin D (chat méi)

Chét dau vang;

b0 quay cuc [a] 7 =-3,4 (¢ 0,1, MeOH);

Cong thure phan tir: C20H2402;

Khéi lwong phan ti: 296;

Phd UV (MeOH) Amax (log €): 210 (3,68), 290 (3,93) nm;

Ph6 ECD (c 0,17 mM, MeOH) Amax (Ag) 203 (- 6,02), 226 (0,84), 246 (0,97),
300 (2,40), 332 (0,41) nm;

Phé HR-ESI-MS m/z 297,1855 [M + H]" (tinh toan 1y thuyét cho céng thirc
Ca0H2s02", m/z 297,1849); 319,1679 [M + Na]* (tinh toan 1y thuyét cho cong thirc
C20H2502Na’ m/z 319,1669);

S liéu phd "H-NMR (CDCl3, 600 MHz) va *C-NMR (CDCls, 150 MHz)
xem Bang 3.17.

2.5.2.12. Hop chat ADBI2: Thyrsiferol
Chat dau khéng mau;
b6 quay cuc [a] ) = + 28 (¢ 0,6, CHCI3);

Cong thire phan tir: C30Hs3BrOy;
Khéi lwong phan tir: 604;
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Phé HR-ESI-MS m/z 627,2872 [M + Na]* va 629,2870 [M + 2 + Na]" (tinh
toan 1y thuyét cho cong thirc C3oHs3BrO7Na* m/z 627,28767 va 629,2846);

S liéu phd "H-NMR (CDCl3, 600 MHz) va *C-NMR (CDCls, 150 MHz)
xem Bang 3.18.

2.5.3. Théng sé vit Iy va dii liéu phé ciia cdc hop chit phén ldp tir lodi sén bién
A. oculifera thu é Ling Cé, Hué

2.5.2.1. Hop chdt AOBI: Oculiferanin A (chdt méi)

Chét ran v6 dinh hinh khong mau;

Cong thure phan tir: C22H33BrOs;

Khéi lwong phan tu: 456;

Ph6 UV (MeOH) Amax (log £): 210 (3,68), 290 (3,93) nm;

Ph6 ECD (c 0,17 mM, MeOH) Amax (Ag) 203 (- 6,02), 226 (0,84), 246 (0,97),
300 (2,40), 332 (0,41) nm;

Phé HR-ESI-MS m/z 479,1401 [M + Na]* va 481,1412 [M + 2 + Na]" (tinh
toan 1y thuyét cho cong thirc C22H33BrOsNa* m/z 479,1404 va 481,1383); 491,1204
va493,1183 [M + CI] (tinh toan 1y thuyét cho cong thirc C22H33BrOsCl-, m/z 491,1200
va 493,1179);

S liéu phd '"H-NMR (acetone-ds, 600 MHz) va '3C-NMR (acetone-ds, 150
MHz) xem Bang 3.19.

S liéu phd "H-NMR (CD;OD, 600 MHz) va *C-NMR (CD;OD, 150 MHz)
xem Bang 3.20.

2.5.2.2. Hop chat AOB2: Oculiferanin B (chdt méi)

Chét ran vo dinh hinh khong mau;

Cong thuc phan tu: Co4H3sBrOg;

Khéi lwong phan tu: 498;

Ph6 UV (MeOH) Amax (log €): 210 (3,68), 290 (3,93) nm;

Ph6 ECD (c 0,17 mM, MeOH) Amax (Ag) 203 (- 6,02), 226 (0,84), 246 (0,97),
300 (2,40), 332 (0,41) nm;

Pho HR-ESI—MS m/z 533,1326 [M + Cl] va 535,1305 [M + 2 + CI] (tinh
toan ly thuyét cho cong thirc C24H3sBrOsCl" m/z 533,1306 va 535,1285);

S liéu phd '"H-NMR (acetone-ds, 600 MHz) va '3C-NMR (acetone-ds, 150
MHz) xem Bang 3.21.

2.5.2.3. Hop chdt AOB3: Oculiferanin C (chdt m&i)

Chét ran vo dinh hinh khong mau;
Cong thuc phan tu: C22H33BrOg;
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Khéi lwong phan tu: 472;

Ph6 UV (MeOH) Amax (log €): 210 (3,68), 290 (3,93) nm;

Ph6 ECD (c 0,17 mM, MeOH) Amax (Ag) 203 (- 6,02), 226 (0,84), 246 (0,97),
300 (2,40), 332 (0,41) nm;

Ph6 HR-ESI-MS m/z 490,1792 [M + NHa4]" va 492,1775 [M + 2 + NHa]" (tinh
toan 1y thuyét cho cong thirc CaoH37BrOsN* m/z 490,1799 va 492.1778); m/z
507,1153 va 509,1136 [M + CI] (tinh toan 1y thuyét cho cong thirc C22H33BrOsCl
,m/z 507,1149 va 509,1129);

S liéu phd '"H-NMR (acetone-ds, 600 MHz) va '3C-NMR (acetone-ds, 150
MHz) xem Bang 3.22.

2.5.2.4. Hop chat AOB4: Oculiferanin D (chdt méi)

Chét ran vo dinh hinh khong mau;

Cong thuc phan tu: C22H33BrOs;

Khéi lugng phan tir: 456;

Ph6 UV (MeOH) Amax (log £): 210 (3,68), 290 (3,93) nm;

Ph6 ECD (c 0,17 mM, MeOH) Amax (Ag) 203 (- 6,02), 226 (0,84), 246 (0,97),
300 (2,40), 332 (0,41) nm;

Ph6 HR-ESI-MS m/z 474,1834 [M + NH4]" va 476,1835 [M + 2 + NHa4]" (tinh
toan 1y thuyét cho cong thitc CaoH37BrOsN* m/z 474,1850 va 476,1829); m/z
491,1201 va493,1181 [M + CIJ* (tinh toan Iy thuyét cho cong thirc C22H33BrOsCl
,m/z 491,1200 va 493,1179);

S liéu phd '"H-NMR (acetone-ds, 600 MHz) va '3C-NMR (acetone-ds, 150
MHz) xem Bang 3.23.

2.5.2.5. Hop chat AOBS5: Oculiferanin E (chdt méi)

Chét ran vo dinh hinh khong mau;

Cong thuc phan tu: C2oH29BrOs;

Khéi lugng phan tir: 428;

Ph6 UV (MeOH) Amax (log €): 210 (3,68), 290 (3,93) nm;

Ph6 ECD (c 0,17 mM, MeOH) Amax (Ag) 203 (- 6,02), 226 (0,84), 246 (0,97),
300 (2,40), 332 (0,41) nm;

Ph6 HR-ESI-MS m/z 446,1541 [M + NH4]" va 448,1514 [M + 2 + NHa]" (tinh
toan 1y thuyét cho cong thirc CaoH3:BrOsN* m/z 446,1537 va 448,1516); m/z
463,0889 va 4650888 [M + Cl] (tinh toan Iy thuyét cho cong thirc Ca0H20BrOsCl
,m/z 463,0887 va 465,0866);
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S liéu phd '"H-NMR (acetone-ds, 600 MHz) va '3C-NMR (acetone-ds, 150
MHz) xem Bang 3.24.

2.5.2.6. Hop chdt AOB6: Oculiferanin F (chdt méi)

Chét ran vo dinh hinh khong mau;

Cong thuc phan tu: C2oH31BrOs;

Khéi lugng phan tir: 430;

Pho UV (MeOH) Amax (log €): 210 (3,68), 290 (3,93) nm;

Ph6 ECD (c 0,17 mM, MeOH) Amax (Ag) 203 (- 6,02), 226 (0,84), 246 (0,97),
300 (2,40), 332 (0,41) nm;

Ph6 HR-ESI-MS m/z 448,1687 [M + NHa]" va 450,1653 [M + 2 + NHa]" (tinh
toan theo ly thuyét C20H3sBrOsN™, 448,1693 va 450,1673); tai m/z 465,1038 va
467,1016 [M+CI] (tinh toan theo 1y thuyét C20H31BrOsCl, 465,1043 va 467,1023);

S liéu phd '"H-NMR (acetone-ds, 600 MHz) va '3C-NMR (acetone-ds, 150
MHz) xem Bang 3.25.

2.5.2.7. Hop chat AOB7: Oculiferanin G (chdt méi)

Chét ran vo dinh hinh khong mau;

Cong thuc phan tu: C22H33BrOg;

Khéi luong phan tu: 472;

Pho UV (MeOH) Amax (log €): 210 (3,68), 290 (3,93) nm;

Ph6 ECD (c 0,17 mM, MeOH) Amax (Ag) 203 (- 6,02), 226 (0,84), 246 (0,97),
300 (2,40), 332 (0,41) nm;

Ph6 HR-ESI-MS m/z 490,1792 [M + NHa4]" va 492,1783 [M + 2 + NHa]" (tinh
toan theo 1y thuyét CaoH3BrOsN*, 490,1799 va 492,1798); tai m/z 507,1140 va
509,1123 [M+CI]" (tinh toan theo 1y thuyét C2oH33BrOsCl, 507,1153 va 509,1136);

S6 liéu phd "H-NMR (acetone-ds, 600 MHz) va '3C-NMR (acetone-ds, 150
MHz) xem Bang 3.26.

2.6. Thir nghiém hoat tinh gy déc té bao ung thu ciia cac hop chét phén lap
dwgc

2.6.1. Thik nghiém hogt tinh gdy dgc té bao ung thw ciia cdc hop chit phén lgp
dwoc tir loai sén bién A. dactylomela

Phép thir hoat tinh gdy doc té bao ung thu dugc thyc hién theo phuong phap
duoc md ta trong muc 2.2.3. Mudi sau hop chét sach, trong d6 4 chat (ADA1 dén
ADA4) tir loai 4. dactylomela thu & dao Phu Quy, Lam Pdng va 12 hop chét sach
(ADB1 dén ADB12) tir lodi A. dactylomela thu & dao Ly Son, Quang Ngii duoc thir
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hoat tinh gay doc té bao in vitro trén ba dong té bao ung thu ¢ ngudi: ung thu phdi
(A549), ung thu v (MCF-7) va ung thu gan (HepG2).
2.6.2. Thir nghiém thir hoat tinh gy djc té bao ung thw ciia cic hop chit phén
Igp dwoc tir loai sén bién A. oculifera

Phép thir hoat tinh gdy doc té bao ung thu dugc thyc hién theo phuong phap
duoc mo ta trong muc 2.2.3. Céc hop chit sach tr AOB1 dén AOB7 phan 1ap duogc
tir loai sén bién A. oculifera thu & Lang Co, Hué dugc thir hoat tinh gay doc té bao in
vitro trén ba dong té bao ung thu & ngudi: ung thu gan HepG2, ung thu ¢b tir cung
(Hela) va ung thu va (MCF-7).
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Chuwong 3. KET QUA VA THAO LUAN
3.1. Xac dinh cAu tric cac hop chét phén lap duoc

3.1.1. Xdc dinh céu triic cdc hop chit phan lip dwoc tiv lodi sén bién A.
dactylomela thu & dio Phii Quy, Lim Pong

3.1.1.1. Hop chat ADAI1: Dactylomelanin C (chdt méi)

ADA1 ma'ilione

Hinh 3.1. CAu trac hop chit ADA1 va chét tham khao

Hop chat ADA1 thu duge dudi dang bot vo dinh hinh mau tréng. Ph6 HR-ESI-
MS xuét hién hai pic ion gia phan tir tai m/z 299,0657 [M + H]" va 301,0624 [M + 2+
HJ* véi ty 16 1:1, goi ¥ cong thirc phén tir cia hop chét 1a C14H19BrO: (tinh toan theo
1y thuyét C14H20BrO2*, 299,0641 va 301,0621). Hop chat ADA1 c6 do bat bio hoa la
nam (xem hinh 3.2).

«<10 5 |* Scan (it: 4.060 min) hesh_HSB61.1.d

14
0.954
0.9
0.854
0.8
0.751
0.7
0.654
0.6
0.554
0.5
0.451
0.4 263.1735
0.354
0.3
0.251
0.2
0'01.‘:’: 297.0795
0.054 ‘ 261.1580 J ‘ ‘

oL T [ P A I b b o e e b e I D

280 282 284 286 288 290 292 294 296 298 300 302 304 306 308 310 312 314 316 318
Counts vs. Mass-to-Charge (m/z)

Hinh 3.2. Ph6 khéi phan giai cao HR-ESI-MS cua hop chiat ADA1

299.0657
301.0624

310.2016

316.2035

Phé '*C NMR két hop phd HSQC ciia ADA1 (Bang 3.1 va hinh 3.4) cho thiy
tin hiéu cua 14 nguyén tir carbon trong hop chat, bao gdm bdn nguyén tir carbon
khong chtra proton, bén nhém methine, bdn nhém methylene va hai nhém methyl.
Trong sd ndy, mot tin hiéu dic trung cho nhom ketone (dc 198,8), bén nguyén tir
cacbon olefinic (dc 152,3, 142,9, 131,4 va 117,0), va hai methine oxy hoa hodc
halogen héa (dc 73,2 va 71,2) da dugc phat hién. Hon nita, s6 luong carbon sp? chiém
ba trong tong s6 nim d6 bt bio hoa dugc suy ra tir céng thirc phén tir, cho thiy su

ton tai cia hé hai vong trong ADA1. Hop chit 1a mot nor-sesquiterpene (14 carbon).
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Hinh 3.3. Phd 'H-NMR ctia hop chit ADA1

13 12 11 10 9 8 7 6

Ph6 'H NMR cho thay su xuat hién cua lién két d6i dang >C=CHa [Ju 5,18 (br
s) va 4,81 (t, J= 1,8 Hz)]; mot lién két d6i dang -CH=CH- [0n 6,87 (dd, J=10,2, 1,8
Hz) va 6,14 (d, J = 10,2 Hz)] va lién két d6i c6 dong phan hinh hoc dang (Z) do ¢
hang sb twong tac Jio= 10,2 Hz; hai tin hiéu singlet dic trung ctia hai nhom methyl
[on 1,20 va 1,13 ppm]. Ngoai ra, hai proton methine cong huéng & ou 4,38 (d, J =
10,5 Hz) va ou 3,90 (ddd, J = 10,5, 10,5, 6,0 Hz) tuong trng ciia nhom methine brom
va nhom oxymethine twong ung [119].

T T T T T T T T T T T =
220 200 180 160 140 120 100 80 60 40 20 o ppm

Hinh 3.4. Ph6 3C-NMR ciia hop chat ADA1
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Hinh 3.5. Phd HSQC cua hop chiat ADA1
Bang 3.1. S6 liéu phd 'H, *C-NMR ctia hop chat ADA1
Vi tri C G oc™P ou™* (d6 bdi, J = Hz) HMBC (H—C)
1 152,9 1523 6,87 (1H,dd, 10,2, 1,8) 5
2 131,1 131,4 6,14 (1H, d, 10,2) 4,6
3 198,7 198,8 - -
4 34,2 340  2,35(2H, m) -
5 26,3 26,3 2,21 (2H, m) -
6 51,8 51,5 - -
7 141,7 1429 - -
8 2,80 (1H, dd, 13,8, 6,0) 6,7,10
38,4 39.2 2,44 (1H, dddd, 13,8, 10,5, 2,4,
1,8)
9 71,7 71,2 3,90 (1H, ddd, 10,5, 10,5, 6,0) -
10 68,8 732 438(1H,d, 10,5) 9,11, 12,13
11 427 42.5 - -
12 21,4 19,2 1,20 (3H, s) 6,10, 11,13
13 26,9 26,3 1,13 (3H,s) 6,10, 11, 12
14 5,18 (1H, br s) 6, 8
117,9 117,0
4,81 (1H, brt, 1,8) 6,8

" Tai liéu tham khao chat ma'ilione [120] “do trong CDCl;, b 150 MHz, € 600 MHz, 50 MHz.



Hinh 3.6. Tuong tac phé HMBC (—) va phd COSY (=) ctia hop chit ADA1
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Hinh 3.7. Phé HMBC ciia hop chat ADAL1
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Hinh 3. 8. Phé COSY cua hop chit ADA1
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Phén tich dir liéu trén phd COSY va HMBC cho thiy ciu trac phing cua
ADAL1 (Hinh 3.6, hinh 3.7 va hinh 3.8) gidng hét véi cdu tric ciia ma'ilione, mot loai
nor-chamigrane dwgc phan 1ap tir tao 46 Laurencia cartilaginea [120, 121]. Cu thé 1a
cac tuong tac trén phd COSY cua H-1/H-2 va Ha-4/Ha-5, két hop véi cac tuong tac
HMBC tir Ha-5 (5u 2,21) d&én C-1 (dc 152,3), C-3 (5c 198,8) va C-6 (dc 51,5), va tir
H-2 (Ju 6,14) dén C-4 (c 34,0) dd xac nhan ciu truc cua vong cyclohexenone. Ciu
tric cta vong cyclohexane ciing nhu bd khung chamigrane spiro[5,5] dugc thiét 1ap
boi twong tac trén phd COSY giira tuong tac Ha-8 (du 2,44/2,80)/H-9 (du 3,90)/H-10
(8u 4,38) va phd HMBC tir H3-12 (du 1,20) dén C-10 (dc 73,2), C-11 (6c 42,5), va C-
6 (dc 51,5), tir Ho-14 (Ju 4,81/5,18) dén C-8 (dc 39,2) va C-6 (dc 51,5), tir Ha-8 (Ju
2,44/2,80) dén C-7 (dc 142.,9) va tir Ha-5 (du 2,21) d&én C-7 (dc 142,9). Céc twong tac
'H-'H va phd NOESY duoc sir dung dé xac dinh cau hinh twong dbi cia ADA1. Cac
hang sb ghép 16n 10,5 Hz giita H-10 va H-9, va giita H-9 va Hy-8 thé hién dinh hudéng
axial cho nhitng proton nay. Piéu ndy con dugce xac nhan thém bdi cac twong tac
NOESY gitta H-10/Hz-5, H2-5/Hp-8 va H-9/H3-12 (Hinh 3.9 va hinh 3.10). Nhiing
tuong tac NOESY giita H3-12/H-1, H-1/Hy-14 va H»-5/H;-13 da xac minh cdu trac
chamigrane spiro[5.5] véi cdu hinh 65*.
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Hinh 3.9. Phd NOESY cuia hop chit ADA1
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Hinh 3.11. Phén tich h6i quy tuyén tinh ciia d6 dich chuyén héa hoc thuc nghiém so

vOi tinh toan cua 1a va 1b.

Trong sb cac sesquiterpen bromochamigrane dugc phan 1ap tir cac loai Aplysia
va tao d6 bién thudc chi Laurencia, hiu hét déu chira mot nguyén tir brom ¢ C-10,
nhung mét s6 duoc bao cao 1a 9-bromochamigranes bat thuong [9, 122-124]. Theo
d6, dé xac dinh vi tri cia nguyén tir brom trong phép tinh d6 dich chuyén hoa hoc
NMR trong ADA1, 'H va *C ctia hai dong phan c6 thé c6 1a-(65*,95*-OH,105*-Br)
va 1b-(65* ,95*-Br, 105*-OH) dugc thuc hién bang phuong phap quy dao nguyén tir
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doc lap (GIAO) do ¢ mirc PCM-CHCl;/mPWI1PW91/6-31+G(d,p). Sau do, dir li¢u
NMR thtr nghiém va tinh toan dugc so sanh bang cac phan tich vé hé sé twong quan
tuyén tinh (R?), sai s6 tuyét ddi trung binh dd hiéu chinh (CMAE), d6 léch binh
phuong trung binh (RMSD) va x4c sudt DP4+ [113]. Két qua cho thay d6 dich chuyén
hoa hoc 'H va 1*C NMR duogc tinh toan ctia C-9 va C-10 ctia dong phan 1a phu hop
voi cac gia tri thuc nghiém tdt hon nhiéu so véi gia tri cua 1b. Hon nira, viéc so sanh
R?, CMAE va RMSD cuia hai ddng phén cho thy rang ca dit liéu 'H va '3C NMR cua
1a ciing chinh xac hon dit liéu cta 1b (Bang 3.2 va Hinh 3.11). Cudi cting, phép tinh
DP4+ du doan rang 1a 1a ddng phan chinh xac voi xac suat 100%.

Pé xac dinh cau hinh tuyét d6i cia ADA1, dong phan 1-(6S,95,10S) va dong
phan ddi quang cuia nd, 1'-(6R,9R,10R), duoc tinh todn ECD bang 1y thuyét ham mat
d6 phu thudc thoi gian (TDDFT) ¢ mitc PCM-MeOH/CAM-B3LYP/cc-PVTZ. Két
qua chi ra rang hiéu tng coton ECD duoc tinh toan ctia 1-(6S,95,10S) phu hop tbt voi
dir liéu thyc nghiém (Hinh 3.12). Vi vay, cu hinh tuyét ddi ctia dactylomelanin C
(ADAT1) dugc xéc dinh 14 65,9S5,10S. Hop chit ADA1 duoc dit tén 1a dactylomelanin

C. La mdt hop chat nor-sesquiterpene mdi, lan dau tién dugc cong bo.

Bang 3.2. Ph6 'H, *C-NMR thyc nghiém va pho tinh toan cho hop chat ADA1

Vitri C Phd thuc nghi¢m cua 1 Tinh toan cua 1a Tinh toan cua 1b
oc* on® (mult,, J in Hz) oc” on’ oc” ou’
1 152,3 6,87 (1H, dd, 10,2, 1,8) 153.,9 6,93 153,6 7,01
2 1314 6,14 (1H, d, 10,2) 129.8 6,01 130,3 6,05
3 198,8 - 197,6 - 197,6 -
4 34,0 2,35 (2H, m) 34,2 2,25 35,5 2,21
5 26,3 2,21 (2H, m) 26,8 2,18 28,4 2,15
6 51,5 - 56,0 - 54,7 -
7 142.9 - 144,5 - 146,5 -
8 39,2 2,80 (1H, dd, 13,8, 6,0) 39,6 2,75 43,2 2,78
2,44 (1H, dddd, 13,8, 10,5, 2,4, 1,8) 2,51 2,96
9 71,2 3,90 (1H, ddd, 10,5, 10,5, 6,0) 70,9 3,75 60,0 4,11
10 73,2 4,38 (1H, d, 10,5) 73,2 4,37 76,1 3,71
11 42,5 - 44,6 - 47,2 -
12 19,2 1,20 (3H, s) 16,2 1,30 14,7 1,13
13 26,3 1,13 (3H, s) 23,5 1,13 22,9 1,09
14 117,0 5,18 (1H, brs) 115,1 5,30 1154 5,28
4,81 (1H,t, 1,8) 4,92 4,94
CMAE 1,54 0,0793 3,32 0,1817
RMSD 1,98 0,0917 4,15  0,2664

DP4+ 100% 0%

2 do trong CDCl3



Hinh 3.12. Tinh toan ECD cuia hop chit ADA1
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—— ECD thyc nghiém cia ADAI
e (65,95,105)-ADAT 1y thuyét
- === (6ROR.10R)-ADATL ly thuyét

£
“ L =
€ 240 \/24- 300 350 400

A (nm)

3.1.1.2. Hop chit ADA2: Dactylomelanin D (chdt méi)

ADA2

ma'ilione

Hinh 3.13. Cau trac hop chat ADA2

Bang 3.3. S liéu pho 'H, *C-NMR ctia hop chat ADA2

Vitri C *ocnd oc™P ou™* (do boi, J = Hz) HMBC (H—C)

1 152,9 152,5 7,01 dd (10,5, 2,0) -
2 131,1 131,3 6,12 dd (10,5, 0,5) 4
3 198,7 198,6 - -
4 34,2 34,2 2,39 - 2,29 (2H, m) -
5 26,3 26,4 2,26 — 2,14 (2H, m) 1,3,6,7
6 51,8 51,8 - -
7 141,7 141.4 - -
8 384 374 2,74 (1H, m) -

2,56 (1H, dd, 15,5, 2,5) -
9 71,7 72,8 5,32 (1H, dd, 6,25, 3,75) I
10 68,8 61,0 4,50 (1H, d, 3,5) -
11 42,7 43,0 - -
12 21,4 21,0 1,30 (3H, s) 6,10, 11,13
13 26,9 27,0 1,08 (3H, s) 6,10, 11,12
14 5,10 (1H, br s) 6,7,8

117,9 118,0
4,85 (1H, br s) 6,7,8
9-OAc

I 169,9 - -
2! 21,0 2,10 (3H, s) 1

" tai liéu tham khao chat ma’ilione [120], “ do trong CDCl3, b 125 MHz, € 500 MHz, 50 MHz
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Hop chit ADA2 duoc phan lap dudi dang bot vo dinh hinh mau tring. Cong
thire phan tir C1sHa21BrOs ctia né duogc suy ra tir cac pic ion trén phd phan giai cao
HR-ESI-MS & m/z 341,0747 [M + H]" va 343,0728 [M + 2 + H]" (tinh toan theo 1y
thuyét CisH2oBrOs*, m/z 341,0747 va 343,0726) (Hinh D2.1). Phdé '"H-NMR ving
treong manh xudt hién hai tin hiéu singlet dic trung cuia nhom gem-dimethyl [on 1,30
va 1,08 ppm]; mdt tin hi¢u singlet ddc trung cua methyl trong nhom acetyl tai ou 2,10
ppm, hai tin hiéu proton olefin trong lién két d6i dang -CH=CH- tai on 7,01 (1H, dd,
10,5, 2,0) va 6,12 (1H, dd, 10,5, 2,0); hai tin hi¢u proton olefin khac dang -C=CH-
tai on 5,10 va 4,85 ppm; mot tin hi¢u nhém oxymethine tai on 5,32 ppm; mot tin hi¢u
nhom brommethine tai du 4,50 ppm. Pho *C-NMR xuét hién 16 tin hiéu carbon, trong
do6 co hai tin hi¢u déc trung cua nhom acetyl tai oc 169,9 va 21,0 ppm. Con lai 14 tin

hi€u carbon cua khung chat.

Dit liéu phd 'H va '3C-NMR ciua ADA2 (Bang 3.3) gan nhu giéng hét véi dix
lidu ciia hop chat ADA1 va ma'ilione [120, 121]. Phan tich pho 2D NMR ctia ADA2
cho thay su khac biét duy nhat gitta cdu tric phang cia ADA1 va ADA?2 1 su hién
dién cua nhom thé acetyl ¢ vi tri C-9 cua ADAZ2. biéu nay dugc xéac dinh dya trén
phd COSY véi cac tuong tac véi nhau H-10/H-9/H»-8 va twong tac trén phd HMBC
tir H-9 dén C-1' va tir H-2' &én C-1' (Hinh 3.14).

[

Hinh 3.14. Tuong tic phé HMBC (—) va pho COSY (=) va NOESY (<----») clia
hop chat ADA2

Xét turong tac trén phd NOESY, mdi twong quan 1,3 truc chinh gitra H-10/Hp-
5 va Hy-5/H-8a goi y cau hinh $* cho C-10. Céc gi4 tri nhé cta hing s ghép giita H-
10 va H-9 (Jo.10 = 3,5 Hz) ciing nhu twong tic NOESY ctia H-9/H-10 di khiang dinh
cAu hinh R* ctia H-9. Nhu trong trudng hop hop chit ADA1, ciu hinh 65* ctia hop
chat ADA2 dugc xac dinh dua trén phan tich dir liéu NOESY cua né (Hinh 3.14).

Cudi cung, so sanh dua trén phd ECD ciia ADA2 (Hinh 3.15) giita phd thuc
nghiém va tinh toan khiang dinh ciu hinh (6S,9R,10S) cho ADA2. Tur d6 hop chat
ADA?2 dugc dit tén 1a dactylomelanin D. La mot hop chét nor-sesquiterpene méi, 1an

dau tién dugc cong bo.
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3 5 — ECD thuc nghiém ctia ADA2
ceeeee (65,9R,105)-ADA2 Iy thuyét
2 - -~ (6R.9S,10R)-ADA2 I thuyét
g L
£
o J -
- e
5 0 , —
= 200 A 300 77777350 400
= .
4. -
5.
o A (nm)

Hinh 3.15. Tinh toan ECD ctia hop chit ADA2
3.1.1.3. Hop chiat ADA3: Dactylomelanin E (chdt méi)

ADA3 baccharisketone
Hinh 3.16. Ciu trac hop chat ADA3

Bang 3.4. S6 liéu phd 'H, *C-NMR cuia hop chit ADA3

Vitri C *ocnd Scb ou™ (d bdi, J = Hz) HMBC (H—C)
1 135,5 136,5 - -
2 128,9 129,1 7,17 (1H, d, 7,8) -
3 128,3 129,5 6,90 (1H, d, 7,8) 5,8
4 140,5 136,2 - -
5 128,3 129,5 6,90 (1H, d, 7,8) 3,8
6 128,9 129,1 7,17 (1H, d, 7,8) -
7 21,0 21,2 2,37 3H, s) 1,2,6
8 52,0 134,7 ; _
9 26,8 141,8 7,85 (1H, d, 15,6) 4,13
10 422 128,0 5,54 (1H, d, 15,6) -
11 209,3 199,0 - -
12 30,0 28,0 2,20 (3H, s) 10, 11
13 33,6 144,2 - -
14 20,8 24,0 1,67 (3H, d, 1,0) 8,13, 15
15 20,9 20,6 2,01 3H, s) -

" tham khdo hop chdt baccharisketone [125] ¢ do trong CDCl, b 150 MHz, € 600 MHz, ‘100 MHz
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Hop chit ADA3, mét loai chat ddu mau vang, c6 cong thire phan tir C1sHisO
duoc xac dinh béi pic ion trén phd khdi lwong phan giai cao HRESIMS & m/z
215,1433 [M+ H]" (tinh toan theo 1y thuyét CisH1s0", m/z 215,1430) (Phu luc hinh
D3.1). Phd 3C NMR va HSQC ctua ADA3 (Bang 3.4) thé hién tin hiéu cta 15 nguyén
tir cacbon tuong Ung véi mot nhom ketone (¢ 199,0), bén nguyén tir carbon sp?
khong lién két véi hydro, sau sp? methine va bén nhém methyl. Phé 'H NMR cho
thdy su c6 mit cua lién két d6i trans [ou 7,85 (d, J = 15,6 Hz) va 5,54 (d, J = 15,6
Hz)], vong benzen thé & vi tri 1,4 [ou 7,17 2H,d,J=7,8 Hz) va 6,90 2H, d, /= 7,8
Hz)] va bdn nhom methyl singlet [ou 2,37, 2,20, 2,10 va 1,67].

R, )y
Hinh 3.17. Tuong tac phd HMBC (—), COSY (=) va pho NOESY cta hop chét
ADA3

Phén tich chi tiét phé COSY va HMBC cho thiy cau trac cia ADA3 (Hinh
3.177) tuong ty nhu cAu tric ciia baccharisketone, mot dan xuit bisabolane méi dugc
phan 1ap tir 14 cia Baccharis dracunculifolia [125, 126]. Sy khéc biét chinh gitra hai
hop chat nay 1a sy thay thé hai lién két don & C-8/C-13 va C-9/C-10 trong
baccarisketone bang hai lién két d6i lién hop trong cau trac cia ADA3. Piéu nay
duoc thé hién bang twong tac trén phd COSY cia H-9/H-10, cing véi nhitng twong
tac HMBC tir H-9 dén C-4 va C-13, va tir Hs-15 dén C-8, C-13 va C-14. Ngoai ra,
tuong tdc NOESY r0 rang gitra H-5/H-6, H-6/H3-7, H3-12/H-9 va H-9/H3-15 da xac
nhan khoang cach khong gian cia cac proton nay (Hinh 3.17). Nhu vay, hop chét
ADA3 dugc xac dinh 1la mot bisabolane sesquiterpene [126] va dugc dat tén la

dactylomelanin E.

3.1.1.4. Hop chiat ADA4: (2S,3R, 7S, 7R )-2-chloro-3, 7-epoxychamigrane-9-one

ADAO4
Hinh 3.18. Ciu trac hop chit ADA4
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Hop chit ADA4 thu duoc dudi dang chit bot vo dinh hinh mau tréng. Trén
phd khéi phan giai cao HR-ESI-MS xuét hién pic tin hiéu tai m/z 271,1459 [M + H]*
va 273,1430 [M + 2 + H]" (tinh toan 1y thuyét cho cong thirc CisH2sClO:2", m/z
271,1459 va 273,1430); 288,1720 va 290,1699 [M + NHa]* (tinh toan 1y thuyét cho
cong thue CisH27CINO>", m/z 288,1725 va 290,1695); 293,1285 va 295,1244 [M +
Na]" (tinh toan 1y thuyét cho cong thirc C1sHa3CINaO,", m/z 293,1279 va 295,1249).
Phd 'H-NMR xuét hién bon tin hiéu ctia cic nhom methyl singlet tai [on 0,99 (6H, s),
1,21 (3H, s) va 1,36 (3H, d, 1,0)], vé phia viing trudng yéu hon xuat hién mot tin hiéu
cia nhom methine lién két v6i halogen tai on 4,12 (1H, dd, J = 10,5, 4,5 Hz). Phd
13C-NMR két hgp phd HSQC cho thay hop chat chtra 15 nguyén tir carbon. Trong d6
xuét hién mot tin hiéu dic trung ctia nhom ketone cong hudng tai dc 208,1 ppm, mot
nhom methine halogen tai dc 63,3 ppm, hai carbon lién két tryc tiép v6i nguyén tir
oxy tai dc 70,9 va 79,6 (Hinh D4.3 va D4.4).
Bang 3.5. S6 liéu phd 'H, *C-NMR cua hop chit ADA4

Vi tri C “ocd oc™®  ou™c (d6 boi, J = Hz) HMBC (H—C)
1 2.62 (1H, dd, 15,0, 10,5 2,3,6,7, 11
a 39’13 39,1 9 ( 9 9 9 b b ) 9 9 9 9
1b 2,42 (1H, dt, 15,0, 4,5) 5,6,7
2 63,24 63,3 4,12 (1H, dd, 10,5, 4,5) -
70,92 70,9 - -
4a 2,05-1,99 (1H, %) -
31,64 31,6
4b 1,69 (1H, m) 5,11
5a 1,95 (1H, m) 4
21,63 21,6
5b 1,52 (1H, ddd, 12,25, 12,25, 6,5) 6,7, 11
40,80 40,8 - )
79,57 796 - -
8 3,08 (1H, d, 13,5 7.9, 14
a 53,80 53,8 s ( s M s ) > 7
8b 2,49 (1H, dd, 13,5, 2,0) 6,7,9, 10, 14
9 208,05  208,1 - -
10a 53.02 53.0 2,54 (1H, d, 14,0) 9,11, 12,13
10b ’ ’ 2,05-1,99 (1H, ¥ -
11 38,31 383 - -
12 26,05 26,0 0,99 (3H, s) 6,10, 11,13
13 27,33 27,3 0,99 (3H, s) 6,10, 11, 12
14 29,16 29,1 1,36 (3H, d, 1,0) 6,7,8
15 24,45 24,4 1,21 (3H, s) 2,3,4

* tham khdo chat 2-chloro-3,7-epoxychamigrane-9-one [127]
“do trong CDCl;, b 125 MHz, € 500 MHz, * tin hiéu chap, 7100 MHz
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So sanh véi tai liéu tham khao vé phd cong hudng tir hat nhdn NMR va phd
khéi phan giai cao HR-ESI-MS thi hop chit ADA4 dugc x4c dinh 1a 2-chloro-3,7-
epoxychamigran-9-one [127]. Tuy nhién, cho dén nay van chua c6 bao céo nao vé
cAu hinh tuyét dbi cua hop chit nay. Do d6, hop chit ADA4 dugc do phd ECD va
cho thiy hiéu Gmg cotton 4m & budc song 293 nm. Phd ECD dugc tinh toan cho dong
phan 4-(25,3R,6S,7R) rat pht hop véi dong phan thir nghiém (Hinh 3.19), cho phép
gan ciu hinh tuyét d6i cua hop chat ADA4 1a (25,3R,6S,7R).

20 4 —— ECD thye nghiém cua ADA4
=== (28.3R .65, 7R)-ADAd Iy lhuyél
---- (2R35,6R,75)-ADA4 Iy thuyét

250 3002 350 400

. Az (M.em)
(3]
(=]

<22 A (nm)

Hinh 3.19. Tinh toan ECD cutia hop chit ADA4

Két hop nhimg phén tich dir liéu trén xac dinh duoc hop chit ADA4 1a
(2S,3R,7S,7R)-2-chloro-3,7-epoxychamigrane-9-one.
3.1.2. Tong hop cic hop chit phén lip tir mau sén A. dactylomela thu é dio Phii
Quy, Lam Dong

T mau sén A. dactylomela - Phit Quy, Lam Pong da phan 1ap va xac dinh cau
tric 4 hop chét tinh khiét, bao gdm: dactylomelanin C (ADA1), dactylomelanin D
(ADA2), dactylomelanin E (ADA3), (2S,3R,7S,7R)-2-chloro-3,7-epoxychamigrane-
9-one (ADA4),

Hinh 3. 20. CAu truc cac hop chit tir mau sén 4. dactylomela - Pht Quy, Lam Dong
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3.1.3. Xdc dinh céiu triic cdc hop chit phin lap dwoc tiv lodi sén bién A.
dactylomela thu ¢ Ly Son, Qudng Ngai

3.1.3.1. Hop chat ADBI: Elatol

Hinh 3.21. CAu trac cua hop chit ADB1
Bang 3.6. S6 liéu phd 'H, *C-NMR cua hop chiat ADB1

Vi tri C scad  ged gude (df bdi, J = Hz) HMBC (H—C)
1 2,58 (1H, ddd, 1,8, 3,6, 17,4 -
a 38,6 38,6 9 ( 9 o b ) bl ) b )
1b 2,36 (1H, dd, 1,2, 17,4) 3
2 1280 1281 - -
3 1241 1242 - ;
4a 1,96 (1H, m) 2,3,6
293 29,4
4b 1,81 (1H, #) 2
5a 1,83 (1H, #) -
256 256
5b 1,62 (1H, ddd, 3,0, 12,0, 12,0)  1,4,6,7
49,1 492 - -
7 140,7 1408 - -
8a 2,63 (1H, dt, 1,8, 14,4) -
38,0 38,0
8b 2,50 (1H, dd, 3,0, 14,4) 6,9, 10, 14
9 72,1 72,2 4,14 (1H, brs) -
10 70,8 70,9 4,60 (1H, d, 3,0) 11,12, 13
11 43,1 43,1 - ]
12 20,7 20,7 1,07 3H,s) 6,10, 11,13
13 242 242 1,08 BH,s) 6,10, 11,12
14a 5,13 (1H, br s) 6,7
1158 1159
14b 4,80 (1H, brs) 6,8, 8
15 19,4 194 1,70 (3H, s) 2,3,4

" Tai lidu tham khao chdt elatol [128],
“do trong CDClI;, b 150 MHz, € 600 MHz, “100 MHz. * tin hiéu ché‘ng chéo

Hop chat ADB1 duoc phan 1ap dudi dang dau khong mau. Trong phd 'H-
NMR, xuét hién tin hiéu dic trung ctia ba nhém methyl singlet tai du 1,07 (H-12),
1,08 (H-13) va 1,70 (H-15), va hai proton cua lién két doi thé doi dang >CH=CH: [on
4,80 (1H, br s) va 5,13 (1H, br s)]. Ngoai ra, hai tin hi€u cong hudng tai on 4,60 (1H,



69

d, J = 3,0 Hz) va 4,14 (1H, br s) c6 thé gan cho nhém methine brom va nhém
oxymethine twong ung (Bang 3.6).

Cl

2

B Q:F 4\ jﬁ
110 \/i/

Hinh 3.22. Tuong tac phé HMBC (—) clia hop chat ADB1
Pho *C-NMR va HSQC ctia ADB1 cho thiy tin hiéu ctia 15 nguyén tir carbon,

bao gdm nam carbon khong chira hydro, nim nhom methylene, hai nhém methine va
ba nhom methyl (Phy luc hinh D5.2 va D5.3). Trong d6, c6 bbn carbon olefin [dc
128,1 (C-2), 124,2 (C-3), 140,8 (C-7) va 115,9 (C-14)] va hai nhdm oxymethine hoac
halogen methine [dc 72,2 (C-9) va 70,9 (C-10)]; hai tin hi¢u carbon bac bon tai dc
49,2 va 43,1 ppm; con lai la cac tin hi¢u methylene tai dc 38,6, 29,4, 25,6 va 38,0
ppm.

Céc tuong tic HMBC chinh tir proton H-12 (du 1,07) va H-13 (Ju 1,08) dén
C-6 (6c 49,2), C-10 (5c 70,9) va C-11 (dc 43,1) (Hinh D5.4 va Hinh 3.22), chi ra ring
hop chit ADB1 chira nhom gem-dimethyl. C4u triic cua vong A dugc xac nhan bang
cac tuong tac HMBC tur H-8 dén C-6, C-7, C-9, C-10 va C-14. Ngoai ra, mgt nhom
tin hi€u methyl duoc gén cho vi tri C-3 cua hop chdt ADB1 dua trén co s& cic tuong
tac HMBC tir H-15 dén C-2, C-3 va C-4. Céu truc ctiia vong B ciing nhu lién két spiro
gifta cac vong A va B ciing dua trén cac twong tic HMBC tir H-5 dén C-1, C-4, C-6
va C-7. Cudi cung, hop chit ADB1 dugc xac dinh 1a elatol bang cach so sanh dit liéu
phd cong hudng tir hat nhan NMR ctia ADB1 véi dit liéu duge cong bd trong tap chi
trude day [128]. Hop chat nay trude diy di duoc phan 1ap tir sén bién A. dactylomela

[9, 21] va tao o Laurencia chondrioides [129] va Laurencia dendroidea [128].
3.1.3.2. Hop chiat ADB2: Aplydactylonin I (chdt méi)

12 13 I

7
%,
“,

Br//// 1,10

HO\\\\“"
ADB2 deschloroelatol
Hinh 3.23. CAu trac ctia hop chit ADB2 va chat tham khao

e
HO'
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Hop chit ADB2 duoc phén 1ap dudi dang chat dau mau vang. Trén phd khéi
lwong phén giai cao HR-ESI-MS xuét hién pic tin hiéu tai m/z 349,0576 [M + C1] va
351,0554 [M + 2 + CI] (tinh toan theo 1y thuyét dugc cong thirc phén tir gia ion
Ci15sH23BrO2Cl, 349,0575 va 351,0554), goi y cong thirc phan tr C15sH23BrO> cho hop
chat ADB2 (Hinh D6.1). Dit liéu ph6 'H-NMR va *C-NMR va phé HSQC ciia ADB2
(Bang 3.7) cho thiy hop chét chira 15 carbon. Trong d6 chira ba nhém methyl singlet
[0on 1,03 (H-12)/ oc 20,2 (C-12), 1,06 (H-13)/ 24,9 (C-13) va 1,75 (H-15)/ 20,4 (C-
15)]; boén nhém methylene, trong d6 c¢6 mot nhdm methylene trong lién két d6i [on
5,15 (Ha-14) va 4,92 (Hp-14)/ oc 116,6 (C-14)]; hai nhém oxymethine [ou 3,87 (H-
4)/ 6c 69,3 (C-4) va 4,20 (H-9)/ 72,5 (C-9)]; mot nhom brommethine [on 4,69 (H-10)/
dc 71,1 (C-10)]; mdt nhém methine trong lién két ddi [on 5,53 (H-2)/ 5c 123,3 (C-
2)]; va bén carbon khong chira hydro. Véi nhiing phan tich dif liéu pho trén cho thay
hop chat ADB2 1a mot chamigrane sesquiterpene.

Bang 3.7. S liéu pho 'H, *C-NMR ciia hop chit ADB2

Vi tri C *ocd e ou< (d9 bdi, J = Hz) HMBC (H—C)
1 2,32 (1H 52,3
30,1 30,6 H ( 9m) s <
2,24 (1H, br d, 18,0) 2,5,6,7
2 119,4 123,3 5,53 (1H, m) -
3 132,5 1334 - -
4 27,6 69,3 3,87 (1H, brs) -
5 2,41 (1H, dt, 2,0, 14,0) 1,3,4
25,8 34,5
1,84 (1H, dd, 4,5, 14,0) 1,6,7
6 47,0 454 - -
7 141,1 1459 - -

3,08 (1H, dt, 2,0, 14,5) _

379 395 )5 (1H, dd, 2,5, 14,5) 6,7,9, 14
9 70,3 72,5 4,20q(3,0) ;
10 71,8 71,1 4,69d(3,0) 11,12, 13
11 43,1 43,7 - :
12 20,7 202 1,03 (3H,s) 6,10, 11, 13
13 24,2 249 1,06 (3H, 5) 6,10, 11, 12
14 1157 Heg  SISUH.brs) 6,8

4,92 (1H, br s) -
15 23,0 20,4 1,75 (3H, br s) 2,3,4

" Tai liéu tham khao chat deschloroelatol [92],
“do trong CDCls, ® 125 MHz, © 500 MHz, *75.5 MHz
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Phén tich trén phé HMBC xuét hién mot sb twong tac chinh: H-12 va H-13
tuong tac Ién C-6, C-10 va C-11; H-15 1én C-2, C-3 va C-4; Ha-14 1én C-6 va C-8;
Hy-8 1én C-6, C-7, C-9 va C-14 (Hinh 2.24). Nhiing tuong tac nay cho biét ADB2
chtra mgt nhom gem-dimethyl tai vi tri C-11, mot nhom methyl tai C-3, hai nhom thé
-OH tai vj tri C-4 va C-9, vi tri C-10 dugc thé nguyén tir brom. Ph6 COSY xuit hién
mot s6 twong tac chinh: H-9 (du 4,20) twong tac voi Ha-8 (Ju 3,08) va H-10 (On 4,69);
H.-1 va Hp-1 déu tuong tac v6i H-2; H-4 tuong tac voi ca Ha-5 va Hp-5 (Hinh 3.24).
Dong thoi so sanh dit liéu phd NMR véi hop chat deschloroelatol cho thay hop chat
ADB2 chi khac ¢ vi tri C-4 ¢6 thém nhom thé -OH [92] va céu trac phang caa hop

chat ciing duoc xac dinh.

Hinh 3.24. Tuong tac phé HMBC (—) va COSY (=) ctia hop chit ADB2

Xét trén phd NOESY cho thay xuat hién twong tac giita H-10 v6i H-9 va Hs-
13, twong tac gitta Hy-5 v6i H-4 va H3-13, tuwong tac gitta H3-12 v6i1 Ha-1 va He-1.
Bén canh d6 gia tri nho cua hing sd ghép gitta H-10 va H-9 (Js.10 = 3,0 Hz) cho goi
¥ xac dinh duoc ciu hinh twong d6i ¢ cac vi tri bat doi 4R",65",9S5",10R" trén hop chat
ADB2 (Hinh 3.25).

Phén tich tiép trén phd ECD ctia ADB2 (Hinh 3.25) cho hiéu tng cotton dwong
trén phd ECD duoc tinh toan cho dong phan ADB2-(4R,65,9S,10R) tuong dong véi
pho thyc nghiém, didu d6 khang dinh cau hinh (4R,6S,95,10R) cho hop chit ADB2.
Tir d6 hop chat ADB2 xac dinh duoc cdu tric phang cling nhu ciu trac 1ap thé nhu
hinh 3.23 va dit tén 14 aplydactylonin I. ADB2 1a mot hop chat méi 1an dau tién duoc

A X
cong bo.
I6 1 = e
—— ECD thire nghiém cia ADB2
------- (4R 65,95, 10R)-ADB2 1§ thuyét
- - (45,6R,9R.105)-ADB2 Iy thuyét
o -~
]
_9
. = 250 280 310 340 370 400
S — w
-
-
L\_""‘---.

-6 4 4 (nm)

Hinh 3.25. Tuong tac phd NOESY (<), phd ECD cta hop chit ADB2
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3.1.3.3. Hop chat ADB3: Aplydactylonin K (chdt méi)

ADB3 acetyldeschloroelatol
Hinh 3.26. CAu trac ctia hop chit ADB3 va chat tham khao

Bang 3.8. S liéu pho 'H, *C-NMR ctia hop chat ADB3

VitriC  “oc™  oc™  ou™* (dd bdi, J = Hz) HMBC (H—C)
2,28 (1H, dddd, 2,5, 2,5, 2,5, 18,0) -
2,12 (1H, br d, 18,0) ;

1 30,2 30,4

2 119.4 1225 5,41 (1H, m) -
3 132,7 1349 - -
4 278 692 3,73 (IH, m)
5 26.0 36,1 2,22 (1H, dddd, 2,5, 2,5, 2,5,12,5) 1,3,4
1,61 (1H, dd, 11,0, 12,5) 1,4,6,7
6 46,9 48,6 - -
7 141,0 140,7 - -
. 67 g 2TH(H.dA15150) ;
2,42 (1H, dd, 3,0, 15,0) 6,7,9,10
9 740 738 5,27 (1H,q, 3,0) ;
10 64,0 632  457(1H,d,3,0) 9,11,12
11 435 435 - -
12 20,1 19,6 1,01 (3H, s) 6,10,11,13
13 24,3 24,4 1,10 (3H, s) 6,10, 11,12
14 1157 115.6 4,92 (1H, br s) 6,8
’ ’ 4,72 (1H, br s) -
15 23,1 18,4 1,69 (1H, d, 1,5) 2,3,4
1’ 170,2 170,1 - -
2! 21,0 21,0 2,06 (3H, s) 1’

" Tai liéu tham khdo acetyldeschloroelatol [21]
“do trong CDCls, * 125 MHz, © 500 MHz, “125.7 MHz

Hop chit ADB3 duoc phén lap dudi dang chat dau mau vang. Trén phd khéi
lwong phén giai cao HR-ESI-MS xudt hién pic tin hiéu tai m/z 391,0669 va 393,0648
[M + CI]” (tinh toan theo 1y thuyét duoc cong thirc ion gia phan tir C17HasBrOsCl,
391,0681 va 393,0661), goi ¥ cong thirc phan tir C17H25BrO; cho hop chit ADB3
(Hinh D7.1). Dit liéu ph6 'H-NMR va '3C-NMR va phé HSQC ciia ADB3 (Bang 3.8)
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cho thay hop chit chira 17 carbon. Trong d6 chira ba nhom methyl singlet [dn 1,01
(H-12)/6c 19,6 (C-12), 1,10 (H-13)/dc 24,4 (C-13) va 1,69 (H-15)/6c 18,4 (C-15)];
bén nhoém methylene, trong d6 c6 mot nhom methylene trong lién két doi [on 4,92
(Ha-14) va 4,72 (Hp-14)/dc 115,6 (C-14)]; hai nhém oxymethine [dn 3,73 (H-4)/dc
69,2 (C-4) va 5,27 (H-9)/6c 73,8 (C-9)]; mot nhom brommethine [on 4,57 (H-10)/dc
63,2 (C-10)]; mot nhom methine trong lién két d6i [on 5,41 (H-2)/dc 122,5 (C-2)]; va
bdn carbon khong chira hydro. Bén canh d6 con xuét hién céac tin hiéu cia mot nhom
acetyl [oc 170,1 (C-1") va du 2,06 (H3-2")/6c 21,0 (C-2")]. Vi nhiing phéan tich dir liéu
pho trén cho thay hop chat ADB3 1a mot sesquiterpene chamigrane.

Phan tich trén phd HMBC xuat hién mot sé twong tac chinh: H-12 va H-13
tuong tac 1én C-6, C-10 va C-11; H-15 1én C-2, C-3 va C-4; Ha-14 1én C-6 va C-8;
Hy-8 1én C-6, C-7, C-9 va C-14 (Hinh 3.27). Nhiing tuong tac nay cho biét ADB3
chtra mét nhom gem-dimethyl tai vi tri C-11, mdt nhom methyl tai C-3, hai nhom thé
-OH tai vi tri C-4 va C-9, vi tri C-10 dugc thé nguyén tir brom. Phé COSY xuét hién
mot sd tuong tac chinh: H-9 (Ju 5,27) twong tac v6i He-8 (du 2,74) va H-10 (0u 4,57);
Ha-1 va Hy-1 déu tuong tac v6i H-2; H-4 tuong tac v6i ca Ha-5 va Hy-5 (Hinh 3.27).
Pong thoi so sanh dit liu phd NMR vé6i hop chat acetyldeschloroelatol di cong bd
trudc day cho thdy hop chit ADB3 chi khac ¢ vi tri C-4 ¢6 thém nhom thé -OH [21],
bén canh d6 so sanh véi hgp chat ADB2 cho thiy hai hop chit ciing gan gidng nhau,
chi khac & chd hop chit ADB3 c6 thém nhom thé acetyl tai vi tri C-9 (dua trén tuong
tac phd HMBC). Tir d6 cdu triic phang cua hop chat ADB3 ciing dugc xac dinh.

S
gﬁ

Hinh 3. 27. Twong tac phé HMBC chinh (—) va COSY (=) ctia hop chit ADB3

Xét twong tac trén phd NOESY, twong tac giita H-10 v6i H-9 va Hs-13, tuong
tac gitra Hp-5 v&i H3-13, tuong tac gitta Ha-5 voi H-4. Bén canh d6 gia tri nho cua
hang s ghép giita H-10 va H-9 (Jo,10 = 3,0 Hz) cho goi y x4c dinh duoc cau hinh
turong d6i & cac vi tri bat d6i (45,657,95",10R") trén hop chat ADB3 (Hinh 3.28). So
sanh cau trac lap thé tai vi tri C-4 cia ADB3 (4S) nguoc v6i hop chit ADB2 (4R).
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Expt for ADB3
---—-- Calc for (45.65.95.10R)- ADB3
------- Calc for (4R.6R.9R.105)- ADB3

250 280 310 340 370 400

Aé¢ (M-1cm-1)

-15 4

Z (nm)
Hinh 3.28. Tuong tac phd NOESY (<---->) va phd ECD ctia hop chit ADB3

Phén tich tiép trén phd ECD ctia ADB3 (Hinh 3.28) cho hiéu tng cotton dwong
trén pho ECD dugc tinh toan cho dong phan ADB3-(45,65,95,10R) twong dong voi
pho thyc nghiém, diéu d6 khang dinh cdu hinh (45,65,9S,10R) cho hgp chit ADB3.
Tir d6 hop chat ADB3 xac dinh duoc cau triic phang ciing nhu ciu trac 14p thé nhu
hinh 3.26 va dugc dat tén 1a aplydactylonin K va 1a mot hop chat méi lan dau tién

duoc cong bo.
3.1.3.4. Hop chit ADB4: Aplydactylonin G (chdt méi)

12 13 15
Z

BI'//,/,/ 10

no™
ADB4 deschloroelatol
Hinh 3.29. CAu trac ctiia hop chit ADB4 va chat tham khao

Hop chit ADB4 duoc phéan 1ap dudi dang chat dau mau vang. Trén pho khoi
luong phan giai cao HR-ESI-MS xuét hién pic tin hiéu tai m/z 332,1208 va 334,1182
[M + NH4]" (tinh toan theo 1y thuyét cho cong thirc ion gia phan tir C1sH27BrO.N*,
332,1220 and 334,1200), goi ¥ cong thire phan tir C1sH23BrO> cho hop chat ADB4
(Hinh D8.1). Dit liéu ph6 'H-NMR va '3C-NMR va phé HSQC ctia ADB4 (Bang 3.9)
cho thdy hop chét chira 15 carbon. Trong dé chira hai nhém methyl singlet [6n 1,07
(H-12)/ oc 20,8 (C-12), 1,07 (H-13)/ 24,3 (C-13)]; sau nhém methylene, trong d6 c6
mot nhom oxymethylene [on 3,96 (Ha-15) va 3,92 (Hp-15)/dc 66,9 (C-15)], mot nhém
methylene trong lién két d6i [on 5,09 (Ha-14) va 4,78 (Hp-14)/0c 115,9 (C-14)] va
bdn nhém methylene thong thudng tai oc 29,9, 23,4, 25,7, va 38,0 ppm; mOt nhoém
oxymethine [dn 4,16 (H-9)/dc 72,4 (C-9)]; mdt nhom brommethine [dn 4,69 (H-10)/
dc 71,5 (C-10)]; mdt nhém methine trong lién két déi [on 5,61 (H-2)/ 5c 121,6 (C-
2)]; hai carbon khong chira hydro tai dc 136,3 va 141,4 ppm; hai tin hi€u carbon bac
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4 tai dc 47,4 va 43,2 ppm. V&i nhitng phén tich dit liéu phd trén cho thay hop chat

ADB4 1a mét sesquiterpene chamigrane.

Bang 3.9. S6 liéu phd 'H, *C-NMR cuia hop chit ADB4

Vi tri C st g gute (df bdi, J = Hz) HMBC (H—C)
2,27 (1H, m) -
2,21 (1H, br d, 18,0) -

1 30,1 29,9

2 1194 121,6 5,61 (1H,dd, 1,5,2.5) ]
3 1325 1363 - i
2,00 (1H ;
4 276 234 o0Hm)
1,73 (1H, %) ;
1,91 (1H, m) 3
5 258 257
: ' 1,61 (1H, ddd, 4,0, 12,5,12,5)  1,4,6,7
6 470 474 - i
7 141,1 1411 - i
2,70 (1H, ddd, 2,0, 2,0, 14,5) 7, 14
8 379 38,0
2,49 (1H, dd, 2,5, 14,5) 6,7,9, 10, 14
9 703 724 416 (1H, q 3.,0) 7
10 718 715 4,69 (1H, d,3.0) 11,12, 13
11 431 432 - ]
12 20,7 208  1,07(H,s) 6,10, 11, 13
13 242 243 1,07(GH,s) 6,10, 11, 12
5,09 (1H, br s) 6,8
14 1157 1159
4,78 (1H, br s) 6, 8
3,96 (1H, d, 12.,5) 2.3, 4
15 230 669
3,92 (1H, d, 12,5) 2,3, 4

" Tai liéu tham khao chdt deschloroelatol [92]
“do trong CDCl;, b 125 MHz, € 500 MHz, ¢ 75,5 MHz, * tin hiéu choAng chéo.

Phan tich trén phé HMBC xuét hién mot sd tuong tac chinh: H-12 va H-13
tuong tac lén C-6, C-10 va C-11; H-15 1én C-2, C-3 va C-4; H.-14 1€n C-6 va C-8;
(Hinh 3.30). Nhiing tuong tac nay cho biét ADB4 chira mot nhom gem-dimethyl tai
vi tri C-11, hai nhom thé -OH tai vi tri C-9 va C-15, vi tri C-10 duoc thé nguyén tir
brom. Pho COSY xuét hién mot s6 tuong tac chinh: H-9 (du 4,16) twong tac voi Ha-
8 (du 2,70) va H-10 (Ju 4,69); Ha-1(u 2,27) va Hp-1 (du 2,21) déu twong tac v6i H-2
(0u 5,61); Ha-4 (0n 2,00) tuong tac véi ca Hy-5 (du 1,61) (Hinh 3.30). Pong thoi so
sanh dir liu phd NMR véi hop chat deschloroelatol da cong b trudc day cho thiy
hop chit ADB4 chi khac & vi tri C-15 ¢6 thém nhom thé -OH [92]. Tir d6 ciu tric
phing cta hop chit ADB4 ciing duoc xac dinh.
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Hinh 3.30. Tuwong tac phd HMBC (—) va COSY (==) cta hop chit ADB4

Xét twong tac trén phé NOESY, twong tac gitta H-10 (du 4,69) v6i H-9 (du
4,16), v6i Ha-5 (0u 1,91) va Ha-8 (du 2,70), tuong tac gitta Ha-5 véi Ha-8. Bén canh
d6 gia tri nho cta hang sd ghép gitra H-10 va H-9 (Jo.10 = 3,0 Hz) cho goi ¥ xac dinh
duoc cau hinh twrong ddi ¢ cac vi tri bat d6i (65”,95",10R™) trén hop chat ADB4 (Hinh

3.31).

—— ECD thue nghiém cua ADB4
------- (6R.95.10R)-ADB4 Iy thuyét

ﬁ 220 250 280 30 340) 370 400

4 (nm)

Hinh 3.31. Tuong tac pho NOESY (<---->) va phé ECD ciia hop chat ADB4

Phan tich tiép trén phé ECD ciia ADB4

(Hinh 3.31) cho hi€u trng cotton duong

trén phd ECD duoc tinh toan cho dong phan ADB4-(6R,9S,10R) twong dong v&i pho
thuc nghiém, diéu d6 khang dinh cdu hinh (6R,95,10R) cho hop chit ADB4. Tir d6
hop chiat ADB4 xac dinh dugc cdu trac phang ciing nhu ciu tric 1ap thé va dat tén 1a

aplydactylonin G.

3.1.3.5. Hop chit ADBS5: Aplydactylonin H (chdt méi)

acetyldeschloroelatol

Hinh 3.32. CAu trac ctiia hop chit ADB5 va chat tham khao
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Bang 3.10. S6 liéu phé 'H, *C-NMR cua hop chit ADB5

Vi tri C e S sue (dp bdi, J = Hz) HMBC (H—C)
1 302 299 220 UHm) ;
: 2,19 (1H, m) )
2 1194 1214 560 (1H, m) ]
3 1327 1363 - ]
2,00 (1H, m)
4 278 234
1,67 (1H, m) 6y
1,89 (1H, m) )
5 260 257
1,61 (1H, m) 4,6.7
6 469 472 - )
7 1410 1409 - ]
. o7 s, 266(1Hddd20,35155) -
: ' 240 (1H, dd, 3,0, 15.5) 7.14
9 740 739  527(1H,q,3.5) 1
10 640 637  457(1H,d,3.,5) 911,12, 13
1 435 435 - ]
12 201 202  1,05(GH,s) 6,10, 11, 13
13 243 243  108(H,s) 6,10, 11,12
4,95 (1H, brs) 6. 8
14 1157 1157
4,74 (1H, br s) -
3,95 (1H, br d, 12,5) 2.3, 4
15 23.1 669
3,91 (1H, brd, 12,5) ]
9-Acetyl
1 1702 1702 - ]
> 210 211 2.06s 1

" Tai liéu tham khao chat acetyldeschloroelatol [21],
“do trong CDCls, * 125 MHz, © 500 MHz, “125,7 MHz.

Hop chat ADB5 thu duoc dudi dang chat dau mau vang. Trén pho khéi luong
phan giai cao HR-ESI-MS xuit hién pic tin hiéu tai m/z 379,0871 va 381,0836 [M +
Na]" (tinh toan theo 1y thuyét cho cong thirc ion gid phan tir C17H2sBrOsNa’, m/z
379,0880 va 381,0859), goi ¥ cong thirc phan tir Ci7H2sBrOs cho hop chit ADB5
(Hinh D9.1). Dir liéu phd 'H-NMR va '*C-NMR va pho HSQC ctia ADBS5 (Bang
3.10) cho thay hop chét chira 17 carbon. Trong d6 chira hai nhém methyl singlet [Ju
1,05 (H-12)/ 6c 20,5 (C-12), 1,08 (H-13)/ 24,3 (C-13)]; sdu nhom methylene, trong
do6 c6 mot nhom oxymethylene [on 3,95 (Ha-15) va 3,91 (Hp-15)/6c 66,9 (C-15)] va
mot nhom methylene trong lién két d6i [0n 4,95 (Ha-14) va 4,74 (Hp-14)/5¢c 115,7 (C-
14)]; mot nhém oxymethine [on 5,27 (H-9)/dc 73,9 (C-9)]; mot nhém brommethine



78

[on 4,57 (H-10)/c 63,7 (C-10)]; mot nhoém methine trong lién két d6i [ou 5,60 (H-
2)/dc 121,4 (C-2)]; va bdn carbon khéng chira hydro. Bén canh d6 con xuat hién cac
tin hi€u dac trung cia mot nhém acetyl [oc 170,2 (C-1") va ou 2,06 (H-2")/oc 21,1 (C-
2)]. Véi nhirng phéan tich dit liéu phd trén cho thdy hop chit ADB5 la mot
sesquiterpene chamigrane va hop chit nay gin gidng v6i hop chét
acetyldeschloroelatol, chi khac 13 hop chit nay duoc thé nhom -OH tai vi tri C-15.
Hop chit ADBS5 ciing gan gidng v6i hop chit ADB4 nhu di phan tich bén trén, chi
khac 12 hop chét nay c6 nhom thé acetyl & vi tri C-9.

Phén tich trén phé HMBC xuét hién mét s6 twong tic chinh: H-12 (dn 1,05)
va H-13 (du 1,08) twong tac 1én C-6 (dc47,2), C-10 (dc 63,7) va C-11 (5c 43,5); H-15
(01 3,95/3,91) 1én C-2 (dc 121,4), C-3 (dc 136,3) va C-4 (6c 23,4); Ha-14 (91 4,95) 1én
C-6 (0c47,2) va C-8 (6c 36,7); (Hinh 3.33). Nhitng twong tac nay cho biét ADBS chira
mot nhom gem-dimethyl tai vi tri C-11, mdt nhom thé -OH tai C-15, vi tri C-10 duoc
thé boi nguyén tir brom. Mot nhém acetyl dugc thé vao vi tri C-9 trén phan t& dua
vao su tuong tic HMBC giita H-9 (0 5,27) v6i C-1' (dc 170,2). Phé COSY xuit hién
mdt s6 tuong tac chinh: H-9 (8u 5,27) twong tic v6i Ha-8 (du 2,66) va H-10 (01 4,57);
Ha-1(0n 2,29) va Hy-1 (91 2,19) déu twong tac v6i H-2 (du 5,60); Ha-4 (Ju 2,00) tuong
tac voi ca Hy-5 (0n 1,61) (Hinh 3.33). Vi nhiing dit liéu phd nay xac dinh duoc ciu
trac phang cua hop chat ADBS.

Hinh 3.33. Tuong tac phd HMBC (—) va COSY (==) ctia hgp chit ADB5

——————— ECD thue nghiém cia ADB4
——— ECD thye nghigm ctia ADBS

250 280 310 340 370 400

Az (Mem™)

A (nm)

Hinh 3.34. Tuong tac phd NOESY (<----»), phd ECD ctia hop chit ADB5

Xét tuong tac trén phd NOESY, tuong tac gitta H-10 (5u 4,59) véi H-9 (on
5,27), voi Hz-13 (ou 1,08) va voi Ha-5 (du 1,89); tuong tac gitra Hp-5 (du 1,61) voi
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H;-13; H3-12 (0n 1,05) va v6i Ho-1 (du 2,19). Bén canh dé gia tri nho cua hiang sb
ghép giita H-10 va H-9 (Jo.10 = 3,0 Hz) cho goi ¥ x4c dinh duoc ciu hinh twong ddi ¢
cac vi tri bt d6i (65%,95",10R") trén hop chiat ADBS5 (Hinh 3.34).

Phén tich tiép trén phd ECD ctiia ADB5 (Hinh 3.34) cho hiéu tng cotton duong
trén phé ECD duoc tinh toan cho dong phan ADB5-(6R,9S,10R) trong dong véi phd
thue nghiém, diéu d6 khang dinh cu hinh (6R,9S,10R) cho hop chit ADBS. Tir d6
hop chat ADB5 xac dinh duoc cdu tric phang cling nhu céu trac 1ap thé nhu hinh
3.32 va dit tén 1 aplydactylonin H, 12 mot hop chat méi va 1an dau tién dugc cong
bo.
3.1.3.6. Hop chiat ADB6: Aplydactylonin F (chdt m&i)

oIl

14

ADB6 tristichol B
Hinh 3.35. Cau tric hop chit ADB6 va chat tham khao

Hop chit ADB6 duoc phén lap dudi dang chat dau mau vang. Trén phd khéi
lwong phén giai cao HR-ESI-MS xuét hién pic tin hiéu tai m/z 365,0517 va 367,0491
[M + CI] (tinh toan theo 1y thuyét cho cong thirc ion gia phan tir C1sHa3BrOsCl,
365,0525 va 367,0504), goi ¥ cong thirc phan tir CisHy3BrO, cho hop chit ADB6
(Hinh D10.1). Dit liéu phd 'H-NMR va 3C-NMR va phé HSQC cia ADB6 (Bang
3.11) cho thiy hop chét chira 15 carbon. Trong d6 chira hai nhém methyl singlet [Jn
1,19 (H-12)/oc 21,6 (C-12), 0,99 (H-13)/ 26,6 (C-13)]; ndm nhém methylene, trong
do6 c6 moét nhom oxymethylene [on 3,50 (Ha-15) va 3,50 (Hy-15)/6c 67,0 (C-15)] va
mot nhém methylene trong lién két d6i [ou 5,13 (Ha-14) va 4,90 (Hp-14)/5¢c 117,1 (C-
14)]; mét nhém oxymethine [on 4,15 (H-9)/6c 71,9 (C-9)]; mot nhdm brommethine
[0u 4,57 (H-10)/5c 70,1 (C-10)]; hai nhém methine trong mot lién két doi [ou 5,88
(H-1)/dc 134,0 (C-1) va du 5,75 (H-2)/dc 132,8 (C-2)]; va bdn carbon khong chira
hydro trong d6 c6 mot carbon (>C-OH) tai dc 71,6 (C-3). Pay ciing 1a diém méi cta
hop chat nay. Voi nhitng phan tich dit liéu pho trén cho thiy hop chat ADB6 1a mot

sesquiterpene chamigrane.

Phan tich trén phé HMBC xuét hién mot sd tuong tac chinh: H-12 va H-13
tuong tac lén C-6, C-10 va C-11; H-15 1én C-2, C-3 va C-4; H.-14 1€n C-6 va C-8;
(Hinh 3.36). Nhitng twong tac nay cho biét ADB6 chira mot nhém gem-dimethyl tai
vi tri C-11, hai nhom thé -OH tai vi tri C-9 va C-15, vi tri C-10 duoc thé nguyén tir
brom. Bén canh d6 hop chét chira lién két d6i dang -CH=CH- ¢ vi tri C-1/C-2 va tai
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C-3 (oc 71,6) dya trén tuong taic HMBC gitra H-1 (du 5,88) tuong tac 1én C-2, C-3,
C-5 va C-6. Phd COSY xuit hién mot s6 twong tac chinh: H-9 (Ju 4,15) twong tac voi
Ha-8 (du 2,74) va H-10 (0u 4,57); H-1(dn 5,88) twong tac voi H-2 (du 5,75); Hp-4 (dn
1,48) twong tac voi ca H-5 (5w 1,80) (Hinh 3.36). Pong thoi so sanh dit liéu phd NMR
va cAu tric phing cia AOB6 gidng v6i hop chat tristichol B da cong bd trude day

[130].

Bang 3.11. S6 liéu phé 'H, 3C-NMR cua hop chit ADB6

VitriC  *oc™  oc*  outc, (dd boi, J = Hz) HMBC (H—C)
1 1353 1340 5,88 (1H, brd, 10,5) 2,3,5,6,11
2 130,6  132,8 5,75 (1H,dd, 1,5, 10,5) 1,4,6
3 69,3 71,6 - -

1,97 (1H, br d, 13,0) -
4 29,1 29,0
1,48 (1H, ddd, 6,5, 10,5, 13,0) 3,5, 6, 15
220 246 1,80 2H, m) 1,4,6,7
51,7 512 - -
143,5 1443 - -
2,74 (1H, ddd, 2,0, 2,0, 15,0) 7, 14
8 379 38,1
2,60 (1H, dd, 2,5, 15,0) 6,7,9, 10, 14
9 720 719  4,15(1H, g, 2.5) -
10 70,3 70,1 4,57 (1H,d, 3,0) 11,12, 13
11 427 427 - ]
12 21,5 21,6 1,19 (3H,s) 6,10, 11,13
13 26,7 26,6 0,99 (3H,s) 6,10, 11,12
5,13 (1H, t, 1,5) 6,8
14 116,7  117,1
4,90 (1H, t, 1,5) 6,7,8
3,51 (1H, d, 10,0)
15 70,0 67,0 2,3,4

3,49 (1H, d, 10,0)

“Tai liéu tham khdo chat tristichol B [130], “ do trong CDCls, ® 125 MHz, ¢ 500 MHz, 100 MHz

Xét tuong tac trén phd NOESY, tuong tac gitta H-10 (5u 4,57) véi H-9 (dn

4,15), v6i H3-13 (0u 0,99) va voi Ha-5 (ou 1,80); tuong tac gitra Ha-5 voi Hz-15 (du
3,50); tuwong tac gitra H3-12 (ou 1,19) va véi H-1 (du 5,88). Nhitng tuong tac nay cho
goi ¥ xac dinh dugc cdu hinh twong ddi & cac vi tri bat d6i (3R,6R",95",10R") trén
hop chit ADB6 (Hinh 3.37). Két hop so sanh dit liéu phd '*C-NMR giita hop chit
ADBG v6i hop chét tristichol B dd cong bd cho thdy chung khac nhau nhiéu & vi tri
C-3, & hop chat ADB6 (dc 71,6) va hop chit tristichol B [dc 69,3 (C-3), 35] [130],
vay ciing cho dy doan cdu hinh & vi tri C-3 cta hop chat ADB6 c6 cdu hinh 3R".
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Hinh 3.36. Tuong tac chinh HMBC (—) va COSY (==)ctia ADB6

—— ECD thye nghiém cua ADB6
\ - (3R,6R,95,10R)-ADB6 Iy thuyét
4 1 I‘\ ---- (38,65.9R,105)-ADB6 Iy thuyét

A 250,1” 280 310 340 370 400

Ag (Mlem™)

/ (nm)

Hinh 3.37. Tuong tac phd NOESY (<----»), phd ECD ctia hop chit ADB6

Phan tich tiép trén phd ECD ciia ADB6 (Hinh 3.37) cho hiéu tmg cotton duong
trén phd ECD duoc tinh toan cho dong phan ADB6-(3R,6R,9S,10R) twong dong voi
pho thyc nghiém, diéu d6 khang dinh ciu hinh (3R,6R,9S,10R) cho hop chdt ADB6.
Tir d6 hop chat ADB6 xac dinh duoc cau triic phang cling nhu ciu trac 14p thé nhu
hinh 3.35 va dat tén 1a aplydactylonin F, 1a mot hop chat méi va lan dau tién duoc

cong bo.

3.1.3.7. Hop chiat ADB7: Aplydactylonin E (chdt méi)

ADB7 tristichol B
Hinh 3.38. Cau tric ctia hop chat ADB7 va chat tham khao
Hop chit ADB7 duoc phéan lap dudi dang chat dau mau vang. Trén pho khoi
lugng phan gidi cao HR-ESI-MS xuét hién pic tin hi€u tai m/z 397,0996 va 399,0975
[M + Na]" (tinh toan theo 1y thuyét twong tng v&i cong thirc ion gia phan tir
Ci17H27BrOsNa’, 397,0985 va 399,0965), goi y cong thirc phan tir C17H27BrO4 cho
hop chat ADB7 (Hinh D11.1). Dit liéu phé '"H-NMR va '3C-NMR va pho HSQC cua
ADB7 (Bang 3.12) cho thiy hop chat chira 17 carbon. Trong d6 chira hai nhém
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methyl singlet [on 1,19 (H-12)/dc 21,7 (C-12) va 1,02 (H-13)/26,7 (C-13)]; bén nhém
methylene, trong d6 c6 mdt nhém methylene trong lién két doi [du 5,09 (Ha-14) va
4,92 (Hp-14)/6c 116,8 (C-14)]; mdt nhoém oxymethine [Ju 4,15 (H-9)/oc 72,1 (C-9)];
mot nhom brommethine [du 4,60 (H-10)/6c 70,6 (C-10)]; hai nhom methine trong
mot lién két doi [du 5,93 (H-1)/ dc 134,0 (C-1) va du 5,77 (H-2)/dc 131,7 (C-2)]; va
bdn carbon khong chira hydro trong d6 c6 mot carbon (>C-OH) tai 5c 72,1 (C-3). Vi
nhirng phan tich dir liéu phd trén cho thdy hop chit ADB7 1a mdt sesquiterpene

chamigrane.

Bang 3.12. S6 liéu pho 'H, *C-NMR ctia hgp chiat ADB7

VitriC  *6c™ ¢ out* (dd boi, J = Hz) HMBC (H—C)
1 1353 1340 5,93 (1H, dd, 10,5, 0,6) 3,5
2 130,6  131,7 5,77 (1H, dd, 10,5, 0,6) 1,4,6
3 69,3 72,1 - -
4a 1,93 (1H, br d, 13,2) -
4b 29,1 286 54 (1H, ddd, 13,2, 13,2, 3.6) 6
5a 2,03 (1H, ddd, 13,2, 13,2, 3,0) 4
5b 2200243 s (1H, dddd, 13,2, 3,6, 3,6, 1.8) -
51,7 50,7 - -
143,5 1443 - -
8a 2,73 (1H, ddd, 15,0, 2,4, 1,8
8b 379 382 2,59 EIH, dd, 15,0, 2,4) ) 6,7,9, 14
9 72,0 72,1 4,15 (1H, m) ;
10 70,3 70,6 4,60 (1H, d, 3,0) 12
11 427 429 -
12 21,5 21,7 1,19 (3H, s) 6,10, 11,13
13 26,7 267  1,02(3H,s) 6,10, 11,12
14a 67 11eg 09 (H.brs) 6,8
14b ’ ® 4,92 (1H, brs) 6,8
15 70,0 1093 4,13 (1H, s) 2, 4, OCH3
15-OCHj 578 3,53 (3H,5s) 15
15-OCHj 57,6 3,54 (3H,s) 15

“Tai liéu tham khao chat tristichol B [130], “ do trong CDCl;3, b 150 MHz, € 600 MHz, 100 MHz

Phén tich trén phd HMBC xuét hién mét s6 twong tic chinh: H-12 (dn 1,19)
va H-13 (du 1,02) twong tac 1én C-6 (dc 50,7), C-10 (5c 70,6) va C-11 (dc 42,9); H-
15 (0u 4,13) 1én C-2 (5¢c 131,7), C-3 (5c 72,1) va C-4 (dc 28,6); Ha-14 (du 5,09) tuong
tac 1én C-6 (dc 50,7) va C-8 (dc 38,2); (Hinh 3.39). Nhiing tuong tac nay cho biét
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ADB7 chtra mdt nhom gem-dimethyl tai vi tri C-11, hai nhom thé -OH tai vi tri C-3
va C-9, mot vi tri C-10 dugc thé béi nguyén tor brom. Bén canh do hop chét chura lién
két doi dang -CH=CH- & vi tri C-1/C-2 va tai C-3 (dc 72,1) chira nhom thé -OH dua
trén tuong tac HMBC gitta H-1 (Ju 5,89) tuong tac 1én C-2, C-3, C-5 va C-6. So sanh
v6i hop chat tristichol B thi hop chit ADB7 khac & vi tri ¢6 thé hai nhom oxymethyl
tai C-15. Piéu nay cling dugc xac dinh dua trén phé HMBC do xuit hién tuong tac
gitra H (ou 3,53 va du 3,54) cua hai nhém OCHj3 tuong tac 1én C-15 (dc 109,3). bay
cling chinh 13 tinh m&i ctia hop chat nay. Pho COSY xuét hién mét sb twong tac chinh:
H-9 (du 4,15) tuong tac véi Ha-8 (du 2,73) va H-10 (Ju 4,60); H-1(du 5,93) tuong tac
v6oi H-2 (0u 5,77); Hp-4 (on 1,54) tuong tac voi ca Ha-5 (du 2,03) (Hinh 3.39).

S e
@

Hinh 3.39. Tuong tac HMBC (—) va COSY (=) ctia hop chit ADB7

gu

Xét tuong tac trén phd NOESY, tuong tac gitta H-10 (5 4,60) véi H-9 (dn
4,15) va v6i H3-13 (ou 1,02) va voi Ha-5 (0u 2,03); Ha-5 truong tac véi Hz-13 va H-
15 (0u 4,13); tuong tac gitta Hy-5 (du 1,75) voi H3-12 (du 1,19). Nhitng tuong tac nay
cho goi ¥ xac dinh duoc cau hinh twong dbi ¢ cac vi tri bat ddi (3R",6R",95",10R")
trén hop chat ADB7 (Hinh 3.40).

69 —— ECD thue nghiém ctia ADBT
i - (3R,6R,95.10R)-ADBT Iy thuyéi
- - (35,65,9R,105)-ADBT Iy thuyét
e_12 5 Lz :
. ol | : — . v
g 380 2507 280 310 340 370 400
] 104\ = SN
‘ réa % 4
8 .
\P‘ [ 6

4 ¢ o 4 (nm)
Hinh 3.40. Tuong tac phd NOESY (<----), phd ECD ctia hop chit ADB7

Phén tich tiép trén phd ECD ctia ADB7 (Hinh 3.40) cho hiéu tng cotton duong
trén phd ECD duoc tinh toan cho dong phan ADB7-(3R,6R,9S,10R) twong dong voi
pho thyc nghiém, diéu d6 khang dinh ciu hinh (3R,6R,9S,10R) cho hop chdt ADB7.
Tir d6 hop chat ADB7 xé4c dinh duoc ciu trac phang cling nhu cau tric lap thé nhu
hinh 3.38 va dit tén 13 aplydactylonin E - 1a mdt hop chit méi 1an dau tién duoc cong
bo.



84

Mot hop chit c6 hai nhém methoxy thé vao ciing mét carbon rat hiém. Trude
day Kita M. va cong su (2010) dd c6 mot nghién ctiru vé ciy thude chi kim ngan
Lonicera korolkovii va cong bd hop chat korolkoside c¢6 chua hai nhom methoxy thé
cing vao mdt nguyén tir carbon. Nghién ctru cho rang hop hop chit c6 c6 chua hai
nhom methoxy thé ciing vao mét nguyén tir carbon do nhan tao (artifacts), trong qua
trinh ngdm chiét v6i methanol xdy ra qua trinh acetal ctia nhom aldehide (-CHO) voi

methanol. Qua trinh acetal duoc dién dat nhu hinh 3.41.

O

CH;OH  H;CO_ OH (cog €O OCH;
PR ST T AL
R H o R H ' R H

hemiacetal acetal
Hinh 3.41. Qua trinh acetal mot hop chat hitu co c6 nhom aldehyde (-CHO)

3.1.3.8. Hop chat ADBS: [3(15)E,4Z,68S,9S,10R]-10,15-dibromochamigra-
3(15),4,7(14)-trien-9-0l

b

Hinh 3.42. CAu trc cia hop chit ADBS

Hop chit ADBS duoc phan 1ap dudi dang dau khong mau. Phd 'H-NMR va
HSQC hién thi cac tin hiéu dic trung cho mot lién két doi noi vong tai du 6,21 (1H,
d, J= 10,8 Hz) va 5,89 (1H, d, J = 10,8 Hz), mdt lién két doi ngoai vong tai ou 5,10
(1H,t,J=1,8 Hz) va 4,82 (1H, dd, J = 1,8, 1,2 Hz), hai tin hi¢u methyl singlet tai ou
1,01 (3H, s) va 1,24 (3H, s), mét tin hi¢u ciia nhém methine brom tai ou 4,64 (1H, d,
J=3.,0 Hz)] va mét tin hiéu nhém oxymethine tai u 4,17 (1H, m). Pho '3C-NMR va
HSQC ctia ADBS cho thay tin hiéu cong hudng ctia 15 nguyén tir carbon, bao gdm
bbn nguyén tir carbon khong chira hydro, nim nhém methine, bén nhom methylene
va hai nhém methyl. Trong s6 cac nguyén tir cacbon ndy, cé sau nguyén tir 1a carbon
olefin (dc 143,0, 139,5, 132,8, 129,3, 117,5 va 105,6) va hai nguyén tir lién két voi
nguyén tir brom hodc oxy (dc 72,0 va 70,3).
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Hinh 3.43. Tuong tic HMBC (—) cua hop chit ADBS

Bang 3.13. S6 liéu phé 'H, 3C-NMR cua hop chit ADBS

Vitri C *ocd oc*  out (do bdi, J = Hz) HMBC (H—C)
la 1,99 (1H, #) 2,3,5,6,7, 11
24,5 25,7
1b 1,75 (1H, m) _
2a 2,65 (1H, m) 1,3,4,6,15
25,7 24,5 )
2b 2,00 (IH, ™) -
3 139,5 139,5 - ;
4 132,8 1293 6,21 (1H, d, 10,3) 2,3,6, 10
5 129,3 132,8 5,89 (1H, d, 10,8) 1,3,11
6 51,8 51,8 - -
7 143,0 1430 - ;
8a 2,71 (1H, ddd, 1,8, 4,2, 15,0) -
38,0 38,0
8b 2,59 (1H, dd, 2.4, 15,0) 6,7,9, 10, 14
9 72,0 72,0 4,17 (1H, m) 7
10 70,3 703 4,64 (1H, d, 3,0) 11,12,13
11 42,7 27 - _
12 26,6 26,6 1,01 (3H, s) 6,10, 11,13
13 21,5 21,5 1,24 (3H, s) 6,10, 11, 12
14a 5,10 (1H, t, 1,8) 6,8
117,5 117,5
14b 4,82 (1H, dd, 1,2, 1,8) 6,8
15 105,6 105,6 6,10 (1H, d, 2,4) 2,3,4

“Tai liéu tham khdo chdt (2R,3S,68S,102)-9-[(E)-bromomethylidene]-1,1,9-trimethyl-5-
methylidenespiro[5.5]undec-8-en-3-ol [129].
“do trong CDCl;, b 150 MHz, € 600 MHz, ‘100 MHz, *tin hiéu ch(;ng chéo.

CAu trac ciia vong A cia ADBS8 gidng véi cdu tric ciia ADB7, diéu nay duoc
chtrng minh bang cac tuong tic HMBC tir H-12 (51 1,01) dén C-6 (dc 51,8), C-10 (dc
70,3), C-11 (6c 42,7) va C-13 (dc 21,5), va tir Ho-8 (du 2,71) dén C-6 (oc 51,8,), C-7
(oc 143,0), C-9 (oc 72,0), C-10 (oc 70,3) va C-14 (6c 117,5) (Hinh 3.43). Ngoai ra,
cac tuong tic HMBC khéc tir H-5 (dn 5,89) dén C-1 (dc 25,7), C-3 (dc 139,5) va C-
11 (5c 42,7), tir H-14b (on 4,82) va H-14a (6u 5,10) d&én C-6 (dc 51,8) va C-8 (dc
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38,0), va tir H-15 (du 6,10) dén C-2 (dc 24,5), C-3 (dc 139,5) va C-4 (dc 129,3), da
xac nhan rd rang vi tri cua ba lién két doi tai C-4/C-5, C-7/C-14 va C-3/C-15. Vi cac
bang chtng trén, cau tric cuia ADBS8 duoc xac dinh 1a [3(15)E,4Z,6S,9S,10R]-10,15-
dibromochamigra-3(15),4,7(14)-trien-9-ol [129]. Sesquiterpene nay trudc day da
duoc bao cao tir tho bién A. dactylomela & Puerto Rico [131], cling nhu tir tdo do
Laurencia dendroidea [132], L. chondrioides [129] va L. majuscula [133].

3.1.3.9. Hop chit ADBY: pacifidiene

ADB09
Hinh 3.44. Cau trac ctia hop chat ADB9

Hop chat ADB9 thu duoc dudi dang dau khong mau. Pho 'H-NMR cho thay
hop chit chtra ba nhém methyl tai on 1,81 (3H, s), 0,95 (3H, s) va 1,30 (3H, s), bn
proton olefin tai du 6,07 (1H, dd, /= 0,6, 8,4 Hz), 6,24 (1H, d, /= 8,4 Hz), 5,25 (1H,
s)va 4,97 (1H, d, J = 1,2 Hz), m{t proton nhom oxymethine tai ou 3,94 (1H, dd, J =
4,8, 13,2 Hz), mQt proton nhdm methine halogen tai ou 4,46 (1H, dd, J = 3,0, 13,2
Hz). Dix liéu '*C-NMR va HSQC cho thdy ADB9 chtta ba nhom methyl [dc 31,8 (C-
12), 20,1 (C-13) va 23.4 (C-14)], bon carbon olefin [5c 133,6 (C-9), 131,8 (C-10),
148,8 (C-11) va 112,3 (C-15)], mot nhom methine brom [dc 60,4 (C-2)], mdt cacbon
clo hoéa [dc 69,3 (C-3)], mot nhom oxymethine [dc 79,5 (C-5)] va mdt carbon brom
hoa-oxy hoa [dc 101,3 (C-8)].

0
Hinh 3.45. Tuong tic HMBC (—) clin'nh va COSY (=) cta hop chit ADB9

Trong phd COSY, cho thiy mot sé twong tac gitta Ha-1/H-2, Hy-4/H-5 va H-
9/H-10 (Hinh 3.45). Vi tri cia nhém methine brom hoa va carbon clo héa cia ADB9
lan lwot ndm & C-2 va C-3, dugc xac nhan boi twong tic HMBC tir Hy-1 (5u 2,28)
dén C-2 (dc 60,4) va C-3 (dc 69,3), tir H3-12 (dn 1,81) dén C-2 (dc 60,4), C-3 (dc
69,3) va C-4 (dc 46,1). Ngoai ra, cac tuong quan HMBC khac tir H-13 (du 0,95) va
H-14 (6n 0,95) dén C-6 (dc 54,9), C-7 (dc 50,8), C-8 (dc 101,3); tir H-4a (Jn 2,58)
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dén C-5 (6c 79,5), C-6 (dc 54.9); tir Hyo-15 (51 4,97) dén C-6 (dc 54.9), C-10 (6c 131,8)
va C-11 (oc 148,8). V&1 nhitng tuong tic HMBC nay xac dinh dugc vi tri cia nhom
oxymethin tai C-5, carbon brom hoa-oxy hoda tai C-8 va hai lién két d6i tai C-9/C-10
va C-11/C-15. Tir cac bang ching trén, hop chit ADB9 duoc lam sang to 1a
pacifidiene [26]. La mot halogenated sesquiterpene trude day da dugce phan lap tir tho
bién A. dactylomela & Brazil [26].

Bang 3.14. S6 liéu phé 'H, 3C-NMR cua hop chit ADB9

Vi tri C "o oc*®  ou™c (dd bdi, J = Hz) HMBC (H—C)
la 2,33 (1H, dd, 13,2, 14,4)  2,3,5,6, 11
N R
2 58,9 60,4 4,46 (1H,dd, 3,0,13,2)  1,3,6

67,3 69,3 - -

4a 2,58 (1H, dd, 4,8, 15,0)  2,3,5,6
4b 45,5 46,1 2,40 (1H, dd, 13,2, 15,0) 5,12

5 78,4 79,5 3,94 (1H, dd, 4,8, 13,2) 1,3,6

6 53,7 54,9 _ _

7 50,0 50,8 - -

8 99,7 101,3 - -

9 130,7 133,6 6,07 (1H, dd, 0,6, 8,4) 7,11

10 132,7 131,8 6,24 (1H, d, 8,4) 6,8,9,11,15
11 147,2 148,8 - -

12 31,5 31,8 1,81 (3H, s) 2,3,4

13 19,7 20,1 0,95 (3H, s) 6,7,8, 14
14 23,0 234 1,30 (3H, s) 6,7,8,13
15a 5,25 (1H, s) 6,10, 11
15b 11,7 12,3 4,97 (1H, d, 1,2) 6,10, 11

" Tai liéu tham khao chat pacifidiene, * do trong CDCl;, b 150 MHz, € 600 MHz, 100 MHz.

3.1.3.10. Hop chdt ADBI10: 11-hydroxy-8-oxo-B-cyperon

Hinh 3.46. CAu trac cia hop chit ADB10
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Bang 3.15. S6 liéu phé 'H, *C-NMR cuia hop chit ADB10

VitriC * on%® (J=Hz) oc™P ou™* (do béi, J = Hz) HMBC (H—C)
la 2,05 (1H, overlapped -
1b 1,85 (2H, ddd) 36,2 1:86 EIH ddd, 1];],02, 5),4, 2.4) -
2a 2,60 (2H, m) 34,0 2,65 (1H, ddd, 18,0, 13,8,4,2) -
2b 2,43 (1H, ddd, 18,0, 4,8, 2,4) -
3 - 1979 - -
4 - 134,5 - -
5 - 152,1 - -
6 7,43 (1H, br s) 135,2 7,77 (1H, s) 4,7,8,11
7 - 148,7 - -
8 - 198,7 - -
9a 2,57 (1H, br d) 545 2,61 (1H, dd, 15,0, 0,9) -
9b 2,44 (1H, d) ™ 2,33 (1H, d, 15,0) 5,7,8,10, 14
10 - 38,2 - -
11 - 71,7 - -
12 1,52 (3H, s) 30,0 1,49 (3H,s) 7,11, 13
13 1,52 (3H, s) 29,1 1,42 (3H,s) 7, 11,12
14 1,98 (3H, s) 23,5 1,27 (3H, s) 1,5,9,10
15 1,27 (3H, s) 11,0 1,92 (3H,s) 3,4,5
11-OH - 422 (1H,s) 7,11,12,13

" Tai liéu tham khdo chat 11-hydroxy-8-oxo-B-cyperon [134]
“do trong acetone-ds,, b 150 MHz, € 600 MHz, ¢ do trong CDCl3, © 270 MHz.

Hop chiat ADB10 duoc phan 1ap duéi dang dau khong mau. Xét trén phd khoi
lwong phén giai cao HR-ESI-MS cho thdy ADB10 xuét hién pic ion tai m/z 271,1302
[M + Na]* (Hinh D14.1), din dén cong thic phan tir tinh toan theo 1y thuyét
CisH03Na*, tai m/z 271,1310 va phu hop cong thirc phan tir cua hop chét 1a
C15H2005 v6i d6 bit bio hoa la sau. Phén tich dir liéu phd 'H va '3C-NMR chi ra ring
ADBI10 13 mot sesquiterpene, mot thanh phan chinh ctia sén bién 4. dactylomela. Phd
3C-NMR va HSQC cho thiy ADB10 chtra 15 tin hiéu carbon, bao gdm bén nhém
methyl [dc 30,0 (C-12), 29,1 (C-13),23,5(C-14) va 11,0 (C-13)], ba nhém methylene
[0c 36,2 (C-1), 34,0 (C-2) va 54,5 (C-9)], mdt carbon bac bdn [dc 38,2 (C-10)], mot
carbon oxygenated [dc 71,7 (C-11)], bon carbon sp? [dc 134,5 (C-4), 152,1 (C-5),
135,2 (C-6) va 148,7 (C-7)] va hai nhém ketone [dc 197,9 (C-3) va 198,7 (C-7)]. Phd
'H-NMR xuét hién tin hiéu cho bdn nhém methyl singlet [dn 1,49 (H-12), 1,42 (H-
13), 1,27 (H-14) va 1,92 (H-13)], mot tin hi€u singlet cia nhém hydroxy [on 4,22
(11-OH)] va mot proton olefin [ou 7,77 (H-6)]. Con lai 1a sau tin hi€u cua ba nhém
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methylene [on 2,05 (Ha-1)/1,86 (Hyp-1), 2,65 (Ha-2)/2,43 (Hp-2), 2,61 (Ha-9)/2,33 (Hs-
9). Bbn nhom methyl singlet tai on 1,49, 1,42, 1,27 va 1,92 dugc gan cho H-12, H-
13, H-14 va H-15 cua hop chit ADB10 dua trén co s mét sb twong tac HMBC (Hinh
3.47).

Hinh 3.47. Tuong tac HMBC (—) cta hop chat ADB10

Céc tuong tic HMBC tir proton ctia nhém hydroxy (du 4,22) dén C-7 (¢
148,7) va C-11 (éc 71,7), cling nhu su dich chuyén xubng ving truong thap cua C-
11 (dc 71,7) chi ra rang nhém hydroxy lién két v6i C-11. Cubi cling, cc twong tac
HMBC tir H-2 dén C-1 va C-3, va tir H-6 dén C-4, C-8 va C-11 da xac nhan céu tric
ctia ADB10 nhu thé hién trong hinh 3.46. Do d6, hop chit ADB10 duoc xac dinh 1a
11-hydroxy-8-oxo0-B-cyperon [134]. La mot dan xudt eudesmane duoc bao cdo trude
day tir loai thuc vat Isocoma wrightii ciing v6i duy nhat dir liéu phd 'H NMR [134].
Trong luan 4n nay, dit liéu phd NMR déy du cta 11-hydroxy-8-oxo-S-cyperone duoc
bao cdo 1an dau tién va hop chit nay ciing dugc ghi nhan 1an dau tién tir loai sén bién
A. dactylomela.

3.1.3.11. Hop chit ADBI11: aplydactylonin D (chdt méi)

Hinh 3.48. Ciu trac cia hop chit ADB11

Hop chiat ADB11 duoc phan 1ap du6i dang chat dau mau vang. Trén phd khéi
lwong phan giai cao HR-ESI-MS xuét hién pic ion tai m/z 297,1855 [M + H]" (tinh
toan theo 1y thuyét Gmg voi cong thirc ion gia phan tor CaoHasOs", m/z 297,1849),
319,1679 [M + Na]" (tinh toan theo 1y thuyét tng v6i cong thic ion gia phan tir
C20H2402Na*, 319,1669) goi ¥ cong thirc phan tir C2o0H2402 cho hop chiat ADB11
(Hinh D15.1). Dit liéu phdé 'H-NMR va '*C-NMR va phé HSQC ctia ADB11 (Bang
3.16) cho thay hop chét chira 20 carbon. Trong d6 chira sdu nhém methyl singlet [du
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1,37 (H-15)/6c 31,2 (C-15) 1,47 (H-16)/27,8 (C-16), 2,38 (H-17)/21,2 (C-17), 1,12
(H-18)/25,1 (C-18), 1,16 (H-19)/16,8 (C-19), va 1,43 (H-20)/27,9 (C-20)]; mot
nguyén tur carbon bac 4 tai oc 55,4 (C-12); hai nhom carbon oxygenate tai oc 79,9 (C-
13) va oc 76,2 (C-14); mudi nguyén tir carbon olefin cdng hudng trong vung truong
tor 167,3 - 118,8 ppm va con lai 1a tin hi€u dac trung cia mot nhém ketone tai oc 210,5
(C-11). Véi nhitng phan tich dit liéu pho trén cho thiy hop chat ADB11 1a mot

diterpenenoid.

Bang 3.16. S6 liéu phd 'H, *C-NMR cuia hop chit ADB11

Vitri C dcb ou™ (49 bdi, J=Hz) HMBC (H—-C)  NOESY
1 128,1 7,16 (1H, d, 9,0) 3,5,7 15,8
2 128,8 7,17 (1H, d, 9,0) 4,6,17 17
3 137,9 - - -

4 128,8 7,17 (1H, d, 9,0) 2,6,17 -
5 128,1 7,16 (1H, d, 9,0) 1,3,7 16
6 137,2 _ ; ;
7 156,4 ; - -
8 118,8 6,44 (1H, s) 6,7,9,10,13,14 1,10
9 167,3 - - -
10 119,7 5,73 (1H, s) 11,12,13 ;
11 210,5 ; - -
12 55,4 - - -
13 79,9 - - -
14 76,2 ; - -
15 31,2 1,37 3H, s) 7,14, 16 1
16 27,8 1,47 (3H, s) 7,14,15 5
17 212 2,38 (3H, s) 2,3,4 -
18 25,1 1,12 3H, s) 11,12,13, 19 -
19 16,8 1,16 3H, s) 11,12,13, 18 20
20 27,9 1,43 (3H, s) 9,12, 13 19

“do trong CDCls, * 150 MHz, © 600 MHz, ‘100 MHz.

Phén tich trén phé HMBC xuét hién mot sb twong tic chinh: H-18 (dn 1,12)
va H-19 (du 1,16) cung twong tac 1én C-11 (Jc 210,5), C-12 (dc 55,4), C-13 (oc 79,9);
H-20 (du 1,43) 1én C-7 (oc 156,4), C-12 (6c 55,4) va C-13 (oc 79,9); H-10 (on 5,73)
tuong tac lén C-11 (Jc 210,5), C-12 (6c 55,4) va C-13 (oc 79,9), H-18 (ou 1,12) 1én
C-19 (6c 16,8) va nguogc lai H-19 (du 1,16) 1én C-18 (dc 25,1) (Hinh 3.49). Didu nay
cho biét hop chit c6 chtra vong 5 canh 5,5-dimethyl-4-methyl-2-cyclopenten-1-one
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(vong A), trong vong c6 chira mot lién két doi, mot nhoém thé ketone va mot nhom
gem-dimethyl. Vong nim canh ndy hop nhit v6i vong 6,6-dimethyl-3,6-dihydro-2H-
pyran (vong B) tai C-9 va C-13, diéu nay dugc ching minh bang tuwong tic HMBC
gitta H-8 (0u 6,44) 1én C-6 (oc 137,2), C-7 (oc 156,4), C-9, C-10 (6c 119,7), C-13, C-
14 (oc 76,2); H-15 (6u 1,37) va H-16 (ou 1,47) 1én C-7 va C-14; H-1 (éu 7,16) tuong
tac voi C-7. Dong thoi voi nhirng twong tac nay cho biét vong pyran va mot vong
thom thé para (hé vong thom A2B2) lién két giita C-6 va C-7. Phd COSY ciing cho
biét hop chét chira vong thom hé A2B2 dya trén tuong tac H-1 (on 7,16) twong tac
v6i H-2 (8u 7,17) (Hinh 3.49). Do d6, ciu trac phiang cia ADB11 d3 duogc xac dinh
va b khung cacbon mdéi dugc dat tén la aplydactylonane.

—— ECD thye nghiém ciia ADB11

5 4% === {13R)-ADB11 tinh todn Iy thuyét
= === (138)-ADBI1 tinh todn ¥ 1hu}-fw

Az {(M-tem™)

[
-1

A (nm)

Hinh 3.49. Tuong tic HMBC (—) va COSY (=) va ph6 ECD ctia hop chat
ADBI11

Trén phd NOESY, tuong tac giita H3-20 véi Hs-19 va gitra Hs-15 v6i Hz-18
cho thdy cac nhém Me-20 va Me-19 ¢ cuing mot phia ciia mit phang phan tir trén
vong A, trong khi nhom Me-15 va Me-18 ¢ phia d6i dién. Tuong tac NOESY manh
quan sat duoc gitta H-1(5) voi dong thoi ca 2 nhom Me-15 va Me-16 goi ¥ cho thay
vong thom quay tu do xung quanh lién két giita C-6 va C-7 dé tao ra cac dong phan
pro-atropisomer. Hon nita dé chirng minh céu tric cia ADB11 ciing nhu khung
carbon ctia hop chat dwa trén viéc tinh toan NMR. Do chuyén dich héa hoc 'H va 13C-
NMR cua déng phan 13R*- ADB11 duoc tinh toan tai cAp 40 mPWIPW91/6—
31+G(d,p)/IEFPCM-CHCI; [113]. Két qua (Bang S8, hinh S3 va S4) cho thiy hé sd
tuong quan (R?) thu duoc tir phan tich hdi quy tuyén tinh, sai s6 tuyét dbi trung binh
da hi¢u chinh (CMAE) va d6 I¢ch can bac hai binh phuong trung binh (RMSD) doi
v6i dir liéu *C-NMR lan luot 1a 0,9990, 1,28 va 1,79 ppm va cac gia tri R?, CMAE
va RMSO véi dir liéu 0,996, 0,037 va 0,052 ppm. Nhitng két qua nay chi ra rang do
dich chuyén héa hoc dugc tinh toan phii hop tot v6i cac gid tri thue nghiém va cung
cap thém bang chtng hd trg xac dinh cau trac cia ADB11 [135]. Sau d6 dé xac dinh
ciu hinh tuyét d6i cia ADB11, hai d6ng phan quang hoc c6 thé (13R)-ADB11 va
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(13R)-ADB11 dya trén tinh toan ECD bing phuwong phiap TD-DFT & mirc
B3LYP/LanL2DZ/IEFPCM-MeOH. Nhu thé hién trong Hinh 3.49, phd ECD tinh
toan cua dong phan (13R)- ADB11 phu hop véi dit liéu thuc nghiém, trong d6 ciu
hinh tuyét d6i ciaa ADB11 1a 13R.

[
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Hinh 3.50. Tuong tac phd NOESY (<) ctia hop chat ADB11

Vi nhirng phan tich dir liéu phd nhu trén thi chat ADB11 xac dinh duoc ciu
tric phang cling nhu cau tric 1ap thé nhu hinh 3.47 va dat tén 1a aplydactylonin D.

Day 1a mot hop chét c6 khung méi, 1an dau tién duoc cong bd.

5 24
= ) ;
. 22 ""'Im (')H
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3.1.3.12. Hop chdt ADBI2: Thyrsiferol

Hinh 3.51. Cau tric ctia hop chit ADB12
Hop chit ADB12 duogc phan 1ap dudi dang dau khong mau. Cong thirc phin

tir cia n6 duogc xac dinh 1a C3oHs3BrO7 dua trén dir liéu phé mot chiéu NMR va cac
pic ion gia phan tir trén phd khéi lwong phan giai cao HR-ESI-MS tai m/z 627,2872
va 629,2870 [M + Na]" (tinh toan theo 1y thuyét tmg v6i cong thirc ion gia phan tir
C30Hs3BrO7Na*, m/z 627,2867 va 629,2846) (Xem hinh D16.1). Phé 'H-NMR cua
ADBI12 cho thiy sy c6 mit ciia tam nhom methyl singlet [on 1,39 (3H, s, H-1), 1,12
(3H, s, H-24), 1,36 (3H, s, H-25), 1,19 (6H, s, H-26 va H-30), 1,17 (3H, s, H-27),
1,08 (3H, s, H-28), va 1,14 (3H, s, H-29)], mdt nhém brommethine [on 3,88 (1H, dd,
J=3,9, 13,2 Hz, H-3)], ndm nhoém oxymethine [du 3,03 (1H, dd, /=2,0, 12,0 Hz, H-
7), 3,56 (1H, dd, /= 17,2, 10,8 Hz, H-11), 3,69 (1H, dd, J= 3,0, 12,6 Hz, H-14), 3,44
(1H, dd, J=1,5, 9,9 Hz, H-18) va 3,76 (1H, t, J = 7,8 Hz, H-22)] (Hinh D16.2). Ph
BC-NMR va HSQC ciia ADB12 cho thay su c6 mit cia 30 carbon sp?, bao gdm tam
nhém methyl, mudi nhom methylene, nim nhém oxymethine, sau carbon bac bén
chtra oxy va mdt nhém brommethine [dc 58,9 (C-3)]. Hop chéat khong co bat ky
carbon sp® nao, két hop vai cong thirc phan tir ¢ trén v6i do bat bao hoa 13 4, hop chét
ADBI12 duoc du doan 13 mét triterpenoid bon vong.
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Bang 3.17. S6 liéu phd 'H, '*C-NMR cua hop chit ADB12

Vi tri C st g gute (df bdi, J = Hz) HMBC (H—C)
1 23,6 23,7 139(H,s) 2,3,25
2 749 749 - -
3 590 58,9  3,88(1H,dd, 3,9, 13,2) 1,2,25
4a 2,23 (1H, ddd, 3,6, 13,2, 13,2) 3,5
i 282 282 Jlians ]
5a 1,79 (1H, m) _
5b 320 370 5 (i, m) -
6 743 743 - ]
7 86,5 86,5 3,03 (1H, dd, 2,4, 12,0) 6
8a 1,72 (1H, m) -
8b 2300229 (i, m) _
9a 1,74 (1H, m) _
9b 38,5 385 s4(1H, m) -
10 71,9 718 - -
11 76,3 76,3 3,56 (1H,dd, 7,2, 10,8) 7,9, 10, 27
12a 1,88 (1H, m) -
12b 21,1 2LU ) 49 (1m, m) -
13a 1,57 (1H, m) -
2 25,4
13b 33 > 1,45 (1H, m) -
14 76,1 76,0 3,69 (1H, dd, 3.0, 12,6) 15
15 732 732 - -
16a 1,81 (1H, m) -
33,5 33,7
16b ’ ’ 1,38 (1H, m) -
17a 1,82 (1H, m) -
20,7 20,6
17b ’ ’ 1,72 (1H, m) -
18 776 77,5 3,44 (1H,dd, 1,5,9,9) 16, 19
19 86,0 86,0 - -
20a 2,10 (1H, %) -
32,3 32,4
20b ’ ’ 1,59 (1H, m) -
21 26,6 267 1,82(2H,m) -
22 874 873 3,76 (1H,t,7.8) -
23 70,5 70,6 - -
24 239 238  1,12(3H,s) 22,23,30
25 31,0 31,0 136 (3H,s) 1,2,3
26 20,1 203 1,19 (3H, s) 5,6,7
27 214 214 1,17(GH,s) 9,10, 11
28 229 226 1,08 BH,s) 14, 15, 16
29 234 234 1,14 (3H,s) 18, 19, 20
30 27,6 27,5 1,19 (3H,s) 22,23,24

" Tai liéu tham khao chat thyrsiferol [57]
“do trong CDCl;,, b 150 MHz, © 600 MHz, * tin hiéu chap
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Hinh 3.52. Tuong tic HMBC (—) va COSY (=) ctia hop chiat ADB12

Phan tich cho tiét trén phé COSY cho théy su hién dién cua ndm h¢ spin gitta
H-3/H-4/H-5, H-7/H-8/H-9, H-11/H-12/H-13/H-14, H-16/H-17/H-18 va H-20/H-
21/H-22 (Hinh D16.6). Nhitng két qua ndy cing v&i cic tuong tac quan sat dugc
trong phd HMBC cho phép thiét 1ap cau triic phang cia ADB12. That vy, ciu tric
ctia vong A, B va C duoc xéac dinh bang cac tuong taic HMBC tir Hz-1 (dn 1,39) dén
C-2 (6n 74,9), C-3 (on 58,9) va C-25 (du 31,0), tir H3-26 (du 1,19) dén C-5 (0u 37,0),
C-6 (0n 74,3) va C-7 (du 86,5), va tir H3-27 (ou 1,17) dén C-9 (o 38,5), C-10 (On
71,8) va C-11 (dn 76,3). Cac tuong tac HMBC tir H3-28 (du 1,08) dén C-14 (du 76,0),
C-15 (0n 73,2) va C-16 (u 33,7), tir H3-29 (on 1,14) dén C-18 (0u 77,5), C-19 (du
86,0) va C-20 (dn 32,4), va tir H3-24 (du 1,12) dén C-22 (du 87,3), C-23 (du 70,6) va
C-30 (du 27,5) dd xac nhan manh céu trac tir C-15 dén C-30. Cudi cung, hop chat
ADBI12 dugc xéc dinh la thyrsiferol dua trén sy tuong déng cua dir liéu phé NMR
v6i hop chat nay, 1a mét triterpene dugc bao cdo trude day tir loai tho bién Aplysia
dactylomela va tao dé Laurencia thyrsifera cling nhu L. viridis [57, 136, 137].

3.1.4. Tong hop cdc hop chit phén lip ti mdu sén A. dactylomela thu é Ly Son,
Qudang Ngai

Tir mau sén A. dactylomela — Ly Son, Quang Ngai di phan l4p va xac dinh cau
trac 12 hop chit, bao gdm: elatol (ADB1), aplydactylonin I (ADB2), aplydactylonin
K (ADB3), aplydactylonin G (ADB4), aplydactylonin H (ADBS), aplydactylonin F
(ADBO6), aplydactylonin E (ADB7), [3(15)F,47,65,9S5,10R]-10,15-
dibromochamigra-3(15),4,7(14)-trien-9-ol (ADBS8), pacifidiene (ADB9), 11-
hydroxy-8-oxo-S-cyperon (ADB10), aplydactylonin D (ADB11), thyrsiferol
(ADB12).
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OH

ADBI1
Hinh 3.53. Ciu tric cac hop chét tir loai sén bién A. dactylomela — Ly Son, Quang
Ngai

Tur két qua phan 1ap va xac dinh cau tric cac hop chét tir hai miu sén bién A.
dactylomela thu & ddo Phii Quy, Lam Pdng va dao Ly Son, Quang Ngii cho thay cac
hop chét thudc 16p chét chinh 13 sesquiterpene, diterpene va triterpene. Nhitng hop
chat nay thé hién su twong ddng cao vé thanh phan hoa hoc di duoc cac nha nghién
ctru cong bd vé loai sén bién A. dactylomela. Tuy nhién hai 16p chat ¢ hai mau c6 sy
khac nhau khi thu ¢ hai vi trf khac nhau. Cu hinh ¢6 sy khdc nhau & nhém chat
sesquiterpene va khung chét hai diterpene & hai miu ciing khac nhau. Cu thé mau sén
A. dactylomela — Lam Dong c6 nhom chat nor-sesquiterpene va ¢ cau hinh & vi tri
bat dbi 65,985,108, con mau sén thu & Quang Ngii c6 nhom chat sesquiterpene va co
ciu hinh & vi tri bat d6i 6R,9S,10R (Hinh 3.53). Su khac nhau 16p chét diterpene 1a
mau sén A. dactylomela — Lam Pong c6 khung diterpene da biét 1a baccharisketone
con mau sén thu & Quang Ngii co khung méi va duge dit tén 1a aplydactylonane
(Hinh 3.53). Ngoai ra mau sén thu & Quang ngii co thém mot chét triterpene trong

khi do mau sén & Lam Pdng chua phéan lap duoc 16p chét nay.
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ADAL - nor-sesquiterpene ADB?2 - sesquiterpene
(65,98,108) (6R,9S,10R)

il 16

e
ISR

15

I

ADA3 - baccharisketone ADBI1 - aplydactylonane

Hinh 3.54. So sanh sy gidng va khac nhau cac lop chét phan lap duoc tir hai mau
sén bién A. dactylomela thu ¢ hai dia diém Lam Dong va Quang Ngai.

3.1.3. Xdc dinh céu triic cdc hop chit phin ldp dwoc tiv lodi sén bién A. oculifera
thu ¢ Ling Co, Hué

3.1.3.1. Hop chdat AOBI: oculiferanin A (chdt méi)

Parguerol

Hinh 3.55. C4u trac hop chat AOB1

x104 |* Scan (rt: 0.942 min’
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Hinh 3.56. Phd HR-ESI-MS cua hop chat AOB1
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Hop chat AOB1 thu dugc duéi dang chit rin vo dinh hinh khéng mau. Xét
trén kho khéi lvong phan giai cao xuét hién tin hiéu tai pic ion duong tai m/z 479,1401
[M + Na]* va 481,1412 [M + 2 + Na]* (tinh toan theo 1y thuyét Gmg v6i cong thirc
ion gia phan tir C2xH33BrOsNa*, m/z 479,1404 va 481,1383) (Hinh 3.56), tir d6 goi y
duoc hop chat AOB1 c6 cong thie phan tir trong tng Co2Hs3BrOs.

Phén tich trén phd 'H-NMR trén ving trudng manh thiy xuat hién 2 tin hiéu
singlet dac trung ctia hai nhom methyl [on 1,04 (3H, s, H-17) va 1,06 (3H, s, H-20),
bén canh d6 con xuét hién mot tin hiéu singlet dac trung cua mot nhém acetyl [du
1,99 (3H, s, -OCOCHS3). Pac biét hai tin hi¢u proton ciia nhém methylene dac trung
trong vong xyclopropane cong huong trén cung trudng manh hon tai ou 0,99 va 0,35
ppm. Dich vé phia viing truong trung binh xuat hién hai tin hiéu nhom oxy methine
[0ou 5,70 (1H, dd, J= 6,0, 1,2 Hz, H-2), 3,22 (1H, m, H-7)], hai nhém oxy methylene
[0n 3,99 (1H, br d, J = 12,6 Hz, Ha-16), 6u 3,80 (1H, dd, J = 12,6, 9,6 Hz, Hy-16)] va
[ou 3,77 (1H, br d, J= 10,8 Hz, Ha-18), ou 3,00 (1H, d, J = 10,8 Hz, Hp-18)] va mot
nhom methine lién két v6i brom tai ou 4,24 (1H, dd, J = 8,7, 2,7 Hz, H-15), mot tin
hiéu proton trong lién két doi tai du 5,22 (1H, d, J= 6,0 Hz, H-11) (Hinh 3.57). Nhiing

tin hi¢u proton con lai cia cdc nhom methine, methylene thong thuong khac.
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Hinh 3.57. Phd 'H-NMR cua hop chit AOB1
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Bang 3.18. S6 liéu phé 'H, 3C-NMR cua hop chit AOB1

Vi tri C "ocde oc™  ou™ (do boi, J = Hz) HMBC (H—C)
la 1,90 (1H, dd, 14,4, 1,2) -
38,2 40,9
1b 1,45 (1H, dd, 14,4, 5.4) 10, 20
2 68,8 71,4 5,70 (1H, dd, 6,0, 1,2) 1,1,3,10, 18,19
21,6 26,3 - -
4 24,6 25,5 0,99 (1H, % -
45,8 39,0 1,62 (1H, brd, 13,2) -
6a 1,92 (1H, %) -
35,3 37,6
6b 1,70 (1H, ddd, 13,2, 12,0, 10,2) 7, 8
7 76,8 77,1 3,22 (1H, ddd, 5.4, 9,6, 10,2) -
39,0 39,7 2,28 (1H, m) -
9 1429 1476 - -
10 36,6 374 - -
11 1174 1138 5,22 (1H, d, 6,0) 8,10, 13
12a 2,40 (1H, %) -
39,0 39,4
12b 1,78 (1H, dt, 17,4, 2,7) -
13 36,6 36,4 - -
14a 2,40 (1H, %) -
39,0 39,5
14b 1,36 (1H, dd, 13,2, 10,8) 7,12,15,17
15 68,6 69,3 4,24 (1H, dd, 8,7, 2,7) 16, 17
16a 3,99 (1H, br d, 12,6) -
64,4 64,8
16b 3,80 (1H, dd, 12,6, 9,6) -
17 24.6 24,8 1,04 (3H, s) 12,13 ,14, 15
18a 3,77 (1H, d, 10,8) 3,4
18,3 70,6
18b 3,00 (1H, d, 10,8) 2,3,4,19
19a 0,99 (1H, *) -
68,2 11,3
19b 0,35 (1H, dd, 7.8, 3,6) 3,4,5,18
20 20,3 21,4 1,06 (3H, s) 1,5,9,10
OAc
1’ 170,5  170,7 - -
2' 21,8 21,4 1,99 (3H, s) '

" Tai liéu tham khéo chat parguerol [52]
“do trong acetone-ds,, b 150 MHz, © 600 MHz, * tin hiéu ch&ng chéo

4 do trong CDCl3, © 67,5 MHz

Phén tich tiép trén phd *C-NMR va HSQC cho thiy hop chit AOB1 chua 22
nguyén tir carbon, trong dé c6 mdt nhom acetyl [oc 170,7 (C-1") va 21,4 (C-2")]. Con

lai 1a 20 tin hi€u cua khung chét chinh, trong d6 c6 mot s6 tin hiéu dic trung nhu: Hai
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nhoém metyl [oc 24,8 (C-17) va 21,4 (C-20)], hai nhom oxy methine [oc 71,4 (C-2) va
77,1 (C-7)], hai nhom oxy methylene tai dc 64,8 (C-16) va dc 70,6 (C-18), mot nhém
methine lién két truc tiép voi halogen brom tai dc 69,3 (C-15), va cudi cung 14 hai tin
hiéu trong lién két d6i dang >C=CH- [dc 147,6 (C-9)/113,8 (C-11)] (Hinh 3.58 va
3.59). Con lai 1a nhiing tin hi¢u cua cac nhém methylene, methine thong thuong. Voi

nhirng phan tich dy liéu bén trén cho goi ¥ hop chit 1a mot diterpene.
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Hinh 3.60. Tuong tac HMBC (—) va COSY (=) trén hop chit AOB1
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Hinh 3.61. Phd HMBC cua hop chit AOB1

Ph6 HMBC xuét hién mét sd twong tac chinh: H-2 (u 5,70) twong tac 1én C-
1 (oc 40,9), C-1' (6c 170,7), C-3 (oc 26,3), C-10 (oc 37,4), C-18 (éc 70,6), C-19 (dc
11,3), tir d6 xéc dinh duoc trén vi tri thir 2 cia khung chat diterpene c6 nhoém thé acetyl (-
OCOCHS3). Tuong tac gitta Hy-19 (n 0,35) 1én C-3 (dc 26,3), C-4 (dc 25,5), C-5 (dc 39,0),
C-18 (éc 70,6) dong thoi o chuyén dich cia nhdm methylene niy & ving truong kha manh
ca trén phd 'H va BC-NMR [du 0,99 (Ha-19) va 0,35 (Hp-19)/ dc 11,3] cho thdy dugc
nhom methylene nay tao vong ba vé6i hai vi tri C-3 va C-4 trén khung chat. Tuong tac
gitta Hp-18 (du 3,00) 1én C-2 (5¢c 71,4), C-3 (¢ 26,3), C-4 (dc 25,5) cho biét nhém
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methylene hydroxy duoc thé tai vi tri C-3 trén khung diterpene chtr khong thé tai vi
tri C-4 nhu khung chat diterpen parguerane (mot khung chit duoc sip xép lai tir khung
diterpene pimarane) [52]. Tuong tac gitra H-11 (ou 5,22) 1én C-8 (oc 39,7), C-10 (dc
37,4), C-13 (dc 36,4) cho biét lién két d6i tai vi tri C-9/C-11(Theo hinh 3.60 va 3.61).
Ph6 COSY xuét hién mot sd twong tac chinh: Hy-1 (du 1,45) v6i H-2 (du 5,70), H-4
(0u 0,99) vo1 H-5 (0n 1,62 ), H-4 v6éi Hu-19, Hy-14 (0w 1,45) voi H-8 (0n 2,28) voi H-
7 (0n 3,22) v61 Hp-6 (on 1,70), H-11 (6n 5,22) v61 Hp-12 (6n 1,78) va H-15 (du 4,24)
v6i Hp-16 (du 3,80). Tir nhitng tuong tac nay xac dinh duoc mot sé manh trén phan
tu cia AOB1 (Hinh 3.60).

Hets Cp
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Hinh 3.62. Tuong tic NOESY (<) trén hop chit AOB1

Gi4 tri hang s6 ghép 16n (Juzmer = 10,2 Hz) giita H-7 va Hy-6 cho thdy H-7 ¢6
dang axial va dugc gan twong dbi véi cau hinh £ nhu trén hinh 3.62. Trén phd NOESY
xuat hién tuong tac gitra H-5 voi H-7, gitta H-7 (ou 3,22) v&i Hp-14 (on 1,36), Hy-14
v6i H3-17 cho thdy cac proton nay cung cé cau hinh f. Tuong tac giita H-20 v&i H-
8, giita H-8 v6i H-15, va gitta Ha-16 v6i Ha-14 cho thdy H-8 va nhém Me-20 c6 cau
hinh a va C-15 ¢6 c4u hinh R".
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Hinh 3.63. Phd NOESY cua hop chit AOB1 (dung méi CD;OD)
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Bang 3.19. S6 liéu phd 'H, *C-NMR ciia hop chat AOB1 (do trong CD;0D)

Vitri C oc™P ou™* (d bdi, J = Hz) HMBC (H—C)
la 1,95 (1H, %) -
1b 41,22 1,51 (1H, dd, 14,7, 5,7) 10, 20
2 72,38 5,72 (1H, dd, 5.4, 1,2) 1,1,3,4,10,19, 18
26,34 - -
4 26,09 1,01 (1H, m) 18
39,42 1,68 (1H, m) -
6a 1,95 (1H, % -
6b 37,34 1,72 (1H, %) 7,8
7 77,65 3,24 (1H, m) -
3991 2,26 (1H, m) -
9 147,46 - -
10 371,72 - -
11 114,70 5,26 (1H, d, 6,6) 8,13
12a 39.66 2,46 (1H, dd, 17,1, 5,1) -
12b ’ 1,80 (1H, ddd, 17,1, 3,6, 2,1) -
13 36,63 - -
14a 30.66 2,32 (1H, ddd, 13,8, 6,0, 3,0) -
14b ’ 1,38 (1H, dd, 13,8, 10,8) 8,12,13
15 67,92 4,20 (1H, dd, 9,3, 2,7) 16, 17
16a 65.00 4,02 (1H, dd, 12,6, 3,0) 15
16b ’ 3,79 (1H, dd, 12,6, 9.3) 15
17 24,72 1,05(H,s) 12,13 ,14, 15
18a 123 3,86 (1H, d, 10,8) 3,4,19
18b ’ 2,97 (1H, d, 10,8) -
19a 1175 1,08 (1H, *) -
19b ’ 0,39 (1H, dd, 9,0, 5.4) 3,4,5,18
20 21,51 1,10 (3H, s) 1,5,9,10
OAc
1’ 172,64 - -
2 21,39  2,05(3H, s) 1’

“do trong CD3;OD, b 150 MHz, € 600 MHz, * tin hiéu chong chéo

Dé xac dinh cau hinh céc vi tri bat ddi trén vong A, phd NMR cua AOBI tiép
tuc dugc do trong MeOD (Bang 3.19). Két quéa cho thay trong dung méi nay da quan
sat dugc tuong tac NOESY gitra H-5 (du 1,68) va H-4 (du 1,01) chung to vong
cyclopropane ¢ dinh hudng a. Tiép theo, H-2 dugc xac dinh 13 cau hinh # dua trén
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tuong tac gitra H-2 (0 5,72) v6i Ha-18 (Ju 3,86). Cudi cung, két hgp pho ECD thuc
nghiém va tinh toan 1y thuyét di xac dinh duoc ciu hinh tuyét ddi cua cic trung tim
bat dbi trén phan tir AOB1 13 2R,3S,45,5R,7R,8R,10R,13S,15R (Hinh 3.64).

57 — ECD thyre nghi¢m cioa AOB1
3 wees (2R, 35,45,5R, TR BR.10R,135,15R)-A0B1 Iy thuyét

3 - - (253R.4R,55,75.85,108,13R,155)-A0B1 1§ thuyét
& YN
o e — - - : -
= R (U 250 280 310 340 370 400

-3 4

-5 4 :

/4 (nm)

Hinh 3.64. Phd ECD thyuc nghiém va tinh toan theo 1y thuyét ctia hop chat AOB1

Hop chit AOB1 13 hop chit méi, 1an dau tién duoc phan lap tir thién nhién, 13
hop chit c6 khung méi, sip xép lai cua khung diterpen parguerane. Hop chét duoc
dat tén 1a oculiferanin A (Hinh 3.55).

3.1.3.2. Hop chat AOB2: oculiferanin B (chdt m&i)

Hinh 3.65. Ciu trac hop chat AOB2

Hop chit AOB2 thu duoc dudi dang chat rin vo dinh hinh khong mau. Phd
khéi lugng phan giai cao xudt hién tin hiéu tai m/z 533,1326 va 535,1305 [M + CIJ
(tinh toan 1y thuyét cho cong thirc C24H3sBrOsCl, m/z 533,1306 va 535,1285) tir d6
xac dinh dugc hop chat AOB2 c6 cong thirc phan tir twong tng Co4H3sBrOs (xem
hinh 02.1). Phan tich trén phd "H-NMR trén ving trudng manh thiy xut hién 2 tin
hiéu singlet dic trung ctia hai nhém methyl [on 1,02 (3H, s, H-17) va 1,10 (3H, s, H-
20), bén canh d6 con xuat hién hai tin hiéu singlet dic trung cta hai nhém acetyl [5u
2,00 (3H, s, 2-OCOCH3) va ou 2,04 (3H, s, 7-OCOCH3). Dich vé phia vung trudong
trung binh XuAt hién hai tin hi¢u nhom oxymethine [on 5,71 (1H, dd, J=5,7, 1,5 Hz,
H-2), 4,50 (1H, m, H-7)], hai nhém oxymethylene [on 3,97 (1H, dd, J= 12,0, 3,0 Hz,
H.-16), on 3,81 (1H, dd, J = 12,0, 8,4 Hz, Hy,-16)] va [ou 3,78 (1H, dd, /= 10,8, 7,8
Hz, H,-18), 5u 3,00 (1H, dd, J = 12,0, 4,2 Hz, Hy-18)] va mot nhom methine lién két
v6i brom tai ou 4,22 (1H, dd, J = 8,4, 3,6 Hz, H-15), mét tin hi€u proton trong lién
két d6i tai du 5,32 (1H, br d, J = 6,0 Hz, H-11). Nhitng tin hiéu proton con lai ctia cac
nhom methine, methylene thong thuong khac (Bang 3.20).



104

Bdng 3.20. S6 liéu phd NMR cua hop chat AOB2

Vitri C oc™P ou™* (do boi, J = Hz) HMBC (H— C)
la 40.8 1,93 (1H, br d, 13,8) 1,2,10
1b ’ 1,50 (1H, dd, 14,4, 6,0) 5,20
2 71,2 5,71 (1H, dd, 5,7, 1,5) 2,10, 18, 1

26,4 - -
4 25,2 1,00 (1H, %) -
38,9 1,69 (1H, %) -
6a 1,69 (1H, % -
6b 33:4 2,00 (1H, % -
7 78,7 4,50 (1H, m) -
36,6 2,56 (1H, m) -
9 146,2 - -
10 37,4 - -
11 1152 5,32 (1H, br d, 6,0) -
12a 399 2,41 (1H, m) -
12b ’ 1,83 (1H,ddd, 17,4,2,4,2,1) -
13 36,3 - -
14a 18.6 2,15 (1H, ddd, 13,8, 6,0, 3,0) -
14b ’ 1,33 (1H, dd, 13,8, 10,5) -
15 68,4 4,22 (1H, dd, 8,4, 3,6) -
16a 64.8 3,97 (1H, dd, 12,0, 3,0) -
16b ’ 3,81 (1H, dd, 12,0, 8,4) -
17 24,5 1,02 (3H, s) 12,13, 14, 15
18a 0.5 3,78 (1H, dd, 10,8, 7.8) -
18b ’ 3,00 (1H, dd, 10,8, 4,2) -
19a 113 1,00 (1H, % -
19b ’ 0,36 (1H, g, 12,0, 7,8) -
20 21,2 1,10 (3H, s) 1,5,9,10
2-OAc
1 170,7 -
2! 21,4 2,00 (3H, s) 1
7-OAc
1” 170,7 - -
2" 21,1 2,04 (3H, s) 1"
16-OH - 4,05 (1H, t, 6,0) 16
19-OH - 3,66 (1H, dd, 7,8, 4,2) 3

“do trong acetone-ds, b 150 MHz, € 600 MHz,
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Phén tich tiép trén phd *C-NMR va HSQC cho thiy hop chit AOB3 chua 24
nguyén tir carbon, trong d6 c6 bén tin hiéu dic trung ctia hai nhom acetyl [dc 170,7
(C-1", 21,4 (C-2") va 170,7 (C-1"), 21,1 (C-2")] (Hinh O2.4 va O2.5). Con lai la 20
tin hiéu cua khung chét chinh, trong d6 c6 mat s6 tin hiéu dic trung nhu: Hai nhém
metyl [dc 24,5 (C-17) va 21,2 (C-20)], hai nhom oxymethine [dc 71,2 (C-2) va 78,7
(C-7)], hai nhom oxymethylene [dc 64,8 (C-16) va oc 70,5 (C-18)], mdét nhoém
methine lién két tryc tiép voi halogen brom tai dc 68,4 (C-15), hai tin hiéu trong lién
két d6i dang >C=CH- [dc 146,2 (C-9)/115,2 (C-11)]. Con lai 12 nhirng tin hiéu cia
cac nhom methylene, methine thong thuong (Bang 3.20). Vi nhiing phén tich bén
trén xac dinh duoc hop chit 1a mot diterpene. So sanh hop chat nay véi hop chat
AOB2 cho théiy chung chi khac nhau & mdt vi tri tai C-7, hop chit AOB3 duoc thé
bang nhom thé acetyl tai C-7 dya trén phd 'H va *C-NMR.

Hinh 3.66. Tuong tac HMBC (—) va COSY (=) trén hop chit AOB2

Quan st trén pho HMBC thiy xuét hién twong tac: H-2 tuwong tac 1én C-1, C-
1’, C-3, C-10, va C-18, tir d6 xac dinh duoc trén vi tri thir 2 cta khung chat diterpene
c6 nhém thé -OCOCH;3 va cho biét nhom methylene hydroxy duoc thé tai vi tri C-3
trén khung diterpene chir khong thé tai vi tri C-4 nhu khung chét diterpen parguerol
(mot khung chat duoc sap xép lai tir khung diterpene pimarane) [52]. Tuong tac giita
Hy-19 1én C-3, C-4, C-5, C-18 ddng thoi do chuyén dich cia nhom methylene nay &
vung truong kha manh ca trén phd 'H va *C [du 1,00 (Ha-19) va 0,36 (Hv-19)/ dc
11,3] cho thdy duoc nhom methylene nay tao vong ba véi hai vi tri C-3 va C-4 trén
khung cht. Tuong tac HMBC giita H-11 1én C-8, C-10, C-13 cho biét lién két doi tai
vi trf C-9/C-11 (Hinh 3.66). Phd COSY xuit hién mét sb twong tac chinh: Hy-1 (O
1,50) v6i H-2 (on 5,71), Hp-19 (0 0,36) véi H-4 (on 1,00), H-4 véi H-5 (0u 1,69), H-
7 (ou 4,50) v61 Ha-6 (0 1,69) va H-8 (Ju 2,56), H-8 v6i He-14 (on 1,33), H-11 (dn
5,32) v6i Hp-12 (0n 1,83),va H-15 (du 4,22) v61 Ha-16 (0u 3,97) va Hp-16 (on 3,81).
Tir nhitng twong tic nay xac dinh dugc mot s manh trén phan tir cia AOB2 (nhu
hinh 3.66).

Hing sb ghép 16n (J = 10,5 Hz) giita Hp-14 va H-8 cho thiy Hp-14 ¢6 dang
pseudo-axial va dugc gan twong d6i cho cau hinh £ (Hinh 3.67). Trén phé NOESY
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xuét hién twong tac gitra H-5 v6i H-7, gitta H-7 (dn 4,50) v6i Hy-14 (0n 1,33), Hy-14
v6i Hs-17 (du 1,02) cho thiy cac proton ndy cing c6 cAu hinh f. Tuong tic gitta H-
20 v6i H-8, gitta H-8 voi H-15, va gitta Ha-16 v6i Ha-14 cho thidy H-8 va nhém Me-

20 ¢c6 chu hinh « va C-15 ¢6 cAu hinh R*.

41 = ECD thyre nghiém coa AGB2
(2RASASSRTRERIOR 135 15R)-A0B2 Iy ||1u}L5|
---- (283RARS5 7585105, 1 3R, 155)-A0B2 ¥ thuyét

Az (MLem)

A (nm)

Hinh 3.67. Tuong tac NOESY (<--->)va phd ECD ciia hop chiat AOB2

Ph6 ECD thyc nghiém va tinh toan 1y thuyét di xac dinh dugc cdu hinh tuyét
dbi cta cac trung tAm bat dbi trén phan tir AOB2 13 2R,35,45,5R,7R,8R,10R,13S,15R
(Hinh 3.65). DPay ciing 1a hop chét co6 khung méi, giong voi khung cta hop chét

AOBI1 va duoc dat tén l1a oculiferanin B.

3.1.3.3. Hop chat AOB3: oculiferanin C (chdt méi)

Hinh 3.68. Ciu trac hop chit AOB3
Hop chat AOB3 thu dugc dudi dang chat ran vo dinh hinh khong mau. Pho
khéi phéan giai cao xuat hién tin hiéu tai m/z 490,1792 va 492,1775 [M + NHa4]" (tinh
toan theo ly thuyét C22H37BrOsN*, m/z 490,1799 va 492,1799); m/z 507,1153 va
509,1136 [M + CI] (tinh toan theo 1y thuyét C22H3:BrOsCl, m/z 507,1149 va
509,1129) tir d6 xac dinh dugc hop chat AOB3 c6 cong thirc phan tir twong tng
C2:H33BrOg va c6 d6 bt bao hoa 1a 6 (Hinh 3.69).

Phan tich trén pho 'H-NMR trén ving truong manh thay xuat hién 2 tin hi¢u
singlet dac trung cua hai nhém methyl [dn 1,04 (3H, s, H-17) va 1,00 (3H, s, H-20),
bén canh d6 con xuét hién mot tin hiéu singlet dac trung cua mot nhém acetyl [du
2,03 (3H, s, -OCOCH;). Dich vé phia ving trudng trung binh xuét hién ba tin hiéu
nhom oxymethine [Ju 3,81 (1H, *, H-1), 5,39 (1H, d, J = 2,4 Hz, H-2), 3,29 (1H, m,
H-7)], hai nhoém oxymethylene [du 3,97 (1H, *, Ha-16), du 3,81 (1H, #, Hy-16)] va [du
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3,62 (1H, #, Ha-18), 6n 3,18 (1H, #, Hp-18)] va mdt nhom methine lién két voi brom
tai on 4,26 (1H, dd, J = 8,7, 2,7 Hz, H-15), mot tin hiéu proton trong lién két doi tai
ou 5,47 (1H, d, J = 6,0 Hz, H-11). Nhiing tin hi¢u proton con lai cia cdc nhoém

methine, methylene thong thuong khac.

%10 4 |* Scan (1t: 0.914 min) HCSH

1.3+

490.1792
1.2 492.1775

1.1
14
0.9+
0.8
0.7
0.6
0.5
0.4
0.3 491.1830 493.1808
0.2
0.1+
ol | | _ ' ' ' ' | ' |
487 488 489 490 491 492 493 494 495 496
Counts vs. Mass-to-Charge (m/z)

495.1372

Hinh 3.69. Phd HR-ESI-MS cua hop chat AOB3
Trén phd 3C-NMR va HSQC cho thiy hop chit AOB3 chira 22 nguyén tir

carbon, trong dé c6 hai tin hi¢u ddc trung cua mot nhém acetyl [oc 170,5 (C-1") va
21,2 (C-2")] (Hinh 03.3 va hinh 03.4). Con lai 14 20 tin hiéu ctia khung chat chinh,
trong d6 ¢6 mot sb tin hiéu dic trung nhu: Hai nhém methyl [dc 25,1 (C-17) va 19,8
(C-20)], ba nhém oxymethine [oc 71,3 (C-1), 75,5 (C-2) va 76,3 (C-7)], hai nhém
oxymethylene [dc 64,7 (C-16) va dc 70,6 (C-18)], mot nhém methine lién két truc
tiép v6i halogen brom tai dc 69,6 (C-15), va cudi cung 13 hai tin hiéu trong lién két
do1 dang >C=CH- [dc 143,0 (C-9)/116,3 (C-11)]. Con lai 1a nhiing tin hi¢u cua cac
nhom methylene, methine thong thuong (Bang 3.21). V&i nhitng phan tich bén trén
xéac dinh dugc hop chat 1a mot diterpene. So sanh hop chit nay véi hop chat AOB1
cho théy chung chi khac nhau & moét vi tri tai C-1, hop chdt AOB3 c6 thém nhom thé
-OH tai C-1 dya trén pho 'H va '3C-NMR [du 3,81 (H-1)/dc 71,3 (C-1)].

Ph6 HMBC xuit hién twong tac: H-2 twong tac 1én C-1, C-1', C-3, C-4, C-10,
18, va C-19. Nho dic diém nay xac dinh dugc trén vi tri thor 2 cua khung chat
diterpene c6 nhom thé -OCOCH; va cho biét nhom methylene hydroxy duoc thé tai
vi tri C-3 trén khung diterpene chtr khong thé tai vi tri C-4 nhu khung chét diterpen
parguerol (mot khung chéat dugce sip xép lai tir khung diterpene pimarane) [52].
Tuong tac gitra proton cua nhém 1-OH lén C-1, C-2, C-10 cho biét tai vi tri C-1 ¢6
nhom thé hydroxy. Tuong tac gitra Hp-19 1én C-2, C-3, C-4, C-5, C-18 d@)ng thoi do

chuyén dich ctia nhém methylene nay & ving truong kha manh ca trén pho 'H va '3C
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[0n 0,93 (Ha-19) va 0,42 (Hbp-19)/ ¢ 11,1] cho thay dwgc nhom methylene nay tao
vong ba voi hai vi tri C-3 va C-4 trén khung chat. Twong tac giita H-11 1én C-8, C-
10, C-13 cho biét lién két doi tai vi tri C-9/C-11(Hinh 3.69 va hinh 03.5).

Bang 3.21. S6 liéu phé 'H, 3C-NMR cua hop chit AOB3

Vi tri C oc*P ou™¢ (d6 bdi, J = Hz) HMBC (H—C)
1 71,3 3,81 (1H, ¥ -
2 75,7 5,39 (1H, d, 2,4) 1,1,3,4,10,18
3 24,5 - -
4 24,5 0,98 (1H, m) -
5 30,8 2,26 (1H, -
6a 36.8 1,92 (1H, ddd, 12,6, 4,8, 2,4) -
6b ’ 1,68 (1H, m) -
7 76,3 3,20 (1H, m)
39,7 2,26 (1H, -
9 143,0 - -
10 43,1 - -
11 116,3 5,47 (1H, d, 6,0) 8,13
12a 305 2,41 (1H, ddd, 17,4, 6,0, 1,8) -
12b ’ 1,84 (1H, ddd, 17.4,3,6,1,8) -
13 36,2 - -
14a 302 2,38 (1H, ddd, 13,8, 5.4,3,6)  7,12,13
14b ’ 1,34 (1H, dd, 13,8, 11,4) 7,12,13, 15,17
15 69,6 4,26 (1H, dd, 8,7, 2,7) -
16a 3,97 (1H, %) -
16b 64,7 3,81 (1H, ¥ -
17 25,1 1,04 (3H, s) 12,13, 14, 15
18a 3,62 (1H, * -
18b 70,6 3,18 EIH, #; -
19a . 0,93 (1H, t, 6,0) 2,3,5,18
19b ’ 0,42 (1H, dd, 9.0, 5.4) 2,3,5,18
20 19,8 1,00 (3H, s) 1,5,9,10
2-OAc
1’ 170,5 - -
2' 21,2 2,03 (3H, s) '
1-OH - 3,51 (1H, d, 4,8) 1,2,10
7-OH - 3,89 (1H, d, 6,0) 6,7, 8

“do trong acetone-ds, b 150 MHz, € 600 MHz, * tin hiéu ch5ng chéo
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Ph6 COSY xuit hién mét sd twong tac chinh: H-1 (du 3,81) véi H-2 (Ju 5,39),
Hyv-14 (on 1,34) v6i H-8 (0u 2,26) véi H-7 (0n 3,20) vo1 Hp-6 (du 1,68) voi H-5 (0u
2,26) v61 Hp-19 (0n 0,42), H-11 (ou 5,47) v6i Hp-12 (on 1,84) va H-15 (0u 4,24) voi
Hy-16 (du 3,80). Tir nhirng twong tac nay xac dinh duoc mot s manh trén phan tir
cua AOB3 (Hinh 3.70 va hinh O3.6).

Hinh 3.70. Tuong tic HMBC (—) va COSY (=) trén hop chit AOB3

Hang s6 ghép 16n (J = 11,4 Hz) giita Hy-14 va H-8 cho thay Hp-14 c6 dang
pseudo-axial va duoc gan twong dbi cho cdu hinh £ (Hinh 3.71). Phd NOESY cho céc
tuong tac gitta H3-17/Hv-14, He-14/H-7, H-7/HS, H-5/H-4, H-5/0H-1, OH-1/H-2
ching t6 Hz-17, H-7, H-5, H-4, OH-1 va H-2 c6 cAu hinh LS. Nguoc lai, cac tuong tac
NOESY giita H-1/H3-20, H3-20/H-8, H-8/H-15, Ha-14/Ha-16 x4c nhan ciu hinh o cta
H3-20, H-8 va cau hinh R* cua C-15.

—— ECD thue nghiém cia AOB3
------- (15,25,35,45,5R, 7R 8k, 10R, 135,15R)-AOB3 I thuyét
FA g ~—== (IR2R3RAR55.75.88,105,13R.155)-A0B3 I thuyét

' 220, 250 280 310 340 370 400

A (nm)

Hinh 3.71. Tuong tac NOESY (<) va phd ECD ctia hop chit AOB3

Ph6 ECD thuc nghiém ctia AOB3 (Hinh 3.71) ¢6 hiéu tng cotton tuong dong
v6i phd ECD tinh toan trong trudng hop cic vi tri ¢6 cau hinh bat ddi cia AOB3 1a
25,35,4S,5R,7R,8R,10R,13S,15R. Pong thoi cho thidy hop chat cd cung khung
parguerane sap xép lai. Pay ciing 1 hop chat c6 khung méi, gidng voi khung ctia hop
chat AOB2. Bén canh d6 hop chat nay c6 diém méi so véi hai hgp chat AOBI1 va
AOB2 ciing nhu cac hgp chat c6 khung diterpen parguerol 1a c6 thém nhom thé
hydroxy tai vi tri C-1 [0 3,81, H-1)/dc 71,3 (C-1)]. Hop chat AOB3 duoc dat tén 13

oculiferanin C.
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3.1.3.4. Hop chat AOBA4: oculiferanin D (chdt m&i)

O OH

Hinh 3.70. C4u trac hop chit AOB4
Hop chit AOB4 thu dugc dudi dang chat ran vo dinh hinh khong mau. Phd
khéi phéan giai cao xuat hién tin hiéu tai m/z 474,1834 va 476,1835 [M+NH4]", goi ¥
cho cong thurc ion gia phan tir (C22H37BrNOs", m/z 474,1850 va 476,1829), m/z
491,1201 va 493,1181 [M+CI], goi y cho cong thurc ion gid phan tir (C22H33BrOsCI
, m/z 491,1200 va 493,1179) (Xem hinh O4.1a va O4.1b) tir 6 cho goi y hop chat
AOB4 c6 cong thirc phan tur tuong ing C22H33BrO:s.

Pho '"H-NMR trén ving trudng manh thdy xuat hién 2 tin hiéu singlet dic trung
cua hai nhom methyl [on 1,04 (3H, s, H-17) va 1,09 (3H, s, H-20), bén canh do6 con
xuét hién mot tin hiéu singlet dac trung cua mdt nhom acetyl [on 2,03 (3H, s, -
OCOCH3). Dich vé phia ving truong trung binh xuat hién hai tin hiéu nhom
oxymethine [dn 5,48 (1H, d, J = 4,2 Hz, H-2), 3,13 (1H, m, H-7)], hai nhom
oxymethylene [ou 4,00 (1H, m, Ha-16), ou 3,82 (1H, m, Hy-16)] va [du 3,90 (1H, m,
Ha-18), ou 3,06 (1H, m, Hp-18)] va mot nhom methine lién két v&i brom tai on 4,26
(1H, dd, J=8.7, 2,7 Hz, H-15), mét tin hiéu proton trong lién két doi tai ou 5,27 (1H,
d,J=6,0 Hz, H-11).

Hinh 3.72. Tuong tac HMBC(—) va COSY (=) trén hop chit AOB4

Phén tich tiép trén phd *C-NMR va HSQC cho thay hop chit AOB4 chia 22
nguyén tu carbon (Bang 3.22), trong d6 c6 mot nhom acetyl [dc 170,5 (C-1") va 21,3
(C-2"]. Con lai l1a 20 tin hi¢u cua khung chét chinh, trong d6 c6 mdt s6 tin hiéu dic
trung nhu: Hai nhom methyl [dc 24,9 (C-17) va 20,0 (C-20)], hai nhém oxymethine
[0c 69,6 (C-2) va 76,7 (C-7)], hai nhom oxymethylene [dc 64,8 (C-16) va dc 66,9 (C-

18)], mdt nhém methine lién két truc tiép véi halogen brom tai dc 69,3 (C-15), va
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cudi cung 14 hai tin hiéu trong lién két d6i dang >C=CH- [dc 144,8 (C-9)/116,9 (C-
11)]. V6i nhitng phén tich bén trén xac dinh dugc hop chit 1a mot diterpene.

Bang 3.22. S6 liéu phd 'H, 3C-NMR cua hop chit AOB4

Vi tri C S ou™< (d bdi, J = Hz) HMBC (H—C)
la 198 1,85 (1H, dd, 15,0, 1,2) 2,3,5, 10
1b : 1,30 (1H, #) -

2 69,6 5,48 (1H, d, 4,2) 1,3, 4, 10, 19
3 24,4 - -

4 20,7 0,62 (1H, m) 3,18, 18

5 44,7 1,05 (1H, #) -

6a 39,0 1,94 (1H, m) 4,5,8, 10
6b : 1,67 (1H, ddd, 13,2, 13,2, 11,4) 5,7

7 76,7 3,13 (1H, m) 6

39,3 2,32 (1H, m) -

9 144,8 - -

10 37,6 - -

11 116,9 5,27 (1H, d, 6,0) 8,13
12a 108 2,40 (1H, %) -
12b : 1,79 (1H, ddd, 17.4, 3,6, 2,4) 11

13 36,2 - -
14a 2,40 (1H, * -
14b 394 1,33 EIH, #; -
15 69,3 4,26 (1H, dd, 8,7, 2,7) 13, 16, 17
16a 4,00 (1H, m) -
16b 64,8 3,82 (1H, m) 15
17 24,9 1,04 (3H, s) 12,13 ,14, 15
18a 660 3,90 (1H, m) 3,18
18b : 3,06 (1H, m 2,4,18
192 . 0,92 (1H, dd, 8.7, 4.5) 2,3,4,5,18
19b ’ 0,12 (1H, br t, 4,5) 2,3,4,5,18
20 20,0 1,09 (3H, s) 1,5,9, 10
2-OAc
1’ 170,5 - -
2! 21,3 2,03 (3H, s) 1’

“do trong acetone-ds,, b 150 MHz, € 600 MHz, * tin hiéu ch&ng chéo

Phé HMBC xuét hién mot sb tuong tac chinh: H-2 twong tac 1én C-1, C-1’, C-
3, C-10, C-18, va C-19, tir d6 xac dinh duogc trén vi tri thir 2 ctia khung chét diterpene
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c6 nhém thé -OCOCH3. Twong tac giita Hy-19 1én C-3, C-4, C-5, C-18 dong thoi do
chuyén dich ciia nhém methylene nay ¢ ving truong kha manh ca trén phd 'H va 13C-
NMR [6n 0,92 (Ha-19) va 0,12 (Hp-19)/ dc 18,8] cho thdy dugc nhém methylene nay
tao vong ba vé6i hai vi tri C-3 va C-4 trén khung chit. Tuong tac giita Hy-18 1én C-2,
C-3, C-4 cho biét nhém methylene hydroxy duwoc thé tai vi tri C-3 trén khung
diterpene chir khong thé tai vi tri C-4 nhu khung chit diterpen parguerane (mét khung
chat duoc sip xép lai tir khung diterpene pimarane) [52]. Twong tac gitta H-11 1én C-
8, C-10, C-13 cho biét lién két d6i tai vi tri C-9/C-11(Hinh O4.5). Phé COSY xuit
hién mot s tuwong tac chinh: Ha-1 (du 1,85) v&i H-2 (on 5,48), H-4 (du 0,62) v6i H-5
(ou 1,05), H-4 v6i Ha-19 (0u 0,92), H-5 voi Hp-6 (du 1,67), Hp-6 voi H-7 (ou 3,12),
H-7 v6i H-8 (0u 2,32), H-8 v6i Hp-14 (du 1,33), H-11 (0u 5,27) v6i Hu-12 (0u 1,79)
va H-15 (0u 4,24) voi Hy-16 (0n 3,82). Tir nhirng twong tac ndy xac dinh duoc mot sd
manh trén phan tir cita AOB4 nhu (Hinh 04.6)

Gia tri hang sd ghép cip 16n ctia Hp-6 v6i cac proton 1an cin cho thdy Hp-6 c6
dinh huéng axial va duoc gan tuong ddi véi cau hinh a nhu trong hinh 3.74. Céac
truong tac NOESY gilta Hp-6/H3-20, H3-20/H-8, H3-20/H-1a, H-8/H-15, Ha-14/H.-
16 cho thay H3-20, H-8, Ha-1 c6 cdu hinh a va C-15 ¢6 cdu hinh R*. Cac twong tac
NOESY gitta Hpy-6/H-4 va gitra H-5/Hp-19, Hp-19/H-1b, Hp-19/H-2, H-5/H-7, H-
7/Hp-14, Hy-14/H3-17 ching té H-2, H-5, H-7, Hy-14, H3-17 va vong cyclopropane
¢6 ciu hinh f. Cudi cing, cdu hinh tuyét ddi cua chat méi AOB4 duoc xac dinh 1a
2R,3R,4R,5R,7R.8R,10R,13S,15R bang phuong phap phd ECD thyc nghiém két hop
v6i tinh toan ly thuyét (Hinh 3.73).

10 = ECD thre nghigm ciia AOB4
N (ZRIRARSR,TRER.I0R.135,15R)-A0B4 Iy thuyet
(2853854555, 75.85,105,13R,155)-A0B4 Iy ihuy‘ét

o7 250 280 310 340 370 400

Ag (M.em™)

A (nm)
Hinh 3.73. Tuong tic NOESY (<) va phd ECD cuta hop chit AOB4
Hop chiat AOB4 14 hop chit méi, 1an dau tién duoc phan l4p tir thién nhién,

13 hop chét c6 khung méi, sip xép lai cua khung diterpen parguerane. Hop chit

duoc dat tén la oculiferanin D.
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3.1.3.5. Hop chat AOBS: oculiferanin E (chdt m&i)

Hinh 3.74. C4u trac hop chat AOB5

Hop chat AOB5 thu dugc dudi dang chat ran vo dinh hinh khong mau. Pho
khéi phan giai cao xuat hién tin hiéu tai m/z 446,1541 va 448,1514 [M+NH4]*, goi y
cho cong thirc gia phan tir (C20H33BrNOs ", m/z 446,1537 va 448,1516), tir 46 xac dinh
duoc hop chat AOBS c6 cong thirc phéan tir tuong img CaoHa9BrOs (Hinh O5.1). Phan
tich trén phd '"H-NMR trén ving truong manh thay xuat hién 2 tin hi¢u singlet dic
trung cta hai nhom methyl [ou 1,04 (3H, s, H-17) va 0,92 (3H, s, H-20). Dich vé phia
ving trudng trung binh xuat hién hai tin hiéu nhom oxymethine [du 3,89 (1H, d, J =
4,2 Hz, H-1), 3,20 (1H, m, H-7)], hai oxymethylene [dn 3,98 (1H, #, Ha-16), Ju 3,91
(1H, m, Hy-16)] va [du 3,98 (1H, #, Ha-18), du 3,26 (1H, dd, J= 11,7, 5,7 Hz, Hp-18)]
va moOt nhom methine lién két voi brom tai on 4,27 (1H, dd, J = 9,0, 2,4 Hz, H-15),
mot tin hi¢u proton trong lién két doi tai ou 5,45 (1H, d, J=6,0 Hz, H-11).

Phén tich tiép trén phd *C-NMR va HSQC cho thiy hop chit AOBS5 chia 20
nguyén tir carbon, trong d6 c6 mdt nhém ketone dc 170,5 (C-2), hai nhdém methyl [dc
25,1 (C-17) va 17,6 (C-20)], hai nhom oxy methine [dc 79,3 (C-1) va 76,0 (C-7)], hai
nhém oxy methylene [dc 64,7 (C-16), dc 65,0 (C-18)], mot nhom methine lién két
tryc tiép véi halogen brom tai dc 69,3 (C-15), hai tin hiéu trong lién két d6i dang
>C=CH- [5c 140,0(C-9)/118,4 (C-11)]. Ngoai ra xuét hién ba tin hiéu cta vong
xiclopronpane [Jc 34,1 (C-3), 27,4 (C-4) va 23,4 (C-19)]; cac tin hi€u cia cac nhom
methylene tai dc 37,8 (C-6), 39,7 (C-12), va 38,9 (C-14); hai tin hi€u nhom methine
tai dc 35,2 (C-5), 39,0 (C-8) va hai tin hiéu carbon bac 4 tai oc 47,7 (C-10), 36,2 (C-
8) (Bang 3.23). Vi nhitng phan tich bén trén xac dinh dugc hop chit 1a mot diterpene.

Xét trén phd HMBC cho thiy xuat hién mot sé twong tac chinh: Proton 1-OH
tuong tac 1én C-1, C-2, tir d6 xac dinh dwogc trén vi tri thir 1 cua khung chét diterpene
c6 nhom thé -OH va vi tri C-2 1a mot nhom ketone. Twong tac giira proton Ha-19 18n
C-4, C-5, C-18 dong thoi d6 chuyén dich cia nhom methylene ndy & ving trudng kha
manh ca trén phd 'H va *C [du 1,63 (Ha-19) va 1,19 (Hy-19)/ dc 23,8] cho thay duogc
nhoém methylene nay tao vong ba véi hai vi tri C-3 va C-4 trén khung chét. Tuong tac
giita Hy-18 1én C-2, C-3, C-4 cho biét nhom methylene hydroxy dugc thé tai vi tri C-
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3 trén khung diterpene chir khong thé tai vi tri C-4 nhu khung chit diterpen
parguerane (mot khung chit dugc sip xép lai tir khung diterpene pimarane) [52].
Tuong tac gitra H-11 1én C-8, C-10, C-13 cho biét lién két d6i tai vi tri C-9/C-11
(Hinh 05.5). Phd COSY xuét hién mot sé twong tac chinh: proton H-4 (du 1,19) tuong
tac vo1 H-5 (0u 2,16), H-4 v61 Ha-19 (0u 1,63), H-5 v61 Hp-6 (on 1,73), Hp-6 v61 H-7
(on 3,20), va H-15 (0u 4,27) vo1 Hp-16 (ou 3,81). Tur nhiing tuong tac nay xac dinh
duoc mot sé manh trén phan tir cia AOBS5 nhu hinh 05.6).

Hinh 3.75. Tuong tic HMBC (—) va COSY (=) trén hop chit AOB5

Véi gia tri hang s6 ghép cap 10n, Hy-6 c6 dinh hudng axial va duge gan twong
d6i voi cau hinh o nhu trén hinh 3.76. Phd NOESY cho cic tuong tc giita Hy-6/H;-
20, H3-20/H-8, H3-20/H-1, H-8/H-15, Ha-14/H,-16 ching to H-1, H3-20, H-8 ¢6 ciu
hinh @, C-13 va C-15 ¢6 ciu hinh twong tng 13 R* va S*. Tuong tac gitta H-5/H,-18,
H-5/H-7 cho phép khang dinh cau hinh 8 cia H-5, H-7 va vong cyclopropane. Cubi
cung, két hop phd ECD va tinh toan 1y thuyét xac dinh duoc cau hinh tuyét déi cua
cac trung tAm bt ddi trén phan tir 13 15,3R,4R,5R,7R,8R,10R,13S,15R (Hinh 3.76).

401 — ECD thye nghi¢m coa AOBS

wenes (18,3RAR.5R,TR.8R,10R, 135.15R)-AOBS Iy thuyét

20 5 ---- (1R, 35,45,55.75,85,108,13R,155)-AOBS Iy thuyét

340 370 400

Ae (ML.em™)

-20 1

-40

A (nm)

Hinh 3.76. Tuong tac NOESY (<) va phd ECD cua hop chit AOB5

Hop chit AOBS5 13 hop chit méi, 1an dau tién duoc phan lap tir thién nhién, 13
hop chit c6 khung mdi, sip xép lai ciia khung diterpene parguerane. Hop chit duoc
dat tén 13 oculiferanin E. AOBS 1a mot chit méi, 1an dau tién duoc phan lap va cong
bd. Ca ndm hop chat AOB phan tich trén dau 1a cac hop chit c6 khung dugc sip xép

lai va ciing 1an dau 16p chit diterpene phan 1ap duoc tir sén bién A. oculifera.
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Bang 3.23. S6 liéu phd 'H, 3C-NMR cua hop chit AOB5

Vitri C dcb ou™ (d bdi, J = Hz) HMBC (H—C)
1 79,3 3,89 (1H, d, 4,2) 2,3,5,10
2 207,9 - -
3 34,1 - -
4 27,4 1,19 (1H, %) -
5 35,2 2,16 (1H, %) -
6a 178 2,11 (1H, m) -
6b ’ 1,73 (1H, ddd, 12,6, 12,6, 12,0) 5,7
7 76,0 3,20 (1H, m) 14
39,0 2,22 (1H, m) -
9 140,0 - -
10 47,4 - -
11 118,4 5,45 (1H, d, 6,0) 8,10, 13
12a 107 2,42 (1H, %) -
12b ’ 1,84 (1H, ddd, 18,0, 3,6, 2.4) 15
13 36,2 - -
14a 189 2,42 (1H, %) -
14b ’ 1,36 1H, dd, 13,8, 11,4) 7,8, 12, 13, 15, 17
15 69,3 427 (1H, dd, 9,0, 2,4) 13,15, 17
16a 3,98 (1H, #) -
16b 64,7 3,81 (1H, m) -
17 25,1 1,05 (3H, s) 12,13, 14, 15
18a 650 3,98 (1H, #) -
18b ’ 3,26 (1H, dd, 11,7, 5,7) 2,3,4
19a 1,63 (1H, dd, 5,1, 3,3) 4,5,18
19b 234 1,19 (1H, %) -
20 17,6 0,92 (3H, ) 1,5,9, 10
1-OH - 4,61 (1H, d, 4,2) 1,2,10

“do trong acetone-ds,, b 150 MHz, € 600 MHz, * tin hiéu ché‘ng chéo

3.1.3.6. Hop chit AOBG: oculiferanin F (chdt méi)

Hop chat AOB6 thu dugc dudi dang chat ran vo dinh hinh khong mau. Pho
khéi lwong phan giai cao xuat hién tin hiéu tai m/z 448,1687 va 450,1653 [M + NHa4]*
(tinh toén theo 1y thuyét C20H35BrOsN™*, 448,1693 va 450,1673); tai m/z 465,1038 va
467,1016 [M + CIJ (tinh toan theo 1y thuyét C2oH31BrOsCl, 465,1043 va 467,1023)
tir d6 x4c dinh duoc hop chat AOB6 c6 cong thirc phan tir trong ing CaoHz 1 BrOs.
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1O

Hinh 3.77. Ciu trac cta hop chit AOB6

Phén tich trén phd 'H-NMR, '3C-NMR va ph6é HSQC trén ving trudng manh
thdy xuat hién nhom methyl [du 1,04 (3H, s, H-17)/0n 25,1 (C-17) va 1,15 (3H, s, H-
20)/20,1 (C-20)]. Dich vé phia ving truong trung binh xuét hién ba tin hiéu nhom
oxymethine [dn 3,81 (1H, d, J = 4,8 Hz, H-1)/oc 75,7 (C-1); 4,13 (1H, d, J= 2,4 Hz,
H-2)/71,1 (C-2); 3,08 (1H, m, H-7)/76,2 (C-7)], hai nhdém oxymethylene [on 4,01
(1H, #, Ha-16), ou 3,80 (1H, #, Hy-16)/6c 64,7 (C-16)] va [Ju 3,48 (1H, dd, J = 10,8,
5,4 Hz, Ha-19), ou 3,37 (1H, dd, J = 10,8, 4,8 Hz, Hy-19)/0c 68,3 (C-19)] va mot
nhom methine lién két voi brom [du 4,31 (1H, dd, J= 10,8, 3,0 Hz, H-15)/5¢ 69,6 (C-
15)], mot nhom methine trong lién két doi [du 5,49 (1H, d,J= 6,0 Hz, H-11)/dc 118,3
(C-11)]. Con lai la nhiing tin hi€u cta cadc nhdm methylene, methine thong thudng
(Bang 3.24). Véi nhitng phan tich bén trén xac dinh dugc hop chat 1a mot diterpene.
So sanh hop chat nay voi hop chét deacetypargurol cho thiy ching chi khac nhau &
mot vi tri tai C-1, hop chat AOB6 c6 thém nhom thé -OH tai C-1 dya trén pho 'H va
BC-NMR [6u 3,81 (H-1)/d¢ 75,7 (C-1)].

Hinh 3.78. Tuong tac HMBC (—) va COSY (=) trén hop chit AOB6

Ph6 HMBC xuit hién tuong tac: H-17 (du 1,04) twong tac 1én C-12, C-13, C-
14, C-15; H-20 (du 1,15) twong tac 1én C-1, C-5, C-9, va C-10, dua vao tuong tac nay
ma xac dinh dugc vi tri hai nhom methyl tai C-10 va C-13 trong ciu c4u phén tir va
cling xac dinh dugc c6 nhém -OH thé tai vi tri C-1 va vi tri C-15 ¢c6 thé nguyén tu
brom. Hai proton Ha-19 (dn 3,48) va Hp-19 (du 3,37) cung tuong tac 1én C-3 va C-5,
diéu nay cho biét c6 nhém oxymethylene thé tai vi tri C-4 nhu khung chét diterpen

parguerol. Tuong tac giita proton ctia nhém 2-OH 1én C-1 cho biét tai vi tri C-2 ¢6
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chtra nhoém thé hydroxy. Tuwong tac giita Hy-18 1én C-2, C-3, C-4, C-5, va C-19 dong
thoi d6 chuyén dich ctia nhém methylene nay & ving trudng kha manh ca trén phd
'H va 3C [dn 0,69 (Ha-18) va 0,34 (Hb-18)/ dc 17,7] cho thdy dugc nhém methylene

nay tao vong ba voi hai vi tri C-3 va C-4 trén khung chét. Tuong tac gitta H-11 1én

C-10 va C-13 cho biét lién két dbi tai vi tri C-9/C-11 (Hinh 3.78).

Bang 3.24. S6 liéu phé 'H, *C-NMR cua hop chit AOB6

Vi tri C "ot scb ou™ (d bdi, J = Hz) HMBC (H—C)
1 40,5 75,7 3,81 (1H, d, 4,8) 2,3,5
2 64,0 71,1 4,13 (1H, d, 2,4) 1,4,10
3 233 234 0,98 (1H, dd, 10,2, 6,3) 1,18, 19
4 23,2 248 - _
5 45,9 37,9 1,94 (1H, %) -
6a 2,34 (1H, %) -
33,1 33,8
6b ’ ’ 1,92 (1H, %) _
7 75,4 76,2 3,08 (1H, m) -
37,7 39,5 2,23 (1H, m)
9 145,0 142,5 - -
10 36,5 439 - -
11 115,2 118,3 549 (1H, d, 6,0) 10, 13
12a 2,44 (1H, ddd, 16,8, 6,0, 1,8) -
38,9 40,0
12b 1,86 (1H, ddd, 16,8,3,9,2,1) 9,11
13 34,9 36,0 - -
14a 2,38 (1H, %) ;
37,9 38,6
14b 1,32 (1H, dd, 13,8, 11,4) 7,8,13,15
15 69,0 69,6 4,31 (1H, dd, 10,8, 3,0) 13,16, 17
16a 4,01 (1H, #) ;
62,9 64,7 .
16b 3,80 (1H, #) ;
17 24,2 25,1 1,04 3H,s) 12, 13,14, 15
18a 4 17, 069 (1H.dd. 102,36) 2,3,4,5,19
18b ’ ' 0,34 (1H, dd, 6,3, 3,6) 2,3,4,5,19
19a 3,48 (1H, dd, 10,8, 5,4) 3,5
65,9 68,3
19b 3,37 (1H, dd, 10,8, 4,8) 4,5
20 20,6 20,1  1,15(H,s) 1,5,9,10
2-OH 3,90 (1H, d, 3,0) 1

* tai liéu tham khéo chat deacetylpargurol [138]
“do trong acetone-ds,, b 150 MHz, € 600 MHz, * tin hiéu ch&ng chéo, “ do trong DMSO-ds
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Phé COSY xuat hién mot s twong tac chinh: H-3 (du 0,98) twong tac v6i Ha-
18 (ou 0,69) va Hp-18 (ou 0,34); H-7 (du 3,08) v6&1 Hp-6 (du 1,98) vé1 H-8 (on 2,23);
H-8 v&1 Hp-14 (ou 1,32); H-11 (ou 5,49) v6i Ha-12 (0n 2,44) va H-15 (0u 4,31) voi
Hy-16 (Ju 3,80). Tir nhitng twong tac ndy goi ¥ xac dinh duoc mot sé manh phan tir
trén c4u trac ctia hop chat AOB6 (Hinh 3.77).

=2 —— ECD thyc nghiém cua AOB6
- (15,28,3R 45,5R, 7R.8R, 10R,135,15R)-AOB6 I thuyét
~—-= (IR2R35AR.58,75.88,105,13R,155)-A0B6 Iy thuyét

250 280 310 340 370 400

: A (nm

Hinh 3.79. Tuong tac NOESY (<---)va pho ECD cﬁ(a I)lqp chat AOB6

Hang s ghép 16n (J = 11,4 Hz) gitta Hy-14 va H-8 cho thdy Hy-14 c6 dang
pseudo-axial va dugc gan twong déi cho cdu hinh £ (Hinh 3.80). Phé NOESY cho cac
tuong tac gitta H3-17 (du 1,04)/Hp-14 (on 1,32), He-14/H-7 (ou 3,08), H-7/HS (du
1,94), H-5/Hy-18 (0n 0,34), Hy-18/H-2 (du 4,13) ching té H3-17, Hy-14, H-7, H-5, va
H-2 c6 ciu hinh . Nguoc lai, cic twong tac NOESY giita H-1 (du 3,81)/H3-20 (On
1,15), H3-20/H-8 (dn 2,23), H-8/H-15 (dn 4,31) x4c nhan cau hinh « cua H3-20, H-8,
H-1 va cau hinh R* cia C-15. Bén canh d6 khi so sanh phd ECD giira thyc nghiém
s0 v6i tinh todn 1y thuyét cho thay hop chit AOB6 duoc xac dinh dugc cdu hinh tuyét
dbi cua cac trung tdm bat d6i 1a 2R,35,4S,5R,7R,8R,10R,13S,15R do c6 hiéu tng
cotton twong ddng nhau (Hinh 3.79).

Vi nhimg phan tich dir liéu phd nhu trén cho thiy hop chat AOB6 c6 khung
parguerane va cdu tric gan giéng voi hop chét deacetylpargurol, chi khac & vi tri C-
1 ¢6 thém nhom thé -OH. Pay ciing 14 tinh méi ctia hop chat va ciing 1a 1an dau tién
phan lap duoc hop chit c6 nhom thé -OH tai vi tri C-1. Hop chat AOB6 dugc dit tén

l1a oculiferanin F.



119

3.1.3.7. Hop chat AOB7: oculiferanin G (chdt méi)

Hinh 3.80. Ciu trac hop chit AOB7
Hop chit AOB7 thu dugc dudi dang chat ran vo dinh hinh khong mau. Pho
khéi phan giai cao xuat hién tin hiéu tai m/z 490,1792 va 492,1783 [M+NH4]" (tinh
toan theo 1y thuyét CaoH3BrOgN*, 490,1799 va 492,1798); tai m/z 507,1140 va
509,1123 [M+CI]" (tinh toan theo 1y thuyét C2oH33BrOsCl, 507,1153 va 509,1136) tir
d6 xac dinh dugc hop chat AOB7 c6 cong thirc phén tir twong tmg C2:H33BrOs.

Phan tich trén pho 'H-NMR, *C-NMR va pho HSQC trén ving truong manh
thay xuat hién hai nhom methyl [du 1,04 (3H, s, H-17)/0n 25,1 (C-17) va 1,12 (3H, s,
H-20)/21,4 (C-20)]. Dich vé phia ving trudng trung binh xuét hién ba tin hiéu nhom
oxymethine [on 3,81 (1H, br s, H-1)/6c 72,9 (C-1); 5,15 (1H, d, J= 1,2 Hz, H-2)/73,1
(C-2); 3,10 (1H, m, H-7)/76,1 (C-7)], hai nhém oxymethylene [du 4,03 (1H, *, Ha-
16), ou 3,82 (1H, #, Hy-16)/5c 64,7 (C-16)] va [Ju 3,55 (1H, #, Ha-19), du 3,34 (1H,
dd, J=12,6, 7,2 Hz, Hp-19)/6c 67,4(C-19)] va mot nhdm methine lién két v&i brom
[on 4,29 (1H, dd, J = 8,7, 2,7 Hz, H-15)/0c 69,5 (C-15)], m0t nhom methine trong
lién két doi [ou 5,46 (1H, d, J= 6,0 Hz, H-11)/0c 118,9 (C-11)]. Con lai 1a nhitng tin
hi€u cua cac nhom methylene, methine thong thuong (Bang 3.25). Vi nhitng phan
tich bén trén xac dinh duoc hop chat 1a mot diterpene. So sanh hop chét ndy véi hop
chét deacetypargurol cho thiy ching chi khac nhau & mot vi tri tai C-1, hop chét
AOB7 ¢6 thém nhom thé -OH tai C-1 dura trén phd 'H va *C-NMR [du 3,81 (H-1)/dc
75,7 (C-1)] [138]; so sanh véi hop chit AOBG6 thi hop chat nay chi khac & chd 14 c6
thém nhom thé acetyl tai vi tri C-2 [du 2,02 (1H, s, H-2")/dc 21,4 (C-2') va 5c 170,2
(C-1")]. Diéu nay ciing dwa trén twong tac phd HMBC gitta H-2 (Ju 5,15) v6i C-1' (6¢
170,2).

Pho HMBC xuét hién twong tac nhu hinh 3.82 cho thdy hop chét nay c6 khung
chét giéng nhu khung chit hop chit AOB6 1a mot diterpen parguerol. Pho COSY
xuat hién mot s6 twong tac chinh: H-1 (du 3,80) tuong tac voi H-2 (du 5,15); H-3 (On
0,96) tuong tac voi Ha-18 (dn 0,76) va Hp-18 (ou 0,45); H-5 (du 2,01) v6i He-6 (on
1,92); H-7 (6n 3,10) v6i1 Ha-6 (dn 2,36) vo1 H-8 (du 2,24); H-8 véi He-14 (0u 1,33);
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H-11 (0u 5,46) v6i Ha-12 (01 2,43) va H-15 (0u 4,29) v6i Hp-16 (0n 3,82). Tur nhiing
tuong tac ndy goi ¥ xac dinh duge mot sé manh phan tir trén ciu trac cua hop chat
AOB7 (Hinh 3.81).

Hinh 3.81. Tuong tdc HMBC (—) va COSY (=) trén hop chit AOB7

Hang s ghép 16n (J = 11,4 Hz) gitta Hy-14 va H-8 cho thdy Hy-14 c6 dang
pseudo-axial va dugc gan twong déi cho cdu hinh £ (Hinh 3.82). Phé NOESY cho cac
tuong tac gitta H3-17 (ou 1,04)/Hs-14 (ou 1,33), Hy-14/H-7 (ou 3,10), H-7/HS (Ju
2,01), H-5/Hy-18 (61 0,45), Hp-18/H-2 (Ju 5,15) chung to6 H3-17, Hy-14, H-7, H-5, va
H-2 c6 ciu hinh . Nguoc lai, cic twong tac NOESY giita H-1 (du 3,80)/H3-20 (O
1,12), H3-20/H-8 (Jn 2,24), H-8/H-15 (dn 4,29) x4c nhan cau hinh « ctia H3-20, H-8,
H-1 va cau hinh R* ctia C-15.

3 —— ECD thue nghiém ciia AOBT
------- (15.25.3R 48,58, TR.8R,10R,135,15R)-A0BT 1y thuyét
3 - == (IR2R354R,55,75,85,108,13R,155)-A0BT Iy thuyét
".‘E 1 |‘
£ 1 {f220" 250 280 310 340 370 400
R\
e

A (nm)

Hinh 3.82. Tuong tac NOESY (<--») va ph ECD cua hop chit AOB7
Vi nhimg phan tich dir liéu phd nhu trén cho thiy hop chat AOB7 c6 khung

parguerane va cdu tric gan giéng voi hop chét deacetylpargurol, chi khac & vi tri C-
1 ¢6 thém nhom thé -OH. Pay ciing 14 tinh méi ctia hop chat va ciing 1a 1an dau tién
phan lap duoc hop chit c6 nhom thé -OH tai vi tri C-1. Bén canh d6 khi so sanh véi
hop chat AOB6 cho that chung kha gidng nhau, chi khic nhau 14 hop chit AOB7 tai
vi tri C-2 dugc thay nhom thé hydroxy bang nhém acetyl. Hop chat AOB7 duoc dit

tén 1a oculiferanin G.
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Bang 3.25. S6 liéu phé 'H, *C-NMR cua hop chit AOB7

Vitri C "octP oc™P ou™* mult (J = Hz) HMBC (H—C)
1 40,5 72,9 3,80 (1H, brs) 2,3,5
2 64,0 73,1 5,15 (1H, d, 1,2) 1,3,4,10, 1’
3 23,3 20,2 0,96 (1H, ddd, 10,2, 6,0, 0,6) 1,18, 19
4 23,2 24,5 - -
5 459 37,5 2,01 (1H, m) 3
6a 2,36 (1H, br ddd, 12,6, 12,0, 12, 0) -
6b 33,1 33,6 1,92 (1H, m) 6
7 75,4 76,1 3,10 (1H, m) 14
37,7 39,5 2,24 (1H, m) -
9 145.,0 141,5 - -
10 36,5 43,5 - -
11 115,2 118,9 5,46 (1H, m) 10, 13
12a 2,43 (1H, ddd, 17,4, 6,0, 3,6
12b 38,9 398 1,85 EIH, ddd, 17,4, 3,9, 2,1; 9,11, 15
13 34,9 35,9 - -
14a 37.9 18.6 2,39 (1H, m)
14b ’ ’ 1,33 (1H, dd, 13,8, 11,4)
15 69,0 69,5 4,29 (1H, dd, 8,7, 2,7) 13, 14y, 16, 17
16a 4,03 (1H, %
16b 62,9 64,7 3,82 (1H, %)
17 242 25,1 1,04 (3H, s) 12,13,14,15
18a 174 175 0,76 (1H, dd, 10,2, 3,6) 2,3,4,5,19
18b ’ ’ 0,45 (1H, dd, 6,0, 3,6) 2,3,4,5,19
19a 3,55 (1H, %) -
19b 65,9 67.4 3,34 (1H, dd, 12,6, 7,2) 3,4,5
20 20,6 19,8 1,12 (3H, s) 1,5,9,10
OAc
1 - 170,2 - -
2! - 21,4 2,02 (3H, s) 1
1-OH - - 3,42 (1H, d, 3,0) 1,2, 10
7-OH - - 3,83 (1H, d, 5,4) 6y, 7,8
16-OH - - 4,00 (1H, % 16
19-OH - - 3,55 (1H, %) 19

* tai liéu tham khao chat deacetylpargurol [138],
“do trong acetone-ds, b 150 MHz, € 600 MHz, * tin hiéu chong chéo, 4do trong DMSO-ds.
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3.1.4. Tong hop cdc hgp chét phin Igp tir loi sén bién A. oculifera

Tir loai sén bién A. oculifera 3 phan lap va xac dinh cau triic 07 hop chat sach:
oculiferanin A (AOB1), oculiferanin B (AOB2), oculiferanin C (AOB3),
oculiferanin D (AOB4), oculiferanin E (AOBS), oculiferanin F (AOB6), oculiferanin
G (AOB?7). Cac hop chat trén déu 1a cac diterpene méi va ciling 1a 16p chat 1an dau

tién dugc phan 1ap tir loai sén 4. oculifera.

Hinh 3.83. Cau tric hoa hoc cac hop chit AOB1 - AOB7

Khi so sanh thanh phan hoa hoc hai loai sén cung gidng Aplysia cho thay tir
lodi A. dactylomela thi thu duoc nhidu 16p chat khac nhau nhu sesquiterpene,
diterpene, triterpene. Con loai sén A. oculifera chi thu dugc 16p chat diterpene. Cho
thiy hai loai thudc gidng sén Aplysia chira thanh phan héa hoc c6 sy gidng va khac
nhau.

3.2. Hoat tinh giy ddc té bao ung thw ciia cic hop chit phan lap dwoc
3.2.1. Hoat tinh gdy déc té bao ung thw ciia cdc hop chét phan lip dwoc tiv mdu
sén bién A. dactylomela — Phii Quy, Lim Péong

Bén hop chat sach tir ADA1 - ADA4 phan lap duoc tir loai sén bién A.
dactylomela — Phit Quy, Lam Pdng dugc danh gia hoat tinh gdy doc té bao in vitro
trén ba dong té bao ung thu & nguoi: ung thu phdi (A549), ung thu vi (MCF-7) va
ung thu gan (HepG2) bang phuong phap MTT. Két qua thé hién ¢ Bang 3.26.
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Hop chit dactylomelanin E (ADA3) thé hién hoat tinh tdt trén ca ba dong té
bao HepG2, A549 va MCF-7 véi gia gia tri ICso lan luot 14 27,54, 17,78 va 18,62 uM.
Hop chit dactylomelanin C (ADA1) thé hién hoat tinh t6t trén hai dong té bao ung
thu HepG2 va ung thu A549 véi gid tri ICso tuong tng 1a 27,35 va 19,91 uM, con véi
dong té bao MCF-7 thé hién hoat tinh yéu hon véi gia tri ICso twong tng 13 42,661
uM. Hop chat dactylomelanin D (ADA2) chi thé hién hoat tinh tét trén dong té bao
A549 véi gia tri ICso 14 27,86 pM, con lai thé hién hoat tinh yéu trén hai dong té bao
con lai. Hop chat (2S,3R,7S,7R)-2-chloro-3,7-epoxychamigrane-9-one (ADA4) con
lai khong thé hién hoat tinh & ndng d6 nghién ctu.

Bang 3.26. Két qua thtr hoat tinh giy doc té bao ung thu ctia mot sé hop chat phan
lap duoc tur loai 4. dactylomela

B ICs0 (uM)
STT Hop chat
HepG2 A549 MCEF-7

1 ADA1 27,35 +1,21 1991 £1,78 42,66 £ 1,73
2 ADA2 50,58 £ 1,75 27,86 £ 1,09 68,71 £ 0,99
3 ADA3 27,54 £ 1,03 17,78 £ 1,17 18,62 £ 0,92
4 ADA4 > 80 > 80 > 80

Camptothecin 2,24+ 0,15 1,58+0,12 1,09 £0,12

Chat doi chitng dwong: camptothecin

3.2.2. I!ogt tinh gdy dic té bao ung thw ciia cdc hop chét phin lip dwoc tir méu
sén bién A. dactylomela — Ly Son, Qudng Ngai

Mudi hai hop chét sach tir ADB1 — ADB12 phan lap duoc tir loai sén bién A.
dactylomela — Phu Quy, Lam Pong duoc danh gia hoat tinh gdy doc té bao in vitro
trén ba dong té bao ung thu & nguoi: ung thu phdi (A549), ung thu vi (MCF-7) va
ung thu gan (HepG2) bang phuong phap MTT. Két qua thé hién ¢ Bang 3.27.

Trong s6 12 hop chét thir nghiém hoat tinh trén thi c6 6 hop chét elatol
(ADB1), aplydactylonin K (ADB3), aplydactylonin G (ADB4), aplydactylonin H
(ADBS), [3(15)E,4Z,65,95,10R]-10,15-dibromochamigra-3(15),4,7(14)-trien-9-ol
(ADBS) va aplydactylonin D (ADB11) thé hién hoat tinh giy doc té bao ung thu.
Trong d6 hop chit elatol (ADB1) thé hién hoat tinh gy doc manh nhét vé6i gia tri
ICs0 12 6,22, 5,07 va 6,55 uM twong mg v6i 3 dong té bao HepG2, A549 va MCF-7.
Két qua nay ciing phu hop vé6i nhitng nghién ctru trude day. Hop chat elatol (ADB1)
c6 tac dung gay doc té bao 1a do n6 co6 kha ning bat giit té bao & pha G1 va pha sau
G1, dan dén té bao tir chét theo chuong trinh (apoptosis) [79]. Hop chit ADB1 con
thé hién hoat tinh gay doc té bao v6i dong té bao Vero, thé hién gia tri ICso1a 25,0
ng/mL. Ngoai hoat tinh gdy doc t& bao hop chat ADB1 con c6 mét sd hoat tinh khac
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da cong bd. Vi du duogc sir dung Iam thude diét ky sinh trung chéng lai bo xit hit mau
nhu Trypanasoma cruzi va Leishmania amazonensis [97], chong khéi u [97], va diét
4u trung chong lai mudi sbt xuat huyét Adedes aegypti [98]. Hop chit ADB1 thé hién
hoat tinh khang khuan dbi véi tat ca 13 dong vi khuan duoc thir nghiém. N6 cho thiy
gia tri néng d6 Gc ché tdi thibu (MIC) 1a 5.5 mg/dia dbi v6i Clostridium
cellobioparum, Proteus mirabilis va Flavobacterium helmiphilum va 15-30 mg/dia
ddi v6i cac loai vi khudn Chromobacterium violaceum, Clostridium fallax,
Clostridium novyi, Clostridium sordellii, Escherichia coli, Enterobacter aerogenes,
Shigella flexneri, Vibrio cholerae, Vibrio parahaemolyticus, va Vibrio vulnificus.
[91].

Hop chét elatol (ADB1) c6 hoat tinh manh véi cac dong té bao thir nghiém,
trong khi d6 11 hop chit con lai ¢6 hoat tinh yéu hodc khong c6 hoat tinh. Dy doan
ADBI c6 hoat tinh manh do trén hop chit c6 thé dj td Clo - dic diém nay khac so véi
11 hop chat con lai (cac hop chat chi thé halogen 1a Brom hodc khong thé halogen).

Hop chat aplydactylonin G (ADB4) thé hién hoat tinh manh trén mot dong té
bao ung thu A549 véi gia tri ICso 14 8,15 uM, gan manh bang hop chat ADB1. Trong
khi d6 hop chat aplydactylonin H (ADBS5) c6 ciu tric gan gidng voi hop chat
(ADB4), chi khac ADBS5 c6 thém nhom thé acetyl (xem Hinh 3.84) lai thé hién hoat
tinh gay doc té bao A549 yéu (ICso 1a 34,51 pM). Piéu nay ciing giai thich cho viéc
dé thich nghi véi ngudn thirc an phong phu tir tao, co ca tao doc thi sén bién van hap
thu va khong anh huéng t6i co thé chiung. Bang cach trong co thé sén bién dién ra
qué trinh acetyl hda cac nhom hydroxy (-OH) hoac nhom amino (-NH>) trén cac phan
tr phan cuc, co6 tinh ddc thanh cac nhém acetyl (-COCH3) lam phan tir kém phan cuc,
kém hoat dong hon, it doc tinh hon. Nho vy ma céc chit doc khong con twong tac
manh v&i cac protein/enzym trong co thé sén, giam tinh doc va co thé thich nghi
duoc. Qua trinh acetyl hdéa nho vao enzym chinh thuong 1a acetyltransferase (acetyl-
CoA). Khi do6 sén bién bién chét doc tir thirc an thanh dang chét du trir an toan, tai st
dung khi phong thu (mot sé dan xuat acetyl van giir hoat tinh di manh dé khi sén

phong ra chit phong thl van chéng lai ké thu an thit [139].

ADB4 ADBS

Hinh 3.84. So sanh cau truc hai hop chit ADB4 va ADB5
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Hop chat ADB3 thé hién hoat tinh tét trén ca ba dong té bao ung thu HepG2,
A549 va MCF-7 véi gia tri ICsp tuong tng 1a 29,65, 25,23 va 31,19 uM. Hop chét
novel ADB11 thé hién hoat tinh t6t trén dong té bao A549 véi gia tri ICso 1a 30,83
uM, thé hién yéu trén hai dong con lai va hai hop chat ADB5 va ADBS ciing thé hién
hoat tinh yéu trén cac dong té bao ung thu véi gia tri ICso trong khoang tir 34,51 dén
49,89 uM. Con lai cac hop chit ADB2, ADB6, ADB7, ADBY, ADB10 va ADB12
khong thé hién hoat tinh.

Bang 3.27. Két qua thtr hoat tinh giy doc té bao ung thu ctia mot sé hop chat phan
lap duoc tir loai 4. dactylomela - Ly Son, Quang Ngai

B ICs0 (uM)
STT Hop chat
HepG2 A549 MCF-7

1 ADBI1 6,22 + 0,65 5,07 £0,96 6,55 + 0,44
2 ADB2 > 50 > 50 > 50
3 ADB3 29,65 + 1,06 25,23 +£0,97 31,19 £ 1,33
4 ADB4 > 50 8,15+0,96 > 50
5 ADB5 4539+ 1,72 34,51 £ 1,45 49,20 + 1,61
6 ADB6 > 50 > 50 > 50
7 ADB7 > 50 > 50 > 50
8 ADBS8 > 50 49,89 + 1,78 > 50
9 ADB9 > 50 > 50 > 50
10 ADB10 > 50 > 50 > 50
11 ADBI11 44.87 + 1,44 30.83 £ 1,52 > 50
12 ADBI12 > 50 > 50 > 50

Camptothecin 2,24 +£0,15 1,58 +0,12 1,09 £0,12

Chat doi chitng dwong: camptothecin

Mot s6 hop chat da biét trude day tir mau sén gom [3(15)E,4Z,6S,9S,10R]-
10,15-dibromochamigra-3(15),4,7(14)-trien-9-ol (ADBS), pacifidiene (ADB9) va
thyrsiferol (ADB12) di dugc nghién ctru vé hoat tinh sinh hoc. Cu thé hop chit ADB8
da tién hanh thir nghiém hoat tinh khang khuén trén cac dong vi khuan (Vibrio
anguillarum, Yersinia ruckeri, Aeromonas salmonicida, Aeromonas hydrophilia,
Pseudomonas  anguilliseptica,  Photobacterium  damselae ssp. Piscicida,
Staphylococcus aureus, Bacillus subtilis, Micrococcus flavus, Escherichia coli,
Pseudomonas aeruginosa va Candida maltosa) nhung két qua khong thé hoat hoat
tinh khang khuan [129]. Hop chit ADB9 thir nghiém trén tam loai nAm (Microsporum
gypseum, Trichophyton rubrum, Candida albicans, Candida albicans, Cryptococcus
neoformans, Candida glabrata, Candida parapsilosis, va Aspergillus fumigatus) va

hai vi khudn (vi khuan Gram dwong Staphylococcus aureus va vi khuan Gram am
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Pseudomonas aeruginosa két qua cho thay hop chét ciing khong thé hién hoat tinh
khang khuan va khang ndm [123]. Hop chat ADB12 thé hién hoat tinh manh 1én dong
té bao P388 véi gia tri ICso 14 0,01 ug/mL [140].
3.2.3. Hoat tinh gdy dpc té bao ung thw ciia mét sé6 hop chit phén lgp dwoc tiv
lodi sén bién A. oculifera

Céac hop chat sach tir AOB1 dén AOB7 phan lap duoc tir loai sén bién A.
oculifera dugc thir hoat tinh gay doc té bao in vitro trén ba dong té bao ung thu ¢
nguoi: ung thu gan HepG2, ung thu cd tir cung (Hela) va ung thu vii (MCF-7) bang
phuong phap MTT. Két qua thé hién & bang 3.28.

Bang 3.28. Két qua thtr hoat tinh giy doc té bao ung thu ctia mot sé hop chat phan
lap duoc tur loai 4. oculifera

B ICs0 (uM)
STT Hop chat
HepG2 Hela MCF-7

1 AOBI1 21,38 £ 0,67 23,44 £ 0,96 > 80
2 AOB2 34,94 £ 2,05 41,91 £2,53 35,89 +2,33
3 AOB3 34,67 £ 1,19 36,73 + 1,73 > 80
4 AOB4 54,95+ 1,21 >80 >80
5 AOB5S >80 >80 >80
6 AOB6 >80 >80 >80
7 AOB7 31,99 + 1,42 >80 >80

Camptothecin 2,24 +£0,15 1,58 +0,12 > 80

Chdt doi chimg dwong: camptothecin

Véi bang két qua thir nghiém hoat tinh gay doc té bao ctia bén hop chit cho
thay: Hop chét oculiferanin A (AOB1) thé hién tac dung trén hai dong té bao ung thu
HepG2 va Hela véi gia tri ICso tuong ting 1a 21,38 va 23,44 uM. Hop oculiferanin C
(AOB3) cung thé hién trc ché trén hai dong té bao ung thu véi gia tri ICso 1an luot 1a
34,67 va 36,73 uM nhu chit AOB1 nhung yéu hon. Hop chét oculiferanin B (AOB2)
thé hién trc ché trén ca ba dong té bao ung thu HepG2, Hela va MCE-7 vdi gia tri ICso
lan luot 34,94, 41,91 va 35,89 uM. Hop chét oculiferanin D (AOB4) va oculiferanin
G (AOBY7) v6i gia tri ICso lan luot 13 54,95 va 31,99 uM trén cing dong té bao ung
thu HepG2. Hop chit oculiferanin E (AOBS) va oculiferanin F (AOB6) khong thé

hién hoat tinh trén ca ba dong té bao ung thu thir nghiém.
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KET LUAN VA KIEN NGHI
% KET LUAN

Bing cac phuong phap sic ky két hop va cac phuong phap pho hién dai dong
thoi so sanh voi dit 1iéu phd cua cac hop chit da cong bd trong tai lidu tham khao da
phan 1ap va x4c dinh duogc ciu trac ctia 23 hop chét tir hai loai sén bién 4. dactylomela
va A. oculifera. Cac hop chét phan 14p di duoc tién hanh thir nghiém hoat tinh gy
doc té bao ung thu, cu thé nhu sau:

e Vé thanh phan hoa hoc:

1. Tir loai sén bién A. dactylomela thu & dao Pha Quy, Lam Pong da phan lap
va xac dinh cu triic bon hop chat. Trong d6 cé ba hgp chat méi 1a: dactylomelanin
C (ADA1), dactylomelanin D (ADA2) va dactylomelanin E (ADA3). M6t hop chét
da biét 1a: (2S,3R,7S,7R)-2-chloro-3,7-epoxychamigrane-9-one (ADA4). Cac hop

chat trén thudc 16p chét sesquiterpene.

2. Tir loai sén bién A. dactylomela thu & Ly Son, Quang Ngii da phéan lap va
xéac dinh ciu tric 12 hop chat. Trong d6 c6 bay hop chat méi 1a: aplydactylonin I
(ADB?2), aplydactylonin K (ADB3), aplydactylonin G (ADB4), aplydactylonin H
(ADBS), aplydactylonin F (ADB6), aplydactylonin E (ADB7) va aplydactylonin D
(ADB11). Niam hop chit da biét 1a: elatol (ADB1), [3(15)E,4Z,6S,9S,10R]-10,15-
dibromochamigra-3(15),4,7(14)-trien-9-ol (ADBS8), pacifidiene (ADB9), 11-
hydroxy-8-oxo-f-cyperon (ADB10) va thyrsiferol (ADB12).

Céc hop chét trén thudc 16p chat terpenoid, trong d6 c6 mudi mot hop chit
sesquiterpene, mot hop chit diterpene va mot hop chit triterpene. Dic biét hop chat
aplydactylonin D (ADB11) c¢6 khung méi, chwa duoc cong bd trude day.

3. Tir loai sén bién 4. oculifera thu & Lang C6, Hué di phan lap va xac dinh
cAu trac bay hop chat 1a: oculiferanin A (AOB1), oculiferanin B (AOB2),
oculiferanin C (AOB3), oculiferanin D (AOB4), oculiferanin E (AOBS), oculiferanin
F (AOB6), oculiferanin G (AOB7). Cac hop chit trén déu thudc 16p chat diterpene
va 13 nhitng hop chat méi, trong d6 c6 nam hop chit c6 khung duoc sip xép lai tir

khung parguerane va hai hop chit c6 khung parguerane.
e Vé hoat tinh sinh hoc:

D3 tién hanh thir nghiém hoat tinh gay doc té bao ung thu ctia 23 hop chét sach
tir hai miu sén bién 4. dactylomela - Phit Quy, Lam Pong va A. dactylomela - Ly

Son, Quang Ngai va mau sén bién 4. oculifera - Lang C6, Hué.
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Bén hop chat tir sén bién A. dactylomela - Phu Quy, Lam DPéng duogc thi
nghiém gy doc té bao trén ba dong ung thu HepG2, A549 va MCE-7 cho thiy c6 ba
hop chat thé hién hoat tinh 13: dactylomelanin C (ADAT1), dactylomelanin D (ADA2)
va dactylomelanin E (ADA3). Trong d6 hop chit (ADA3) thé hién hoat tinh manh
trén ca ba dong té bao véi gia tri ICso 1an luot 14 27,54, 17,78 va 18,62 uM.

Mudi hai hop chit tir mau sén A. dactylomela - Ly Son, Quang Ngdi dugc thir
nghiém gay doc té bao trén ba dong ung thu HepG2, A549 va MCF-7 cho thiy c6 sau
hop chat thé hién hoat tinh la: elatol (ADB1), aplydactylonin K (ADB3),
aplydactylonin G (ADB4), aplydactylonin H (ADBS), [3(15)F,4Z,65,9S5,10R]-10,15-
dibromochamigra-3(15),4,7(14)-trien-9-ol (ADBS), aplydactylonin D (ADBI11).
Trong d6 hop chét elatol (ADB1) thé hién hoat tinh gdy doc manh nhat véi gia tri
ICso 6,22, 5,07 va 6,55 pM tuong ung voi cac dong té bao trén. Hop chat méi
aplydactylonin G (ADB4) thé hién hoat tinh manh trén mot dong té bao ung thu A549
v6i gia tri ICso 12 8,15 pM. Cac hop chét con lai thé hién hoat tinh yéu hon.

Bay hop chét tir sén bién A. oculifera - Lang C6, Hué thir nghiém hoat tinh
gy doc trén cac dong té bao ung thu HepG2, Hela va MCF-7 thi cho thiy c6 nim
hop chét co thé hién hoat tinh 13 oculiferanin A (AOB1), oculiferanin B (AOB2),
oculiferanin C (AOB3), oculiferanin D (AOB4), oculiferanin G (AOB7). Trong d6
hop chat AOB1 thé hién hoat tinh t6t nhat voi ca hai dong té bao ung thu HepG2 va
Hela véi gid tri ICso nam trong khoang 21,38 va 23,44 pM.

< KIEN NGHI

Hop chét aplydactylonin G (ADB4) phan 1ap tir lodi sén bién A. dactylomela -
Ly Son, Quang Ngii thé hién hoat tinh manh trén dong té bao ung thu A540 voi gia
tri ICso 1 8,15 pM. Can nghién ctru sau hon vé hop chit c6 tiém ning nay.

Nhitng hop chat méi duoc phéan lap tir hai loai A. dactylomela va A. oculifera
can thir nghiém thém mot s6 hoat tinh khéc, vi du nhu hoat tinh khang viém, hoat tinh
khang khuan, (rc ché enzym...dé phat hién duoc nhitng hoat tinh t6t hon, phuc vu cho

nhirng nghién ctru sdu hon sau nay.
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NHUNG PONG GOP MOI CUA LUAN AN

1. Tir loai sén bién A. dactylomela thu & dao Pha Quy, Lam Pong va Ly Son,
Quang Ngii di phan 1ap dugc 16 chét sach, trong d6 co téi 10 hop chat méi:
dactylomelanin C (ADA1), dactylomelanin D (ADA2), dactylomelanin E (ADA3),
aplydactylonin 1 (ADB2), aplydactylonin K (ADB3), aplydactylonin G (ADB4),
aplydactylonin H (ADBS), aplydactylonin F (ADB6), aplydactylonin E (ADB7),
aplydactylonin D (ADBI11).

2. Tir loai sén bién A. oculifera thu & Lang C6, Hué da phan lap va xac dinh
ciu trac 07 hop chat: oculiferanin A (AOB1), oculiferanin B (AOB2), oculiferanin
C (AOB3), oculiferanin D (AOB4), oculiferanin E (AOBS), oculiferanin F (AOB6),
oculiferanin G (AOB7). Cac hop chét trén déu thudc 16p chét diterpene va 1a nhiing
hop chit méi, trong d6 c¢6 nim hop chat c6 khung duoc sip xép lai tir khung

parguerane va hai hop chat c6 khung parguerane.

3. Cac hop chit méi (17 chit) phan 1ap duoc tir hai loai sén bién 4. dactylomela
va A. oculifera da duogc tién hanh thu nghi¢m hoat tinh sinh hoc véi bdn dong té bao
ung thu (HepG2, A549, MCF-7 va Hela) cho thiy ba hop chét dactylomelanin C
(ADA1), dactylomelanin E (ADA3), aplydactylonin C (ADB3) thé hién hoat tinh véi
gia tri ICso ndm trong khoang 19,91 - 42,66 uM. Hop chat oculiferanin A (AOB1)
thé hién tac dung trén hai dong té bao ung thu HepG?2 va Hela véi gia tri ICso twong
ung la 21,38 va 23,44 uM
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1.9. Phé hop chit ADBO5: Aplydactylonin H (chit méi)
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1.11. Phé hop chit ADBO7: Aplydactylonin E (chit méi)
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1.15. Phé hop chit ADBI11: Aplydactylonin D (chit mdi)
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2.3. Phé hop chit AOBO3: Oculiferanin C (chit méi)
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2.5. Phé hop chit AOBO5: Oculiferanin E (chit méi)
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04 - Scan (it: 0.877 min)
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2.7. Phé hop chit AOBO7: Oculiferanin G (chit mdi)
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Bang S1. Niang luong dién tr va mat do Boltzmann cia cac ddng phan bén nhét cua
ADB11-a 6 muc TD-DFT/PCM-MeOH/CAM-B3LYP/cc-PVTZ

Conformers E (Hartree) Boltz. Pop.
la-1 -3269.417951 0.841719204
1a-2 -3269.415651 0.073662461
1a-3 -3269.414666 0.025973606
1a-4 -3269.415435 0.058644729

Bang S2. Ning luong dién tir va mat do Boltzmann cia cac ddng phan bén nhét cua
ADB11-a 6 mitc PCM-CHCl;/MPW1PW91/6-31+G(d,p)

Conformers E (Hartree) Boltz. Pop.
la-1 -3267.138382 0.960213784
la-2 -3267.134551 0.016599104
1a-3 -3267.134187 0.01130003
1a-4 -3267.134235 0.011887082

Bang S3. Dit licu '3C-NMR tinh toan cho dong phin ADBl11-a & mic PCM-
CHCI:/MPW1PW91/6-31+G(d,p)

Shielding values
C Oexp Sealc |AJ|
la-1 1a-2 1a-3 1a-4 Average

1 42.72 42.34 43.42 42.45 42.72 152.27 153.88 1.61
2 66.17 66.40 66.93 66.32 66.19 131.41 129.78 1.63
3 0.17 0.13 0.58 0.30 0.17 198.76 197.57 1.19
4 159.30 159.25 157.86 159.29 159.28 34.02 34.18 0.16
5 166.53 166.50 163.32 166.57 166.49 26.31 26.78 0.47
6 138.02 138.52 141.60 138.49 138.07 51.49 55.96 4.47
7 51.96 51.57 44.68 51.92 51.87 142.87 144.48 1.61
8 154.13 150.38 154.20 150.61 154.02 39.24 39.58 0.34
9 123.52 122.63 123.49 122.70 123.50 71.15 70.93 0.22
10 106.04 115.33 104.68 113.11 106.27 73.16 73.19 0.03
11 149.17 149.13 146.72 148.71 149.13 42.51 44.01 2.10
12 176.80 177.07 176.03 177.24 176.80 19.17 16.19 2.98
13 169.65 169.71 169.04 169.48 169.64 26.34 23.54 2.80
14 80.44 81.41 85.53 80.79 80.51 117.04 115.07 1.97

CMAE (ppm) 1.54

RMSD (ppm) 1.98
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Bing S4. Dir liu 'H-NMR tinh toan cho dong phin ADB11-a ¢ miic PCM-
CHCI:/MPW1PW91/6-31+G(d,p)

Shielding values
H Oexp cale |Ad]
la-1 1a-2 1a-3 1a-4 Average
1 24.22 24.19 24.09 24.22 24.21 6.87 6.93 0.06
2 25.21 25.23 25.15 25.21 25.21 6.14 6.01 0.13
4 29.25 29.26 29.12 29.27 29.25 2.35 2.25 0.10
5 29.33 29.31 29.29 29.38 29.33 221 2.18 0.03
8a 28.71 28.89 28.79 28.67 28.72 2.80 2.75 0.05
8b 28.97 28.89 29.10 29.21 28.98 2.44 2.51 0.07
9 27.63 27.59 27.67 27.80 27.64 3.90 3.75 0.15
10 26.64 26.85 26.51 27.09 26.65 4.38 4.37 0.01
12 30.27 30.27 30.38 30.27 30.27 1.20 1.30 0.10
13 30.46 30.42 30.32 30.43 30.45 1.13 1.13 0.00
14a 25.96 26.05 26.20 25.99 25.96 5.18 5.30 0.12
14b 26.37 26.45 26.45 26.40 26.37 4.81 4.92 0.11
CMAE (ppm) 0.0793
RMSD (ppm) 0.0917

Hinh S2. Cac ddng phan 6n dinh nhét cia ADB11-b duoc tinh toan & mirc B3LYP/6-

31G(d)

1b-1

1b-2

Bang S5. Niang luong dién tir va mat do Boltzmann cia cac ddng phan bén nhét cua

ADB11-b & mitc PCM-CHCL/MPW 1PW91/6-31+G(d,p)

Conformers E (Hartree) Boltz. Pop.
1b-1 -3267.136839 0.962055112
1b-2 -3267.133786 0.037944888
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Bang S6. Dit liéu *C-NMR tinh toan cho déng phin ADB11-b & mirc PCM-
CHCls/MPW 1PW91/6-31+G(d,p)

Shielding values

¢ 1b-1 1b-2 Average Ouc cate =
1 43.07 43.88 43.10 152.27 153.62 135
2 66.02 67.14 66.07 131.41 130.26 1.15
3 -0.10 0.25 -0.08 198.76 197.56 1.20
4 159.30 157.79 159.24 34.02 35.45 1.43
5 166.28 163.39 166.17 26.31 28.40 2.09
6 140.25 143.43 140.37 51.49 54.66 3.17
7 50.35 43.13 50.08 142.87 146.53 3.66
8 151.67 151.84 151.68 39.24 43.15 3.91
9 120.11 120.14 120.11 71.15 59.97 11.18
10 119.31 117.96 119.26 73.16 76.14 2.98
11 147.81 145.43 147.72 42.51 47.17 4.66
12 179.72 179.00 179.69 19.17 14.65 4.52
13 171.64 170.81 171.61 26.34 22.87 3.47
14 80.52 85.72 80.71 117.04 115.35 1.69
CMAE (ppm) 3.32
RMSD (ppm) 4.15

Biang S7. Dir liédu '"H-NMR tinh toan cho dong phan ADB11-b ¢ mirc PCM-
CHCI;/MPW1PW91/6-31+G(d,p)

Shielding values
H Dexp S alc |A9]
1b-1 1b-2 Average
1 24.20 24.17 24.20 6.87 7.01 0.14
2 25.21 25.15 25.21 6.14 6.05 0.09
4 29.26 29.12 29.26 2.35 221 0.14
5 29.32 29.26 29.32 221 2.15 0.06
8a 28.65 28.73 28.65 2.80 2.78 0.02
8b 28.46 28.58 28.46 2.44 2.96 0.52
9 26.93 26.95 26.93 3.90 4.11 0.21
10 27.69 27.54 27.68 4.38 3.71 0.67
12 30.39 30.52 30.40 1.20 1.13 0.07
13 30.44 30.30 30.43 1.13 1.09 0.04
14a 26.01 26.25 26.02 5.18 5.28 0.10
14b 26.38 26.45 26.38 4.81 4.94 0.13
CMAE (ppm) 0.1817
RMSD (ppm) 0.2664
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Hinh S3. Phan tich hdi quy tuyén tinh d6 dich chuyén hoa hoc thuc nghiém so voi

tinh toan
250 -
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=
L

L
=
1

100 +

Oc tinh todn ly thuyét (ppm)
3

cua ADB11

y=1.0103x + 0.0116
R?=0.9990 o

F i CMAE = 1.28 ppm
RMSD = 1.79 ppm

&

=
=
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y =1.0707x - 0.169 .
R*=0.9996 ',-"

CMAE =0.037 ppm
- RMSD = 0.052 ppm

2 4 6 s
Oy thure nghiém (ppm)

Hinh S4. Phan tich hdi quy tuyén tinh d6 dich chuyén héa hoc thuc nghiém so véi
tinh todn cua ADB11-a va ADB11-b & mitc PCM-CHCl;/MPW1PW91/6-31+G(d,p)
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Bang S8. Do dich chuyén héa hoc ty 18 cta két qua ADB11-a va ADB11-b va
DP4+

Settings Type of data (shifts)
Default Scaled shifts

Functional Solvent? Basis Set
mPW1PW91 PCM 6-31+G(d,p)
Isomer N2 1 2 3
H data 99.99% 0.01% -
DP4+ (%) C data 100.00% 0.00% -
A gata D0.00% D.00%
Type | sp2? Exp 1 2 3
C X 152.27 153.88 153.62
C X 131.41 129.78 130.26
C X 198.76 197.57 197.56
C 34.02 34.18 35.45
C 26.31 26.78 28.4
C 51.49 55.96 54.66
C X 142.87 144.48 146.53
C 39.24 39.58 43.15
C 71.15 70.93 59.97
C 73.16 73.19 76.14
C 42.51 44.61 47.17
C 19.17 16.19 14.65
C 26.34 23.54 22.87
C X 117.04 115.07 115.35
H X 6.87 6.93 7.01
H 6.14 6.01 6.05
H 2.35 2.25 2.21
H 2.21 2.18 2.15
H 2.8 2.75 2.78
H 2.44 2.51 2.96
H 3.9 3.75 411
H 4.38 4.37 3.71
H 1.2 1.3 1.13
H 1.13 1.13 1.09
H 5.18 5.3 5.28
H X 4.81 4.92 4.94




