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LOI CAM POAN

T6i xin cam doan luan 4n: “Nghién ctru thanh phan hoa hoc, hoat tinh sinh hoc va
dinh luong mot sé limonoid phan lap tir hai lodi Xu nho (Xylocarpus moluccensis) va
Xu 6i (Xylocarpus granatum)” 1 cong trinh nghién ciru khoa hoc mang tinh doc 1ap
cua riéng tdi va nhom nghién ciru dudi sy hudng dan caa thay TS. Nguyén Vin Thanh
va GS.TS. Tran Viét Hing. Luan an st dung thong tin trich dan tir nhiéu nguén tham
khao khac nhau va cac thong tin trich dan duogc ghi rd ngudn gbe. Cac sb liu, két qua
duoc trinh bay trong luén an 13 hoan toan trung thue va mot phan da duoc cong bd trén
cac tap chi khoa hoc chuyén nganh trong nudc, quéc té va duoc sy ddng ¥ ciia nhom
nghién ctu. C4c s6 licu, két qua trong ludn &n 13 trung thuc, néu sai t6i hoan toan chiu trach

nhiém trudc phép luit.
Ha ndi, ngay thAang  nam 2026

T&c gia luan an

Tran Thi Bich Ha



LOI CAM ON

Loi dau tién, Toi xin bay t6 10ng biét on siu sic va 10ng kinh trong nhét t6i thiy
huéng dan khoa hoc TS. Nguyén Vin Thanh va GS.TS. Tran Viét Hung, nhitng nguoi
thiy di dinh huéng nghién ciru, tin tinh huéng dan, giup d, dong vién, khich 1é va tao
moi diéu kién thuan lgi nhat cho toi trong sudt thoi gian thyc hi¢én luan an.

T61 xin tran trong cam on Ban 1anh dao Vién Héa hoc (Vién Hoa Sinh Bién),
Vién Han Lam Khoa hoc va Cong ngh¢ Viét Nam; Ban lanh dao Vién Kiém nghiém
Thubc Thanh Phé HO6 Chi Minh da quan tam, giup do va da tao moi diéu kién thuan loi
vé co s& vat chit, trang thiét bi nghién ctru cho t6i trong qua trinh hoc tap va nghién
cuu.

T6i xin chan thanh cam on dén quy anh chi em dong nghiép Phong Hoat chét
sinh hoc, Vién Hoa Hoc (Vién Hoa Sinh Bién), Vién Han Lam Khoa hoc va Cong nghé
Viét Nam va Vién Kiém nghi¢m Thubc Thanh Phd HO Chi Minh di co nhiing 101
khuyén bo ich, nhitng gép v quy bau cho t6i trong sudt qua trinh thuc hién va hoan
thanh luan an.

T61 xin chan thanh cadm on Ban Lanh dao, cac phong thuoc Hoc vién Khoa hoc
va Cong ngh¢ - Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam; Ban lanh dao, cac
phong thudc Vién Cong nghé¢ Tién tién - Vién Han 1am Khoa hoc va Cong nghé Viét
Nam d4 tao diéu kién thuan loi va giip do to61 hoan thanh moi thu tuc can thiét trong
qua trinh lam nghién ctru.

T6i xin chan thanh cam on cac nha khoa hoc da giup dd, dong gop nhiéu y kién
qui bau lién quan dén luan 4n ciing nhu danh gia chat luong luan an dé ban luan an
duoc hoan thién hon.

Cudi cung, t6i xin giri 101 cam on sdu sic nhat dén nhimg ngudi dong nghiép,
ban bé va gia dinh da luon quan tdm, dong vién khich 1€, ing hd va gitip 4o t61 trong
sudt qua trinh hoc tap va nghién ctru.

Ha Noi, ngay thang  nam 2026

Tac gia luan an

Tran Thi Bich Ha
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

TT Ky hiéu, chir

vidt tét Tir nguyén Nghia tiéng Viét
1. XG Xylocarpus Granatum; Cay Xu oi
2. XM Xylocarpus moluccensis Cay Xu nho
3. XR Xylocarpus rumphii Cay Xu ram
4. AOAC Association  of  Official T6 chuc Tiéu chuan hod Quéc
Analytical Chemists té
5. ICH International  Council  for Té chtc qudc té vé hai hoa cac
Harmonization yéu cau ky thuat déi voi duoc
pham. (Tiéu chuan toan cau
cho chét lugng Duoc pham)
6. IUPAC International Union of Pure Hiép hoi Qudc té vé Hoa hoc
and Applied Chemistry thuan tdy va &ng dung
7. US-FDA United States of Food and Co quan Quéan ly thudc va
Drug Administration Thuc pham Hoa Ky
8. HPLC High performance liquid Sic ky long hiéu ning cao
chromatography
9. LC Liquid Chromatography Sic ky long
10. RSD Relative standard deviation Do léch chuan tuwong ddi
11.  APCI Atmospheric Pressure lon hoa hoa hoc tai ap suat khi
Chemical lonization quyén
12.  HRMS High-Resolution Mass Pho khdi phan giai cao
Spectrometry
13. AS Analysis standard Chat phan tich
14. IS Internal standard Chuan noi
15. LOQ Limit of Quantification Gidi han dinh luong
16. LOD Limit of Detection Gidi han phét hién
17. RSD Relative Standard Deviation Do léch chuan tuong ddi
18. D&S Dilute and shoot Phuong phap pha loang va
bom mau truc tiép
19. EMA European Medicines Agency ~ Co quan Quan ly thudc Chau
Au
20. ESI Electrospray lonization lon hoa bang sy phun ion
21. FAB Fast atom bombardment lon héa bang su bin pha
nhanh nguyén tu
22. MS Mass Spectrometry Khéi pho
23.  ICso Half Maximal Inhibitory Nong do uc ché 50% ddi tugng
concentration thir
24, VSV Vi sinh vat
25. MIC Minimum Inhibitory Nong d tc ché tdi thiéu
Concentration
26. NCI National Cancer Institute Vién Ung thu Quéc gia Hoa
Ky
27. SRB Sulforhodamine B
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T Kyvr;gligt:h“ Tir nguyén Nghia tiéng Viét

28. OD Optical Density Mat d6 quang hoc

29. TB Té bao

30. TBUT Té bao ung thu

31. ATCC American  Type Culture Trung tam luwu gitt va cung
Collection cap cac chuang vi sinh vat

chuan, té bao, plasmid. .. dung
cho nghién cau va kiém
nghiém
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MO PAU

Rurng ngap man Viét Nam la mdt trong nhitng h¢ sinh thai dac biét va quy gia,
hinh thanh tai noi giao thoa giita song va bién. Pay khong chi 1 ving sinh thai giau
tai nguyén ma con dong vai tro thiét yéu trong viéc bao vé méi trudng. V6i kha nang
giir dat, chéng x6i mon, hip thu khi CO: va giam tic dong tiéu cuc cua bién doi khi
hau, rimg ngdp min dang ngay cang duoc xem 13 “l4 chian xanh” bao vé bo bién.
Rung ngap man phu thudc vao cac chu ky tridu va méi truong nudc lg dé ton tai va
phat trién, cac loai thuc vat thudc hé sinh thai rirng ngap man khéng chi dong gop vao
su da dang sinh hoc, cung cdp ngudn thuc pham cho doi séng con nguoi ma con 1a
ngudn nguyeén liéu quy cho y hoc. Hién nay tong dién tich rimg ngap man ¢ Viét Nam
khoang 200.000 ha theo bao céo cia Bo Nong nghiép va Phat trién nong thén (Ngay
21/11/2023, Bo NN&PTNT t6 chirc hoi thao qubc té "Phat huy gia tri da dung cta
rimg ngap man cho muc tiéu giam nhe va thich ing véi bién doi khi hau").

Cac loai thudc chi Xu (Xylocarpus) dac biét 1a hai loai Xu nho va Xu di da duoc
hé thdng hoa trong cac cong trinh phan loai thyc vat 1én nhu “Tir dién cay thude Viét
Nam” [1] va “Cay c6 Viét Nam” [2]. Trong cac bai thudc dan gian, bo phan cia cay
thé hién hoat tinh sinh hoc da dang: vo, ré cay duogc dung dé ha nhiét, chéng dong
mau, diéu trj sbt rét va cac roi loan duong rudt (kiét ly, tiéu chay); trong khi qua, hat
va nhan hat thé hién dic tinh khang viém, tiéu sung (tri sung vi1, phu chan voi), tri
ghé va 1am thudc b6 déng" [1-3] cho thay hai loai Xu nhé va Xu 6i duoc xem la nhimng
g vién tiém nang trong linh vuc y hoc.

Gan day cac nghién ctru cho thay nhiéu hop chat phan lap duoc tir cay Xu 6i va
Xu nho thé hién hoat tinh gay doc té bao manh trén mot s6 dong té bao té bao ung thu
rudt (CaCo-2) [4], [5], té bao ung thu ¢ tir cung (Hela), té bao ung thu biéu md vi
(KT), té bao ung thu vii (MDA-MB-453), té bao ung thu bach cau P-388 va ung thu
biéu mo phdi nguoi A-549, té bao ung thu budng trang (OVCARS), trc ché su san
sinh NO té bao dai thuc bao RAW264, té bao Ecal09, ic ché PTPP1B (tiém niang dé
diéu tri bénh tiéu duong tuyp 11 va béo phi) [6-8], virus cim A (phan nhém H1N1)
[9] di duoc danh gia bang thir nghiém wc ché trén té bao goc, dic biét hoat tinh in
vitro chéng lai virus HIV cua Krishnolide A [10], va godavarin M [11] trén dong té
bao 293T & cac nong d6 20 UM va 100 uM. Véi nhiéu dic tinh sinh hoc ¢6 gié tri la
co s& thuan lgi cho nhitng nghién ctru sau hon va tao dwoc nhitng loai thudc tng dung
trong diéu tri bénh vd mé ra co hdi cho cac nghién ciru chuyén siu nham khai thac
triét dé gia tri héa hoc, sinh hoc va dugc tinh cua cac loai thuc vat nay.

Cac nghién ctiru hién nay cha yéu phan Iap cac hop chat va thir mot sé hoat tinh
sinh hoc. Trong nudc ¢d hai nhdm nhém nghién ciu: nhém nghién cau caa Tran
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Trung Hiéu va cong su da co mot cong bd phan lap duoc 3 hop chat 1a Xylocarpin F,
Pseudopalmatine va Catechin [12]; Va nhém nghién ctiru TS. Nguyén Vin Thanh va
cac cong su clng nghién ctu vé chi Xu trén vai hai loai Xu nhé va Xu 6i nho thu thap
& rieng ngap man Viét Nam.
Véi nhiéu dugc tinh cd gia tri trong diéu tri bénh cua hai lodi Xu nho va Xu 6i
cho thay tiém ning trong nghién citu vé chi Xu la vo han do d6 chung toi chon dé tai
“Nghién ctu thanh phan hoéa hoc, hoat tinh sinh hoc va dinh lugng mét sé limonoid
phan Iap tir hai loai Xu nho (Xylocarpus moluccensis) va Xu 6i (Xylocarpus
granatum)”:
> Nghién caru tién hanh chiét xuat, phan lap va xac dinh cau tric cac hop chat phan
lap duoc tir hai loai Xu nho va Xu 6i, khao sét hoat tinh khang vi sinh vat va hoat
tinh gay doc té bao trén mot sé dong té bao ung thu.

> Xay dung va tham dinh quy trinh phén tich dinh tinh, dinh lugng mét s6 hop chat
limonoid c6 cau tric dic trung ciia cdy Xu nhé bang phuong phap LC-MS/MS.

Nhitng dong gop maéi cua caa lugn an:

1. Nghién ctru da phan 1ap dugc 21 hep chat tir cdy Xu nhé va Xu 6i, trong d6 7 hop

chat méi cong bd quéc té va 14 sé hop chat da biét:

> 04 hop chat méi phan lap duoc tir cdy Xu nho gom XMO1 (Xylomoluccenoid
A); XMO02 (Xylomoluccenoid B); XMO03 (Xylomoluccenoid C), XMO04
(Xylomoluccenoid D).

> 03 hop chat méi phan lap duoc tir cdy Xu 6i gom XG01 (Xylocagranoside A);
XG02 (Xylocagranoside B); XG03 (Xylocargranin A).

> Ngoai ra, hop chat XM10 (Xyloccensin E) lan dau tién dugc phan lap tir cay Xu
nho.

> Hai hop chat XMO06 (1H-Dibenzo[b,e][1,4]dioxepin-11-one,3,8-dihydroxy-4
(methoxymethyl) -1,6-dimethyl), XMO08 (Swietmanin H) lan dau tién dugc phan
lap tir chi Xu (cu thé 1a cdy Xu nho).

2. Thir nghiém hoat tinh sinh hoc

> Hoat tinh sinh hoc khéang vi sinh vat trén 21 hep chat phan Iap tir ciy Xu nho va
Xu 6i két qua thir nghiém cho thay cac hop chat phan 1ap tir cdy Xu nho thé hién
hoat tinh trc ché tir 1 ¢én 5 chang vi sinh vat.

> Két qua khao sat hoat tinh sinh hoc cho thay 2 chit mai XMO01 (Xylomoluccenoid
A), XM02 (Xylomoluccenoid B) va hop chat XMO05 (Xylomolin S) trong cay Xu
nho thé hién hoat tinh wc ché sy phat trién cua cac dong té bao ung thu Hela,
MCF-7, HepG2 véi gia tri 1Cso trong khoang 26,77— 54,19 uM. Céc hop chat
Odoratone va Xylogranatin C trong cay Xu 6i thé hién hoat tinh gy doc té bao
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trén cac dong A549, MCF-7, HepG2 vdi gié tri I1Cso trong khoang 27,54 46,99
uM.
3. Xac dinh ham lugng chat phan tich Moluccensin Y, 3,30-Diacetylphragmalin,
Xyloccensin E bing phuong phap qNMR.
4. Nghién ctru da dé xuat phuong phap LC-MS/MS 1a mot phuong phap hién dai dé
phan tich d6ng thoi 3 chat lomonoid c6 cau tric dic trung caa Xu nho: Moluccensin
Y, 3,30-Diacetylphragmalin, Xyloccensin E. Phuong phap LC-MS/MS sir dung Cot
thé hé moi, hepZORBAX XDB-C8 (50 x 4.6 mm; 3.5 pm), viéc phan tich trén cac
cot C8 thé hé mai véi hat pha tinh nho da mang lai két qua tot khi phan tich anh huong
ctia nén mau dén chat phan tich, thoi gian phan tich nhanh so véi cac phuong phap
phan tich duoc liéu khac, pha dong don gian véi gia thanh thap - kinh té. Do tin cay
ctuia phuwong phap nay trong thir nghiém duoc liéu c6 thé 13 tiém ning 16n trong viéc
phat hién dinh tinh va dinh luong cac nhém hop chat Limonoid trong dugc lidu. Két
qua tham dinh trén miu duoc liéu déu dat cac quy dinh caa AOAC, ICH vé phan tich
hop chét.

Két qua caa nghién ciru cung cap thdng tin khoa hoc vé thanh phan héa hoc va
hoat tinh sinh hoc, 1am co s khoa hoc cho nhitng nghién cuu tiép theo, phuc vu cong
tac nghién ctiu, san xuét thude tir dugc lidu, kiém tra chat luong duoc liéu cua nha
quan ly va nha san xuat. Nghién ctiru khdng chi mang gia tri khoa hoc ma con cé y
nghia thuc tién, gop phan nang cao hiéu qua sir dung ngudn tai nguyén rirng ngap
man phuc vu cho linh vyc y dugc, danh gia ngudn loi cay thudc Viét Nam nham c6
hudng khai thac va bao ton hop ly.

Hy vong nghién ciu s& dong gop vao két qua nghién ciu vé thanh phan hoa
thue vat hoc caa cdy ngap man chi Xu & Viét Nam, vé hoat tinh sinh hoc caia cac hop
chat phan lap dugc, 1am co s¢ cho céc bai thude dan gian. Mt khac nghién ctu ciing
dong gop thém maot s6 hop chat co khung hda hoc co ban triterpenoid va hop chat
khéac duge x4c dinh 14 tiém nang trong vi¢c nghién ctru tac dung duogc ly cé gia tri, cod

hoat tinh phuc vu cho sy phat trién nén cong nghi¢p dugc nudce nha.
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CHUONG 1. TONG QUAN

1.1. Giéi thiéu vé chi Xu (Xylocarpus)
1.1.1. Pic diém thuc vat

Xu nho (Xylocarpus moluccensis) (Lam.) M. Roem. [tén dong nghia Carapa
borneensis Becc., C. indica A.Juss., C. moluccensis Lam., Granatum moluccense
(Lam.) Kuntze, Guarea oblongifolia Griff. va Monosoma littorata Griff.) va Xu i
(Xylocarpus granatum) c6 tén dong nghia Amoora salomoniensis C. DC., Carapa
granatum (J. Koenig) Alston, C. obovata Blume, Granatum obovatum (Blume)
Kuntze va Xylocarpus obovatus (Blume) A. Juss.). Dén nay trén thé gigi c6 ba loai
thugc chi Xu: Xu i (Xylocarpus granatum), Xu nho (Xylocarpus moluccensis) va Xu
ram (Xylocarpus rumphii) duoc cong nhan theo thong ké cua thu vién truc tuyén vé
danh muc céc loai thuc vat hoc trén thé gioi (http://www.theplantlist.org). Ching
phan bé rong réi ¢ cac vung ven bién, ctra sdng cia Pong Nam A, Uc, Pong Phi va
An Db Duong, Viét Nam, Xri Lanca, Thai Lan, Mianma, Philippin, Indonéxia va
nhiéu nude ving Thai binh duwong [6], [13], [14]. Cay moc doc theo céc rach, ring
ngap min va nudc lo, thuong moc trén dat sét chat, ngap triéu trung binh hay triéu
cao, d6 man vira. Trong d06, hai loai Xylocarpus granatum va Xylocarpus moluccensis
duoc ghi nhan la nhirng thuc vat ngap man thuc thy, trong khi loai Xylocarpus rumphii

khong phai la thuc vat ngap man [15]. Gisi (regnum): Plantae

O Viét Nam chi Xu (Xylocarpus) 1a chi duy
nhét trong ho Xoan (Meliaceae) sinh séng trong  Nganh (divisio): Magnoliophyta
rieng ngap man, cé 2 loai thugc chi Xu la: Xu nho
(Xylocarpus moluccensis), Xu 6i (Xylocarpus Lop (class): Magnoliopsida
granatum). Xu 6i phan b rong nhat c6 & 3 mién - (ord ol
Bac, Trung va Nam con Xu nho chi phan bé o BO (ordo): Sapindales
phia Nam. Cay Xu nho khac cay Xu oi I‘a Vo tharT Ho (familia): Xoan — Meliaceae
nut doc, mau nau den, 1a hep, thuon va dau c6 miii
nhon; qua Xu nho mau hong nhat va nho hon qua Chi (genus): Xylocarpus
Xu 6i, duong kinh chi 6-8 cm [1-3]. Phén loai
khoa hoc theo hinh 1.1.
Hinh 1.1. So d6 vi tri phan loai caa chi Xu (Xylocarpus)
1.1.2. Cong dung
Hai loai Xu nho, Xu 6i déu c6 chung céng dung [1-3]: Céc bo phan dung lam
duoc lidu cha yéu 1a qua, hat, vé cay, ré cay. Theo Pong Y vo ¢6 vi chat, ngudi dan
dia phuong str dung vé ciy duoc dung tri kiét ly, tiéu chay, cac réi loan khac cua
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duong rudt va ha sét, diéu tri cac bénh sét nhu sét rét va duoc s dung nhu mot chat
chéng dong, qua lam thudc tiéu sung & v va bénh phi chan voi. Tro hat hop véi luu
huynh va dau dira 1am thuéc m& béi tri ghé, nhan hat dung lam thudc bo. Gan day,
nguoi ta dd cha y nhidu dén cac loai Xu do céc limonoid (triterpennoid) ¢ bd khung
cau trac C doc dao va céc hoat tinh gay doc té bao khéi u caa ching. Gé mau hong
hay nau xam, ning, khong c6 van, bén it bi méi mot. C6 thé ding go 1am cot nha,...
V6 ham lugng tanin cao, ding dé nhuém va thugc da.
1.2. Cay Xu nhé
1.2.1. Pic diém thuc vat

Tén Viét Nam: Xu nhé

Tén khoa hoc: Xylocarpus moluccensis

Tén khac: Xu sung; Xuong ca nho.

Phén loai khoa hoc: Xu nh¢ la loai Xylocarpus moluccensis
1.2.2. Mo ta

Cay Xu nhé [1-3] than gd vira, cao 10-15 m, nhéanh tron, vé nau nhat, nirt sau
theo chiéu doc. C6 ré khong thanh séng nhur xay Xu 6i ma ré hinh dau gi. La kép
chin, c6 4-6 14 chét c6 phién hinh tring hay bau duc, dau 14 hep va hoi nhon, phién
mong, sdm mau hon Xu 6i, dai 8-10 cm, rong 4-5 cm, dau nhon, day bat xing, gan
min. Hinh anh chup thuc té cdy Xu nho thu hai dugc vé cay, 14, qua, hat va hoa (Hinh
1.3).

Hinh 1.2. Canh, Ia, Qua-hat, hoa cua cay Xu nho.

Hoa tring, c6 5 canh, nho tao thanh chlly (chim xim) ¢ nach 14, dai tron c6 4
tai nhon & dau, canh hoa dai gap 2,5 dai, 8-10 nhi hinh try, bau nhuy tron dai.

Qua nang, vo qua luc non lang va khi gia van c6 mau xanh sang, to 7-10 cm,
khi chin kho nat lam 4 manh, hat c6 canh 6-8 cm, khong phoi nhil.



1.3. Cay Xu 6i
1.3.1. Pic diém thuc vat
Tén Viét Nam: Xu di
Tén khoa hoc: Xylocarpus granatum (Koenig)
Tén khéac: Xuong ca; Xu to, Bang dinh.
Phan loai khoa hoc: Xu i 14 loai Xylocarpus granatum
1.3.2. Mé ta

Cay Xu 6i [1-3] than gd cao 10 — 20 m, ré an thanh dai dai nhu ran trén mat
bun. L& kép chian, mang 2-4-6 14 phu to dai 4-17 cm, rong 2,5-9 cm, bau duc, dau tron
hay hoi 16m, chum — ty tdn cao 2-7 cm. Canh hoa cao 5-7 mm, tiéu nhuy dinh thanh
6ng cao 3-5 mm. Trai la nang to 10-20 cm, hat mau nau, hoi da giac, to. Hinh anh
chup thuc té cay Xu 6i thu hai duoc vé cay, 14, qua, hat va hoa (Hinh 1.2).

P eX 7 R W,
¥ 4’-/ :; . '.':"

Hinh 1.3. Canh, 14, qua - hat, hoa caa cay Xu di

1.4. Céc nghién ciru vé thanh phan hoéa hoc caa chi Xu (Xylocarpus)

Cho dén nay, cac nghién ctu trén thé gigi vé chi Xu (Xylocarpus) chi dung ¢
nghién ctiru phan 1ap céc hop chat va thi mot sé hoat tinh sinh hoc.

Trong khi d6, nghién cru vé héa thuc vat caa chi Xu (Xylocarpus) trén thé giéi
tinh dén nay, nghién ctu thdng ké c6 khoang hon 444 hep chit di duoc tim thdy va
xac dinh cau tric tir chi Xu (Xylocarpus) bao gom 3 loai thudc chi Xu (Xylocarpus)
la Xu 6i (Xylocarpus granatum), Xu nho (Xylocarpus moluccensis) va Xu rim
(Xylocarpus rumphii). Gan day nhat nim 2025, nghién ctu [16] c6ng bd phan lap
duoc 13 chat mai tir cdy Xu nhé déu thuéc nhém chét limonoid.



.
Thanh phan hoéa hoc cua chi Xu (Xylocarpus) bao gém céc nhém hop chat
triterpenoid, alkaloid, acid phenolic, flavanol, steroid, monoterpen va mét sé thanh
phan khéc [6], [13], [14], [16-20] duoc tong hop tir cac tai lieu tham khao va théng
ké két qua theo bang 1.1 va biéu dd theo hinh 1.4. Tir két qua biéu do hinh 1.4. cho
thay s lwong cac hop chat thuoc nhém hop chét triterpenoid da phéan 1ap duoc tir chi
Xu chiém 92%, ching té nhém triterpenoid 1a thanh phan héa hoc chinh caa chi Xu
(Xylocarpus); Sé lugng hop chét da phan lap duoc tir Xu 6i chiém 59%; Sé lugng
hop chat da phan 1ap duoc tir Xu nho chiém 40%; S luong hop chat da phan 1ap duoc
tir Xu ram chiém 5%.
Bang 1.1. Thanh phan hoa hoc cua chi Xu (Xylocarpus) va sb lugng hop chat da biét

Sohop | Ty1é| So | So | So
X 2 , £ chat % | hop | hgp | hop
TT | Thanh phan Nhom hgp chat chi XU chat | chat | chat
XG | XM | XR
1 | Triterpenoid 91,9
Obacunol limonoid 1 1 - -
Andirobins limonoid 7 2 4 1
Mexicanolide limonoid | 253 144 | 95 19
Phragmalin limonoid 70 37 32 |1
Protolimonoid 33 29 9 -
Céc limonoid khac 44 20 29 |-
2 | Steroid 9 2,0 9 3 -
3 | Alkanoid 6 1,4 6 - -
4 | Phenolic 6 1,4 3 3 -
5 | Monoterpen 1 0,2 - 1 -
6 | Flavanol 1 0,2 1 - -
7 | Khac 13 2,9 11 2 -
Tong cong: 444 100 | 263 |178 |21
Chu yéu duoc chiét tir qua, hat, 14, vo cay, ré cay

* XG: Xu 6i; XM: Xu nho ; XR: Xu ram



—P( Triterpenoid - 408 ’

Monoterpene 0,2%
Steroid

=P Alkaloid - 6 flavanol

phenolic

Khac

’ Alkanoids

—b{ acid Phenolic - 6

— Flavanol - 1

Steroid - 9 ’

S6 hop chat da biét tir 3 loai chi Xu

Monoterpene- 1 I

59%
"{ Mg de ’ 263 40%
Toéng cong: 444 . 5%
21
XG XM XR

* XG: Xu 0i; XM: Xu nhé ; XR: Xu rim

Hinh 1.4. Biéu db thanh phan héa hoc cua chi Xu (Xylocarpus)

1.4.1. Nhom triterpenoid

Nhom chat triterpenoid dén nay khéng chi dwoc tim thiy trong mot Bo
Rutaceae, chiing la nhiing tetranortriterpenoid véi vong B-furyl lién két & C-17 véi bo
khung cau trac 4,4,8-trimethyl-17-furanylsteroid. Cac limonoid dugc phan loai theo
cau trdc nhém chat triterpenoid bon vong va ciu trac thuong c6 cau/lién két oxy &
vong A, B, CvaD. Obacunol

Cac hop chat di duoc phan 1ap tir cac - Andirobin
loai thuoc chi Xu (Xylocarpus) (ho Meliaceae) e moneid e
c6 khoang hon 408 limonoid dugc biét dénva  Protolimonoid
chung da dugc phan loai thanh mot s6 nhom
chat chinh nhu obacunol, andirobin,  Phragmalin
mexicanolide, phragmalin, protolimonoid va Mexigg;olide
cac nhom khac [6], [13], [14], [17], [19], [20]
duoc téng hop thanh biéu db theo hinh 1.5.

Hinh 1.5. Biéu d4 thanh phan hoa hoc 16p chat triterpenoid



1.4.1.1. Obacunol
Mot dan xuat thuoc khung obacunol limonoid di duoc xac dinh c6 tén la 7a-
Acetoxydihydronomilin [6], [21], [22] dwoc phan 1ap tir hat caa Xu 6i.

1.4.1.2. Andirobin
Céu truc doc dao cua cac dan xuat limonoid d3 thu hat sy chd ¥ rong réi cua
cac nha khoa hoc trén thé giéi. Nam 1965, limonoid dau tién duoc cong bd cé tén
Gedunin (2) duoc phan lap tir Xu 6i boi tac gia Taylor. Sau d6 cac hop chat 3: 7-
Oxogedunin duogc phén lap tir Xu nho; 4: Methyl angolensate dugc phéan lap tor Xu
ram. 7 hop chat limonoid andirobin duoc thong ké theo bang 1.2.
Bang 1.2. Céc hop chat Andirobin limonoid phan lap tir chi Xu (Xylocarpus)

Ky hiéu Tén hop chit TLTK Cay
2 Gedunin [6], [23] XG
3 7-oxogedunin [6], [22] XM
4 Methyl angolensate [24] XR
56 Moluccensin N, O [25] XM
7 Thaimoluccensin A [8] XM
8 Krishnolide K [26] XM
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1.4.1.3. Mexicanolide

Phan 16n c&c hop chat limonoid c6 khung mexicanolide dén nay duoc cong bd

tir cac loai thugc chi Xu (Xylocarpus), 253 hep chat nhdm mexicanolide tir hop chat
(9 — 243, 422-439) dugc phan 1ap tir Xu 6i, Xu nho va Xu ram theo bang 1.3.

Bang 1.3. Cac hop chat Mexicanolide limonoid phan lap tir chi Xu (Xylocarpus)

tetranortirucalla-1,14-diene-23(21)-lactone

Ky hiéu Tén hop chit TLTK Cay

9 Mexicanolide [6], [22] XG

10 Xylocarpin [6], [22], [24], [27] XG; XM
11 Humilin B [6], [24] XM
12 3p-acetoxy-6-deoxyswietenine [6], [27] XG
13 Angustidienolide [6], [24] XM
14 2-hydroxy- destigloyl-6-deoxyswietenine acetate [6], [24] XM
15-18,23 | Xyloccensin A, B,CD, F [28] XM
19-20 Xyloccensin G, H [29-31] XM

21,22 Xyloccensin |, J [32] XM; XG
24, 25 Xyloccensin K, W, [31], [33] XG
26 6-acetoxy-cedrodorin [31], [33] XG
27 Xyloccensin L [34] XG

28, 30 Xyloccensin M, N [35], [36] XM, XG
29,31 3-deacetylxyloccensin M , N [37] XG
32,35 Xyloccensin X, Y [38] XM
33,34 Xyloccensin Xi , Xa, [39] XM
41,42 Proceranolide, Khayasin T [39] XM
36, 38 -40 Xylogranatin A, B, C, D [40] XG
37 30a-hydroxyxylogranatin A [41] XG
43, 44, Xylocarpin F, G, H (Granaxylocarpin B) [39], [35] XG
46, 47 Granaxylocarpin A, C [42] XG
48-51 Xylogranatin Aa, Ba, Ca,Da [43] XG
52 Xylogranatin R [44] XG
53 Febrifugin A [39] XG
54 - 58 Granatumin A, B,C, D, E [45] XG
59, 60 Xylomexicanin A, B [46] XG
61, 62 Xylocarponoid A, B [47] XG
63 -72 Godavarin A,B,C,D,E,F,G,H, 1, [48] XG
73 -80 Hainangranatumin A, B,C,D,E, F, I, J [49] XG
81, 82 Xylomexicanolide A, B [50] XM
83 - 86 Xylorumphiin A, B, C, D [51] XR
87 Godavarin K [52] XM
88 -94 Moluccensin R, S (Godavarin 0), T, U, V, W, X [53] XM
95 Krishnolide J [26] XM
96 - 99 Granatumin H, 1, J, K [54] XG
100, 101 Xylomexicanin C, D [55] XG
102, 103 Xylogranin A, B [56] XG
104 - 109 Thaixylomolin A,B,C, D, E, F [57] XM
110,111 Xylorumphiin E, F [58] XR
112 2-hydroxyxylorumphiin F [58] XR
113 -116 Xylorumphiin G, H, I, J [58] XR
117,118 Xylogranatopyridine A, B [59] XG
119 -132 Granatumin L, M,N,O,P,Q,R,S, T, U, V, W, X, Y | [60] XG
133 -136 Xylomexicanin E, F, G, H [61] XG
137 6-O-acetyl-2a-hydroxymexicanolide [9] XM
138 6-0-acetyl-6-dehydroxymoluccensin T [9] XM
139 2,3-dideacetylxyloccensin S [62] XG
140 30-deacetylxyloccensin W [62] XG
141 7-hydroxy-21B-methoxy-3-0x0-24,25,26,27- 62] XG
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Ky hi¢u Tén hgp chit TLTK Cay
142 9-epixylogranatin A [63] XG
143 Xylogranatumin A [63] XG
144 6-O-acetyl xylocarpin D [63] XG
145 14-hydroxy-14,15-dihydrogranatumin C [63] XG
146 30-O-tigloylhainangranatumin J [63] XG
147 9-O-methyl xylogranatin R [63] XG
148 30-O-acetylhainangranatumin E [63] XG
149 1,2-dihydro-3a-hydroxy-turranolide [63] XG
150 - 155 Trangmolin A,B,C,D, E, F [64] XM
156 - 159 Thaixylomolin O, P, Q, R [65] XM
160 3p-hydroxy-3-decarbonyl-24-epi-piscidinol [66] XM
161, 162 Thaimoluccepimer A, B [66] XM
163 - 170 Xylorumphiin L, M, N, O, P, Q, R, K [67] XR
171 Krishnadimer A [68] XM
172 Granaxylocartin A [69] XG
173 - 180 Thaixylogranin A,B,C,D, E,F, G, H [70] XG
181, 182 Xylomexicanin I, J [71] XG
183 - 187 Sundarbanxylogranin A, B, C, D, E [72] XG
188 - 196 Krishnagranatin A, B,C,D,E,F, G, H, | [73] XG
197 - 201 Thaigranatin A, B, C, D, E [74] XG
202 - 215 )[;y:EOI'?:O“n A1, Ao, Az, As, As, Ag, A7, By, By, Cy, Co, [75] XM
216 - 218 Xylomolone A, B, C [76] XM
219 - 234 Haigagxylogranin ABCDEFGHILJK LM [77] XG
235 -241 Thaixylomolin S, T, U, V, W, X, Y [78] XM
242,243 Krishnolide H, | [26] XM
422 - 431 XylomolinO,P,Q,R,S, T, U, V, W, X [20] XM
432 - 439 Xylomolones E, F, G, H, I, J, K, L [16] XM
Tigloyl 2-Methylbutyryl Isobutyryl
| N\
0
:?f nhém R R? R? R RS
iéu
9 8,30-epoxy Ac H H - H
10 8,30-epoxy Ac H OH - H
11 A8 Ac H H - H
12 AB3O AWML Ac H H - H
13 A8 Ac H OH - H
18 8,30-epoxy  Isobutyryl Ac H - H
19 8,30-epoxy  Isobutyryl H H - H
29 - Ac H H OH H
30 - H H H OH H
23R! =R?=H 32 AMB H H H OH  OA
2 Ei A ASZ oA 33 Al H H H OH H
- T 35 AMIS Tigloyl H H OH H
36 AW Tigloyl a0 H OH H
40 A5 H H H - H
41 A5 Tigloyl H H - H
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Ky

26 27TR =Ac;28R =
Rl
26 8,30-epoxy Tigloyl
46 8,30-epoxy Tigloyl

MeOOC MeOOC
44 R =Tigloyl 45 R = 2-Methylbutyryl
49R=Ac 48 R = Tigloyl

H

MeOOC—"

RS

47 R =Tigloyl

* CAu trdc hoa hoc céc hop chat mang Ky hiéu tir 50 — 243 theo phu luc 1.

higu R R R
14 A5 PrCO or BuCO PrCO or BuCO H
15 - PrCO or BuCO PrCO or BuCO H
16 AWML PrCO or BuCO PrCO or BuCO OH
17 - PrCO or BuCO PrCO or BuCO OH
20 - Ac 2-Methylbutyryl BOH
21 - Ac Isobutyryl BOH
22 - Isobutyryl Isobutyryl BOH
31 AWML 2-Methylbutyryl Isobutyryl aOH
34 AWML Isobutyryl 2-Methylbutyryl aOH
37 AWML Tigloyl Ac H
38 AL 2-Methylbutyryl Ac H
39 AW Isobutyryl Ac H
Ac BH
Tigloyl BH



423 R=A Xylomolin P 425 R!'=R?=B, 428 R'=A,R?=0H, R¥=B, A%%

422 R =C Xylomolin O 424 R'=R2=B,R’=A 427 R!=R?=R3=B A%
R®=D
426 R!=B,R?=H,R®=

=
29 :R

OH
431R'=B,R?=C

A

B
23 (0] (0]

LA

i
U,
o/

29 R?

432 R'=B,R?=H,R3=C
433 R'=B,R?=H,R%=C
434 R'=B,R?=H,R=C
435 R'=B,R?=H,R®=C

e
29 R

437 R=C; 438 R=D
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1.4.1.4. Phragmalin
Cho dén nay d3 co6 hon 70 loai phragmalin dwoc phan lap tir chi Xu
(Xylocarpus).
Bang 1.4. Cac hop chat phragmalin limonoid phan Iap tir chi Xu (Xylocarpus)

KY hiéu Tén hop chit TLTK Cay
244 Moluccensin Y [53] XM
245 Xyloccensin E (1) [79], [74], [75] XR
246 Phragmalin | [29] XG
247 3,30-diacetylphragmalin [28], [80], [81] XM
248 Xyloccensin E [19], [74], [75] XM
249 Xylocarpin | [28], [30], [39] XG

250 - 257 | Xyloccensin O, P, Q,R, S, T,U, V [82], [83], [80] XG

258 - 262 | Xylocarpin A, B,C,D, E [39] XG
263 Granaxylocarpin E [42] XG
264 Xyloccensin U (2) [39] XG

265 - 267 | Xyloccensin'Y, Z1, Z» [84] XG
268 Xylogranatin E; [41] XG
269 Xylogranatin E [85] XG
270 Hainangranatumin H [49] XG

271,272 | Granatumin F, G [45] XG

273 - 279 | Moluccensin A, B,C,D,E,F, G [86] XM

280 - 282 | Moluccensin H (C29H32010), | (C30H36010), J (C29H3400) [87] XM

Moluccensin H (CzsH44011)

283 (2-methylbutyryl gin ¢ C1, isobutyryl gin ¢ C-3) [25] AM
284 !\/Ioluccensinvr | (936H44011) (2-methylbutyryl dat ¢ C-3, trong khi [25] XM
isobutyryl gan vao C-1)

285 Moluccensin J (C3sHa4011) (2-metylbutyryl dat ¢ C-2) [25] XM
286 - 288 | Moluccensin KL M [25] XM
289, 290 | Thaimoluccensin B, C [8] XM

291 Phragmalin 1 Dan xuat caa 12-deacetyl derivative of xyloccensin [88] XG

Q , C33H3015
292 Phragmalin 2 2- deacetoxyl derivative of xyloccensin V [88] XG
Cs3H38013
293, 294 | Phragmalin 3, 4 [88] XG

295 12-deacetylxyloccensin U [9] XM

296 2-0O-acetyl-2-dehydroxy-12-deacetylxyloccensin U [9] XM
297 - 299 | Godavarin L M N [11] XM
300, 301 | Thaixylomolin Z, 2-O-acetylthaixylomolin Z [78] XM
302 - 306 | Hainanxylogranin Q,R, S, T, U [77] XG
307,308 | Xylomolin K1, K3 [75] XM
309 - 311 | Xylomexicanin K, L, M [89] XG

440, 441 | Xylomolone M, N [16] XM




”W”OﬁCH] MeOOC
0

265 Ri=Ac;R;=R3=0H

266 R1=R2=H ; Rs=0Ac 272 R=0Ac
267 R1=R2=R3=H

258 R1=R,=0OAc;Rs=H

259 R1=0Ac;R2=R3=H

260 R1= OH;R>=H;Rs=0Ac
261 R;=R3=0Ac;R,=0H
262 Ri=Ry= OAcC iy R3:OH
264 R1=R3=0Ac;R.=H

0
252 R1=0COCHs; R

; Re =

=OH

253 R1=0OH; R2=0H
254 R; = OH
OCOCH3

255 R1=0OH; R2=H
256 Ri1=H ; R2=0H
257 Ri=H;
OCOCH3

Ky

higwnhem R R R RR
246 H OH H H H
247 Ac OH Ac H H
248 Ac  BOAc Ac H H
249 Ac H Ac OAc OAc
270 Ac  aOAc OH OAc OAc

Rzz
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281 R=0OMe
282R=H

283 RI=X;R2=H;R*=Y
284 RI=Y ;R2=H;R®=X

285 R'=X;R?=Y;R®=H

286 R'=X;R?=Y;R®=H
287 R'=Y;R?=H;R3=Y
290 R'=X;R?=Y;R®=H

Ky hi¢u | R* R? R® R*
273 Isobutyryl H Isobutyryl H
274 2S-Methylbutyryl H Isobutyryl H
275 Isobutyryl H 2S-Methylbutyryl H
276 2S-Methylbutyryl H Isobutyryl OH
277 Isobutyryl H 2S-Methylbutyryl OH
278 Isobutyryl Isobutyryl H H

OAc

281 R =OMe;
282R=H

283 R'=X;R2=H;R3=Y
284 R'=Y;R2=H;R3=X

285 R!=X;R2=Y ;R =H

286 R'=X;R?=Y;R®=H
287 R'=Y;R?=H;R%=Y
290 R'=X;R?=Y;R®=H

RS R*
OH OH
OH OAc
OAc OAc
OAc OAc
OH OH
OH OH




OAc

303 R'=R?2=R3=0Ac
300R'=H; R?=R®*=0H ; 297 R'=0OAc; R?=0OH
301 R'=0Ac; R?=R*=0OH 298 R!=H; R?=0H, A%
302R'=0H; R?=H=R?® 299 R!=X; R?=0H, A%, A1415
307 R!=X; R?2=0H, A%, Al415
308 R!=Z; R2=0H, A%, Al415

MeOOC

Me

441

Hai limonoid madi dugc phan lap tir hat caa Xu nho [75] (duoc thu thap tai
dam lay & tinh Trang - Théi Lan) do Jun Wu va cong su thuc hién di mé ta cho hai
limonoid mai, duge dat tén l1a Xylomolin Ki-Kz (307-308, 30-Ketophragmalin véi
lien két doi lién hop A®9 va A™15). Theo hudng nghién ctru ndy, nam 2021, tir phan
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l4 va canh cua Xu 6i, Shao Jung Li va cong su di cong bd ba hop chit méi c6 tén
Xylomexicanin K-M (309-311) [89].
1.4.1.5. Protolimonoid
Cho dén nay, 31 protolimonoid dugc phan 1ap tir qua Xu 6i va Xu nho.

314 R'=R?=R*=H, R® = aOEt

315 R'=R2=R*=H, R3=BOEt

316 R!'=R?=H, R®=aOEt, R* =Et

317 R'=R?=R*=H, R®=0Me

318 R!=Ac, R?= OAc, R®= aOMe, R* =H

323 R=H

322 R1=0H,R2=R3=0H
334 R1=0H,R2=R3=80H
335 R1=0H, R2 = aOH, R3 = BOH

Bang 1.5. Cac hop chat protolimonoid phan lap tir chi Xu (Xylocarpus)

Ky hiéu Tén hop chit TLTK Cay
312 Spicatin [90-92] XG
313 Protoxylogranatin A [93] XG
314 - 318 Protoxylocarpin A,B,C, D, E [94] XG
319 - 321 Protoxylocarpin F, G, H [95] XG
322 Odoratone [96] XG
323 Grandifoliolenone [96] XG
324 Sapelin E acetate [96] XG
325, 326 Holstinone B, C [96] XG
327 Hispidol B [96] XG
328 Piscidinol G [96] XG
329, 330 Moluccensins P, Q [25] XM
331 - 335 Xylocarpol ABCDE [97] XM, XG
336 - 342 Xylogranatumine ABCDEFG [98] XG
442, 443 Xylomolones O, P [16] XM




327 R'=H, R?=R®= 00OH, R*=0OH
331 R!'=R?=R*=0H, R®= aOH
332R'=0H,R?=0,R3=R*=H
333R'=R*=H,R?=0, R®*=0OH

319 R = SOH;
320 R=cOH

R3

337 R'=H, R?=R%= qOH, R* =OH

pordialevid 338 R! = R?= R* =OH, R® = 0:OH
= 1= 2 — 3=-R4=
398 R=aOH 340R*=0OH,R*=0,R°=R*=H

442 443

1.4.1.6. Limonoid khac
Hon 41 limonoid khac da duoc phan 1ap tir hai lodi Xu 6i va Xu nho. Nam
2006, tir phan qua caa Xu 6i, mot hdn hop cua bén hop chat Butyrospermol mai c6
tén la Butyrospermol 34-O-palmitate (374), Butyrospermol 3p-O-oleate (375),
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Butyrospermol 3p-O-stearate (376), Butyrospermol 34-O-linoleate (377) va hai -
Sitosterol fatty acid ester da biét S-Sitosterol 35-O-myristate (378) va S-Sitosterol 3-
O-oleate (379) di duoc Jun Wu va cong su cdng bd. Ngoai ra, rat nhiéu steroid va cac
dan xuit caa no dugc tim thay tir cac loai thudc chi Xu (Xylocarpus) nhu g-Sitosterol
(380), Stigmasterol (381) va daucosterol (382), dugc cdng b tir ca hai loai Xu 6i va
Xu nho. Bén dan xuat alkaloid 383-386 dugc phan lap tir phan vo ré cua Xu 6i. Mudi
hai limonoid khac da dugc phan 1ap vao nam 2007, Xylogranatins F - Q da dugc phan
lap tir hat ctia Xu 6i cho cac limonoid vong B thom dau tién [85]. Chlng thudc hai
16p cau tric phy, trong d6 mot 16p chaa vong Pyridine, trong khi 16p kia chia 16i
furan trung tam.

Bang 1.6. Céac hop chat limonoid khac phan 1ap tir chi Xu (Xylocarpus)

Ky hiéu Tén hop chit TLTK Cay
343 - 347 Andhraxylocarpin A, B, C,D, E [99] XG, XM
348 - 351 Krishnolide A, B, C, D [10] XM
352 - 360 Xylomolin Gy, Gy, Gs, G4, Gs, H, |, J1, J2 [75] XM
361 - 368 Thaixylomolin G, H, I, J, K, L, M, N [100] XM
369, 370 Granatripodin A, B [101] XG
371-373 Krishnolide E, F, G [26] XM
374 - 385 Xylogranatin F, G, H, I, J,K,L, M,N,O,P,Q | [85] XG
386 Hainangranatumin G [49] XG

R
343 R =X;

814
814
830 A1415
A A

830 A14,15
A A

352 R'=R*=0H, R?= 0, R® = OAc, R® = OEt, A%

353 R'=R*=0H, R?= 0, R® = Z, R® = OEt, A%

354 R'=R*=0H, R?= 0, R®= OAc, R® = H, A%
355R!'=0H,R?=0,R®=Z,R*=R5=H, A%%

356 R'=0H,R?=0,R3=Y,R*=R5=H, A3

357 R'=Z,R?=0, R®=OAc, R* = R® = OH, A5, 80.OH
358 R'=0H, R?=Y, R®=0, R* = R5= OH, A%, A4

345 R! = Ac, R?2= R3 = H, A2%,
346 Rl = X, R2= R®= H, A230,
359 R!= OAc, R?= OH, R®= 0,

360 R! =Y, R2= OH, R® = O,

7
MeOOC

348 R'=Y, R?=Z, 8,14-epoxy
349 R'=2Z,R?=Y, AB9, A8l
350 R'=Y,R?=7Z, A3%4

351 R!=Y,R2=Y, A8H




361R'=R*=0,R?=0H 363R'=R®*=0, R?=0OH

362 R'=R?=0H, R®*=H 364 R'=R?=0H, R®*=H
367 R'=BOAC, R?=R3=H 365 R'=BOAC, R?=R3®=H
368 R'=BOAC, R?=X,R®=H 366 R! = BOAC, R?= 0, R®= OEt

372 R'=A R2=A
373 R'=B R?=C

369 R =0Ac
370 R=H

374 R = H (Xylogranatin F) 377 R'=H RZ=H
375 R = COCHj3; 378 R!=CH; R2%=CHjs
(6]

4

379 R!'=H R?=CHs

380 R'=H R2?=CHCHs

381 R!=CHz3H R2=COCH;

382 R!'=H R?=2S-methylbutyryl
383 R'=H R2=tigloyl

384 R'=H R?=isobutyryl

H;CO o 38’5
1.4.2. Nhom chat steroid

Nam 2006, tir phan qua cta cdy Xu 6i, mot hdn hop cia bén hop chat
Butyrospermol mai c6 tén la Butyrospermol 34-O-palmitate (387), Butyrospermol
3p-O-oleate (388), Butyrospermol 3p4-O-stearate (389), Butyrospermol 3p-O-
linoleate (390) va hai -Sitosterol fatty acid esters d biét f-Sitosterol 35-O-myristate
(391) va p-Sitosterol 34-O-oleate (392) di dwoc Jun Wu va cong su cdng b [90].
Ngoai ra, rat nhiéu steroid va cac dan xuat ciia n6 dugc tim thay tir cac loai thudc chi
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Xu (Xylocarpus) nhu g-Sitosterol (393), Stigmasterol (394) va Daucosterol (395),
duoc cdng b tir ca hai loai Xu 6i va Xu nho. [27], [102-105]
Bang 1.7. Cac hop chat thudc 16p chat steroid phan lap tir chi Xu (Xylocarpus)

KY hiéu Tén hop chit TLTK Cay
387 Butyrospermol 35-O-palmitate [90] XG
388 Butyrospermol 35-O-oleate [90] XG
389 Butyrospermol 3-O-stearate [90] XG
390 Butyrospermol 3-O-linoleate [90] XG
391 Butyrospermol g-sitosterol 34-O-myristate [90] XG
392 Butyrospermol g-sitosterol 34-O-oleate [90] XG
393 p-sitosterol [27], [102-105] XM, XG
394 Stigmasterol [27], [102-105] XM, XG
395 Daucosterol ( S-sitosterol-3-O-D-glucopyranosid) [27], [102-105] XM, XG

390R = — = P
391R = /\/\/\/\M
9 10
392R = =
393R=H 394R=H, /& 395 R =Glc

1.4.3. Nhom chat alkaloid
Sau alkaloid 396 - 401 duoc phan lap tir vo ré caa Xu i.
Bang 1.8. Céc hop chat thugc 16p chat alkaloid phan 1ap tir chi Xu (Xylocarpus)

Ky hiéu Tén hop chit TLTK Cay
396 N-Methylflindersine [6], [91] XG
397 Chelerythrine [6], [91] XG
398 Dihydrochelerythrine [6], [91] XG
399 Acetonyldihydrochelerythrine [6], [91] XG
400 Xylogranatinin [106] XG
401 Granatoine [107] XG

‘ ‘O O> OO O>
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1.4.4. Nhém chat phenolic
Céc hop chat phenolic di phan 1ap dwoc 12 10 hop chat. Nam 1998, mét acid
aryl keto chua bao hoa médi 402 va metyl este 403 ciia né duoc phan 1ap tir gé cua Xu
nho. Nam 2006, ba hop chét phenolic, 404 - 406 thu dugc tir qua cua Xu oi.
Bang 1.9. C4c hop chat thudc 16p chat phenolic phan lap tir chi Xu (Xylocarpus)

Ky hiéu Tén hop chit TLTK Cay
402 4-0x0-19-phenylnonadec-5-enoic acid [103] XM
403 Methyl 4-0x0-19-phenylnonadec-5-enoate [103] XM
404 a-Tocopherol [84] XG
405 Acid 4-hydroxybenzoic [84] XG
406 Ethyl 3,4-dihydroxybenzoate [84] XG
407 2-Ethylhexyl 4-methoxycynnamate [105] XM

416, 418 Corniculatolide B, C [108] XG
417 Isocorniculatolide B [108] XG
420 Granasteroid [89] XG

O
o)
@/Y\J\ACOOR W
HO
404

402R=H; 403 R=Me

COOR!
H;CO
\Q\/WO HO
! R? 405R'=R%2=H
407

406 R* = Et, R? = OH

1.4.5. Nhém chat monoterpene
Xylomollin  (408) [109] la mot loai secoiridoid
monoterpenoid bat thuang sé hitu nhém chirc hemiacetal va acetal,

duoc phén lap tir qua ctia Xu ram.




24
1.4.6. Nhom chat flavanol

Mot flavanol, (p)-Catechin (409) [6], [103], dugc phan lap tir Xu di.

1.4.7. Céc thanh phan khac

Bén canh cac hop chat da dé cap ¢ trén, céac loai
chi Xu (Xylocarpus) cé thé chira Glyceride ester
(410), Aurantiamide (411) va axit abscisic (412).
Mudi hai hop chat thudc cac thanh phan khac cua

Chi Xu da dugc phén lap theo bang 1.10. 409
Bang 1.10. Céc thanh phan khéc phan Iap tir chi Xu (Xylocarpus)
KY hiéu Tén hop chat TLTK Cay
410 Glyceride ester [6] XM, XG
411 Aurantiamide [6] XG
412 Acid abscisic [6], [84] XG
413 3-(1-hydroxyethyl)-4,4-dimethyl-4-butyrolactone [104] XG
414 1,3-di-(16'-acetoxy-palmitoyl)-glycerol [110] XG
415 28,38,4_R,8E)-2-[(2 R)-hydroxypalmitoylamino]-8-tetracosene- [110] XG
1,3,4-triol
419 Xylomexicanin N [89] XG
421 5-methoxy-2-pentylbenzofuran-7-ol [89] XG
444 Hispidone acetonide [16] XM
OH
0 ' OAc

410 412

OH

417 420

416 R'=R?%= OCH3
418 R'=R?=0H
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1.5. Hoat tinh sinh hoc caa chi Xu
Céc nghién cru vé hoat tinh sinh hoc caa chi Xu (Xylocarpus) cho thay nhiéu
hoat tinh sinh hoc nhu theo liét ké trong bang 1.11.
Bang 1.11. Hoat tinh sinh hoc cta chi Xu (Xylocarpus)

TT Hoat tinh
1 | Hoat tinh gay doc té bao | 1. Ung thu rudt & nguoi (CaCo2) | [4], [5]
2. Ung thu dai tryc trang ¢ nguoi | [8], [56]
(SW480 va HCT116)
3. Ung thu biéu md rugt két (HCT- | [4], [5]
8)
4. Ung thu biéu mo da day (BGC- | [94]
823)
5. Ung thu gan (HLE) [46]
6. Ung thu bach cau (P-388) [39], [42]
7. Ung thu thyc quan (Ecal09) [6-8]
8. Ung thu phoi & nguoi (A549) | [39], [42]
9. Ung thu vi ¢ ngudi (MCF-7), | [6-8], [11]
(MDA-MB-231; MDA-MB-
453)
10. Ung thu biéu md va (KT) [40], [90]
11. ung thu cb tor cung & ngudi | [6-8]
(Hela)
12. ung thu budng  trang | [111]
(OVCARS)
2 | Hoat tinh chong dong Muc 1.5.2 [6], [8], [91]
mau
3 | Hoat tinh khang khuan, | 1. Uc ché san sinh NO té bao dai | [8], [58]
khang viém thuc bao trong nghién cuu thuoc
khdng viém (RAW264.7),
lipopolysaccharide (LPS)
2. Virus cum A (phan nhom HIN1 | [9]
3. Virus HIV [72], [11]
4. Uc ché doi voi PTPP1B (Dicu tri | [88]
tiéu duong, béo phi)
4 | Hoat tinh chéng sétrét | Muc 1.5.4 [7]
5 | Hoat tinh chéng tiéu Muc 1.5.5 [7]
chay
6 | Hoat tinh tc ché than Muc 1.5.6 [111], [112]
kinh
7 | Hoat tinh khang ndm Muyc 1.5.7 [6]

1.5.1. Hoat tinh giy déc té bao
Céc nghién ctu tac dung cua cac chat chiét xuat tir cdy Xu 6i trong Ethyl
acetate cho thay hoat tinh @c ché tang truong trén céc té bao Hela (té bao ung thu cb
tir cung) (ICso = 23,0 pg/ml), trong khi chiét xuat trong nudc thi khdng [6-8].
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Hoat tinh sinh hoc caa gedunin (2) phan Iap tir vo cay Xu 6i (Bangladesh) co
kha nang wc ché sy ting sinh trén dong té bao ung thu rudt (CaCo-2, 1Cso = 16,83
UM) [4], [5]. Theo huéng nghién ciru sau hon tiép theo (Western blot) ciing cho thay
(2) c6 kha ning ¢ ché cac té bao ung thu budng tring (OVCARS) theo co ché gay
chét theo chuong trinh (apoptosis) [111]. Pic biét, hop chat gedunin (2) con duoc
xem la mot chat 6 tiém nang san xuat dugc pham day haa hen véi kha niang wc ché
protein Hsp90 (mat loai protein thiét yéu cho su phat trién cia c4c té bao ung thu va
nhitng chat c6 kha ning ¢ ché protein nay déu dugc xem nhu mot loai thudc chira tri
ung thu), n6 c6 kha ning gy chét té bao ung thu thong qua qua trinh bt hoat protein
p23 va kich hoat caspase 7 [113].

Thaimoluccensin A (7), tinh Phuket, phia Nam Thai Lan) dwgc cong bé. Panh
gid kha ning uc ché su san sinh NO té bao dai thuc bao RAW264.7 kich thich boi
LPS, Thaimoluccensin A (7) chi thé hién hoat dong kha khiém tén, trong khi chat
dong chuyén hoa 7-Deacetylgedunin (khung gedunin limonoid) thé hién hoat tinh véi
gia tri 1Cso < 10 uM [8].

Niam 2006, cac hop chat Xylogranatin A2, B2, C?, D? (48 — 51) duoc phan lap
tir hat caa Xu 6i cho thay hoat tinh gay doc té bao trén hai dong té bao khoi u 1a ung
thu bach cau P-388 va ung thur biéu md phoi nguoi A-549 [42], [43]. Trong s do, cac
hop chat 48 — 51 cho thay doc tinh té bao vira phai d6i véi dong té bao P-388 véi cac
gia tri IC50 tuong (ng 12 8,9 ; 6,3 va 14,6 UM, trong khi cac hop chat Xylogranatin
A? (48) va Xylogranatin B? (49) thé hién doc tinh té bao di voi dong té bao A-549
Vi cac gia tri 1C50 lan luot la 15,7 va 11,3 pM [6], [7].

Nam 2007, cac hop chat xylocarpin H (Granaxylocarpin B) (45) va
Granaxylocarpin A (46) da cho thay c6 hoat tinh gy doc té bao chéng lai bénh bach
cau & chuot P-388 va cac dong té bao ung thu biéu md phoi A-549 & ngudi. Qua
nghién ciru da cho thay cac hoat tinh gay doc té bao ddi vai dong té bao P-388 (gia
tri 1C50 12 9,3 va 4,9 uM, tuong tng) [39], [42].

Tiép tuc huéng nghién ciru nay, dén nim 2009 nhém nghién ciru cia Chang
Hong Huo va cong su xac dinh tir phan hat cua loai Xylocarpus granatum thu hai &
dao Hai Nam - Trung Québc hai dan xuit mexicanolide limonoid mai la
Xylomexicanin A-B (59-60) [46]. B¢ hiéu rd hon vé cac danh gia in vitro hoat tinh
gay doc té bao, Bin Cong va cong su (2009) di thyc hién mot nghién ctu khé sau vé
tac dung ¢ ché cua hai hop chat 59-60 di véi kha ning ting sinh cua 11 dong té
bao ung thu & ngudi 14 ung thu ¢b tr cung (HeLa), ung thu biéu md ndi mac tir cung
(HEC-1), ung thu biéu mé nang budng trimg (SHIN3), ung thu biéu mé nang budng
trang (HOC-21), ung thu biéu mé té bao budng trang (HAC-2), ung thu gan (HLE),
ung thu than kinh (U251-SP), ung thu than kinh (T-98), ung thu sic t6 da (MM1-CB),
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ung thu sac té da (HMV-1) va ung thu biéu mé va (KT). Két qua cac hop chat dugc
thir nghiém, Xylomexicanin A (59) thé hién & mic do kha tot (véi gia tri 1Cso = 4,59
UM) chéng lai té bao ung thu biéu md va (KT) trong khi Xylomexicanin B (60) &
cuing ndng do thir nghiém khdng thé hién kha nang wrc ché trén ca 11 dong té bao ung
thu thir nghiém [46].

Tiép tuc thir nghiém in vitro trén dong té bao Ecal09 d6i voi hop chat 61. Két
qua cho thay, Xylocarponoid A (61) trc ché su ting sinh té bao va ty & séng s6t cua
té bao 14 7,15% (I1Cso = 13,34 uM) [47], [92].

Xylomexicanin C (100) thé hién hoat tinh gay doc té bao tiém ning trén dong
té bao ung thu va (ICso = 4,60 uM) [55], trong khi Xylogranin B (103) va chit dong
chuyén hoa Swietephragmin 1a nhiing chat (¢ ché manh va thé hién doc té bao dudi
micromol ddi véi hai dong té bao ung thu dai truc trang (SW480 va HCT116) [56].

2-Hydroxyxylorumphiin F (112) va Xylorumphiin 1 (115) thé hién kha ning
trc ché vira phai chdng lai sy san sinh NO tir cac dai thue bao duoc hoat hoa bang
lipopolysaccharide (LPS) vai gia tri ICso twong Gtng 1a 24,5 va 31,3 uM [58].

Xylogranatopyridine A (117) thé hién kha niang Gc ché dang ké protein
tyrosine phosphatase 1B (PTP1B) véi gié tri ICso = 22,9 mM. Pay cing 13 cong bd
dau tién lién quan dén hoat tinh tc ché PTP1B caa nhém chat limonoid [59].

Xylomexicanin E-H (133-136, c6 cau oxy lién két C-9—C-30) thé hién hoat
tinh trung binh trén dong té bao A549 va RERF véi cé4c gié tri 1Cso twong tng 13 18,83
va 15,83 mM [53].

Sundarbanxylogranin B (184) thé hién hoat tinh khang virus HIV & muc vira
phai vai gia tri 1Cso = 23,14 + 1,29 uM va gia tri I1Cso tvong trng 1a 78,45 + 1,69 uM
[72].

Hop chat Thaixylogranin A-H (173-180) thé hién kha ning ¢c ché yéu doi
dong té bao ung thu thir nghiém MDA-MB-231 véi gia tri ICso tuong (ng 13 49,4 ;
58,3 ;53,6 ;61,1;57,9;44,6 ;40,6 va38,5mM [70].

Nam 2020, hoat tinh wc ché cua cac hop chat 219, 224-226, 229 va
Tabulvelutin B chdng lai carboxylesterase 2 (CES2) da duoc thir nghiém cho thay cac
hop chat duoc thir nghiém déu co ty 16 tc ché tir 30-64% & nong do 100 puM [77]. 7-
deacetylgedunin thé hién hoat tinh kha tét (ICso < 10 uM) [8].

Niam 2014, bdn hop chét 8,9,30-phragmalin ortho-ester mgi (291-294) cling
véi sdu hop chat da biét khac (xyloccensin O-S va V) duoc cac nha khoa hoc Trung
Qudéc cdng bé tir phan canh va 14 caa Xu 6i. Xyloccensin S thé hién kha niang wc ché
d6i voi PTPP1B (Mot dich tiém nang dé diéu tri bénh tiéu duong loai 11 va béo phi),
vai gia tri 1Cso = 8,72 pg/mL [88].



28

Hoat tinh khang virus HIV duoc thtr nghiém in vitro cua Godavarin M (298),
Godavarin O (Moluccensin S (89)) trén dong té bao 293T duoc chuyén gen virus
HIV-I & nong d6 20 pM va 100 uM, Godavarin M va Godavarin O cho thay ty ¢ ic
ché & nong do 100 uM lan luot 1a 98,21 + 0,75% va 39,95 + 2,28% (O nong do 20
uM, ty Ié &c ché caa ca hai chat thap). Ngoai ra, hai 30-ketophragmalin 297 va 299
thé hién hoat tinh gay doc té bao wrc ché trén dong té bao ung thu va (MDA-MB-453)
vai gid tri 1Csp twong ung 1a 2,1 £ 0,06 va 9,0 + 1,0 uM, trong khi Godavarin N (298)
chi thé hién & mic yéu (ICso = 66,0 + 2,5 uM) [14].

Tir phan hat caa cdy Xu nho thu thap & dam lay ngap man cua tinh Trang -
Théi Lan, hai phragmalin 8,9,30-ortho-ester mai la Thaixylomolin Z (300) va 2-O-
acetylthaixylomolin Z (301) da duoc cong bd. Cau hinh tuyét ddi cua hop chéat 300
duoc xac dinh bang phd X-ray don tinh thé véi birc xa Cu Ka; trong khi d6 301 dugc
xac dinh 1a giéng nhu 300 két hop véi su trong dong trén phd ECD thyc nghiém cua
chlng. T4t ca cac hop chat duoc thir nghiém déu co ty 1¢ e ché Carboxylesterase 2
(CES2) trong khoang 16-65% & nong do 100 uM [78].

Nam 2020, tir 14 va vo cia cay Xu 6i, nam phragmalin méi dugc dat tén 13
Hainanxylogranin Q-U (302—306) ciing duoc cong bb. Tat ca cac hop chat duoc thir
nghiém déu ¢ ty 1¢ e ché CES2 trong khoang tir 30-64% & nong do 100 puM [77].

Panh gi in vitro hoat tinh khang virus HIV caa hai hop chat 307-308 da duoc
thir nghiém. Tuy nhién, khdng c6 hop chat nao cho thay hoat tinh @c ché tiém ning
tai nong do thr nghiém (20 uM) [75].

Spicatin (312) duoc thir nghiém trén dong té bao Ecal09 cho thiy tc ché sy
tang sinh té bao va ty 1¢ séng sot cua té bao 12 9,19% (1Cso = 37,49 uM) [92].

Trong s6 cac dong té bao ung thu phoi khang thude (A549), ung thu buong
trimg (A2780), ung thu gan (Bel-7402), ung thu biéu mé da day (BGC-823) va ung
thu biéu md ruot két (HCT-8) duoc thir nghiém, cac hop chat Protoxylocarpin A-E
(313 — 318) thé hién kha ning khang lai cac dong té bao trén & muc trung binh/yéu,
Véi gia tri 1Cso trong khoang 0,38 — 19,00 pM, khi so sanh véi chat d6i chimg duong
sir dung la Taxol (ICso = 0,02 — 2,76 uM) [94].

Niam 2014, mot ddy bay hop chat khung apotirucallane protolimonoid chua
ting duoc biét dén Xylogranatumine A-G (336-342), duoc phan l1ap tir canh va I cua
cay Xu 6i thu héi o tinh Hainan - Trung Qudc. Ca bay hop chit duoc danh gia kha
ning c ché trén dong té bao ung thu phdi (A549). Tuy nhién, chi hop chét
Xylogranatumine F (341) thé hién & mac d6 yéu (tc ché ting sinh twong duong
54,2%) trén dong té bao ung thu A549 & nong do thir nghiém 10 uM. Cac hop chat
con lai e ché thap hon 50% [98].
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Krishnolide A (347) c6 cau 8,14-epoxy, thé hién hoat tinh khang virus HIV &
mirc d6 trung binh, véi gia tri twong ung 1Cso = 17,45 £ 1,65 UM va CCso = 78,45 +
1,69 uM. Pay khong chi 1a bao cdo dau tién vé nhom chat khayanolide tir loai thuc
vat ngap man thudc chi Xylocarpus, ma con la cong bé dau tién vé kha ning khang
virus HIV cua cac hop chat khayanolide [10].

Hoat tinh khang virus caia cac hop chat phan lap dugc chdng lai virus cim A
(phan nhoém HIN1) da duoc danh gia bang thir nghiém ac ché trén té bao géc. Ba
khayanolide bao gdm Thaixylomolin I, K va M thé hién cac hoat dong chéng HIN1
vira phai. Kha nang ¢ ché manh nhat, Thaixylomolin | (ICso = 77,1 + 8,7 uM), cho
thay hoat tinh &c ché manh hon so véi dbi chimg duong duoc st dung 1a Ribavirin
(ICs0 = 185,9 + 16,8 uM) [9].

Krishnolide F (372) thé hién tac dung kha manh d6i véi hPXR ¢ nong d6 10
uM. Viéc gin két phan tir chung to rang krishnolide F c6 thé lién két mot chudi xoan
gan viing Helix 12 ciia hPXR. Ngoai ra, mudi du lugng cua hPXR gop phan cha yéu
vao tuong tac phéi tu protein la Val211, Leu240, Met243, Met246, Phe281, GIn285,
Phe288, Trp299, His407 va Leud11. Pay 1a bao co dau tién vé tac dung trén hPXR
cua khayanolide limonoid [26].

Mangala G. Ponnapalli va cong su tim thay tir cian chiét chloroform vé cia XG. Hop
chat Corniculatolide C (404) thé hién tét nhat kha ning e ché AGH (1Cso = 24,8 uM)
su ¢ ché enzyme a-Glucosidase (Saccharomyces cerevisiae) [108].

1.5.2. Hoat tinh chong déng

Hop chat Xylomollin (408) dugc phan lap tr Xu nhé va cac hop chat
Chelerythrine (397) va Dihydrochelerythrine (398) thu duoc tir Xu 6i, tat ca déu co
hoat tinh chéng dong mau [6], [8], [91].

Vao nam 2005, cac hoat tinh chéng déng cua Xyloccensin O-V (250 - 257) da
duoc thir nghiém, trong sb d6, cac hop chat 251 va 252 hoat tinh manh & néng do 500
ppm, v&i 50 ppm tuong (g voi ndng do 1 pg/cm2, trong khi cac hop chat khéc cho
thay hoat tinh yéu [114].

Niam 2007, cac hop chat, Xylogranatin C va Xylogranatin D (39 va 40) [40], F-
G (374 va 375), I-K (377, 378, 379) va P-R (384, 385, va 52 [44]) ciing di duoc thir
nghiém cho céc hoat tinh chéng dong cua ching. Xylogranatin F, G va R (374, 375
va 52) thé hién hoat tinh chéng dong rd rét & ndng d6 1 mg/ml. Hop chat manh nhat
dugc thir nghiém Ia Xylogranatin G. Gia tri AFCso (ndng d6 cho hoat tinh chdng dong
1a 50%) cua n6 & 24 va 48 gid lan luot 12 0,31 va 0,30 mg/ml [6], [85].
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1.5.3. Hoat tinh khang khuan

N-Methylflinderine (396) duoc tim thay c6 hoat tinh khang khuan duoc chiét
Xuat tir vo ré cay Xu i trong Methanol 60% [6]. Hon nita, chat p-Catechin (409) ciing
{rc ché su phat trién cua vi khuan Acid lactic [6].

Gedunin 12 mot limonoid day tiém nang va quan trong duoc tim ra tir ho Bong
(Meliaceae), mot hop chét phan 1ap tir thién nhién ¢ tac dung vé duoc Iy ndi bat, mot
s6 trong do6 c6 gid trj 16n trong viéc ngan ngira va diéu tri nhiéu mam bénh & nguoi.
Nhitng nghién ctru dau tién vé hoat tinh sinh hoc cua Gedunin (2) chu yéu tap trung
vao kha ning khang nam, khang khuan, chéng va diét con tring, diét co va uc ché hé
than kinh trung uong [112].

Nim 2009, nhém nghién ctru cia Jun Wu cong bé tir hat cia cay Xu 6i thu hai
& Andhra Pradesh - An Do phan 1ap mot sb hop chat cé Khayasin T thé hién hoat tinh
diét au trung Brontispa longissima (Gestro) (au tring bo dira, sau hai dot dira) & muc
do6 vira phai tai nong d6 20 mg/L [48].

Céc chat chiét xuat bang nuéc cua cac phan khac nhau cua Xu nho va Xu 6i
da duoc béo cao 1a co hoat tinh chéng nam dang ké. [6], [112]

1.5.4. Hoat tinh chéng sot rét

Hai limonoid, Gedunin (2) va Methyl angolensate (4) dugc thir nghiém co6 hoat
tinh chéng lai ky sinh tring sét rét Plasmodium falciparum véi gia tri 1Cso trong
khoang 1,25 dén 9,63 pg/ml. Gedunin (2) c6 hoat tinh manh nhat, thé hién tac dung
phu khi két hop véi Chloroquine. [7]

1.5.5. Hoat tinh chéng tiéu chay

Céc chét chiét xuat trong Methanol tir vé cay Xu nhé cho thay ching c6 hoat
tinh chdng tiéu chay bang cach st dung mé hinh tiéu chay do dau thau dau va magié
sunfat & chudt. O liéu 250 va 500 mg/kg, chiét xuat methanol cho thay hoat dong
chéng tiéu chay dang ké & ca hai md hinh. Phan Ethyl acetate ciing cho thay chiing
c6 hoat tinh twong tu bang cach st dung liéu 250 mg/kg trong ca hai mé hinh. [7]

1.5.6. Hoat tinh wc ché than kinh

Céc chat chiét xuat bang Methanol tir vo va ré cay Xu nho cé tac dong ddi voi
hé than kinh trung wong. Nhirng két qua nay cho thay rang ca cac chat chiét xuat tir
Vo6 va ré déu co hoat tinh trc ché than kinh trung wong, cac chat chiét xuat tir ré manh
hon chiét xuat vo cay.

Nhitng nghién ctru dau tién vé hoat tinh sinh hoc cia Gedunin (2) cha yéu tap
trung vao kha nang khang nam, khang khuan, chéng va diét con tring, diét co va tc
ché hé than kinh trung uong. Nhitng phat hién nay khong chi mo ra huéng nghién
cru m&i ma con ung dung cac phuong phap diéu tri khac cua Gedunin, dic biét 1a
khang cac té bao ung thu va bao vé hé than kinh [111], [112].



31
1.5.7. Hoat tinh chéng nam

Céc chat chiét xuat bang nuéc cua cac phan khac nhau cua Xu nho va Xu 6i
da duoc béo céo 1a ¢ hoat tinh chéng nim déng ké [6].

1.6. Tinh hinh nghién ctru vé chi Xu tai Viét Nam

Trong nudc: Nam 2022 c6 mot bai bao “Bude dau khao sat thanh phan hoa hoc
cuia qua Xu 6i (Xylocarpus granatum) thu hai ¢ Viing tau — Viét Nam” [12] caa nhém
nghién ciu Tran Trung Hiéu va cong sy da cong bd phan lap duoc 3 hop chit 1a
Xylocarpin F, Pseudopalmatine va Catechin.

Va nhém nghién ctru cua TS. Nguyén Vin Thanh va cac cong su cling nghién
ctru vé Chi Xu (Xylocarpus) trén véi hai loai Xu 6i va Xu nho thu thap ¢ Viét Nam.
Céc nghién ciru hién dang phan 1ap mot s6 cac hop chat thugc 16p chat triterpenoid,
xéac dinh cau tric, thir mot s6 hoat tinh sinh hoc.

1.7. Phwong phap phan tich
1.7.1. Phuwong phap Cong huwéng tir hat nhan dinh lwgng (QNMR)

Y tudng tng dung NMR trong phén tich dinh luong (QNMR) do Solomon dé
xudt tai hoi thao Lién hop qudc vé "Ung dung hoa binh cia nang lugng Nguyén tir"
(1958), tic 1a 12 ndm sau khi ra doi NMR, dugc xem 1a mot trong nhitng dé xuét c6
tinh hé théng dau tién vé gNMR, mic du ¢ nhitng nghién ctru va céng bo tham do
vé QNMR trong linh vuc hoa dugc ra doi trude d6 vai nim. Ciing nhu nhiéu linh vuc
mg dung NMR khéac, qNMR sau d6 da "ting toc" nhanh chong va ngay nay da tro
thanh mot nhanh ung dung quan trong cia NMR. Trong lich st phat trién cua hoa
phan tich, viéc xac dinh ham lugng va do tinh khiét ciia cac hop chat hoa hoc, dic
biét 1a cac hop chét phan lap tir ty nhién thuong ding cac phuong phép sic ky nhu
sac ky 1ong hiéu niang cao (HPLC), sic ky khi (GC), hoic cac k¥ thuat quang phd nhu
UV-Vis va khéi pho (MS), ... Cac phuong phap nay duoc chuan hoa qua céc tidu
chuan qudc gia va quoc té, déu c6 mot dic diém chung 1a ching dya trén dic trung
cua toan bo phan tu.

Su ra doi va hoan thién cua phuong phép cong hudng tir hat nhan dinh luong
(QNMR) [115] da tao ra modt cudc cach mang vé tu duy phan tich, phuong phép
gNMR tap trung vao dic trung cua cac hat nhan nguyén tir (proton tH, carbon 3C,
fluor *°F hodc phosphor 3'P) cau thanh nén phan tir d6. Khi phan tich mot hop chat
bang phuong phap qNMR, tin hiéu duoc ghi nhan khong phai 13 "phan tng cta phan
tir hop chat d6" ma 1a phan tng tir ctia cic proton hodc carbon trong céu tric khung
ctia nd. Su thay ddi ndy dan dén nhiing wu thé vuot troi: QgNMR khong yéu cau chit
chuén phai 1a chinh chit can phan tich va khong can x4y dung dudng chuan. Mot chét
chuin QNMR nhit dinh c6 thé dung chung cho hang loat cac chit phan tich khac nhau,

mién 13 chung c6 chtra cac hat nhin twong Gmg. Diéu ndy mang y nghia quan trong
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trong viéc nghién ciru cac hop chat méi, cac chat quy hiém phan lap tir dugc liéu boi
viéc tim kiém hodc mua mot chat chuén tinh khiét tuong Ung la diéu kho khan.

- Chon dang phd, thuong 14 pho proton *H.

- Xac dinh gié tri thoi gian hoi phuc T1 cua (cac) tin hiéu proton 'H cin quan
tam (ctia ca chat chuan va chat phan tich), trén co sé d6 chon thoi gian cho (d1) sao
cho du dai (¢ 5-7 1an T1).

- Duy tri thong s6 do nhu nhau véi moi toan bo céac phép do, ké ca mau so sanh.

Chat chuan noi (chat chuan) trong QNMR:

- C6 d9 sach cao (tuyét ddi hodc gén tuyét déi);

- Khong hut am, khong bay hoi, khong 14n nudc;

- Hoa tan 6t trong cac dung moéi NMR;

- C6 pho proton H NMR tuong ddi don gian, 3.

1.7.2. Phwong phap quang pho lwéng sac tron CD

Quang pho ludng sic tron (CD) [116] 1a 1a k¥ thuat phan tich quang phé dua
trén su hap thy khac biét gitra anh sang phan cuc tron trai (L) va phai (R) caa cac phan
tir bat doi xtimg (chiral) khi chiing di qua mot méi trudng quang hoat. Su khac biét
giita toc do hap thy cua anh sang phan cyc tron trai va phai cia mot chat hoat dong
quang hoc duoc goi 1a ludng sac tron (Al - Ad). Anh sang phan cuc phang truyén qua
chét tro nén phan cuc elip do su hién dién cua ludng sic tron va chi quan sat dugc &
budc séng noi xay ra su hap thu. Su khac biét gitra su hap thu anh sang phan cuc tron
bén trai va bén phai bai mot chat hoat dong quang hoc, AA (Al - Ad), dugc goi 1a do
ludng sac tron cua chat dé. Anh sang phan cuc phang truyén qua chét tro nén phan
cuc elip do sy hién dién cua ludng sac tron va chi quan sat duoc ¢ budc séng noi xay
ra sy hap thu.

Theo dinh luat Lambert-Beer, tinh elip c6 thé dugc chiing minh, va dudng cong
quang pho ludng sic hinh tron duge do nhu mdi quan hé giira gié tri theta (hoic Ae)
va budc song A & cac budc song khac nhau. Néu khéng cé sy hap thy dic trung cua
chat do trong dudng cong pho nay, diéu dé c6 nghia la gia tri cia Ae rat nho va khong
thé thu duoc phd ludng sic tron dic trung. Khi €l 16n hon &d, sé& thu duoc dudng cong
quang pho ludng sic tron dwong, ¢ nghia 1a chat duoc do thuan tay phai; néu el nho
hon ed thi thu dugc duong cong quang pho ludng sic am tron, c6 nghia 1a chat dugc
do thuan tay trai.

Ung dung cta may quang phé ludng sac tron:

- X4c dinh cau tric caa cac hop chét hoat dong quang hoc.

- C4c nghién ctru vé su phi hop cua protein, peptit va Acid nucleic.

- bong hoc phan tng.

- Nghién ctu bién tinh nhiét va hda hoc.
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- Nghién cru vé cu tric tuyét dbi cua cac hop chat.
- Nghién ctu phan t sinh hoc, cau trdc bac hai caa protein, ...
1.7.3. Phwong phap sic ky léng ghép khéi pho LC-MS/MS

Phuong phap khéi phd (Mass Spectrometry-MS) [117], [118] 1a phuong phap
nghién ciu cac chat bang cach do, phan tich chinh xac khdi lwong phan tir caa chat
d6 dua trén sy chuyén dong cua cac ion nguyén tir hay ion phan tir trong mot dién
truong hoic tir trudng nhat dinh. Ti sb gitra khdi lwong va dién tich (m/z) ¢é anh
huong rat 16n d6i voi chuyén dong nay cua ion. Néu biét duoc dién tich cua ion thi ta
dé dang xac dinh dwoc khdi luong cua ion d6. Cac loai dau do khbi phé chinh dang
duoc st dung bao gdm: dau do biy ion (ion trap), dau do khéi phd cong huong
cyclotron sir dung phép bién d6i Fourier (FTICR hay FT-MS), dau do tir cuc
(Quardrupole), dau do khdi phd thoi gian bay (TOF). Trong d6, dau do ti cuc (mot
hoac ba ti cuc) ¢6 dd nhay cao trong phan tich dinh lvgng mot chat da biét, tao duoc
nhiéu phan manh trong ché d6 MS/MS, ¢6 thé lam duoc kiéu do mat phan tir trung
hoa (neutral loss), thich hop cho phan tich vi lugng cac chat da biét trudc cau trac.

May phan tich pho khéi luong (thudong duoc goi 1a may do pho khdi — Mass
Spectrometer — MS) dya trén su do luong truc tiép ty Ié khdi lugng theo thé dién tich
(ky hiéu 1a m/z) cua nhitng ion trong pha khi cia chat phan tich.
Nhitng ion cta chat phan tich — dugc sinh ra tir nguon ion ciia may — dugc gia toc va
réi duoc tach ra bai bo phan phan tich trude khi dén duoc bo phan phét hién. Tt ca
qua trinh nay xay ra trong mot budng cé hé thong bom chan khong sau, dat tir 107
dén 10 Pa. Viéc ghép may sic ky long véi pho khéi phire tap hon nhiéu vi nhiéu yéu
t6 khong tuong thich vé ki thuat gitra hai may can phai giai quyét:
- May sac ky long: hoat dong & ap suat cao, nhiét o thap, mau phan tich ¢ thé long
trong pha dong (do6i khi kho bay hoi nhu dung dich dém), luu lugng I6n (vai
ml/phut)...
- May phd khéi: hoat dong ¢ ap suat chan khong sau, nhiét d6 cao, mau phan tich
phai & thé khi, luu lugng nho (vai pl/phat).
Do d6 can ¢6 nhitng giao dién trung gian (interface) thich hop nhu: giao dién dua mau
long truc tiép, giao dién chum tia hat (partical beam), giao dién FAB, giao dién tia
nhiét (thermospray), giao dién APCI.
Cic kiéu ion héa trong LC — MS/MS
C6 hai kiéu ion hoa théng dung cho hé théng LC-MS/MS dung trong dinh luong &
nganh dugc la ESI va APCI.
- B¢ ion hoa phun dién (Electrospray lonization — ESI)
Mau phan tich dugc hoa tan trong dung méi dé tao thanh dung dich dién ly. Dung
dich dién ly ndy ciing véi khi mang duoc phun swong ra khoi dng mao quan bang thép
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khong gi vai van toc 1 — 10 ul/phat di vao ving dién truong cé thé tir 3 — 6 kV trong
&p suat khi quyén & nhiét d6 phong. Ra khoi dau mao quan, c4c giot swong mang dién
tich am hay dwong (tiy thudc vao dién thé dwong hay am cua dién trudng) bi bay hoi
dung mdi nén cang & xa dau phun, giot suong cang cé kich thudc nhé va bi hat vao
bo phan phan tich khéi luong.
Trong kiéu ion hda nay mau thtr phai dugc chuyén hoa thanh chat dién ly ma diéu nay
phu thudc vao dung méi, pKa ciia mau thir trong dung méi va pH caa dung dich dién
ly.
- lon hoa hoa hoc tai ap suat khi quyén (Atmospheric Pressure Chemical lonization
— APCI)
Mau dugc hoa tan vao pha dong tir may sac ky long cho di ngang qua mot 6ng mao
quan d6t néng va duoc phun swong ra khoi dng mao quan nhd dong khi mang nitrogen
vé6i Iuu luong dong co thé dén 1 mi/phit. Céc giot swong nay di vao ving dién trudng
c6 dién cuc corona ¢ dién thé vai kV. Sy ion héa c6 duoc do hiéu tng nhiét ¢ ap suat
khi quyén dé tao thanh ion tya phan tir (M+H)* néu trao doi proton, hoic tao thanh
ion phan tr (M-H)" néu trao doi electron. Cac ion nay bi hat vao bo phan tich khoi
lugng do ap suat chan khdng ¢ day. Kiéu ion hda nay co thé tao ra mot sé phan manh
ion va thich hop cho nhitng phan tich nhitng hop chat c6 phan tir lwong nho, do phan
cuc trung binh rira giai tor may HPLC.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Péi twong nghién ciu

Thong tin vé mau 14 cay Xu 6i: Thoi
gian thu hai: thang 5 nam 2021; Noi thu:
rang ngap man Vinh Bai Tu Long, Quang
Ninh, Viét Nam; Toa do: N: 20°95'36", E:
107°38'40". Tén khoa hoc: Xylocarpus
granatum (Koenig); Tén tiéng Viét : Xuong
ca; Xu to, bang dinh.

Tén khoa hoc duoc TS. Nguyén Thé Cudng, Vién Sinh théi va Tai nguyén sinh
vat giam dinh, dinh danh. Mau tiéu ban dugc Iuu trit tai Vién Sinh hoc, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam.

Hinh 2.1. Mau I4 cta cay Xu oi

Thong tin vé mau la cay Xu nho: Thai gian thu héi: thang
5ndm 2019 va thang 4 nam 2022; Noi thu: rtng ngap man Ngoc
Hién, Ca Mau, Viét Nam; Toa do: N: 8°35'55"; E: 104°46'30".
Tén khoa hoc: Xylocarpus moluccensis (Lam.) M.Roem; Tén
tiéng Viét : Xwong ca nho, Xu nho, Xu sung.

Tén khoa hoc dugc TS. Nguyén Thé Cuong, Vién Sinh
hoc giam dinh. Mau tiéu ban duoc luu trit tai Vién Sinh hoc,
Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Hinh 2.2. Mau |4 caa cay Xu nhé
Mau duoc xac dinh bang phuong phap hinh thai so sanh. Céac dic diém cia co
quan sinh san (cum hoa, cac b6 phan cua hoa, qua, cac bo phan cua qua...) va co qua
sinh dudng (than, canh, 1a...) duoc lya chon lam co s& cho viéc xac dinh. Céc tai liéu
vé phan loai thuc vat trong va ngoai nude dugc sir dung 1am tai liu tham khao trong
qua trinh dinh loai. Mau vat dugc so sanh véi cac mau vat duogc luu giit tai Phong
Tiéu ban thuc vat, Vién Sinh hoc (Vién Sinh thai va Tai nguyén sinh vat), anh mau
vat tham khao website cia mot sé bao tang thuc vat trén thé gi¢i. Danh phap tén khoa
hoc cua cac loai theo: International Code of Nomenclature for algae, fungi, and plants
(Melbourne Code) - adopted by the Eighteenth International Botanical Congress
Melbourne, Australia, July 2011, tham khao website: http://www.theplantlist.org/.
Tén tiéng viét cua loai dya theo Danh luc céc loai thuc vat Viét Nam. Ban md ta so
bo duoc xay dung dua trén mau tiéu ban va cac thong tin thu thap ngoai thuc dia khi
thu mau, c6 tham khao céc tai liéu thuc vat trong nudc va qudc té c6 lién quan. Toan
bo anh minh hoa duoc chup tai thuc dia trong qué trinh thu mau céc loai.
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Mau 14 cay Xu 6i, Xu nhé duoc sir dung dé tién hanh phan lap va xac dinh cau
trac, ddng thoi cac chat phan lap duoc tir mau 14 cay Xu nho duoc sir dung lam chat
chuan trong nghién ciu xay dung quy trinh phan tich. Cac mau con lai duoc sir dung
nham dinh tinh va dinh luong mot s hop chat c6 trong 14 cdy Xu nho.

2.2. Phuwong phap nghién ciru
2.2.1. Dung méi, hda chat

Acid formic (PA, Merk), Amoni format (PA, Fisher), Amoni acetat (PA,
Fisher), Acid acetic (PA, Merk), Acid trifloroacetic (PA, Merk) dat tiéu chuan phan
tich, n-hexan (HPLC, J.T. Baker- My), Aceton (PA, Fisher), Ethylacetate (PA, J.T
Baker-My), Methanol va Acetonitril (MS, J.T Baker-My);

Chuan noi Ethylene carbonate (CsH4Os, 16 BCCC5614, 99,92%, Merck)

Chuan noi Etodolac (C17H21NOs3, 16 LC58403, 98%, AK Scientific)

Chét chuan ddi chiéu: Chét tinh khiét dugc phan Iap tir 1a cdy Xu nho dugc xac
dinh do tinh khiét bang phuong phap qNMR, dung lam chuan di chiéu dé xay dung
quy trinh phan tich.

Bang 2.1. Chat d6i chiéu

Ky hiéu chat P tinh khiét (%)

Tén chat phan tich

phan tich NMR
XMO7 Moluccensin Y 98,07
XMO09 3,30-Diacetylphragmalin 98,43
XM10 Xyloccensin E 98,36

2.2.2. Trang thiét bi

- X4c dinh cau tric cac hop chat bang phuong phap NMR duoc do trén may phd cong
huong tir hat nhan FT-NMR Ascend 500/AVANCE 111 HD va AVANCE NEO 600
(Bruker, Billerica, MA, My. (dat tai Vién Héa Hoc).

- Pinh luong céc hop chit bang phuwong phap gNMR duoc do trén may phd cong
huong tir hat nhan NMR (Bruker) 400Mz (MY). (dat tai Vién Kiém nghiém Thudc
Tp. Hb Chi Minh).

- Hé théng may LC-MS/MS Xevo TQS micro Waters (My). (dat tai Vién Kiém
nghiém Thudc Tp. H6 Chi Minh).

- Hé théng may LCMS Xevo G2-XS QTOF Waters (My). (dat tai Vien Kiém nghiém
Thudc Tp. HO Chi Minh).

- Hé théng may Prominence LCMS-IT-TOF Shimadzu (Nhat). (dat tai Vién Kiém
nghiém Thudc Tp. H6 Chi Minh).
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- Phé UV va phé ludng sic tron dién tir (ECD) duoc ghi trén may quang phd
Chirascan sir dung cuvet thach anh c6 chiéu dai duong quang 0,1 cm (Chirascan
Photophysics, Anh, dit tai Vién Hoéa Hoc, phan mém Chirascan).
- Cot sic ky: C18, C8 hoic C6 — phenyl.
- Cén phan tich, can ky thuat, mang loc PES Syringe filter 0.22 pm.
- Nuéc tinh khiét duoc loc qua may loc nuéc Mili Q - 1Q 7000.
- Céc thiét bi da duogc hiéu chuan theo GLP/ISO 17025.
- Céc dung cu thuy tinh dat yéu cau chinh xac ding trong phan tich.
2.2.3. Phwong phap phan 1ap cac hep chat
Sic ky 16p méng (TLC): sic ky 16p mong duogc thuc hién trén ban mong trang san
TLC Silica gel 60 F254 (Merck 1,05715), RP-18 F254S (Merck). Vi tri chat trén ban
mong dugc phat hién bang dén tr ngoai ¢ hai budc séng 254 nm va 365 nm hoic
dung thudc thi 12 dung dich H2SO4 10% phun déu l1én ban mong, sy kho rdi ho nong
tir tir dén hién mau.
Sic ky cot (CC): Sac ky cot duoc tién hanh véi pha tinh 1a silica gel pha thuong va
pha dao, Sephadex LH-20 hoic nhua trao doi diaion HP-20 (Sigma), (sac ky silica
gel pha thuong c6 ¢ hat 1a 0,040-0,063 mm (Merck), sac ky silica gel RP-18 ¢6 ¢&
hat 12 um).
2.2.3.1. Phan ldp céc hep chat tir cay Xu nhé

L& cay Xu nho (Xylocarpus moluccensis) sau khi thu hai, Iam sach, phoi kho, xay
nhé thu duoc 6,7 kg bot khd va ngam chiét vai Ethanol (30 lit, x3 lan) thu dugc 1,1
kg cao chiét Ethanol. Cao chiét nay duoc b6 sung nudc va chiét phan 16p lan luot voi
cac dung méi c6 do phan cuc ting dan: n-Hexane, Ethylacetate dé thu dugc cac dich
chiét twong tng va dich nudc. Cat loai bo dung méi cac phan dich chiét trén thu dugc:
cao n-Hexan (154,5 g), cao Ethylacetate (115,3 g).

Theo céc tai tiéu tham khao hau hét 16p chat triterpenoid duoc phan 1ap tir cao
Ethylacetate [5] do d6 nghién citu chon cao Ethylacetate dé chiét xuat va phan l1ap céc
hop chat thudc I6p chat triterpenoid. Bang cac phwong phap sic ky cot, cac phuong
phap sac ky két hop va hé dung mai thich hop thu duoc 10 hop chat sach 1a: XM01
(18,6 mg), XM02 (10,2 mg), XMO03 (19,1 mg), XM04 (15,6 mg), XMO05 (11,7 mg),
XMO06 (26,0 mg), XMO07 (160,6 mg), XMO08 (28,0 mg), XMQ09 (178,3 mg), XM10
(202,0 mg), cac chat phan lap duoc xac dinh cau trdc bang khbi phd phan giai cao va
phé cong hudng tir hat nhan. Quy trinh phan Iap cac hop chét duoc trinh bay theo so
d6 hinh 2.3.

Phan cao chiét Ethylacetate tién hanh sic ky cao Ethyl acetate (EtOAC) trén cot
silica gel vai hé dung moi gradient (100% n-Hexane — 100% Acetone) thu dugc 30
phan doan nho tr XME1 — XME10.
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Phan doan XMESG tién hanh sic ky trén cot silica gel voi hé dung méi rira giai
gradient (100% Dichloromethane — 100% Methanol) thu dugc 5 phan doan XMEGA
— XMEGE. Phan doan XME6A dugc sac ky trén cot silica gel voi hé dung méi n-
Hexane : Dichloromethane (30:1, v/v) thu dugc phan doan XMEG6AL va XMEGA2.
Phan doan XME6A1 dugc sic ky trén hai cot silica gel véi hé dung méi n-Hexane :
Acetate : Dichloromethane (20:20:0,1, v/v) thu dugc phan doan E6AL.1 tiép tuc tiép
tuc sic ky trén cot cot silica gel voi hé dung méi Dichloromethane: Acetone:
Ethylacetate (35:1:0,5, v/v) thi thu dugc hop chat sach XMO1 (18,6 mg). Phan doan
XME6A2 duoc sic ky trén hai cot silica gel voi hé dung mdi Dichloromethane :
Acetone : Ethylacetate (30:1:0,5, v/v) thu dugc phan doan E6A2.1 tiép tuc tiép tuc
sac ky trén cot silica gel RP18 véi hé dung méi Acetone : Nudce (1:3, v/v) thu duoc
hop chat sach XM02 (10,2 mg).

Phan doan XME6B dugc sic ky trén cot silica gel véi hé dung moi
Dichloromethane : Acetone : Ethylacetate (30:1:0,5, v/v) thu dugc phan doan
XMEB6BL1 tiép tuc tiép tuc sic ky trén cot silica gel véi hé dung mdi n-Hexane :
Acetone (3,5:1, v/v) thu duoc 4 phan doan nho tir E6B1.1 — E6B1.4 va hop chit sach
XMO05 (11,7 mg). Phan doan E6B1.1 tién hanh sac ky trén cot silica gel RP18 vai hé
dung méi Acetonitrile : Nudc (65:35, v/v) thu dugc hop chat sach XMO03 (19,1 mg).
Phan doan E6B1.2 tién hanh sic ky trén cot RP18 (hé HPLC) voi hé dung moi
Acetonitrile : Nuéc (20:80, v/v) thu dugc hop chat sach XMO04 (15,6 mg).

Phan doan XME9 tién hanh sic ky trén cot silica gel voi hé dung méi rira giai
gradient (100% Dichloromethane — 100% Methanol) thu dugc 8 phan doan XMESA
— XME9H. Phan doan XME9E tién hanh sac ky trén cot silica gel véi hé dung moi
Dichloromethane : Methanol : Acetone (50:1:0,5, v/v) thu dugc 5 phan doan nho tur
XME9E.1 — XME9ES5 va hop chat sach XM10 (202,0 mg).

Phan doan XME9E1 dugc sic ky trén hai cot silica gel véi hé dung méi n-Hexane
. Acetone (1:1, v/v) thu dugc phan doan E9E1.1 tiép tuc tiép tuc sic ky trén cot
Sephadex cung véi hé dung mdi Methanol : Nudc (1:1, v/v) thi thu dugc hop chét
sach XMO06 (26,0 mg) va XM07 (160,6 mg).

Phan doan XME9E2 dugc sic ky trén hai cot silica gel vai hé dung méi n-Hexane
- Acetone (1:1, v/v) thu duoc phan doan E9E2.1 tiép tuc tiép tuc sic ky trén cot RP18
cuing véi hé dung mdi Acetone : Nude (1:2, v/v) thi thu duoc hop chat sach XMO08
(28,0 mg).

Phian doan XME9E3 duogc sic Ky trén hai cot silica gel véi hé dung moi
Dichloromethane : Methanol (40:1, v/v) thu dwgc phan doan E9E3.1 tiép tuc tiép tuc
sic ky trén cot Sephadex cung véi hé dung méi Methanol : nuée (2:3, v/v) thi thu
duoc hop chat sach XM09 (178,3 mg).
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Xylocarpus moluccensis

(La-6,7 kg) A: Acetone
, +30 L Ethanolx3 lan D: Dichloromethane
Cao Ethanol E:. Ethylacetate
(1,1 kg) H: n-Hexane
+ Nuoe M: Methanol
¥ +n- Hexane W: Nudc
+ ACN: Acetonitrile
Cao n-hexane Nu CC: cét Silicagel
(154,5 g) uoc
¢ + Ethyl acetate
v v
Cao Ethyl acetate .
(1153 g) Nuac
\ Gradient, 100% n-Hexane — 100% Acetone
v v v v
XME1 XME6 XME9 XME10
; Gradient, 100% D — 100% M v Gradient, 100% D — 100% M
; XME9A
XME6BA XME6B v DIM/A: 50/1/0,5 viv
+ CC, H:D: 30:1 viv CC,D:AE + + +
* 30:1:0,5 viv v
XMEOAL XMEGA XME6BL XME9E1 XME9E2 XM10 XME9E3
CC, H:A: CC, H:A: CcC D:M:
-E A CC,HA; e ' (202,0 mg) )
CCHED CC,D:AE ! ' v Llviv v Llviv y 40:1 viv
2:2:0,01 viv 30:1:0,5 viv ¥ 3,5:1viv
v v E9E1.1 E9E2.1 E9E3.1
E6A1.1 E6A2.1 R
RP18, M:W: RP18, A:W: ephadex
v gé?,lDoiéiE/ RP18, A:W (ﬁl;/lrgg) E6B1.1 E6B12 v 11 viv VY 1:2viv v M:W:2:3 viv
:1:0.5viv . ) - .
e oy TRne TR o | [ xwoe Xwos
XM02 (26,0 mg) (28,0 mg) (178,3 mg)
(18,6 mg) (10.2 mg) XMO03 XMO04 XMO07
(19,1 mg) (15,6 mg) (160,6 mg)

Hinh 2.3. So d6 phan lap céc hop chat tir cdy Xu nho
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2.2.3.2. Phan ldp c&c hep chat tir cay Xu di

L& cay xu di (Xylocarpus granatum) sau khi thu héi, 1am sach, phoi khé, xay nho
thu duoc bot kho (2,6 kg). Lay 2,6 kg bot nay dugc ngam chiét voi Ethanol (10 lit, x3
lan), sau 48 gid thi gan, loc, thu dich chiét, cd can trén may c6 quay ¢ 50 °C véi ap
suit thip thu duoc cao Ethanol, I13p lai budc chiét thém hai lan thi thu dwoc cao
Ethanol (410,5 g). Hoa tan cao ethanol vao mét it nuéc 4m, sau khi hoa tan hoan toan
thi chiét phan 16p lan luot voi cac dung méi co d6 phan cuc khéc nhau 1a n-Hexane,
Dichloromethane, n-Butanol, c6 can bang may cd quay & nhiét d6 50 °C duéi &p suat
thp, thu dugc cao tuong tng, thu duoc cao n-Butanol (82 g).

Theo céc tai tiéu tham khao hau hét 16p chat triterpenoid duoc phan 1ap tir cao
Ethylacetate [5] do d6 nghién ctru chon cao Ethylacetate va cao dé chiét xuat va phan
lap cac hop chat thudc 16p chét triterpenoid. Tuy nhién dung méi n-Butanol 13 mot
dung mdi c6 d6 phan cuc trung binh dén manh, c6 kha nang tao lién két hydro rat tét,
gilp hoa tan hiéu qua céc limonoid ¢ nhiéu nhém chic chtra oxy, do d6 nghién cau
chon chiét cao n-Butanol. Trong quy trinh chiét hé théng, n-Butanol thuong duoc sir
dung sau buéc n-Hexane va Ethyl acetate dé "vét" ndt cac hop chat thir cap phan cuc
con sét lai trong pha nude. N6 dong vai tro la dung moi trung gian hoan hao: du khéng
phan cuc dé tach pha khoi nudce, nhung du phan cuc dé kéo cac hoat chat quy ma cac
dung moi trude d6 khong chiét hét duoc.

Bing cac phuong phap sic Ky cot, cac phuong phap sic ky két hop va hé dung
mai thich hop thu dugc 11 hop chét sach 1a: XG01 (3,0 mg), XG02 (2,7 mg), XG03
(3,5 mg), XGO04 (5,6 mg), XGO5 (6,7 mg), XGO6 (7,5 mg), XGO7 (5,5 mg), XGOS
(4,0 mg), XGO09 (4,8 mg), XG10 (3,6 mg), XG11 (3,2 mg), cac chat phan lap duoc
xac dinh cau trac bang khdi phd phan giai cao va phd cong huang tir hat nhan. Quy
trinh phan lap cac hop chat dugc trinh bay theo so db hinh 2.4.

Nghién cau tién hanh sic ky cao n-Butanol trén cot silica gel véi hé dung moi
gradient (5% Acetone trong n-Hexane — 100% Acetone) duoc cit thanh tirng phan
doan nho XGB1-> XGB5.

Phéan doan XGB2 duoc tién hanh sic ky trén cot silica gel pha thuong véi hé dung
mOoi gradient (10% Ethylacetate trong n-Hexane) thu dugc 3 phan doan nho tu
XGB2.1, XGB2.2. XGB2.3.

Phéan doan XGB2.2 nay tiép tuc sic Ky trén cot silica gel véi hé dung méi gradient
(10% Acetone trong n-Hexane cho dén 100 % Acetone, tiép tuc 100% Methanol) thu
duoc 4 phan doan nho B2.2.1, B2.2.2, B2.2.3, B2.2.4.

Phan doan B2.2.2 dugc phéan tach trén cot sephadex LH-20 véi hé dung méi rira
Acetone : Dichloromethane (1:9, v/v) thu duoc hop chat sach XG03 (3,5 mg).
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Phén doan B2.2.3 dugc phan tach 2 Ian trén sic ky trén cot silica gel véi hé dung
moi rua giai Acetone : Dichloromethane (1:9, v/v) va Acetone : Dichloromethane
(1:4, vIv) thu duoc hai hop chat sach XG07 (5,5 mg) va XG08 (4,0 mg).

Phén doan B2.2.4 dugc phan tach trén sic ky trén cot silica gel véi hé dung méi
rua giai n-Hexane : Acetone (3:1, v/v) va cot RP18 vai hé dung moéi Acetone : Nudc
(3:2, VIv) thu dugc ba hop chat sach XG09 (4,8 mg), XG10 (3,6 mg) va XG11 (3,2
mg).

Phan doan XGB2.3 dugc phan tach trén sic ky cot véi hé dung méi ria giai
Dichloromethane : Acetone : Methanol (10:2:1, v/v) thu dugc phan doan nho B2.3.1,
B2.3.2, B2.3.3. Phan doan B2.3.2 duoc tién hanh sac ky trén cot silica gel pha thuong
v6i hé dung mdi Dichloromethane : Ethylacetate (5:1,v/v) thu duoc hop chat sach
XG02 (2,7 mg). Phan doan B2.3.3 dugc phan tach trén sic ky cot sephadex LH-20
véi hé dung méi rira giai 100% Methnol, sau do tiép tuc phan tach trén cot silica gel
RP18 (YMC *GEL) thu duoc hgp chat sach XG04 (5,6 mg).

Phan doan XGB3 tién hanh sic ky trén cot silica gel véi hé dung méi rira giai
Dichloromethane : Acetone : Methanol (20:2:1, v/v) thu dugc 4 phan doan XGB3.1,
XGB3.2, XGB3.3, XGB3.4. Phan doan XGB3.3 dugc phan tach trén cot silica gel vai
hé dung madi rira giai Dichloromethane : Acetone : Methanol (15:4:0,1, v/v) thu dugc
hai hop chat sach XG01 (3,0 mg) va hop chat sach XG05 (6,7 mg).

Phan doan XGB4 duoc tién hanh sic ky trén cot silica gel véi hé dung moi
gradient Dichloromethane : Methanol : Nuéc lan luot vai ti 1é phan cuc dan (6:1:0,1;
4,5:1:0,1; 3:1:0,1, v/v) thu dugc 4 phan doan nho tir XGB4.1, XGB4.2, XGB4.3,
XGB4.4. Phian doan XGB4.2 duoc phan tach trén sic ky cot sephadex LH-20 véi hé
dung méi rira giai Dichloromethane : Acetone (3,8:1, v/v) thu dugc hop chit sach
XGO06 (7,5 mg).
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Xylocarpus Granatum

(Lé - 2,6 kg)

v +10 L Ethanolx3 Ian
Cao Ethanol
(410,59)

+ +H; +D; + n-Butanol

Cao n-Butanol

A: Acetone

D: Dichloromethane
E: Ethylacetate

H: n-Hexane

M: Methanol

W: Nudc

(82 g) CC: c¢t Silicagel
v Gradient, 5% A trong H — 100% A
v v v v v
XGB1 XGB2 XGB3 XGB4 XGB5
+ + + 10% E trong H + y CC. D:AIM; 20:2:1 — 10:2:1 viv CC, D:M:W; 6:1:0,1/;
45:1.0,1; 3:1:.0,1, viv
XGB2.1| | XGB2.2 XGB2.3 XGB3.3 \
Gradient, 10% A — 100% A A 10- CC,D:A:M XGB4.3
trong H—» 100% M y CCDAL0L VNV 15:4:0,1, VIV; e Lb20 M
+ ‘ ; + CC[:J D:A; 3,8:1, v/v’
B2.2.2 B2.2.3 B2.2.4 B2.3.2 B2.3.3 XG01 XG05 XG06
Sephadex LH-20 CC H:A 3:1; viv; CC.D:EE Sephadex LH-20 M (3,0 mg) (6,7 mg) (7,5 mg)
A:D; 1:9, viv VY RP18 A:W 3:2, viv ¥ 5:1viv VY RP18, A:W; 1:1, viv
XGO03 v XG02 XG04
(3,5 mg) XG09 XG10 XG11 (2,7 mg) (5,6 mg)
(4,8 mg) (3,6 mg) (3,2mg)
CC Lin 1: A:D; 1:9,|viv
Lan 2: A:D; 1:4, viv
v v

XGO07
(5,5 mg)

XG08
(4,0 mg)

Hinh 2.4. So @6 phan lap céc hop chat tir cay Xu oi
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2.2.4. Phwong phap xac dinh ciu trac héa hec cac hop chat

Phuong phap xac dinh ciu tric hda hoc cua cac hop chat phan lap duoc 12 su
két hop gitta cac thong sb vat 1y véi cac phuong phap pho hién dai, bao gom:
Phuwong phap phé khdi lwgng (MS): Phd khéi lugng do trén hé thiét bi LC-MS/MS
Xevo G2-XS QTOF Waters (M) va thiét bi Prominence LCMS-IT-TOF Shimadzu
(Nhat); Binh luong duogc phan tich trén thiét bi LC-MS/MS Xevo TQS micro Waters
(My).
Phuwong phap phé céng hudng tir hat nhan NMR: phé cong huong tir hat nhan
duoc do trén may Bruker AM500 FT-NMR.
Cac k¥ thuat pho cong huong tir hat nhan duoc sir dung xac dinh cau tric héa hoc
cac hop chat phan lap duoc bao gom:
+ Phé cong huang tir hat nhan mot chiéu: H-NMR, 3C-NMR va DEPT.
+ Pho cong hudng tir hat nhan hai chiéu: HSQC, HMBC, 1H-1H COSY va NOESY.
+ Dung mdi st dung bao gdm DMSO-d6, CDsOD, CDCls.
Phwong phap quang phé ludng sic tron CD: Xéc dinh ciu hinh tuyét d6i bang pho
ludng sac tron CD dugc do trén thiét bi may quang phd ludng sic tron CD Chirascan
Photophysics (Anh), phan mém Chirascan Chirascan Photophysics (Anh), tinh toan
ly thuyét theo phuong phap héa hoc luong tir TD-DFT véi phan mém Gaussian.
2.2.5. Phwong phap thir hoat tinh khang vi sinh vat
2.2.5.1. Vit ligu va chiing giéng
Chung giong: Céc chung vi sinh vat (VSV) duoc str dung dé tha hoat tinh cung cap
tu Microbiologics - My:
3 ching vi khudn Gr (+): Enterococcus faecalis ATCC29212; Stapphylococus
aureus ATCC25923; Stapphylococus aureus ATCC14579.
3 chang vi khudn Gr (-): Escherichia coli ATCC25922; Pseudomonas aeruginosa
ATCC27853; Salmonella enterica ATCC13076.
1 chiing Ném men: Candida albicans ATCC10231.
Thiét bi va dung cu
May mac thiét bi duoc st dung trong nghién ctru nay bao gom: Box cay Class I1; ta
nudi cdy (Sanyo, nhat); can phan tich (Sartorius, Pic); may do pH Meter Delta 320
(Mettler Toledo, Thuy S¥); 10 vi song; may nudi lac; ndi khir triing, may doc quang
pho Biotech (Laboratories, M¥)... Cac dung cu ding cho nghién ctu vi sinh thdng
thudng nhu que cdy; dia peptri; binh tam giac; dén con; Phién nubi cay té bao 96
giéng; ng Eppendorf 2 ml;...
Hoéa chit va mdi truwong
Str dung moi truong Luria Bertani (LB) (tryptone 10 g; yeast extract 5 g; Natri cloride
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(NaCl) 10 g) trong nudi cdy cac chung vi sinh vat dé thir hoat tinh cac chat sach phan
lap duogc.
2.2.5.2. Kiém tra sw thudn khiét ciia cac chiing VSV trong qué trinh bdo qudn

Céc chung VSV duoc lay ra tir tu lanh — 80°C, dé trén xbp da cho tan tir tir
khoang 30 phut, tién hanh hoat hda ciy ria trén dia thach dé kiém tra do sach cua cac
chung nghién ctru [119]:

Nung d6 dau que ciy vong, dé ngudi khoang 15s, ding vong que cay ldy mot it
té bao trong dng lwu gii gidng. Tay trai hé mé ndp hop thach. Dit dau que cdy vao 1
g6c hop thach, cham nhe dé loai bot té bao mét 1an nira. Tir diém nay ddy nhe dau
que ciy luét nhanh trén bé mat thach theo duong zich zac. Xoay dia va tiép tuc vach
cac duong zich zic sao cho khong tring 1én nhau trén khoang tréng con lai, nham tao
diéu kién cho cac khuan lac moc roi nhau ra. Pay nap hop. Khtr tring que ciy trude
khi cam vao gia. Cac thao tac phai nhanh tay va 1am trén ngon hira dén con dat trong
ta cay, dam bao vo trung. Pat cac dia petri da duoc quan kin bang paraphin vao ta 4m
& nhiét do thich hop sau mét thoi gian nhat dinh ta s& nhan duoc cac khuan lac riéng
ré tir cac dia nudi cay. Khuan lac phai c6 mau sac, bé mat, hinh dang dic trung giéng
nhu khuan lac chung mau khéng c6 cac mau sac va sic t6 la.
2.2.5.3. Hoat hoa va nudi cdy cac chang vi sinh vt

Tir dia kiém tra d6 thuan khiét, nhat mot khuan lac cay chuyén vao lo penicillin
cd chira 5ml méi trudong LB long da khir tring 121°C trong 30 phat, nudi lac sau 24h.
Sau d6 dung pipette hit 150 pl dich nudi chuyén sang binh tam giac 50ml khac c6
chira 15ml moi truong LB da khir tring, nudi lac qua dém [119].
2.2.5.4. Phuwong phdp thir hogt tinh khang vi sinh vt
Hoat tinh khang vi sinh vat dugc thyc hién dya trén phuong phap pha loang da

ndng d6 ciia Hadacek (2000) [120]. Pay 1a phuong phép thir hoat tinh khang vi sinh
vat va ndm nham danh gia mtc do khang khuan manh yéu cia cac miu thi thong qua
cac gia tri thé hién hoat tinh 1a MIC (néng do e ché tbi thiéu). Mau ban dau duoc
pha lodng trong DMSO ¢ dai ndng d6 giam dan: 256 pg/ml, 128 pg/ml, 64 pg/ml, 32
pg/ml, 16 pg/ml, 8 pg/ml, 4 pg/ml va 2 pg/ml véi sb thi nghiém lap lai N=3. B6 sung
50 ul dung dich vi khuan va ndm & ndng do 2.10° bao tir/ml, u & 37°C. Sau 24h, doc
gia tri MIC. Gia tri MIC duoc xac dinh tai giéng c6 ndng do chit thir thap nhét gay
trc ché hoan toan su phat trién cua vi sinh vat sau 24 gid nudi cy va ICso dugc xac
dinh chinh xac dya trén sb liéu do do duc té bao béng may quang phé) Bioteck va phﬁn
mém GraphPad Prism data. Chit ddi chimg 13 khang sinh Streptomycin (hoic

Ciprofloxacin) cho cac chung vi khuan va Cycloheximide cho nim.
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2.2.6. Phwong phap thir hoat tinh giy déc té bao

Trong linh virc tim kiém cac chat chéng ung thu, viéc tim kiém, sang loc cha yéu
dwa trén kha niang giy doc cac dong té bao ung thu thuc nghiém. Chinh vi vay, c6
dugc mot phuong phap nhim danh gia nhanh va chinh xéc tac dung gy doc cho té
bao 14 rat can thiét.
2.2.6.1. Chiing giéng

Cac dong té bao ung thu cd ngudn gdc tir ngan hang té bao ATCC.
v' Té bao ung thu vii (MCF-7)
v' Té bao ung thu gan (HepG2)
v Tté bao ung thu cb tr cung & ngudi (Hela)
v' Té bao ung thu phdi (SK-LU-1)
v' Té bao ung thu phdi (A549)
2.2.6.2. Phwrong phdp gdy dgc té bao siz dung chat chi thi sunforhodamine B

Phép thir sinh hoc xac dinh tinh doc té bao (Cytotoxic assay) dbi véi té bao nudi
cay dang don 16p [121-124]. Phuong phap thtr d6 doc té bao ung thu in vitro duoc
Vién Ung thu Quéc gia Hoa Ky (National Cancer Institute — NCI) x&c nhan 1a phép
thir o doc té bao chuan nham sang loc, phat hién cac chat c6 kha ning kim hiam sy
phét trién hoic diét TBUT ¢ diéu kién in vitro. Phép thir nay duogc thuc hién theo
phuong phap cua Skekan et al. (1990) [125]. Phép thir tién hanh xac dinh ham lwong
protein té bao tong sb dira vao mat 6 quang hoc (OD — Optical Density) do dugc khi
thanh phan protein cua té bao dugc nhuém bang Sulforhodamine B (SRB). Gia tri OD
may do duoc ti 18 thuan véi lugng SRB gan véi phan tir protein, do d6 luong té bao
cang nhiéu (lugng protein cang nhiéu) thi gia tri OD cang I6n. Phép thir dugc thuc
hién trong diéu kién cu thé nhu sau:

v Trypsin héa té bao thi nghiém dé 1am roi té bao va dém trong budng dém dé
diéu chinh mat d cho phu hop véi thi nghiém.

v Chét thir d3 pha & cac ndng do duoc dua vao cic giéng cua dia 96 giéng. Giéng
khong ¢ chat thir nhung c6 TBUT (s6 luong té bao: 10000 té bao/giéng /200 pl) s&
duogc st dung 1am ddi ching ngay 0. Sau 1 gid, giéng ddi chimg ngay 0 té bao s& duoc
¢d dinh bang Trichloracetic acid (TCA) 20%.

v' U trong ti &m 72 gid. Sau 72 gid, té& bao duoc cd dinh bang TCA trong 1 gio,
duoc nhudém bang SRB trong 30 phut & 37°C, rira 3 14n bang acetic acid rdi dé kho &
nhiét do phong.

v' 10 mM unbuffered Tris base dé hoa tan luong SRB, lic nhe trong 10 phut rdi
doc két qua OD & budc song 540nm trén may ELISA Plate Reader (Biotek).

v Phan tram wc ché su phat trién cua té bao khi c6 mit chét thir s& duoc xac dinh
thdng qua cbng thurc sau:
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0D (mau) — 0D (ngay0)
OD(DMSO) — 0D (ngay0)
- Phép thtr dugc 13p lai 3 1an d&é dam bao tinh chinh xéc. Ellipticine & cac nong d6 10

% trc ché = 100% —

ug/ml; 2 pg/ml; 0,4 pg/ml; 0,08 pg/ml duoc st dung nhu 14 chat d6i ching duong;

- DMSO 1% ludn dugc sir dung nhu dbi ching am. Gid tri ICso (ndng d6 we ché 50%
su phét trién) s& duoc x4c dinh nhd vao phan mém may tinh TableCurve 2DvA4.

- Theo tiéu chuan cua Vién ung thu qudc gia Hoa Ky (NCI), cao chiét dugc coi
c6 hoat tinh tét voi ICso< 20 uM, trong khi chat tinh khiét duoc coi ¢6 hoat tinh tét
khi I1Cs< 5 uM [126].
2.2.6.3. Phwong phdp xdc dinh tinh déc té bao doi Véi cac dong té bao nudi cdy
hén dich si dung thudc thi muéi tetrazolium MTT

Phuong phép thir d6 doc té bao in vitro dugc Vién Ung thu Qudc gia Hoa Ky
(National Cancer Institute - NCI) x4c nhan la phép thr do doc té bao chuan nham
sang loc, phat hién cac chat c6 kha ning gay doc té bao ¢ diéu kién in vitro. Phuong
phap nay lan dau tién duoc miéu ta bai Tim Mosmann trén tap chi Immunological
Methods niam 1983. Tac gia si dung mudi Tetrazolium (MTT) (3-(4,5-
Dimethylthiazol-2 - yl )- 2, 5 - Diphenyltetrazolium)) lam thuéc thir trong phép so
mau, qua d6 danh gia vé sy song sot va kha ning phat trién cua té bao. Vong
Tetrazolium cua thubc thir bam chat vao ti thé caa té bao hoat dong. Dudi tac dung
cua enzym Dehydrogenase trong té bao, mau vang caa MTT bién doi thanh mau tim
Formazan [127]. Phép thir dugc thyc hién trong diéu kién cu thé nhu sau:

- Chét thir (20 pl) dugc dua vao cac giéng cia khay 96 giéng dé co6 ndong do 100
ug/ml; 20 ug/ml; 4 pg/ml; 0,8 png/ml.
- Sau khi diéu chinh dé c6 mat d6 té bao phu hop, hut 180 ul té bao vao cac giéng
cua khay 96 giéng da c6 chat tha. Trén cung mot dia thir, b tri mot s giéng dé 1am
d6i chiing khdng c6 mau thir, chi c6 dung moi pha mau 13 DMS010%.
- Pé dia nubi cay vao trong ta &m CO, ¢ diéu kién 37°C, 5% CO,, nudi trong thoi
gian 72 gio.
- Sau 72 gio, 10pl MTT (ndng dd cudi cung 1a Smg/ml) dugc cho vao mdi giéng.
- Sau 4h, loai bé méi truong, tinh thé Formaran dwgc hoa tan bing 50ul (DMSO)
100%.
- Gia tri OD do ¢ budc song 540nm bang may quang pho.
- Luong té bao sdng s6t s& duoc tinh theo cong thuc:

OD(chat thir) - OD(d6i chirng trang)

% sbng sot = , )
OD(DMSO) - OD(ddi ching trang)
% wc che = 100% - % song sot
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- Céc phép thir duoc 1ap lai 3 1an dé dam bao tinh chinh xéc. Ellipticine (Sigma) ludn
duoc st dung nhu 1a chit déi chung dwong va duoc thir nghiém & céc nong do 10
ug/ml; 2 ug/mil; 0,4 pug/mil; 0,08 pug/ml.
- DMSO 10% luén dugc sir dung nhu d6i chitng &m. Gia tri 1Cso (néng dd tc ché
50% su phat trién) s& duoc xac dinh nhd vao phan mém may tinh TableCurve 2Dv4.
- Theo tiéu chuan cua Vién ung thu qudc gia Hoa Ky (NCI), cao chiét duoc coi c6
hoat tinh tét véi ICso< 20 pg/ml, trong khi chat tinh khiét dwgc coi ¢ hoat tinh tét
(hit compound) khi 1Csp <5 Mm.
2.2.7. Xac dinh @9 tinh khiét XM07, XM09, XM10 bang phwong phap gNMR

Tiéu chuan co ban cho phuong phap qNMR [115] la dién tich tin hiéu tich hop
(1) ty Ié thuan véi sb hat nhan (n), tao ra duong cong hudng tuan tha theo cong thic
duoc mo ta bén dudi:

I =KsXn
Trong d6: n biéu thi s6 spin (proton) tao ra cong hudng. Ks 1a hang sé duy nhét doi
v6i mdi may quang pho. Ty 18 dién tich twong dbi 11/12 13 phuong phap don gian nhat
dé thu duogc két qua dinh luong. C6 thé xd6a Ks khoi ty 1¢ sau vi nd van khong doi doi
Vi tat ca cac duong cong huang trong mot quang pho nhat dinh:
11/12 = nl/n2
Véi mot chuan ndi da biét duoc ap dung, cuong do NMR cd thé duoc st dung dé xac
dinh d6 tinh khiét cia mot chat bang céach sir dung cac phuong trinh sau:
Ix Nstd Mx

=Istd Nx Mstd
Ix Nstd Mx mstd

x= Istd Nx Mstd ms
Trong do: Wx va Px biéu thi trong luong va do tinh khiét cua hop chat dugc nghién
ctru, twong tng. Mx va Mstd biéu thi trong lugng phan tir cia hop chéat dugc phan
tich va chuan noi, teong tng. Ix va Istd biéu thi dién tich dinh tich hop cua hop chat

Wx mstd

Pstd

dugc nghién cau va chuan noi, tuong tng. Nx va Nstd biéu thi sb proton trong dién
tich dinh tich hop caa hop chat dugc nghién ciru va chuan noi. Mx va Mstd 1a trong
lwong cua hop chat duoc nghién cau va chuan noi. Pstd 1a d6 tinh khiét caa chuan
noi.

Dinh lugng cac hop chit bang phuong phap gNMR duoc do trén may phd cong
huong tir hat nhan NMR Brucker 400Mz, Vién Kiém nghiém thuéc Thanh phé Ho
Chi Minh.

Cac hop chat XMO07, XMO09 va XM10 duoc x4c dinh biang may quang phé hé
théng Brucker 400 MHz Advance III. Sau day la cac hé s6 thu thap cu thé duoc st
dung cho phép do QqNMR: xung don vé6i 900; sb quét 32; thoi gian thu thap 3,99 giay;
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thoi gian hdi phuc T1: 6,9 p gidy; d6 loi may thu 101; d6 léch 14,74 ppm:; chiéu rong
phd 20,48; Tat ca cac phép do duoc thuc hién & nhiét do khong d6i 1a 25°C.
Chudn bj dung dich chudn

Dung dich hoa tan: Ethylene carbonate 1am chuan noi dugc hoa tan trong dung
mo6i NMR CDCI3 dé thu dugc dung dich ¢ ndng do Ethylene carbonate 0,5 mg/ml.
Luong chuan chinh xac 11-19 mg XMO07, XM09 va XM10 dugc hoa tan trong 1 ml

dung dich mau da hoa tan.
2.2.8. Phén tich dinh tinh, dinh lwgng XMO07, XM09, XM10 bang phwong phap
sic ky long ghép khéi phd (LC-MS/MS)

Piéu kién khéi pho duoc khao sét trén hé théng may UPLC-MS/MS Waters
Xevo TQS Micro, sir dung k§ thuat ghi phé full scan dé xac dinh ion phan tir cac chat
va k¥ thuat phan tich daughter ion dé tim manh ion con dinh luong va manh ion con
dinh tinh. Cac théng sb thé phan manh va nang luong va dap duoc ti vu hoa bang
phan mém ti wu hoa ty dong IntelliStart va kiém tra lai bang Manual Tune sao cho
cudng do tin hiéu cua ion dinh lwong dat cao nhat.

Str dung céac dung dich chuan riéng biét véi nong d6 khoang 1 ppm trong cac
khao sat nay.
2.2.8.1. Khdo sdt diéu kign ion hoa

Str dung ché do scan véi giao dién ESI: Quét tim manh me va khao sat dién ap
mao quan (capillary voltage) dé thu duoc tin hiéu cao nhat.
2.2.8.2. Téi wu héa diéu kién phan méanh

Str dung ché d6 Daughter ion dé: quét tim manh con tir manh me thu duoc ¢
ché do scan, di chiéu véi tai liéu tham khao dé tim duoc manh con phi hop.

Diéu chinh manh ion me, ion con va téi uu cac thong sb cone voltage (CV),
collision energy (CE), dwell time... bang chtc ning Intelistart (tune tu dong) va
Manual Optimization (tune tha cdng) tir phan mém MassLynx 4.2 dé thu duoc céc
thdng sé cho ché d6 dinh luong va dinh tinh MRM.
2.2.8.3. Khdo sat chudn néi

Cac hop chat nghién ciru déu 1a cac hop chat méi, hién nay trén thé gisi chua
c6 nghién ctru vé cac hop chat nay bang phuong phap LC-MS/MS do d6 nghién ctiu
huéng dén lua chon chuan noi 1a cac hop chat c6 tinh chat, thoi gian luu gan giéng
vé6i tinh chit cua céc chat phan tich, tdi vu hoa diéu kién khdi phd dé dat tin hiéu cao,
6n dinh twong duong véi chat phan tich.
2.2.8.4. Khdo sdt diéu kién sdc ky

Piéu kién sic ky duoc khao sat so bo trén cac hé pha dong va cac pha tinh
khac nhau dé biét duge xu huéng anh hudéng cia cac diéu kién sac ky tuong ung Ién
d6 nhay cua tin hiéu cling nhu cac thong sb cua pic sac ky.
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Yéu cau: Do nhay cua cac chit phan tich cao, tin hiéu 6n dinh, céc pic quan
sat phai dat cac thdng sb sic ky, thoi gian phan tich ngan.
2.2.8.5. Biéu kién Phan tich mdu biang LC- MS/MS

Cac mau thyc nghiém duoc dinh luong bing céch sir dung chuin cé sir dung
noi chuan. Dé ti wu diéu kién khéi phd, hdn hop dung dich chuan chira 3 chat XMO07,
XMO09, XM10 véi nong d6 1 pug/ml méi loai da duoc chuan bi. Dya trén diéu kién
khdi phé do, diéu kién sic ky ciing duoc toi wu véi cac thong sb ty 16 dung méi, loai
dung méi, ban chét pha tinh... bang cach st dung hdn hop dung dich chuan: XMO07
vé6i ndng do 3 pg/ml, XMO09 véi ndng d6 5 pug/ml, XM10 véi nong d6 12 pg/ml va
noi chuan Etodolac ¢ nong do 5 pg/ml.

Tinh twong thich hé théng LC-MS/MS duoc tién hanh bang céch tiém lap lai
6 1an hdn hop chuan va noi chuan. Gia tri théng ké cua do léch chuan twong ddi dugc
tinh thong qua hé s6 thoi gian luu trong di va ty 1¢ dién tich pic caa 3 chat phan tich
S0 V&i ndi chuan. Tinh dac hiéu cua phuong phap duoc tién hanh bang cach so sanh
thoi gian luu va dap tng tin hidu caa mau trang 1a Methanol.

Gia tri LOQ cua phuong phap dugc xac dinh bang cach dua vao tin hiéu dap
g cua chat phan tich ddi véi nhidu nén khi S/N > 10, tir d6 suy ra gidi han phat hién
(LOD) theo cong thac: LOQ = 3,3 x LOD.

Dé tham dinh tinh tuyén tinh, khoang tuyén tinh c6 ndng d6 XMO7 tir 0,03 — 7,50
ppm, XMO9 tir 0,05 — 12,50 ppm, XM10 tir 0,12 — 30,00 ppm, ndng do ndi chuan 1a
5,0 ppm. Puong cong chuan dugc xay dung dé thé hién mdi quan hé tuyén tinh giira
nong d6 chat phan tich va ty 18 dién tich pic cua chat phan tich va chat chuan noi.
2.2.9. Xir ly mau phan tich dinh tinh, dinh lwgng

Mau 14 Xu nhé duing xay dung quy trinh phén tich dinh tinh, dinh lugng. Mau
dugc liéu phan tich ¢ cac dang khac nhau dugc phoi kho tu nhién, xay nho thanh bot
khd. Can chinh x&c 5 g mau, chiét véi 25 mL MeOH trong éng falcon 50 ml, dit trong
may siéu am 30 phut, loc dich chiét bang gidy loc thudng chuyén vao binh dinh mirc
100 ml. Chiét lap lai 3 lan, thu tat ca dich loc chuyén vao binh dinh mac 100 ml, dinh
muc bang MeOH dén vach. Pha lodng cung dung moi MeOH dé thu dwgc dung dich
thir c6 ndng do chinh xac khoang 25 mg/ml va ndng @ chuan noi 12 5 pg/ml, loc mau
thir qua mang loc mau PES Syringe filter 0,22 um, dich loc dwoc chuyén vao lo chaa
mau roi dua vao hé thong LC-MS/MS.

2.2.10. Tham dinh quy trinh phan tich

Theo AOAC [128] va ICH [129], cAc chi tiéu can phai tham dinh ddi véi mot qui
trinh dinh tinh, dinh luong duoc chat va/hodc chat chuyén hoa cé tac dung trong mau
dugc liéu bao gom: kiém tra tinh phd hop cua hé thdng, tinh dac hiéu, ty 1& thu hoi
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(hiéu suit chiét), duong chuan va khoang tuyén tinh, d6 dang va do chinh xéc, gigi
han dinh tinh, giéi han dinh lwong, d6 6n dinh cua mau thi.
2.2.10.1. Tinh phu hep cia hé thong
Tién hanh Tiém lap lai 6 1an dung dich chuan hdn hop va chuan néi. Xac dinh
cac théng sb vé thoi gian luu, dién tich pic, do léch chuan twong déi (RSD %) cua
dién tich dinh va thoi gian luu caa chat chuan va chuan nai.
Yéu ciu: Cac thdng sé sic ky khao sat co do léch chuén twong ddi RSD < 5,3 %.
2.2.10.2. Tinh dic higu
Tiém mau trang (Methanol); mau chuan; mau chuan thém chuan noi & muc
nong d6 dinh luong; miu thir (cao Methanol). Xac dinh thoi gian luu, tin hiéu dap
g pic. Yéu cau: MAu trang cho tin hiéu phan tich nam trong gigi han cho phép (<
20 % dién tich pic d6i véi cac chat phan tich va < 5,3 % ddi vai chuan noi trong dung
dich & mac ndng d6 gidi han dinh luong dudi).
2.2.10.3. Gigi han dinh tinh va dinh luwong
Tién hanh xac dinh ndng d6 thap nhat sao cho thoa man diéu kién tin hiéu dap
rng cua chat phan tich so vai tin hiéu nhidu dudng nén (S/N).
2.2.10.4. Pwong chudn va khodng tuyén tinh
Chuan bi dung dich chuan duoc pha trong dung méi thich hop vai c6 néng do
phu hop. Tién hanh pha lodng cac dung dich nay dé duoc cdc mau chuan twong Gng
v6i khoang tuyén tinh di xay dung. Xac dinh sy twong quan giita ndng do va ty sd
dién tich pic cua chat phan tich va dién tich caa pic chuan noi cua tirng hoat chat theo
mot ham nhat dinh, phi hop véi quy trinh phén tich dugc dé ra. V& duong biéu dién
su trong quan giita gia tri ndng d6 va ty sé dién tich pic theo ham gié tri da xay dung
dugc. Yéu cau: Hé sb trong quan R > 0,99.
2.2.10.5. Pj diing
Chuan bi mau, mdi nong d6 3 mau tiém lap lai 2 lan.
Yéu cau: Ti 18 hdi phuc ndm trong khoang 90,0 — 107,0 %, RSD < 5,3%.
2.2.10.6. P§ chinh xdc, chinh xdc trung gian, dp on dinh
Chuan bi mau, 6 mau tiém lap lai 2 1an, RSD < 5,3%.
Do 6n dinh cua mau trong phong thi nghiém sau khi xtr Iy mau 24 gio: Tiém lai
mau, 6 mau, sau 24 gio xtr Iy va bao quan trong phong thi nghiém & 25 °C. RSD <
5,3%.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Xac dinh ciu truc cac hep chat tir cay Xu nhé

3.1.1. Hop chit XMO01 - chat méi

Hop chat XMO01 (Hinh 3.1) thu duoc dudi dang bot vo dinh hinh mau trang.
Phé khéi phan giai cao HR-MS ché d6 duong xuat hién pic ion duong tai m/z
729,3113 [M + H]* (Hinh 3.2), (tinh toan theo ly thuyét tng véi cong thic ion gia
phan ttr CasHa9014*, M/z 729,3117). Két hop voi phd tH-NMR va 3C-NMR xéc dinh

hop chat XMO1 c6 cong thirc phan tir CssHasO14, khdi lwong phan tir 728,3044.

— COSY

~—~ HMBC
Swietephragmin C

Hinh 3.1. Cau triic va twong tic HMBC va COSY, cuia hop chat XMO01

200000

XMO01

729.3113

100000

720 725 730 735 740 745 750 755

Hinh 3.2. Pho khéi phan giai cao HRMS cua hop chat XMO01

Ph6 'H-NMR (Bang 3.1 va Phu lyc 2, hinh PL1) caa XMO1 cho thay céc tin
hiéu caa bén nhom methyl dang don (8H 1,36; 1,30; 0,80 va 1,84), hai nhém methyl
bac hai [6H 1,75 (dd, 7,2; 0,6) va 1,02 (d, 7,2)], mot nhdm methyl tan cung [3H 0,93
(t, 7,8)], hai nhdm oxymethyl [6H 3,68 (s) va 3,57 (s)], bdn nhdm methine gan oxy
[8H 4,83 (s); 5,56 (br d, 1,2); 5,83 (d, 0,6) va 4,48 (s)] va ba nhém methine olefin [§H

5,98 (s); 6,29 (s) va 6,85 (dd, 7,2; 1,2)].

Phé 3C-NMR (Bang 3.1 va Phy luc 2, hinh PL2) cho thy hop chat chira 38
nguyén tir carbon, dua trén phan tich HSQC (Phu luc 2, hinh PL3), céc tin hiéu nay
duoc phén loai thanh chin nhém methyl, nam nhém methylene, chin nhém methine

m'z
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(bao gébm ba nhdm methine sp2 tai 5C 122,1; 124,4 va 139,5) cing v6i mudi ldm
carbon bac bbn. Trong sb céc carbon khéng gén véi proton, bén carbon duoc xac dinh
1a carbon carbonyl ester (8C 173,6; 161,1; 169,0 va 167,8), ba carbon thuoc lién két
d6i (8C 152.4; 159,4 va 130,2), mot carbon orthoester (8C 122.9) va bén carbon gén
Vé6i oxy (8C 84,6; 75,7; 83,6 va 86,2). Do ba lién két d6i va bén nhém carbonyl chiém
bay don vi d6 bat bdo hoa, hop chat XMO1 dugc xac dinh 1a mot phan tir ¢d ciu tric
tam vong.

Viéc phan tich phé HMBC (Phu luc 2, hinh PL4) va COSY (Phu luc 2, hinh
PL5) cua hop chit 1 d3 cho phép xéac dinh cAu tric phang cua né (Hinh 3.1); ciu tric
nay duogc tim thay 1a twong tu nhu hop chat swietephragmin C [130] d cong bb trudc
day. Hai hop chat nay chi khac nhau ¢ diém: vong furan trong swietephragmin C da
duogc thay thé bang mot nhom y-methoxybutenolide (vong E) trong hop chat XMO1.
Sy khéc biét vé cdu trac nay duoc xac dinh dua trén cac twong quan HMBC quan
trong: tir H-17 dén C-20, C-21 va C-22; tir H-21 va H-22 dén C-23; va tur proton caa
nhém 21-OMe dén C-21. Tuong tac NOESY (Phu luc 2, hinh PL6 va cau triic 3D phu
luc 2, hinh PL7) gitra H-11b/H-12b cung twong tac 1,3-diaxial gitra H-11b/H3-18 cho
thiy cac proton ndy c6 dinh huéng a. Cau hinh g caa H-17, H-5, nhdm Me-28 va H-
30 duoc xac dinh dua trén cac tin hiéu twong quan chéo gitra H-12a/H-17, H-12a/H-
5, H-5/H3-28 va H-30/H-15. Hiéu ttng NOESY gitra H-3/H-29b, H-29a/H3-19, H3-
19/0H-1 va OH-1/OH-2 di x4c nhan cau hinh tai cac vi tri C-3, C-10, C-1 va C-2.
Cau hinh E cua lién két doi gitra C-2" va C-3" dugc cung ¢b boi twong tac NOESY
gitta H-4"/H-5". Cau hinh tai C-21 khdng thé xac dinh dwgc bang phan tich NOESY
do sy quay tu do cua vong E quanh lién két don C-17-C-20. Bé xac dinh cau hinh
tuong ddi tai vi tri C-21, c4c gia tri dich chuyén héa hoc NMR di duoc tinh toan bang
phuong phap orbital nguyén tir doc 1ap véi hé quy chiéu (GIAO) ¢ muc ly thuyét
mPW1PW91/6-31+G(d,p)/IEFPCM-CHCI3 cho hai d¢ong phan epimer tai C-21 1a
(1R*,25*,35*,4R*,55* 8R*,9S*,10R*,13R*,17R*,215*,30R*)-XM01a va
(1R*,25*,35* 4R* 55* 8R*,9S* 10R*,13R*,17R*,21R*,30R*)- XMO01b (Hinh 3.3).
Két qua tinh toan cho thay chi c6 phd ECD ly thuyét caa ddng phan XMO01b pha hop
t6t voi pho ECD thuc nghiém, cho phép khang dinh ciu hinh tuyét d6i caa XMO1 12
(1R*,25*,35*,4R*,55* ,8R*,9S*,10R*,13R*,17R*,21R*,30R*). Truy cap co so dir
licu theo ngudn Scifinder vao thang 12/2025 cho thay hop chat XMO01 chua duoc
cong bb. Tir nhitng phan tich néu trén, cau tric chat méi XMO1 da xac nhan va dat
tén la Xylomoluccenoid A.
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—— XMO01 thyc nghié¢m

N e (1R25.35.4R,55,8R.9S,10R,13R,17R,215,30R)- XMO01-a tinh toan

\, - (1R25,35,4R,55,8R,95,10R,13R,17R,21R,30R)- XMO1 -b tinh toidn

280 310 340

A (nm)

370 400

Hinh 3.3. Phé ECD thuc nghiém va tinh toan ly thuyét caa hop chat XMO01

Bang 3.1. Bang s liéu phd H, 3C-NMR cua hop chat XMO01

XMO01
Vitri C "5 9c*P CDCly o (J = Hz) HMBC HC

1 84,6 84,6 - -
2 75,7 75,7 - -
3 86,6 86,7 483 (1H, 5) 2,4,5,28, 1"
4 43,7 43,9 - -
5 40,1 40,4 2,47 (1H, m) 3,7
6 33,7 33,8 2,38 (2H, #) 4,57
7 173,9 173,6 - -
8 83,6 83,6 - -
9 86,6 86,3 - -
10 47,2 47,3 - -
11 25,7 25,7 2.17 (1H, dt. 15.0, 3.0) eq | -

1.92 (1H, overlapped) ax 9
12 29,0 28,9 1.64 (1H, overlapped) ax | -

1.38 (1H, m) eq 9
13 37,7 38,4 - -
14 153,1 152,4 - -
15 122,5 122,1 5,98 (1H, s) 8,13, 14,16
16 163,2 161,1 - -
17 79,7 80,0 5,56 (1H, br d, 1,2) 13, 14, 18, 20, 21, 22
18 19,8 20,9 1,36 (3H, s) 12,13, 14, 17
19 155 15,6 1,30 (3H, 5) 1,59 10
20 119,8 159,4 -
21 142,0 103,7 5,83 (1H, br d, 0,6) 22,23, 21-OMe
22 110,1 1244 6,29 (1H, s) 17, 20y, 21, 23
23 143,2 169,0 - -
28 144 145 0,80 (3H, ) 3,4,5, 28, 29
29 38,5 38,7 1,83 (1H, d, 12,0) 28,2

1,77 (1H, d, 12,0) ly
30 77,9 78,0 4,48 (1H, s) 1,2,8,9

7-OMe 52,1 52,2 3,74 (3H, s) 7
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21-OMe | - 57,0 3,57 (3H, s) 21
Orthoster | - - - -
1 1229 122,9 -
2! 35,5 35,6 1,92 (1H, #)
3’ 23,6 23,8 1,70 (1H, m)
1,22 (1H, m) -
4 11,4 11,6 0,93 (3H,t,7,8) 2,3
5 13,1 13,3 1,02 (3H, d, 7,2) 1,2, 3
Tiglate - - -
1" 168,1 167,8 -
2" 130,0 130,2 - -
3" 139,9 139,5 6,85 (1H, qd, 7,2, 1,2) 1", 5"
4" 14,2 14,3 1,75 (3H, dd, 7,2, 0,6) 2", 3"
5" 12,3 12,5 1,84 (3H, s) 17, 2", 3"

" tham khdo chdt swietephragmin C [130]
ado trong CDCl, ® 150 MHz, © 600 MHz,

3.1.2. Hop chat XMO02 — chat méi

Hop chat XMO02 (Hinh 3.4) thu duoc dudi dang bot vo dinh hinh mau trang.
Phé khéi phan giai cao HRMS xuét hién pic ion duong tai m/z 773,2785 [M + Na]*
(Hinh 3.5), (tinh toan theo ly thuyét tng véi cong thic ion gia phan tir CsoHa7014Na*,
m/z 773,2780). Két hop vai phd H-NMR va 13 C-NMR xac dinh hop chat XMO02 ¢6
cong thirc phan tir CaoHasO14, khdi lwgng phén tir 750,2888.

— COSY
Xylogranin B —+ HMBC

Hinh 3.4. Cu triic va tuong tac HMBC va COSY cua hop chat XM02

XMO02 773.2785

100000+

e L
725 730 735 740 745 750 755 760 765 770 7175 780 785

m'z

Hinh 3.5. Phd khéi phan giai cao HRMS cua hop chat XMO02
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Cac dir lieu phd NMR cua XMO02 (Bang 3.2) rat twong ddng Vi
Xylomoluccenoid A (XMO1); sy khac biét duy nhat vé cu tric 1a nhém tigloyloxy
trong 1 dugc thay thé biang nhém benzoyloxy trong XM02. Két luan nay duoc khang
dinh thdng qua céc hé théng ghép spin H-2"/H-3"/H-4"/H-5"/H-6" va cic tuong tic
HMBC (Phu luc 2, hinh PL11) tir H-3, H-2" va H-6" dén C-7" (Hinh 3.4). C4u hinh
turong ddi cia XMO02 duoc xac dinh 1a gidng hét véi XMO1 dua trén sy twong dong
vé kiéu twong tac NOESY (Phu luc 2, hinh PL13, hinh PL14 ). Cudi ciing, ciu hinh
tuyét d6i coa XMO02 (ngoai trr vi tri C-2') duwoc xac dinh 1a
1R*,2S* 3S* 4R* 5S* 8R* 9S* 10R*,13R*,17R*,21R*,30R* dya trén viéc so sanh
phd ECD thuc nghiém véi pho tinh toan bang phuong phap TD-DFT cua cac dong
phan lap thé.

Quan sét trén phdé 1H-NMR ((Phu luc 2, hinh PL8) cho thay xuat hién nim tin
hiéu cua mot vong thom tai oH 8,05 (2H, dd, J = 8,4, 1,2 Hz), 7,45 (2H, dd, J = 8.4,
7,2Hz) va 7,61 (1H, ddd, J =8,4, 7,2, 1,2 Hz), bén canh d6 1a hai tin hiéu proton trén
lien két doi tai 8H 5,78 (1H, s) va 6,27 (1H, br t, J = 0,9 Hz). V& phia ving truong
manh hon xuét hién ba tin hiéu oxymethine tai 6H 5,04 (1H, s), 5,80 (1H, br d, J =
0,6 Hz) va 4,52 (1H, s); mét tin hi¢u caa nhém methyl este tai 6H 3,74 (3H, s) va mot
tin hiéu cta nhém oxymethyl tai 3H 3,59 (3H, s). Dich vé phia ving truong manh
Xuat hién céc tin hiéu dic trung ctia nam nhom methyl tai 3H 1,29 (3H, s), 1,34 (3H,
s), 0,89 (3H, s), 0,92 (3H, t, J = 7,5 Hz) va 1,02 (3H, d, J = 6,6 Hz).

Phé 13C-NMR (Phu luc 2, hinh PL9) va HSQC (Phu luc 2, hinh PL10) cho
thiy hop chat chira 40 nguyén tir carbon. Trong d6 26 tin hiéu carbon cua khung
limoloid. Trong d6 tin hiéu cua ba nhom carboxyl tai C 173,8, 160,2 va 169,0 ppm];
bdn tin hiéu carbon cua hai lién két doi tai 8C 152,5/121,9, 159,4/124,4 ppm; ba tin
hié¢u dac trung cac nhém methyl tai 6C 20,6, 15,7 va 14,6 ppm. Ngoai ra la cac nhém
thé: Bay tin hiéu carbon ctia mot nhom thé benzoyl [8C 166,7, 129,7, 129,9 (x2),
129,1 (x2) va 134,2 ppm]; mot nhdm methyl este tai 6C 52,3 ppm; mot nhom
oxymethyl tai 5C 56,9 ppm va mot nhom thé ortho-2-methylbutanoyl [5C 122,8, 35,6,
23,7, 11,6 va 13,4 ppm].

Dua trén ph HMBC (Phu lyc 2, hinh PL11), phd COSY (Phu luc 2, hinh PL12)
cling xac dinh dugc mot s6 manh carbon trén hop chat XM02: C-5/C-6, C-11/C-12,
C-5'/C-2'/C-3'/C-4', twong tic HMBC va COSY. Phan tich cac twong tac trén phd
NOESY (phu luc 2, hinh PL13) so sénh ciu tric hop chat XMO02 véi hop chat
Xylogranin B [56] thi thiy chiing trudng dong nhau, chi khac trén vong furane, dir
liu phd cua hop chat XMO02 (Bang 3.2). Trong hop chat xylogranin B vong furane
c6 hai lién két doi tai C-20/C-21 va C22/C-23, con trén hop chat XMO02 chi con mot
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lién két d6i C-20/C-22. Bén canh do6 trén vi tri C-21 xuat hién thém nhom thé
oxymethyl va nhdm methylene tai vi tri C-23 chuyén thanh nhom ketone.

So sanh phd ECD thuc nghiém véi cac phd ECD tinh toén tai muc ly thuyét
MO062x/ccPVDZ/IEFPCM-ACN  cho  cac  dong phan diastereomer
(1R*,25*,35*,4R*,55* 8R*,9S*,10R*,13R*,17R*,215*,30R*)-XM02a va
(1R*,25*,35* 4R* 55* 8R*,9S5* 10R*,13R*,17R*,21R*,30R*)-XM02b (hinh 3.6)
cho thdy chi c6 phd ECD cua déng phan XMO04b phu hop tét véi phd ECD thuc
nghiém, cho phép khing dinh c4du hinh tuyét d6i cua XMO02 Ia
(1R*,25*,35*,4R*,55* 8R*,9S* 10R*,13R*,17R*,21R*,30R*). Truy cap co so dir
licu theo ngudn Scifinder vao thang 12/2025 cho thay hop chat XMO02 chua duoc
cdng bd. T nhitng phan tich néu trén, cau tric chat méi XMO02 da duge xac dinh va
duoc dat tén la Xylomoluccenoid B.

16 - —— XMO02 thye nghiém

------- (1R,28,35,4R,55,8R,95,10R,13R,17R,215,30R)- XMO02-a tinh toan

N\ (1R,25,35,4R,55.8R,95,10R,13R,17R,21 R 30R)- XM 02-b tinh toan

310 340 370 400

Ae (M'.ecm™)

Z (nm)

Hinh 3.6. Phd ECD thyc nghiém va tinh toan Iy thuyét cua hop chat XM02
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Bang 3.2. Bang s liéu phd H, 3C-NMR cua hop chat XMO02

L XMO2
VIt C =525 dcab or?° (J = Hz) HMBC H—C
1 84,6 84,6 - -
2 75,7 75,8 : -
3 86,5 87,2 5,04 (1H, ) 2,4,5,28, 1"
4 43,9 44,0 - -
5 40,2 40,5 2,64 (1H, m) 9
6 33,8 33,9 2,44 (2H, #) 4,5,7
7 173,7 1738 - -
8 83,7 83,7 : -
9 87,1 86,3 - -
10 474 47,4 } }
11 25,8 25,7 2,19 (1H, dt, 15,0, 3,6) -
1,94 (1H, m) :
12 29,1 28,9 1,76 -1,66 (1H, m) -
1,38 (1H, dt, 13,6, 3,6) 9y
13 38,0 38,8 - -
14 152,9 1525 - -
15 122,1 121,9 5,78 (1H, ) 8,13, 14, 16
16 161,9 160,2 - -
17 79,6 79,7 5,62 (1H, br d, 1,6) 14, 16, 18, 21, 22
18 19,6 20,6 1,29 (3H, ) 12,13, 14,17
19 15,6 15,7 1,34 (3H, ) 1,5,9,10
20 1198 1594 -
21 1418 103,7 5,80 (1H, br d, 0,6) 22,23
22 110,0 1244 6,27 (1H, brt, 0,9) 21,23
23 143,0 169,0 - -
28 145 14,6 0,89 (3H, 5) 3,4,5,29
29 38,7 38,5 1,89 (1H, brd, 11,4) -
1,83 (1H, dd, 11,4, 1,2) 1,2,3,10
30 77,8 77.9 4,52 (1H, s) 1,2,8,9
7-OMe | 52,2 52,3 3,74 (3H, 5) 7
21-0Me_| - 56,9 3,59 (3H, 5) 21
I 122,6 122,8 ; -
2 35,5 35,6 1,92 (1H, #)
3 23,7 23,8 1,76 -1,66 (1H, #) -
1,20 (1H, m) -
4 116 116 0,92 (3H, 1, 7,5) 2.3
5 13,3 13,4 1,02 (3H, d, 6,6) 1,23
1 166,7 166,7
2" 1296 129,7
3" 1298 129,9 8,05 (2H, dd, 8.4, 1,2) 175", 7"
4 129,0 129,1 7,45 (2H, dd, 8,4, 7,2) 2 6"
5" 134,0 134,2 7,61 (1H, ddd, 8.4, 7,2, 1,2) 37, 7"
6" 129,0 1291 7,45 (2H, dd, 8.4, 7,2) 2" 4"
7" 1298 129,9 8,05 (2H, dd, 8,4, 1,2) 17,3",5"

“ Tai ligu tham khdo chat xylogranin B[56]
3 do trong CDCls, ® 150 MHz, © 600 MHz, ¢ 150 MHz
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3.1.3. Hop chat XMO03 — chat méi

Hop chat XMO03 (Hinh 3.7) thu dugc dudi dang chat bot vo dinh hinh mau tring. Phd
khdi phan giai cao HR-MS xuét hién pic ion am tai m/z 733,2632 [M + CI]" (Hinh
3.8), (tinh toan theo ly thuyét tng vai cong thirc ion gia phan tir Ca7Hs013Cl, m/z
733,2632). Két hop véi phd tH-NMR va BC-NMR xac dinh hop chat XMO03 c6 cong
thirc phan tir Cs7Has013, khéi lwong phan tir 698,2938.

— COSY
~——« HMBC

& ¥ Swietephragmin C

Hinh 3.7. Cau triic va twong tic HMBC va COSY trén hop chat XM03

XMo03

733.2632

0.8

0.8
0.7

0.6

0.5 735.2640

.267
0.4 734.2673

0.3
0.2 736.2661

0.1 737.2694

0 o . . . R |

727 728 728 730 731 732 733 734 735 736 737 738 738 740 741 742
Counts vs. Mass-to-Charge (m/z)

Hinh 3.8. Pho khéi phan giai cao HRMS cua hop chat XMO03

Viéc so sanh dit lieu NMR (ph6 *H Phuy luc 2, hinh PL15, 13C-NMR Phu luc
2, hinh PL16) cho thdy hop chat 3 s¢ hiru khung limonoid gan nhu tuwong dong véi
hop chat XMO1 (Bang 3.1). Biém khac biét duy nhét vé ciu tric 12 su hién dién cua
vong «,f-unsaturated-y-lactone trong 3 thay vi nhdm y-methoxybutenolide nhu & 1;
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diéu nay duoc khang dinh qua twong quan COSY gitta H-22 va H-23, cling véi cac
turong quan HMBC quan trong tir H-23 dén C-20 va C-21, va tir H-17 dén C-20 va C-
22 (Hinh 3.7). C4u hinh twong ddi cia XMO03 duoc xac dinh 13 twong tu nhu cua
XMO1, dia trén sy twong déng cao vé ca do dich chuyén héa hoc va céc tin hiéu chéo
NOESY (Phu luc 2, hinh PL20, hinh PL21). Phé ECD thuc nghiém caa 3 hoan toan
phu hop Vv6i duong cong ECD duwgc tinh toan cho ddng phan
(1R*,25*,3S* 4R* 5S* 8R* 9S* 10R*,13R*,17R* 30R*), qua dé xac dinh ciu hinh
tuyét doi cua hop chét, ngoai trir tim bt ddi tai vi tri C-2' (Hinh 3.9). Phé ECD thuc
nghiém cia XMO03 (hinh 39) <cho <cdu hinh tuyét déi Ia
1R*,25* 3S* 4R* 5S* 8R*,9S* 10R*,13R*,17R* ,30R*. Truy cap co s¢ dir liéu theo
ngudn Scifinder vao thang 12/2025 cho thay hop chat XMO03 chwa dugc cong b. Tur
nhitng phan tich dit liéu phd néu trén, ciu tric chat mai XMO03 da duoc nhan dang va
duoc dat tén la Xylomoluccenoid C.

Quan sat trén pho 1H-NMR (Phu luc 2, hinh PL15) cua XMO03 cho thdy xuat
hién ba tin hiéu cong huang proton trén lién két doi tai 8H 5,99 (1H, s), 7,73 (1H, d,
J=1,0Hz) va 7,07 (1H, dd, J = 7,0, 1,5 Hz). V¢ phia vung truong manh hon xuét
hién ba tin hiéu oxymethine tai 6H 4,83 (1H, s), 5,52 (1H, s) va 4,47 (1H, s); mot tin
hiéu ctia nhdm oxymethylene tai 6H 4,92 (2H, br s); mot tin hiéu caa nhdm methyl
este tai 8H 3,67 (3H, s). Dich vé phia ving trudng manh xuat hién cac tin hiéu dic
trung cta bay nhém methyl tai SH 1,24 (3H, s), 1,81 (3H, s), 1,27 (3H, s), 0,92 (3H,
t,J=7,5Hz), 1,02 (3H, d, J = 7,0 Hz), 1,76 (3H, d, J = 7,0 Hz), 1,87 (3H, ).

Phd 13C-NMR (Phu luc 2, hinh PL16) va HSQC (Phu luc 2, hinh PL17) cho
thiy hop chat chira 37 nguy@n tir carbon, véi 26 tin hiéu carbon caa khung limoloid.
Trong d6 tin hiéu cua ba nhém carboxyl tai 8C 172,3, 162,1 va 171,3 ppm]; bén tin
hiéu carbon cua hai lién két doi tai 8C 152,5/122,1, 130,0/151,7 ppm; ba tin hiéu dic
trung cac nhom methyl tai 6C 19,7, 15,5 va 14,6 ppm. Ngoai ra con cac nhom thé:
mot nhdm methyl este tai 6C 52,1 ppm; mdt nhom ortho ester [6C 122,8, 35,7, 23,7,
11,7 va 13,4 ppm]; mot nhom tiglate [3C 168,2, 129,7, 140,1, 14,5 va 12,5 ppm]. So
sanh hop chat nay véi hop chat Swietephragmin C [130] d cong b cho thay ching
tuong dong nhau, chi khac phan vong furane (nhu hinh 3.4). Piéu d6 dugc ching
minh dua trén di liéu pho 3 C-NMR trén hai vong furane cua hai chat. Vong 5 canh
cua hop chat Swietephragmin C [5C 119,8 (C-20), 142,0 (C-21), 110,1 (C-22) va
143,2 (C-23)] con trén vong nam canh cua hop chat XMO03 véi do chuyén dich [8C
130,0 (C-20), 171,3 (C-21), 151,7 (C-22) va 70,6 (C-23)]. Cau trlc, vi tri nhém ketone
cling nhu vi tri lién két d6i duoc xac dinh dya trén phd HMBC (Phuy luc 2, hinh PL18),
tuong tic HMBC va COSY (Phu lyc 2, hinh PL19), cac twong tac thu dugc tir phd
NOESY (Phu luc 2, hinh PL20), ciu triic 3D cua hop chat XMO03 (Phu luc 2, hinh



60
PL21), so sanh v&i dir liéu phd cua hop chat XMO03 (Bang 3.3) véi hop chit
Swietephragmin C trong tai liéu da cong bd.

35 A ‘
—— XMO03 thyc nghiém
254 N e (1R,2S,35,4R,55,8R,95,10R,13R,17R,30R)- XMO03 tinh toan
------- (1S,2R,3R,45,5R,8S,9R,108,135,175,30S)- XMO3 tinh toan
15 A
E s N
IE " ;':(: T T _‘:::::I:::::::: T 1
‘: 5 200 “ 240 -—g_S_[_}__---- """" 320 360 400
< '\. L
_15 . '..l a"’
25 -
35 -

/ (nm)
Hinh 3.9. Pho ECD thyc nghiém va tinh toan ly thuyét cua hop chat XMO03

Bang 3.3. Bang s6 liéu pho 'H, 3C-NMR ciia hop chat XM03

XMO03
VitriC “octd o3P on*¢ (J =Hz) HMBC (H—C)
1 84,6 84,5 -
2 75,5 75,7 -
3 86,6 87,0 4,84 (1H, s) 1",2
4 43,7 43,6 -
5 40,1 39,5 2,53 (1H, overlapped)
6 33,7 33,4 2,53 (1H, overlapped)
2,34 (1H, m)
7 173,9 172,3 -
8 83,6 83,6 -
9 86,6 87,0 -
10 47,2 47,0 -
11 25,7 25,7 2,12 (1H, m)
1,83 (1H, m)
12 29,0 29,0 1,76 (1H, m)
1,13 (1H, m)
13 37,7 38,3 -
14 153,1 152,5 -
15 1225 122,1 5,99 (1H, s) 13,14, 16
16 163,2 162,1 -
17 79,7 78,8 5,52 (1H, s) 13, 18, 20, 21
18 19,8 19,7 1,24 (3H, s) 12,13, 14, 17
19 15,5 15,5 1,28 (3H, s) 1,59,10
20 119,8 130,0 - -
21 142,0 1713 - -
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22 110,1 151,7 7,73 (1H, d, 1,0) 21,23
23 143,2 70,6 4,93 brs
28 14,4 14,6 0,81 (3H, s) 3,4,5,29
29 38,5 39,1 1,80 (1H, m)

1,74 (1H, m)
30 77,9 77,8 4,47 (1H, s)

OMe-7 52,1 52,1 3,67 (3H, s)
Orthoester

1’ 122,9 122,8
2’ 35,5 35,7 1,92 (1H, m)
3’ 23,6 23,7 1,71 (1H, m)

1,14 (1H, m) -
4' 11,4 11,7 0,92 (3H,t,7,5) 2', 3
5’ 13,1 13,4 1,02 (3H,d, 7,0) 1,23

Tiglate

1" 168,1 168,2
2" 130,0 129,7 - -
3" 139,9 140,1 7,07 (1H, dd, 1,5, 7,0) 1", 5"
4" 14,2 14,5 1,76 (3H,d, 7,0) 2" 3"
5" 12,3 12,5 1,87 (3H,9) 17,2", 3"

“ swietephragmin C [130]
@ do trong CDCls, ® 125 MHz, © 500 MHz, ¢ 150 MHz

3.1.4. Hop chat XMO04 — chat méi

Hop chat XMO04 (Hinh 3.10) thu dugc dudi dang chat bot vo dinh hinh mau
trang. Pho khéi phan giai cao HRMS (ché do am) xuat hién peak ion am tai m/z
603,2008 [M + CI] (hinh 3.11) (tinh toan theo ly thuyét ¢tng véi cong thirc ion gia
phan tir C31H3s010Cl,, m/z 603,2002; (ché d6 duong) peak ion duwong tai m/z 591,2203
[M + Na]* (tinh toan theo ly thuyét ang vai cong thic ion gia phan tir Cs1HssO10Na*,
m/z 591,2201) (hinh 3.11). Két hop véi pho *H-NMR va 13C-NMR xéc dinh hop chét
XMO01 c6 cong thirc phan tir CaiHasO10, khéi lugng phan tir 568,6190.
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Hinh 3.10. Céu trdc va twong tic HMBC va COSY trén cua hop chat XM04
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1 XMo04
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~Hinh 3.11. Pho khéi phan giai cao HRMS ciia hgp chat XMO04
Pho *H-NMR (Phu luc 2, hinh PL22) cho céc tin hiéu cong hudng trén ving

treong thap ghi nhan ba proton olefin tai on 7,46 (1H, d, J = 1,0 Hz), 6,39 (1H, d, J =
1,0 Hz) va 7,41 (1H, t, J = 1,5 Hz). Dich chuyén vé phia ving trudng manh hon, Ph
cho thay mot proton nhém oxymethine tai dn 5,14 (1H, s), cling hai proton ctia nhém
methylene canh nhom ketone tai on 3,61 (1H, d, J=22,0 Hz) va 3,78 (1H, d, J = 22,0
Hz); Ngoai ra mot nhém methyl ester tai du 3,74 (3H, s). Ving trudng manh xuét hién
nam nhém methyl tai on 1,06 (3H, s), 1,03 (3H, s), 1,09 (3H, s), 1,20 (3H,d, J=7,0
Hz) va 1,22 (3H, d, J = 7,0 Hz). Con lai la nhirng tin hiéu caa cdc nhom methylene,
methine thong thudng dao dong trong vung truong on 2,84 -1,84 ppm.

Phé 13C-NMR (Phu luc 2, hinh PL23) két hop pho HSQC (Phu lyc 2, hinh
PL24), cho thay hop chat XMO04 gém 31 nguyén tir carbon. Tai ving truong thap
quan sat thdy mot nhom ketone tai 5C 205,9 ppm, bon carboxyl tai §C 173,5, 169, 1,
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165,5 va 175,7 ppm; sau tin hiéu caa 3 lién két doi tai 5C 140,1/119.4, 119,8/141,2
va 109,8/142,1 ppm; mot tin hiéu nhdom oxymethine tai 6C 80,7 ppm; mot carbon
oxygenate tai 6C 84,9 ppm; mot tin hiéu nhom methyl ester tai 6C 52,2 ppm. Ving
truong manh xuat hién ndm nhom methyl tai 8C 16,8; 15,7; 23,0; 18,6 va 18,8 ppm.
Vi tri cac lién két doi, cac nhom thé trén phan tir duoc xac dinh dya trén phé HMBC
(Phu luc 2, hinh PL25). Nhom methyl ester dugc xac dinh thé vao vi tri C-7 duya trén
tuong tac gitra H-31 (on 3,74) 1én C-7 (6c 173,5). Phan tich déng thoi cac phd HMBC
va COSY (hinh 3.10), két hop dbi chiéu dir liéu phd cua hop chit XM04 (Bang 3.4)
vé6i hop chit c6 ky hiéu 3a [131] trong tai liéu dd cong bd cho thay tai vi tri C-1 ton
tai nhom thé isobutyryl. Tuy nhién, nguyén tir carbon oxymethine tai vi tri C-6 trong
limonoid 3a di duoc thay thé bang mot nhom methylene [8H 2.57 (dd, 7.5, 16.5) va
2.51(dd, 6.0, 16.5); 8C 31.9] & hop chat 4; diéu nay dwoc Xac nhan bai tin hiéu twong
tac chéo COSY giira H-5 va H-6 ((hinh 3.10, (Phu luc 2, PL26). Nhu thé hién trong
Hinh 3, H-11a duoc xac dinh c6 dinh hudng truc (axial) dua trén hang sé ghép cap
lan can lon (J = 14,5 Hz) va dugc quy udc 1a c6 dinh hudng a. Cac tuong tac NOESY
(Phu luc 2, hinh PL27 va hinh PL28) gitra H-11a/H3-19, H-11a/H3-18, H-11a/H-12b
va H-12a/H-17 cho thay cac nhdm Me-19, Me-18 va H-12b ¢ dinh hudng a, trong
khi H-12a va H-17 c¢6 dinh hudng B. Trong vong cyclohexanone, twong tac NOESY
kiéu 1,3-diaxial (twong tac gitra c&c nhdm & vi tri truc cach nhau mot nguy@n tir) quan
sat duoc gitra H-11b va H-5 da xac dinh cdu hinh twong dbi tai C-5 va C-9 lan luot 12
5R va 9R. Cau hinh tuong ddi tai vi tri C-4 duoc xac dinh I 4S dua trén cac tin hiéu
twong tic NOESY gitra H3-28/H-5, H3-28/H-3a va H3-28/H-3b. Gia tri do dich
chuyén hoa hoc tai C-1 ctia hop chit 4 (8C 84,9) gan nhu trong dong véi hop chat 3a
(8C 85,0), cho thay ca hai hop chat déu c6 cung cu hinh 1R. Cudi cung, cau hinh
tuyét doi cia XMO04 duoc xac dinh 1a 1R* 4S* 5R* 9R* 10S* 13R* 17R* dua trén sy
phU hop gitra phd ECD thuc nghiém va pho ly thuyét duoc tinh toan & mirc
®B97XD/6-31+G(d,p)/IEFPCM-MeOH (Hinh 3.12). Két qua cho thay phd ECD tinh
toan cho ddng phan (1R* 4S* 5R* 9R* 10S*,13R* 17R*)-XMO04 -a phi hop tét Véi
phd ECD thuc nghiém (hinh 3.3) cho phép xac dinh cau hinh tuyét d6i caa hop chat
nay la 1R*4S* 5R* 9R* 10S* 13R* 17R*. Truy cap co so dir liéu theo nguén
Scifinder vao thang 12/2025 cho thay hop chat XMO04 chua dugc cdng bd. Vi nhiing
phan tich dit liéu phd nhu trén, cau tric cua hop chat méi XMO04 d3 duoc xac dinh va
duoc dat tén la Xylomoluccenoid D.
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— XMO04 thue nghiem
------- (1R,4S,5R,9R,10S,13R,17R)- XMO04-a tinh toan

’ (154R,55,9S,10R,13S,175)- XM04-b tinh toan
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Hinh 3.12. Pho ECD thyc nghiém va tinh toan ly thuyét caa hop chat XM04



Bang 3.4. Bang s6 liéu phd H, 3C-NMR cua hop chat XM04
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XM04
Vitri C Focad OcP on>¢ (J = Hz) HMBC

1 85,0 84.9 } :

2 2060 | 2059 } :

2.30 (1H, br d, 16,5)

3 552 | 535 2,82 (1H, dd, 2.5, 16.5) 2,4,29

2 a1 | 416 ; ;

5 541 | 493 2.79 (1H, br dd, 6,0, 7,0) 1,3.4,6,7,29

2,51 (1H, dd, 6,0, 16,5)

6 69,6 | 31,9 Yo7 (I dd. 5 109 4,5,7,10

7 1745 | 1735 ; ;

8 1400 | 140.1 ; ;

9 585 | 57.0 : ;

10 545 | 549 ; :

1.85 (1H, ddd, 3,5, 3.5, 14.5)
1 235 | 233 216 (1H, ddd, 3,5, 14,5, 14,5) J
1,20 (1H, m)

12 274 | 273 it m i

13 378 | 378 i :

14 1196 | 1194 ; :

3,61 (1H, d, 22,0)

15 201 | 291 S 4 2200 8,14, 16

16 1691 | 169.1 : :

17 80,7 | 80,7 5.14 (1H, 5) 18, 20, 21, 22

18 168 | 168 1,06 (3H, ) 12,13, 14, 17

19 154 | 157 1,03 (3H, ) 1.5,9, 10

20 1197 | 1198 ; ;

21 1411 | 1412 7.46 (1H, d, 1.0) 20,22, 23

22 1007 | 109.8 6,39 (1H, d, 1.0) 20, 21, 23

23 1431 | 1431 7,41 (1H, 1, 1,5) 20, 21, 22

28 217 | 230 1,09 (3H, 5) 3,4, 5,29

2.30 (1H, br d, 16,5)

29 518 | 503 2As (11 e 25 255 1,3, 28,30

30 1661 | 1655 ; :

31 533 | 522 3.74 (3H, 5) 7
isobutyryl -

I 1760 | 1757 ; :

5% 339 | 338 2,61 (1H, m) 3

3 186 | 186 1.20 (3H, d, 7.,0) 2.4

g 18,7 | 188 1.02 (3H, d, 7.,0) .23

“sc tham khdo cia chdt 3a [131]; 2Po trong CDCls; ®125MHz; *500MHz; “L00MHz

3.1.5. Hop chat XMO05

Hop chat XMO5 (Hinh 3.13) thu dugc dudi dang chat bot vo dinh hinh, mau
trang. Pho khéi phan giai cao HRMS (Hinh 3.14) xuét hién pic ion duong tai m/z
645,2895 [M + H]* (tinh toan theo ly thuyét ung véi cong thic ion gia phan to
CasHas012*, m/z 645,2906). Két hop véi phd 'H-NMR va BC-NMR xac dinh hop
chat XMO5 c6 cong thirc phan tir CasHasO12, khdi lugng phén tir 644,2833.



Hinh 3.13. CAu trlc va tuong tac HMBC va COSY cua hop chat XMO05
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Hinh 3.14. Ph khéi phan giai cao HRMS cua hop chat XMO05

Duya trén phd 'H-NMR (Phu luc 2, hinh PL29), 3C-NMR (Phu luc 2, hinh
PL30), HSQC (Phu luc 2, hinh PL31) va HMBC (Phu luc 2, hinh PL32) cho thy
hop chat chira 34 nguyén tir carbon. Trong d6 26 tin hiéu carbon cua khung chat
limonoid: Bén tin hiéu dic trung ctia cac nhém methyl [on 1,21/5¢ 19,5 (C-18), o
1,04/6¢ 20,7 (C-19), 6n 0,87/6c 24,3 (C-28), ou 1,30/d¢c 21,6 (C-29)]. Cong huong
trén ving truong yéu xuat hién hai tin hiéu cua nhom carboxyl tai 5c 173,8 va 163,1
ppm; sau tin hiéu cua ba lién két doi [dc 158,4/118,4, 119,9/141,3 va 109,9/143,0
ppm]. Vé phia viing manh hon 1 c4c tin hiéu ciia carbon lién két truc tiép voi nguyén
tir oxy tai dc 108,5, 81,1, 82,5, 80,3, 81,4 va 75.2 ppm. Ngoai ra con c¢d cac nhom thé:
Mot nhom oxymethyl tai on 3,69/6c 52,1, mot nhom acetyl tai [oc 171,3 (C-1"), Ju
2,02/5c 20,8 (C-2)]; mot nhom thé (2-methyl-propanoyl)- [6c 175,0 (C-1"), Jn
2,36/0c 40,9 (C-2"), 0w 1,44 va 1,63/ 26,6 (C-3"), on 0,92/d¢ 11,6 (C-4"), o 1,00/d¢
16,1 (C-5"). Hop chat c6 khung limonoid 1 1é6p chat dién hinh caa chi Xu Xylocarpus.
Véi nhitng phan tich dit liéu phd nhu trén va khi so sanh dit liéu pho cua hop chat
XMO05 (Bang 3.5) vai hop chat Xylomolin S [20] cho thay chung tuong dong. Vay
hop chat XMO05 dugc xac dinh 12 Xylomolin S.
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Bang 3.5. Bang sd liéu phd *H, *C-NMR va HMBC ciia hop chat XM05

Vi tri C *éca,d éca'b éHXalt/I((\)JS: HZ)
1 108,5 108,5
2 81,1 81,1
3 82,5 82,5 4,84 (1H, s)
4 38,6 384
5 40,4 40,3 2,67 (1H, dd, 1,5, 10,0)
6 32,0 31,9 2,17 (1H, m); 2,35 (1H, m)
7 174,0 1738
8 80,4 80,3
9 51,5 51,5 2,20 (1H, m)
10 42,3 42,3
11 15,2 15,1 1,82 (1H, m); 2,36 (1H, m)
12 25,3 25,2 1,41 (1H, m); 1,98 (1H, m)
13 39,1 39,0
14 158,6 158,4
15 118,4 118,4 6,06 (1H, s)
16 163,3 163,1
17 81,5 814 4,89 (1H, s)
18 19,6 19,5 1,21 (3H,s)
19 20,8 20,7 1,04 (3H, s)
20 120,0 119,9 -
21 141,1 1413 7,48 (1H,t,1,0)
22 110,0 109,9 6,40 (1H, dd, 1,0, 1,5)
23 143,1 143,0 7,41 (1H,t,15)
28 24,4 24,3 0,87 (3H, s)
29 21,7 21,6 1,30 (3H, s)
30 75,2 75,2 5,64 (1H, s)

OMe-7 52,1 52,0 3,69 (3H,s)

3-0OAc
I 171,3 1711
2’ 21,0 20,8 2,02 (3H, 5)

(2-methyl

propanoyl)-30
1" 175,0 175,0
2" 41,1 40,9 2,36 (1H, m)
3" 26,8 26,6 1,44 (1H, m); 1,63 (1H, m)
4" 11,7 11,6 0,92 (3H,t,7,5)
5" 16,3 16,1 1,09 (3H,d, 7,0
1-OH 4,62 (1H, brs)
2-OH 3,94 (1H, brs)

“ad tham khdo chat xylomolin S [20]  ; ®do trong CDCls, ® 125 MHz, © 500 MHz, 100 MHz

3.1.6. Hop chat XMO06

Hop chat XMO06 (Hinh 3.15) thu duoc dudi dang chit bot vo dinh hinh, mau tring.
Phé khdi phan giai cao HRMS (Hinh 3.16) xuat hién pic ion &m tai m/z 315,0868 [M
+ H]" (tinh toan theo ly thuyét ang véi cong thuc ion gia phan tar Ci7HisOs, m/z
315,0874) tir d6 xac dinh dwoc hop chat XMO06 c6 cong thirc phan tir twong (ng
C17H1606. Két hop phd tH-NMR va 13C-NMR xac dinh hop chat XMO06 c6 cong thirc
phan tir C17H1606, khdi lugng phan tir 316,0947.



Hinh 3.15. Céu triic va twong tac HMBC ctia hop chat XMO06
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Hinh 3.16. Pho khéi phan giai cao HRMS cua hop chat XMO06

Xét trén pho 'H-NMR (Phu lyc 2, Hinh PL33) thay xuat hién ba tin hiéu proton
olefin cong huong tai o 6,69, 6,51 va 6,52 ppm. Mét tin hiéu oxymethyl tai on 3,41
ppm, mat tin hiéu oxymethylene tai du 4,77 ppm. Vé phia ving trudng manh 1a hai
tin hiéu cua nhom methyl cong hudng tai on 2,37 va 2,42 ppm.

Pho 3C-NMR (Phy lyc 2, hinh PL34) két hop phé HSQC (Phu luc 2, hinh PL35)
cho thay hop chat XMO06 chtra 17 nguyén tir carbon. Dya trén phé HMBC (Phu luc
2, hinh PL36) cho biét dugc nhom thé oxymethyl tai C-8, Cac nhém methyl thé tai
C-6 va C-6' twong tac HMBC (Hinh 3.15) va céu trlc phiang cua hop chét ciing duoc
xac dinh. Hop chat 1a dan xuét cua botryorhodine [132].

Vi nhitng phan tich dit liéu pho trén va so sanh (Bang 3.6) véi tai liéu tham khao
da cong bd xac dinh dugc hop chit XMO06 la 1H-Dibenzo[b,e][1,4]dioxepin-11-
one,3,8-dihydroxy-4-(methoxymethyl)-1,6-dimethyl [133]. P4y 1a lan dau tién hop
chat nay duoc phan Iap tir chi Xu.
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Bang 3.6. Bang s liéu phé *H, *C-NMR va HMBC cua hop chat XMO06

VitriC XMo6

- "5t octP o, (J = Hz) HMBC (H — C)
1 113,8 113,8 - -
2 162,8 162,4
3 117,1 114,1
4 162,4 161,8 - -
5 116,2 116,2 6,69 (1H, s) 1,4,9
6 1458 1454 - -
7 165,9 163,7 - -
8 54,8 64,3 477 (2H, 5) 2,3,4
9 214 21,2 2,37 (3H, 5) 1,56
T 113,9 114,8 6,51 (1H, br s) 7,35
2 1445 1457 - -
3 135,1 105,8 6,52 (1H, br s) 15
4 1355 1454 -
5 144.4 1431
6 1206 132,5 - -
7 16,4 16,6 2,42 (3H, 5) 1,56

8-OCHs - 58,4 3,41 (3H,s) 8

*5¢ cua hop chat botryorhodine | [133]

3 do trong acetone-ds, ° 125 MHz, ¢ 500 MHz,
4 do trong CD3;0D, ¢ 150 MHz,

3.1.7. Hop chat XM07

Hop chat XMO07 (Hinh 3.17) thu dugc dudi dang chat bot vo dinh hinh, mau
trang. Pho khdi phan giai cao HR-MS xuat hién pic ion duong tai m/z 681,1983 [M +
K]* (Hinh 3.18), (tinh toan 1y thuyét cho ion phan tir CssHss013K* cho sé khéi twong
tng 12 681,1944). Két hop véi phd 'H-NMR va 3C-NMR xac dinh hop chat XMO07
c6 cong thic phan tir CasHss013, khdi lugng phan tir 642,2312,

Hinh 3.17. Cau trtic hop chat XMO07 va cac twong taic COSY, HMBC
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Hinh 3.18. Ph khéi phan giai cao HRMS cua hop chat XMO07
Phd 'H-NMR (Phu luc 2, Hinh PL37) cho cac tin hiéu singlet ctia sdu nhom
methyl (6w 0,74-2,16), mdt nhom methoxy (0w 3,68), ba nhom oxymethine (o1 5,25,
5,37 va 5,77) va bén proton olefin (5w 6,43, 6,58, 7,41 va 7,45).

Ph6 3C NMR (Phu lyc 2, Hinh PL38) va HSQC (Phu luc 2, Hinh PL39) ciia
hop chat nay cho thiy su c¢6 mit cta 33 carbon, gdm bay nhom methyl, bén nhom
methylene, tdm nhom methine va mudi bon carbon khong lién két véi hydro. Trong
sO d6 c6 bdn nhom carbonyl ester (dc 173,38, 170,46, 169,25 va 163,98), sau carbon
olefin (5c 109,97-154,32), bay carbon sp? c6 lién két v6i oxy (dc 74,21-86,26) va
mot nhom oxymethyl (dc 52,19). Ngoai ra tin hiéu cong hudng tai dc 119,62 co thé
gan cho mot carbon sp? lién két véi ba nguyén tir oxy, thuoc mot goc trioxyethyl rat
dic trung cho cac hop chat limonoid tir chi Xylocarpus, duoc nhan dang tir tuong tac
HMBC gitta Me-32 (Jn 2,16) véi C-31 (dc 119,62). Tir cac phan tich néu trén, két
hop véi céc tai liéu da cong bd tir chi Xylocarpus, cho phép nhan dang hop chat XM07
la Moluccensin Y [53] (m6t hop chéat phragmalin limonoid phéan 1ap tir loai Xu nho
nam 2012), dua trén sy phtt hgp hoan toan céc gia tri phd NMR ciing nhu cong thirc
phan tir CssHssO13 giita 2 hop chat (bang 3.7). Nhan dinh trén con duge khang dinh
thém boi cac twong tac quan sat duoc trén phd HMBC (Phu luc 2, Hinh PL40), pho
COSY (Phy luc 2, Hinh PL41) va NOESY (Phu luc 2, Hinh PL42). That vay, mot sb
tuong tac quan trong cho phép xay dung cdc manh phan tir cling nhu xac dinh vi tri
cac nhom thé, chang han twong tic COSY giita H-22/H-23 va céc twong tic HMBC
gitra H-21 vai C-20, C-22 va C-23, giira H-17 véi C-20, C-21 va C-22 chirng minh
c4u trac vong furan va cho biét vong nay lién két voi C-17. Twong tac COSY giira H-
11 va H-12 va cac twong tac HMBC gitra H-11 véi C-8, C-9, gitra H-18 véi C-12, C-
13, C-14, C-17, giita H-15 voi C-13, C-14, C-16, C-8 khang dinh cau triic cua céc
vong C va D. Cau tric cic vong A, B va F cling hoan toan phu hop véi cac tuong tac
HMBC gitra H-28 v¢i C-3, C-4, C-5, C-29, gitra H-19 véi C-1, C-5, C-9, C-10, gitra
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H-29 véi C-4, C-5, C-1, C-2, C-10, gitta H-3 voi C-2, C-29, C-30, gitra H-30 voi C-
2, C-8, C-9. Ngoai ra, nhom methyl ester lién két tai vi tri C-6 boi cac twong tac COSY
gitra H-5/H-6 va céac twong tac HMBC giita H-6 va H-1" vi C-7. Cudi cling, 2 nhom
O-acetyl lién két tai vi tri C-2 va C-3 duoc khéng dinh bdi su chuyén dich manh vé
phia truong yéu ctia C-2 (dc 83.94) va C-3 (dc 85.04) két hop véi cac twong tac HMBC
gitra H-3 va H-2" véi C-1" va gitta H-2' voi C-1'. Véi nhitng phan tich dit liéu phd va
so sanh voi tai liéu tham khao d3 cong b thi xac dinh duoc hop chat XMO7 (Hinh
3.17) la Moluccensin Y.

Bang 3.7.  Dit liéu phé *H va 3C NMR cua XM07

VitriC XMO7
' “ocab ocP oH?° (J = Hz) HMBC (H — C)
1 84,3 84,3 - -
2 83,9 83,9 - -
3 85,0 85,0 5,25 (1H, s) 5, 28, 29, 30
4 44,7 44,7 -
5 39,5 39,5 2,32 (1H, m) 7,9,19,3
6 33,7 33,7 2,34 (1H, m) 4,5,7
7 1734 173,4 - -
8 84,0 84,0 - -
9 86,3 86,3 - -
10 48,0 48,0 - -
1,93 (1H, m)
11 26,5 26,5 213 (1H. m)
1,17 (1H, m)
12 29,2 29,2 1'51 (1H. m)
13 38,0 38,0 - -
14 1544 154,3 _
15 1225 1225 6,58 (1H, s) 13,14, 16
16 164,0 164,0 - -
17 80,4 80,4 5,77 (1H, s) 13,14, 18,21
18 19,7 19,7 1,40 (3H, s) 12,13, 14,17
19 15,5 15,5 1,28 (3H, s) 1,5,9,10
20 119,8 119,8 -
21 141,9 141,9 7,45(1H, s) 17,22, 23
22 110,0 110,0 6,43 (1H, d, 1,5) 17,21, 23
23 143,1 143,0 7,41(1H, t, 1,5) 20, 21, 22
28 14,5 14,5 0,74 (3H, s) 3,4,5,29
1,70 (1H, m)
29 39,5 39,5 1'93 (1H. m) 3,4,5,28
30 74,2 74,2 5,36 (1H, s) 1,2,9
31 119,6 119,6 - -
32 16,6 16,6 2,16 (3H, s) 31
7-OCHs 52,2 52,2 3,68 (3H, s) 7
2-OAc
1 170,5 170,5 - -
2' 21,9 21,9 2,16 (3H, s) 1
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3-OAc
1" 169,3 169,3 - -
2" 21,7 21,7 2,09 (3H, s) 1"

“d¢ cua hop chat moluccensin Y [46] ; 2do trong CDCls, ® 125 MHz, © 500 MHz
3.1.8. Hgp chat XM08

Hop chat XMO08 (Hinh 3.19) thu dugc dudi dang chat bot vé dinh hinh, mau
trang. Pho khdi phan giai cao HR-MS xuit hién pic ion dwong phén tir tai m/z
527,2282 [M + H]* (Hinh 3.20), (tinh toan 1y thuyét cho ion phan tir Ca9HzsOg* cho
s6 khoi twong tng 1a 527,2276). Két hop véi phd H-NMR va 3C-NMR xac dinh
hop chat XMO8 c6 cong thirc phan tir C2oH340s va khéi luong phan tir 526,2203.

Hinh 3.19. Céu trtic va twong tic HMBC cua hop chat XMO08

527.22825
3e7
=
=
(e}
Y 2074
>
‘@
[ =
g
= 1e7 207.09141 408.22918
291.14701 \  474.19101 871.46073
180.08082 T35
T 1 T 1 1 T 1 T
100 200 300 400 500 600 700 800 900

Observed mass [m/z]

Hinh 3.20. Pho khéi phan giai cao HRMS cua hop chat XMO08

Dya trén phd *H (Phu luc 2, Hinh PL43), 3C-NMR (Phu luc 2, Hinh PL44) va
HSQC (Phu luc 2, Hinh PL45) cho thiy hop chét chira 29 nguyén ti carbon. Trong
d6 xuat hién mot sé tin hiéu dic trung: Bén tin hiéu dic trung cua cac nhém methyl
[0n 1,06/6¢ 22,6 (C-18), 6u 1,25/0c 15,7 (C-19), on 0,70/d¢c 21,9 (C-28), o 0,80/5¢
21,0 (C-29)], mot nhom oxymethyl tai on 3,64/6c 52,1, mot nhom acetyl tai [oc 170,5
(C-1), 8n 2,22/5¢ 20,7 (C-2'). Hop chat ¢ khung limonoid — Ia 16p chat dién hinh cua
chi xu Xylocarpus. Hop chat c6 chira nhdm thé acetyl tai vi tri C-3 cua khung chét
dwa trén phd HMBC (Phu luc 2, Hinh PL46): H-3 (dn 5,00) tuong tac véi C-1' (5c
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170,5). Tuong tu cac nhdm gem-dimethyl, nhém methyl, nhdm hidroxy va nhom
ketone ciing dugc xac dinh vi tri dua trén twong taic HMBC (hinh 3.46). Khi so sanh
dir liéu pho cua hop chit XMO08 (Bang 3.8) véi hop chat Swietmanin H cho thay
chung twong dong. Vay hop chat XM08 (Hinh 3.19) dugc xac dinh 1a Swietmanin H
[134]. P4y 1a lan dau tién hop chit nay duoc phan Iap tir chi Xu.
Bang 3.8.  Bang sé liéu phd *H, *C-NMR va HMBC cua hop chat XM08

Vitri C XMO8
: “ocde oc?P on¢ (J = Hz) HMBC (H — C)
1 2126 213,2 - -
2 77,0 78,6 - -
3 85,7 86,4 5,00 (1H, s) 5, 28, 29, 30
4 39,4 40,4 - -
5 40,6 41,39 3,20 (1H, dd, 2,0, 9,5) 7,9,19,3
6 32,7 33,2 2,42 (2H, m) 4,57
7 173,4 174,2 - -
8 134,3 135,3 - -
9 53,9 54,5 2,32 (1H, dt, 3,0, 12,5) 10, 12, 30
10 52,5 53,1 - -
1,90 (1H, m)
11 220 | 223 | 159 (11, dd, 5,0, 12,5)
1,31 (1H, m)
12 32,5 33,2 2,05 (1H. m)
13 37,4 38,2 - -
14 160,0 160,5 - -
15 113,3 113,6 6,37(1H, s) 13,14, 16
16 164,7 164,8 - -
17 79,6 80,1 5,33 (1H, s) 13, 14, 18, 21
18 22,6 22,6 1,06 (3H, s) 12,13, 14, 17
19 15,5 15,7 1,25 (3H, s) 1,5, 9,10
20 120,0 121,7 - -
21 141,4 142,9 7,76 (1H, t, 1,0) 17, 22, 23
22 110,1 111,3 6,62 (1H, d, 1,5) 17, 21, 23
23 143,2 1441 7,66 (1H,t, 1,5) 20, 21, 22
28 21,5 21,9 0,70 (3H, s) 3,4,5,29
29 20,6 21,0 0,81 (3H, s) 3,4,5,28
30 132,8 134,4 6,47 (1H, d, 3,0) 1,2,9
7-OCHs | 521 52,1 3,64 (3H, 9) 7
3-OAc
1' 170,2 170,5 - -
2' 20,8 20,7 2,22 (3H, s) 1'

"dc cia hop chdt Swietmanin H; 2 do trong acetone-ds, ® 125 MHz, © 500 MHz, ¢ do trong
CDCls, ¢ 100 MHz.
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3.1.9. Hop chat XM09

Hop chat XMO09 (Hinh 3.21) thu duoc duéi dang bot két tinh mau trang (dang
v6 dinh hinh). Phd khdi phan giai cao HRMS xuat hién pic ion duwong tai m/z 645,2564
[M + H]* (Hinh 3.22) (tinh toan 1y thuyét cho ion phan tir Ca3Ha1013* cho sé khdi
tuong (ng 12 645,2542). Két hop véi phd *H-NMR va 1*C-NMR xac dinh hop chat
XMO9 ¢6 cong thirc phan tir CasHa0013 va khéi lugng phan tir 644,2469.

(0]

Hinh 3.21. Céu triic va twong tac HMBC cuia hop chat XM09
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Hinh 3.22. Pho khéi phan giai cao HRMS cua hop chat XM09

Phan tich chi tiét cac pho pho H-NMR (Phy luc 2, Hinh PL47) va 13C-NMR
(Phu luc 2, Hinh PL48) va phd HSQC (Phu luc 2, Hinh PL49) cho thiy XMO09 c6 cu
friic hoan toan tuong tu véi XMO7. Tuy nhién lién két doi & vi tri C-14/C-15 & XMO7
da dugc thay thé bang lién két don trong phan tir XMO09 vai cac tin hiéu (dc 42,87, C-
14) va (dc 26,63, C-15) bi dich chuyén manh vé ving trudng manh. Diéu nay con
dugc khang dinh thém bang cac tuong tac trén pho HMBC (Hinh 3.21) cia XMO09
gitta Hz-15 véi C-8, C-13, C-14 va C-16. Ngoai ra, phé HMBC (Phu luc 2, Hinh
PL50) caa XMO09 xuat hién tuong tac giita H-30 v&i C-1" cho thay C-30 lién két véi
nhom acetyl, thay vi lién két truc tiép véi goc trioxyethyl nhu trong phan tir XMO7.
Do chuyén dich hda hoc cua vi tri C-1 (dc 87,14) cua XMO09 bi dich chuyén nhiéu
hon vé phia trudng yéu so vai vi tri C-1 (5c 84,33) cua hop chat XMO7 goi y cho thay
C-1 c6 thé lién két véi gdc trioxyethyl. Cudi cling, so sénh dit liéu phé MS va NMR
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ctia XMO09 vaéi cac hop chat limonoid da céng bd cho thiy su phu hop hoan toan voéi
dir liéu phd cua hop chét 3,30-Diacetylphragmalin (Bang 3.9) cho phép nhan dang
XMO09 la 3,30-Diacetylphragmalin [80], [81].
Bang 3.9. Dit liéu phé H va 3C NMR caa XMO09

. XMO09
"o Scb Sr2¢ (J = Hz) HMBC (H — C)
1 87,2 87,1 - -
2 79,4 79,4 - -
3 83,4 83,3 4,64 (1H, s) 5, 28, 29, 30
4 454 453 - -
5 36,4 36,4 2,96 (1H, dd, 2,0, 9,5) 7,9,19,3
2,24 (1H, dd, 2,0, 16,0)

6 335 33,5 2,467 (1H, dd, 9,5, 16,0) 45,7
7 172,8 172,7 - -
8 86,2 86,1 - -
9 85,6 85,6 - -
10 453 453 - -

1,66 (1H, m)
11 25,3 25,3 2,06 (1H. m)

1,29 (1H, m)
12 29,2 29,2 1’55 (1H. m)
13 34,4 34,4 - -
14 42,9 42,9 2,06 (1H, m)

2,69 (1H, dd, 10,0, 20,0)
15 26,7 26,6 3,24 (1H, d, 20.0) 13,14, 16
16 170,8 170,3 - -
17 78,8 78,7 5,49 (1H, s) 13,14, 18, 21
18 19,7 19,7 1,07 (3H, s) 12,13, 14, 17
19 16,2 16,20 1,13 (3H, s) 1,5,9,10
20 121,2 1211 - -
21 140,7 140,6 7,51 (1H, 9) 17,22, 23
22 109,7 109,6 6,45 (1H, d, 1,5) 17,21, 23
23 143,1 1431 7,41 (1H, t, 1,5) 20, 21, 22
28 14,5 14,5 0,90 (3H, s) 3,4,5,29
1,74 (1H, d, 11,0)
29 39,4 39,4 1'89 (1H. d. 11.0) 3,4,5,28
30 71,2 71,2 5,92 (1H, s) 1,2,9
31 119,1 119,0 - -
32 21,1 21,1 1,66 (3H, s)
7-OCHjs 52,1 52,0 3,70 (3H, s) 7

1 170,3 170,8 - -
2' 21,2 21,3 2,18 (3H, 9) 1
1" 169,0 169,0 - -
2" 21,2 21,2 2,08 (3H, 9) 1"




76
“8¢ cua hop chat 3,30-diacetylphragmalin ; 2do trong CDCls, ® 125 MHz, © 500 MHz, ¢ 100 MHz.

3.1.10.Hop chat XM10

Hop chat XM10 (Hinh 3.23) thu duoc dudi dang bot két tinh mau tring (dang
v6 dinh hinh). Phé HR-MS cho peak ion phan tir tai m/z 687,2662 [M + H]* (tinh toan
ly thuyét cho ion phan tir C3sHa3O14" ¢6 s6 khdi twong ting la 687,2647) (Hinh 3.24)
cho phép x4c dinh cong thirc phén tir 1a CssHa2014. Két hop véi phd *H-NMR va 13C-
NMR xac dinh hgp chit XM10 c6 cdng thic phan tir CasH2014, khéi lwgng phan tu
642,2312.

Hinh 3.23. CAu triic va tvong tac HMBC cua hop chit XM10

687.26622
464 XM10
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)
>
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256.30034 315.19536 433.17381 465.19485 >07-20558 567 22574 627.24874
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Hinh 3.24. Ph khéi phan giai cao HRMS cuia hop chat XM10

Dya trén phd *H (Phu luc 2, Hinh PL51), 3C NMR (Phu luc 2, Hinh PL52) va
HSQC (Phu luc 2, Hinh PL53) cho thiy cac phd H va 3C NMR cta XM10 hoan
toan twong tu voi phd cuia XM09. Su khac biét duy nhit gitta 2 hop chit 1a d6 chuyén
dich hoa hoc ¢ vi tri C-2 (dc 85,20) ctia XM10 bj dich chuyén manh vé phia truong
yéu so vai vi tri C-2 (dc 79,38) cuia hop chat XMO09, goi y cho thiy nhom thé tai C-3
cua XM10 12 acetyl thay vi nhém hydroxy tai C-3 trong cau tric XMO09, cac tuong
tac quan sat dugc trén phd HMBC (Phu luc 2, Hinh PL54), phd COSY (Phu luc 2,
Hinh PL55) phd NOESY (Phu luc 2, Hinh PL56) cho thdy nhan dinh nay ciing hoan



toan phu hop véi su chénh léch KLPT va CTPT giita 2 hop chat. So sanh véi dit lidu
phd cia cac limonoid di coéng bd cho phép nhan dang XM10 l1a Xyloccensin E
(2,3,30-triacetyl Phragmalin) [80], [81] dwa trén su phu hop hoan toan vé di liéu phd
ctia 2 hop chat (bang 3.10). Pay 1a 1an dau tién hop chit nay dugc phan 1ap tir cay Xu
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nho.
Bang 3.10. Dir liéu ph H va 3C NMR caa XM10
b XM10
¢ "o 5P *5c2¢ (J = Hz) HMBC (H—C)
1 86,9 86,8 - -
2 85,3 85,2 - -
3 81,1 81,1 5,10 (1H, s) 5, 28, 29, 30
4 46,2 46,2 - -
5 35,5 355 2,97 (1H, dd, 2,0, 10,0) 7,9,19,3
2,23 (1H, dd, 2,0, 16,5)
6 333 | 333 2.46 (1H, dd, 10,0, 16,5) 451
7 172,7 | 172,6 - -
8 85,9 85,9 - -
9 85,3 85,3 - -
10 457 45,7 - -
1,68 (1H, m)
11 25,4 25,4 2,06 (1H. m)
1,30 (1H, m)
12 29,1 29,1 1’54 (1H. m)
13 34,3 34,3 - -
14 431 431 2,06 (1H, m)
2,71 (1H, dd, 10,0, 20,0)
15 26,5 26,5 3,98 (1H. d, 20.0) 13,14, 16
16 1703 | 170,3 - -
17 78,6 78,6 5,54 (1H, s) 13, 14,18, 21
18 19,6 19,6 1,07 (3H, s) 12, 13, 14, 17
19 16,5 16,5 1,14 (3H, s) 5,9, 10
20 1211 | 1211 - -
21 140,8 | 140,8 7,52 (1H, s) 17,22, 23
22 109,7 | 109,7 6,14 (1H, d, 1.5) 17, 21, 23
23 1430 | 1430 7,40t (L5) 20, 21, 22
28 14,6 14,6 0,89 (3H, s) 3,4,5,29
1,67 (1H, m)
29 40,2 40,2 198 (1H. m) 3,4,5,28
30 69,3 69,3 6,31 (1H, s) 1,2,9
31 1190 | 119,0 - -
32 21,0 21,0 1,66 (3H, s)
7-OCH3 | 52,1 52,0 3,69 (3H, s) 7
2-0AC
I’ 170,3 | 1703 - -
2’ 21,7 21,7 2,15 (3H, s) 1’
3-OAc
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1” 1702 | 1701 - -
2” 21,1 21,1 2,25 (3H, 5)

30-OAcC
1 168,6 | 1685 - -
2 21,6 215 1,94 (3H, s)

“d¢ cua hop chat xycloccensin E ; 2do trong CDCls, ® 125 MHz, © 500 MHz, 100 MHz,

Nhan xét

Theo nhiing nghién ctu trude day cho thdy Xu nho la cay phé bién trong
nghién ctu thuc nghiém cho thay chi Xu chira thanh phan chinh 1a nhém hop chat
triterpenoid. Tir cdy Xu nho thu thap ¢ rirng ngap man Ca Mau - Viét Nam, cac hop
chat da phan lap dwoc phd hop véi cac nghién ciru trude day 1a thuoc nhém hop chat
triterpenoid 12 nhom dic trung cho chi Xu. Trong s6 10 hop chat di phéan 1ap duoc
c6: 04 chat mai trong ty nhién chwa duogc tim thay, 06 hop chat da biét déu c6 khung
triterpenoid tuong tu cac hop chat di cong bé trude day.
> 04 chat méi phan lap duoc tir cdy Xu nhé gom XMO1 (Xylomoluccenoid A);

XM02 (Xylomoluccenoid B); XMO03 (Xylomoluccenoid C), XMO04
(Xylomoluccenoid D);

> 06 hop chét da biét déu cd khung triterpenoid chat méi phan lap duoc tir cay Xu
nho gom: XMO05 (Xxylomolin S), XM 06 (1H-Dibenzo[b,e][1,4]dioxepin-11-
one,3,8-dihydroxy-4-(methoxymethyl)-1,6-dimethyl), XMO07 (Moluccensin Y),
XM 08 (Swietmanin H), XMO09 (3,30-diacetylphragmalin), XM10 (Xyloccensin
E).

> XM10 (xyloccensin E) lan dau tién hop chat nay duoc phan Iap tir cay Xu nho.

» XMO06 (1H-Dibenzo[b,e][1,4]dioxepin-11-one,3,8-dihydroxy- 4(methoxymethyl)
-1,6-dimethyl), XMO08 (Swietmanin H) lan dau tién hop chat nay dugc phan l1ap tir
chi Xu (cu thé 1a cay Xu nho).

Cac hop chat XM01-XM10 nhin chung déu thuoc nhém limonoid, chia sé
khung carbon /triterpenoid dic trung, hé vong phirc tap va nhiéu nhém chuc chira oxy
nhu hydroxyl, carbonyl, ester va ether. Sy twong dong rd rét thé hién & viéc bao toan
bo khung limonoid, thuong kém theo vong furan & mach nhanh. Tuy nhién, cac hop
chat khac nhau dang ké vé mirc ¢ oxy héa, s6 luong va vi tri nhdm acyl héa. Nhiing
bién ddi cau tric nay dan dén khac biét vé khdi lugng phén tir va phan manh MS,
phan &nh sy da dang hoa sinh hoc trong ciing mét ho hop chat.
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TT Ky hi¢u Cong thirc ciu tao

Ghi chu

Chit méi: Xylomoluccenoid A

Cong thac phan tr CsgHagOu4,
Khéi lugng phan tir 728,3044

Chat méi: Xylomoluccenoid B

Cong thuc phan tor CaoH6014,
Khéi luong phan tir 750,2888

Chat méi: Xylomoluccenoid C
Cong thuc phén tir C37H4601s3,
Khéi luong phan tir 698,2938

1 XMo1
s XMO02
3 XMO03
4 XMO4

Chit méi: Xylomoluccenoid D

Cong thac phén tor CsiHzsO10
Khéi luong phan tir 568,6190

5 XMO5

Xylomolin S
Cong thuc phan tir CazsHa4012,
Khéi lugng phan tir 644,2833




XMO06

1H-Dibenzo[b,e][1,4]dioxepin-
11-one,3,8-dihydroxy-4-
(methoxymethyl)-1,6-dimethyl
Cong thac phan tir C17H1606 va
khéi lwgng phan tir 1a 316,0947

XMO7

Moluccensin Y
Cong thtrc phan tir CssHsgO13
Khéi lwong phan tir 14 642,2312

XMO08

Swietmanin H
Cong thac phan tir CaoH3409 va
Khéi luong phan tir 13 526,2203

XMO09

3,30-diacetylphragmalin
Cong thuc phan tir CazHs0013 va
Khéi lugng phan tir 13 644,2469

10.

XM10

Xyloccensin E
Cong thirc phan tir CssH42014
Khéi lugng phan tir 13 686,2312
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3.2.  Phan lap va xac dinh ciu tric cac hep chit tir cAy Xu di

3.2.1. Hop chat XGO01 — chat méi

Hop chat XGO01 (Hinh 3.25) thu dwoc dudi dang chat bot vo dinh hinh, mau
tring. Phd khéi phan giai cao HRMS xuat hién peak ion tai m/z 639,2965 [M + CI]-
(Hinh 3.26), (tinh toan theo ly thuyét (g véi cong thirc ion gia phan tir CasHagO10CI
, m/z 639,2936). Két hop véi phd 'H-NMR va 3C-NMR xac dinh hop chat XG01 ¢6
cong thirc phan tir CazHagO10, khdi lwong phan tir 604,3247.

3
PN o A — COSY
- _}) OH
HO /4 4 ~—~ HMBC
HOHO

Hinh 3.25. Cu triic va twong tac HMBC va COSY cua hop chat XG01

x10 9
2.4

XG01

224 639.2965

18
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Hinh 3.26. Phé HRMS cua hop chat XG01

Phé 1H-NMR (Phu luc 3, Hinh PL57) xuét hién nam tin hiéu dic trung cua
cac nhom methyl tai 6H 1,09, 1,19, 1,18, 1,12 va 1,23 ppm; hai tin hiéu cia nhom
oxymethine tai 6H 4,20 (H-7) va 4,47 (H-23); hai tin hiéu caa nhom oxymethylene
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tai H 4,14 (Ha-21) va 4,42 (Hb-21); bay tin hiéu dic trung cua mot gc dudng
glucose [0H 4,33, 3,10, 3,33, 3,17, 3,25, 3,61 va 3,90 ppm]; ba tin hiéu cong huong
vé ving trudng thap cua cac proton olefin tai 8H 7,34 (H-1), 5,81 (H-2) va 5,54 (H-
15). Cac tin hiéu proton con lai cong huong trong ving truong manh 1,58 — 2,58 ppm
Cua cac proton co6 trong nhom methine, methylene thong thuong.

Phé 13C-NMR (Hinh 3.58) két hop phé HSQC (Phu luc 3, Hinh PL59) cho
thiy hop chat XG01 chira 33 nguyén tir carbon. Trong d6 27 nguyén tir carbon cua
gc glycone va 6 tin hiéu carbon con lai cia goc dudng glucose [8C 100,8, 75,3, 78,4,
72,3,77,7, 63,6 ppm]. Quan sat trén ving truong thap xuat hién mot nhom ketone tai
5C 208,2 ppm; mot nhom carboxyl tai 177,2 ppm; bon tin hiéu caa hai lién két doi tai
5C 162,0/125,8 va 158,9/122,1 ppm. Dich vé phia ving trudng manh hon xuét hién
hai tin hiéu oxymethine tai 6C 78,4 va 71,8 ppm; mot tin hiéu oxymethylene tai 6C
65,7 ppm. Con lai cong huong trong vung truong tr 6C 58,0 — 18,2 ppm la céc tin
hiéu carbon cua cac nhém methine, methylene va carbon khéng chua hidro.

Phé HMBC (Phu luc 3, Hinh PL60) xuat hién mot sé tuwong tac chinh: H-19
(8H 1,19) twong tac 1én C-1 (3C 162,0), C-5 (8C 45,6), C-9 (5C 39,5) va C-10 (5C
41,1); H-2 (6H 5,81) tuong tac l1én C-4 (6C 45,7); H3-28 (6H 1,18) va H3-29 (6H
1,12) cung twong tac 1én C-3 (3C 208,2) va C-5 (8C 45,6). Tir d6 xac dinh dugc vong
A cuia khung chat véi 6 canh, trong d6 c6 1 nhom ketone lién hop vai lién két doi va
bén canh hai nhdm gem-dimethyl. Xét twong tu cac twong tac HMBC (hinh 3.41) xac
dinh duoc cac vong B, C, D va vong pyran nhu hinh. Vi tri caa goc duong xac dinh
dugc thé vao C-7 cua khung chét duya trén twong tic HMBC (Hinh 3.25) giira H-1'
(8H 4,33) vai C-7 (8C 78,4). Vi tri cuia vong pyrane ciing xac dinh duoc thé vao vi tri
C-17 cua vong D cua khung chat dwa vao tuong tac gitra H-17 (8H 1,67) va C-21 (8C
71,8) va giita H-22 (3H 2,15) véi C-17 (5C 58,0). Dua trén phé COSY (Phu luc 3,
Hinh PL61) x4c dinh dwgc mot sé6 manh mach carbon trén phan tir: H-1 (8H 7,34)
tuong tac voi H-2 (6H 5,81), xac dinh dugc manh C-1/C-2. Tuong tu xét cac tuong
tac khac xac dinh duoc mot s6 manh khéc trén ciu tric hop chat XG02: C-5/C-6/C-
7: C-9/C-11/C-12; C-16/C-16/C-17/C-20/C-C-22/C-23 va mach gbc duong C-1’ —
C-6', cac twong tac NOESY duoc xac dinh dua trén phd NOESY (Phu luc 3, Hinh
PL62) va cau truc lap thé 3D (Phu luc 3, Hinh PL63).

Cau hinh tuyét dbi cua XGO01, cac tinh toan hoa hoc luong tir theo phuong
phap TD-DFT cho hai dong phan d6i quang (5R*,7R* 8R* 9R* 10R*,13S* 17S*,
20S* 23R*) - XGO01 va (55*,75*,85*,9S* 10S* 13R* 17R* 20R*,235*) - XGO1. Két
qua cho thay phd phd ECD thuc nghiém phi hop tt vai pho tinh toan cho ¢éng phan
thi nhat (hinh 3.27), x4c nhan cau hinh tuyét ddi cua hop chat nay 1a (5R*,7R*, 8R*,
9R*,10R*,135*,17S*,20S*,23R*) - XGO1. Truy cap co so dir liéu theo nguon
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Scifinder vao thang 6/2025 cho thay hop chat XG01 chua duwgc cong bd. Véi nhiing
phan tich dua trén pho *H-NMR, *C-NMR (Bang 3.11) va phé hai chiéu x4c dinh
duoc hop chat méi XGO1 dat tén 14 Xylocagranoside A.

— XGO01 thye nghiém

(5R,7R,8R,9R,10R,135,178,208,23R)-
XGO02 tinh toan Iy thuyét

- (58,78,88,98,108,13R,17R,20R,238)-

XG02 tinh toan Iy thuyét

Z (nm)

400

Hinh 3.27. Phd ECD thuc nghiém va tinh toan ly thuyét caa hop chat XGO01

Bang 3.11.Bang s6 liéu ph6 'H, 3C-NMR, HMBC, COSY va NOESY cua hop

chat XG01
XG01
VitriC ocP o1 (J = Hz) HMBC COoSsY NOESY
1 162,0 7,34 (1H, d, 10,2) 3,5,9,10 2 11b, 19
2 125,8 5,81 (1H, d, 10,2) 4,10 1 -
3 208,2 - - - -
4 457 - - - -
5 45,6 2,57 (1H, dd, 2,5, 12,5) 4,10,19,29 6 9,28
1,90 (1H, m) 5,7 -
6 22,1 1,95 (1H, m) 45 - 7
7 78,4 4,20 (1H, br s) 9 6 1', 15,30
8 44,8 - - - -
9 39,5 2,28 (1H, m) 8,10, 19, 30 11 5,18
10 41,1 - - - -
1,70 (1H, m) 9,12 19, 30
11 18,1 1'93 (1H, m) 12 ) 1
12 37,1 1,62 (1H, m) ] 11 -
1,80 (1H, m) - 18
13 47,4 - - - -
14 158,9 - - - -
15 122,1 5,54 (1H, d, 1,8) 13,17 16b 7, 16b, 30
2,09 (1H, m) 17 -
16 354 2,31 (1H, m) 14,1517 15, 17 15, 17, 22b
17 58,0 1,67 (1H, m) 12,21 16, 20 16b, 21a
18 20,9 1,09 (3H, s) 12,13, 14,17 - 9, 12b, 20
19 20,1 1,19 (3H, 5) 1,5,9,10 - 1, 11a
20 35,1 2,29 (1H, m) - 17,21, 22 18
4,14 (1H, dd, 11,0, 11,5) 17
21 8 4,42 (1H, 4,5,11,5) 22,24 20 22a
22 34,0 1,82 (1H, m) 17,20, 23, 24 20, 23 21b
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2,15 (1H, ddd, 8,5, 8,5, 13,5) 16, 23
23 65,7 4,47 (1H, dd, 9,0, 9,0) 22,24 22 22b
24 177,2 - - - -
28 27,7 1,18 (3H, s) 3,5,29
29 22,1 1,12 (3H, s) 3,5,28 -
30 28,0 1,23 (3H, ) 7,8,9, 14 11a, 7,15
S-D-glucopyranoside

1’ 100,8 4,33 (1H, d, 7,2) 7 2! 35,7
2! 75,3 3,10 (1H, dd, 7,8, 9,0) 1,3’ 1',3' -
3 78,4 3,33 (1H, #) 2! 2,47
4' 72,3 3,17 (1H, dd, 9,0, 9,6) 5 35
5 77,7 3,25 (1H, m) - 4' 6’

, 3,61 (LH, dd, 6,5, 11,5) , ,
6 63,6 3.90 (1H. dd. 2.0, 11.5) > >

3 Po trong CD30D; *125MHz; *500MHz, * tin hiéu chdp nhau

3.2.2.

Hop chat XG02 — chat méi

Hop chat XGO02 (hinh 3.28) thu dugc dudi dang chat bot vo dinh hinh, mau
vang nhat. Phd khdi phan giai cao HRMS xuét hién peak ion tai m/z 451,1594 [M +
H]* (hinh 3.29), (tinh toan theo ly thuyét ang véi cong thuc gia phan tir C22H27010%,
m/z 451,1604). Két hop pho *H-NMR va C-NMR, phé HMBC, HSQC xac dinh hop

chat XG02 c6 cong thic phan tir Co2H26010, khdi lwong phan tir 450,1526.

> la + OH
<_ ",

— COSY

~—« HMBC

Hinh 3.28. Céu trc va twong tac HMBC va COSY cua hop chat XG02
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Hinh 3.29. Phé HRMS cua hop chat XG02

lw. ulllulg
380 380

Phé *H-NMR (Phu luc 3, Hinh PL64) xuét hién hai tin hiéu proton chap dic
trung ctia hé vong thom A2B2 cong hudng trén ving truong thap tai on 7,23 (1H, d,
8,5) (x 2) va 6,81 (1H, d, 8,5) (x 2), bén canh d6 la hai tin proton thom & vi tri meta
véi nhau tai 0w 6,42 (1H, d, 2,0) va 6,16 (1H, d, 2,0). Vé phia ving truong manh hon




85
xuat hién mét tin hiéu dic trung caa nhém oxymethyl tai on 3,74 (3H, s), hai tin hiéu
cia nhdm oxymethine tai on 4,67 (1H, d, J = 7,5 Hz) va 4,02 (1H, ddd, J = 5,5, 7,5,
8,5 Hz). Bay tin hiéu cua gde duong glucose [on 4,89 (1H, d, J = 7,5 Hz), 3,48 (1H,
m), 3,46 (1H, m), 3,40 (1H, m), 3,42 (1H, m), 3,72 (1H, dd, J = 6,0, 12,0 Hz) va 3,92
(1H, dd, J = 2,0, 12,0 Hz)], con lai la hai tin hiéu caa nhom methylene tai on 2,62
(1H, dd, J = 8,5, 16,5Hz) va 3,10 2,62 (1H, dd, J = 5,5, 16,5Hz).

Phé 3C-NMR (Phu lyc 3, Hinh PL65) két hop phé HSQC (Phu luc 3, Hinh
PL66) cho thiy hop chit XG02 chtra 22 nguyén tir carbon. Trong d6 c6 mét tin hiéu
cua nhém oxymethyl tai dc 55,8 ppm, sau tin hiéu cua goc duong glucose (dc 102,7,
74,9, 78,3, 71,5, 78,3 va 62,6 ppm). Con lai la 15 tin hiéu carbon cuaa khung chat. V&i
nhitng dic diém pho trén cho thay hop chat 1a mét flavanol glycoside. Gbc duong Véi
proton anome c6 hang sb tuong tac véi gid tri 16n (J = 7,5 Hz) cho phép xéac dinh
dugc goe duong S-D-glucopyranoside. Vi tri thé cua gbe duong dugc thé vao vj tri C-
5 trén vong A cua khung flavanoid dya vao tuong tic HMBC. Proton H-1" (dn 4,89)
tuong tac 1én C-3 (dc 158,0). Nhom oxymethyl ciing dwgc Xac nhan thé vao vi tri C-
7 cling trén vong A cua khung chat flavanoid dya trén phé HMBC (Phu luc 3, Hinh
PL67). M6t s6 manh phan tar duoc xac dinh dya trén phd COSY (Phu luc 3, Hinh
PL68). Quan sét trén phd COSY thiy xuét hién tuong tac giita H-3 (0w 4,02) véi H-2
(0n 4,67) v Ha-4 (0n 2,62), nén ndi dugc mach carbon C-2/C-3/C-4. Tuong ty ndi
duoc mach C-2'/C-3', C-5'/C-6' va C-1"/C-2"/C-3"/C-4"/C-5"/C-6" twong tac HMBC
va COSY (hinh 3.28). Véi nhiing phan tich phé H, 13C-NMR, HSQC ciing nhu phd
HMBC (Bang 3.12) x4c dinh dugc ciu tric phang cua hop chat nhu hinh 3.38. cac
tuong tac NOESY cua hop chit XG02 duoc xac dinh dua trén phd NOESY (Phuy luc
3, Hinh PL69) va cau trdc lap thé 3D (Phu luc 3, Hinh PL70).

Cau hinh tuyét doi cua XG02, cac tinh toan hoa hoc lugng tir theo phuong
phép TD-DFT cho hai ddng phan ddi quang (2R*,35*) - XG02 va (25*,3R*) - XG02.
Két qua cho thay phd phé ECD thuc nghiém pha hop tét véi phé tinh toan cho dong
phan tha nhat (hinh 3.30), x4c nhan cdu hinh tuyét dbi cua hop chat nay la 2R,3S.
Truy cap co sé dit liéu theo nguon Scifinder vao thang 6/2025 cho thay hop chat
XG02 chua dugc cong bd. Vi nhimng phan tich trén xac dinh duoc hop chat XG02
la chat moi dat tén 1a Xylocagranoside B.
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Hinh 3.30. Pho ECD thuc nghiém va tinh toan ly thuyét caia hop chat XG02

Bang 3.12.  Bang sé liéu phd H, 1*C-NMR, HMBC, COSY va
NOESY cua hop chat XG02

XG02
VitriC e v (J = Hz) HMBC COSY | NOESY
2 83,0 4,67 (1H, d, 7.5) 3,4,9,1,2,6 3
3 68,6 4,02 (1H, ddd, 5,5, 7,5, 8,5) 10 2,4 4b
2,62 (LH, dd, 8,5, 16,5) 3
4 28,7 3,10 (1H, dd, 5,5, 16,5) 2,3,9,10 3
5 158,0 - : 3 -
6 96,2 6,42 (1H, d, 2,0) 5,7,8,10
7 161,0 - 3 3 -
8 96,5 6,16 (1H, d, 2,0) 6,7,9, 10
9 156,8 - 3 -
10 104,7 B i i i
I 1313 - : 3 -
> 1295 7,23 (1H, d, 8,5) 2.4.6 3
3 116,1 6,81 (1H, d, 8,5) 1,45 >
& 158,5 - - - -
5 116,1 6,81 (1H, d, 8,5) 1,34 6
6 1295 7,23 (1H, d, 8,5) 2,24 5
1" 102,7 4,89 (1H, d, 7.,5) 3 2" 6,3",5"
2 74,9 3,48 (1H, m) 17,37 1”3
37 783 3,46 (1H, m) 2 1
4" 715 3,40 (1H, m) 5"
5" 783 3,42 (1H, m) 3", 4" 1
; 3,72 (1H, dd, 6,0, 12,0) o - -
6 62,6 3.92 (1H, dd, 2.0, 12.0) 4% 5
7-OCH, 55,8 3,74 (3H, 5) 7 - 6, 8

aPo trong CD;0D; *125MHz; *500MHz;

3.2.3. Hop chit XG03 — chat méi

Hop chat XGO03 (hinh 3.31) thu dugc dudi dang chat bot vo dinh hinh, mau nau
nhat. Ph6 khoi phan giai cao HRMS xuét hién peak ion tai m/z 374,1233 [M + H]*
(hinh 3.32), (tinh toan theo ly thuyét cho goi y cong thirc gia phan tir C1oH20NO7*, m/z
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374,1240); peak m/z 408,0839 [M + CI]" (tinh toan theo ly thuyét goi y cong thic gia
phan tr C19H1sNOCI", m/z 408,0850). Két hop véi phd *H-NMR va 3C-NMR (Bang
3.13) x4c dinh hop chit XG03 c6 cong thirc phan tir C1gH1sNO7, khéi lwong phan tu

373,1162.
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Hinh 3.31. Céu trtic va tuong tac HMBC ctia hop chat XG03
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Hinh 3.32. Phé HRMS cua hop chit XG03
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Phé 1H NMR (Phu luc 3, Hinh PL71) caa 3 hién thi cac tin hiéu dic trung
tuong ng véi mot don vi catechin, bao gdm mot tap hop hé théng ghép néi ABX [6H
6,85 (d, J = 2,0 Hz, H-2), 6,79 (d, J = 8,5 Hz, H-5'), va 6,75 (dd, J = 8,5, 2,0 Hz, H-
6")], mot vong thom mot proton [6H 6,01 (s, H-6)], hai proton methine chira oxy [6H
4,57 (d, J = 8,0 Hz, H-2) va 3,96 (ddd, J = 8,5, 8,0, 5,5 Hz, H-3)], va mot nhom
methylene [8H 2,89 (dd, J = 16,0, 5,5 Hz, H-4a) va 2,54 (dd, J = 16,0, 8,5 Hz, H-4b)].
Ngoai ra, mot methine bj khir chin [8H 5,36 (dd, J = 9,0, 4,5 Hz, H-1")], va hai nhém
methylene mach ho [6H 2,37 (m, Ha-2")/2,22 (m, Hb-2"), va 2,30 (m, Ha-3")/2,21
(m, Hb-3")] da duoc phat hién. Phd 13C NMR (Phu luc 3, Hinh PL72) va HSQC (Phu
luc 3, Hinh PL73) cho 19 tin hiéu carbon dugc phan loai thanh mot nhom carbonyl
(0C 181,3), muoi hai carbon thom (6C 96,4—156,8), hai nhom oxymethine (dC 68,7
va 83,1), mdt nhom methine (6C 50,2) va ba nhom methylene (6C 26,8, 29,2 va 32,1).
Viéc kiém tra phd HMBC (Phu luc 3, Hinh PL74), COSY (Phu luc 3, Hinh PL75) da
dan dén viéc xac dinh ciu trac 2D caa XG03 (Phu luc 3, Hinh PL77), gidng hét voi
cau truc cua 8-(2-pyrrolidinone-5-yl)-(—)-epicatechin [135]. Céc twong quan COSY
cua H-1"/H-2"/H-3" cling véi cac dinh chéo HMBC tir H-1" Viéc xac nhan cau tric
cua phan 2-pyrrolidinone gan vao C-8 dua trén cac twong quan HMBC tir H-1" dén
C-8 va C-9 (Hinh 3.31) di duoc thyc hién dbi vai C-3" va C-4" (Hinh 3.31). Cau hinh
tuyét ddi ciia XG03, cac tinh toan hda hoc luong tir theo phuong phap TD-DFT cho
hai d6ng phan d6i quang (2R*,3S*, 1 "R*) - XG03 va (25*,3R*, 1 ’S*) - XG03. Két
qua cho thay phd phd ECD thuc nghiém phi hop tt vaéi phd tinh toan cho ddng phan
thir nhét (hinh 3.33), x4c nhan cau hinh tuyét dbi cua hop chat nay 1a (2R*,3S*,7 "R*)
- XGO03. Truy cap co sé dit liéu theo ngudn Scifinder vao thang 6/2025 cho thay hop
chat XG03 chua duoc cdng bd. Dya trén nhitng dit liéu phé *H-NMR, 3C-NMR va
cac pho khéc (Bang 3.13) va so sénh vaéi tai liéu tham khao da cong bd xac dinh dugc
hop chat mai XGO3 va dat tén la Xylocargranin A.

45 -
—— XG03 thwe nghiém

wd it 0 (2R,38,1"R)- XGO3 tinh tosn Iy thuyét
——————— (28,3R,1"'S)- XGO3 tinh todn Iy thuyét

280 320 360 400

Ag (M 'em™)

45
A (nm)

Hinh 3.33. Phd ECD thuc nghiém va tinh toan ly thuyét caa hop chat XG03
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Bang 3.13. Bang s liéu phé H, 3C-NMR, HMBC, COSY va NOESY cua hop

chat XGO03
XG03
VitriC | *3c* | 8c*P dn*° (J = Hz) HMBC cosy NOESY
2 803 | 831 4,57 (1H, d, 8,0) 3,4,8a1,2.6 3 2',4a, 6
3 671 | 687 | 396 (1H,ddd, 55 80,85 2,1 2,4 2", 4a, 4b
2,54 (1H, dd, 8,5, 16,0 3 2
4 295 | 292 >89 ElH,dd’ 55 16,0; 2,3,4a,4,8a 3 3
4a 1002 | 1015 -
5 157,3 | 156,1 - -
6 966 [ 964 6,01 (1H, s) 43,5,7,8
7 1564 | 1568 - -
8 107,9 | 108,0
8a 1556 | 1556
I 132,3 | 1318 - -
2’ 1155 | 1153 6,85 (1H, d, 2,0) 2,46 - 2,3
3 146,3 | 146,2 - -
4 1462 | 1464 - -
5 1162 | 116,2 6,79 (1H, d, 8,5) 1,3 ¢ -
6 1197 | 1201 6,75 (1H, dd, 2,0, 8,0) 2,24 5 2,3
1" 505 [ 502 5,36 (1H, dd, 4,5, 9,0) 8,8a,2", 4" 2" 2"a,2"b, 3"b
i 2,22 (1H, m) 0 oan - 1
2 268 | 268 237 (1H. m) 8,14 1" 3 I
) 2,21 (1H, m) " gn
3 322 | 321 230 (1H. m) 2", 4
4 1814 | 1813 -

“dc cua 8-(2-pyrrolidinone-5-yl)-(-)-elicatechin [135]
3 Po trong CD30D; ®P125MHz; *500MHz;
3.2.4. Hop chat XG04

Hop chat XG04 (hinh 3.34) thu duoc dudi dang chat bot két tinh mau trang
(dang v6 dinh hinh). Pho khdi phan giai cao HR-MS xuit hién peak ion tai m/z
[M+H]+ 14 759,2474 (hinh 3.35), (tinh toan theo ly thuyét (ng véi cong thirc ion gia
phan tir C37Ha3017*, m/z 759,2495). Két hop véi phd 'H-NMR va 3C-NMR két hop
phd HMBC, HSQC (Bang 3.15) cho thay cac chuyén dich héa hoc phu hop vai chat
Xyloccensin P [82] di cong bd trong cac tai liéu, hop chat XG04 duoc xac dinh ¢6
cong thirc phan tir Ca7H42017 va khéi luong phan tir 1a M = 758,2422.



Hinh 3.34. Céu trtic va tuong tac HMBC ctia hop chat XG04
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Hinh 3.35. Pho HRMS cua hop chat XG04

Phé 1H-NMR (Phu luc 3, Hinh PL78) xuét hién bén tin hiéu dic trung cua
proton thom tai 6H 6,60 (1H, s, H-15), 7,45 (1H, s, H-21), 6,55 (1H, d, J = 1,5 Hz, H-
22)va 7,30 (1H, t, J = 1.5 Hz, H-23); nam tin hiéu caa nhdm oxymethine tai 6H 5,21
(1H, s, H-3), 6,30 (1H, s, H-6), 4,94 (1H, s, H-12), 5,90 (1H, s, H-17) va 5,34 (1H, s,
H-30). Ving trudng manh xuét hién ba tin hiéu dic trung cho cac nhém methyl tai
8H 1,59 (3H, s, H-18), 1,31 (3H, d, J = 7,0 Hz, H-19) va 0,92 (3H, s, H-28); bbn tin
hiéu caa cdc nhom methyl cua cac nhém acetyl tai 6H 2,17 (3H, s, H-2'), 2,06 (3H, s,
H-2"), 2,20 (3H, s, H-2"), 1,55 (3H, s, H-2""); mét tin hiéu methyl caa nhém
orthoacetate tai 6H 1,69 (3H, s, H-32) va moét tin hiéu dac trung cua methyl trong
nhom este tai 3H 3,74 (3H, s, 7-OCH3). Con lai nhitng tin hiéu proton chuyén dich
trong ving truong tir 8H 1,75 dén 2,47 cia cac nhém methine, methylen thong
thuong.

Ph6 13C-NMR (Phu luc 3, Hinh PL79) két hop phé HSQC (Phu luc 3, Hinh
PL80) cho thay hop chat XG04 chira 37 nguyén tir carbon, gém 26 carbon cua khung
limonoid va 11 tin hiéu con lai caa cac nhom thé. Trong khung lominoid xuat hién
hai tin hiéu dac trung cho cac nhom ketone tai 6C 171,7 (C-7), 163,4 (C-16), sau tin
hiéu cua ba lién két doi tai 5C 152,7 (C-14)/124,2 (C-15), 121,0 (C-20)/142,1 (C-21)
va 110,2 (C-22)/143,0 (C-23). V& phia ving trudng manh hon xuat hién nam tin hiéu
cua c&c nhém oxymethine tai 6C 85,2 (C-3), 71,2 (C-6), 68,5 (C-12), 79,0 (C-17) va
74,0 (C-30), bén nhém carbon oxygenated tai 5C 84,1 (C-1), 83,7 (C-2), 83,6 (C-8)
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va 86.1 (C-9). Vung truong manh xuét hién ba tin hiéu cua cac nhém methyl tai 5C
14,4 (C-18), 16,4 (C-19) va 15,3 (C-28). Cac nhom thé bao gom: bdn nhom acetyl tai
8C 170,5 (C-1")/21,9 (C-2"), 169,0 (C-1")/21,7 (C-2"), 169,2 (C-1")/20,9 (C-2") va
170,4 (C-1"")/ 19,8 (C-2""); mdt nhdm methyl este tai 6C 53,3 (7-OCH3) va hai tin
hiéu ciia mot nhom orthoacetate tai 8C 119,6 (C-31)/16,4 (C-32). Ph6 HMBC (Phu
luc 3, Hinh PL81) xuat hién mot s twong tac chinh: H3-19 (8H 1,31) twong tac 1én
C-1, C-5, C-9 va C-10; H3-18 (8H 1,59) twong tac 1én C-12, C-13, C-14 va C-17; H3-
28 (8H 0,92) twong tac 1én C-3, C-4, C-5 va C-29. Tur nhitng dic diém nay cho biét
hop chét chira ba nhdm methyl va vi tri cua ching. Proton H-3 (8H 5,21) tuong tac
lén C-1”, H-6 (8H 6,30) twong tac 1én C-1" va H-12 (8H 4,94) tuong tac 1én C-1"".
Nhiing twong tac HMBC nay cho biét tai cac vi tri C-3, C-6 va C-12 c6 chira cac
nhom thé acetyl. Tuong tac proton 8H 3,70 (3H, s, OCH3) 1én C-7 tai vi tri C-7 bj
este methyl, ciu tric va twong tic HMBC cua hop chat XG04 (Hinh 3.34). Dya trén
nhitng dit liéu phd *H-NMR, 3C-NMR va céc phd khéac (Bang 3.14) va so sanh véi
tai liéu tham khao da cong bd xac dinh duoc hop chat méi XG04 la Xyloccensin P.

Bang 3.14. Bang s liéu phd H, 3C-NMR va HMBC cua hop chit XG04

XG04
VitriC "3cP Acetone | 8c*° CDCls ¢ (J=Hz) HMBC H—C

1 84,6 84,1 - -
2 84,3 83,7 - -
3 86,2 85,2 5,21 (1H, s) 2,4,5,28,30
4 45,4 44,5 - -
5 45,5 447 2,46 (1H, s) 3,7,10
6 71,8 71,2 6,30 (1H, s) 57,10
7 172,7 171,7 -
8 84,9 83,6
9 87,8 86,1
10 49,7 48,8 -
11 33,2 32,4 2,35 (1H, dd, 14,0, 4,0) -

2,00 (1H, d, 14,0) 9,10, 12
12 69,0 68,5 4,94 (1H, dd, 14,0, 4,0) 1",17, 18
13 43,7 42,9 -
14 153,8 152,7 - -
15 124.8 1242 6,60 (1H, s) 8,13,16
16 163,6 163,4 - -
17 79,6 79,0 5,90 (1H, s) 14,18, 20, 21, 22
18 15,0 14,4 1,59 (3H, 9) 12,13,14, 17
19 16,4 16,4 1,31 (3H,9) 1,5,9,10
20 122,3 121,0 - -
21 142,8 142,1 7,45 (1H, s) 20, 22, 23
22 1111 110,2 6,55 (1H, d, 1.5) 20, 21, 23
23 144.4 143,0 7,30 (1H,t,1.5) 20, 21, 22
28 15,9 15,3 0,92 (3H, s) 3,4,5,29
29 41,5 40,8 2,23 (1H, d, 11.0) 1,2,3

1,75 (1H, d, 11.0) 1,4, 10
30 74,8 74,0 5,34 (1H, s) 3,89
31 120,5 119,6 -
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32 16,6 16,4 1,69 (3H, s) 31
1-OH - - 3,38 (3H, 5) 1,29
7-OMe 537 53,3 3,74 (3H, s) 7
2-0OAcC

I 168,8 170,5 - -

2 21,6 21,9 2,17 (3H,s) I
3-0Ac

1" 170,9 169,0 - -

2" 218 21,7 2,06 (3H, 3) 1"
6-OAC

1" 169,3 169,2 - -

2" 21,0 20,9 2,20 (3H, 3) 1"
12-0OAc

"™ 170,2 1704 - -

2" 19,8 19,8 1,55 (3H, s) 1"

" Tai ligu tham khdo [82] ; 2do trong CDCl3, ® 125 MHz, ¢ 500 MHz, ¢ do trong acetone-ds

3.2.5. Hop chat XGO05

Hop chat XGO05 (hinh 3.36) thu duoc dudi dang chat bot két tinh mau trang
(dang v dinh hinh). Pho khéi phan giai cao HRMS xuat hién peak ion tai m/z [M+H]*
la 717,2397 (hinh 3.37), (tinh toan theo ly thuyét ang véi cong thac ion gia phan tir
CasHa1016" 12 717,2389. Két hop vai phd tH-NMR va C-NMR két hgp phé HMBC,
HSQC (Bang 3.15) cho thay cac chuyén dich héa hoc phil hop véi chat Xyloccensin
Q [114] da cong bd trong cac tai liéu, xac dinh hop chat XGO05 cong thic phan tir

CasHa0O016, khdi lwgng phan tir: 716,2316.

Hinh 3.36. Cu triic va twong tac HMBC cua hop chat XG05
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XGO05
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Hinh 3.37. Phé HRMS cua hop chit XG05

Ph6é 1H-NMR (Phu luc 3, Hinh PL82) xuét hién bén tin hiéu dic trung cua
proton thom tai 6H 6,44 (1H, s, H-15), 7,44 (1H, br s, H-21), 6,55 (1H, d, J = 1.0 Hz,
H-22) va 7.30 (1H, t, J = 1.7 Hz, H-23); nam tin hiéu caa nhom oxymethine tai 6H
5,14 (1H, s, H-3), 6,32 (1H, s, H-6), 4,91 (1H, s, H-12), 5,93 (1H, s, H-17) va 5,54
(1H, s, H-30). Ving truong manh xuat hién ba tin hiéu dic trung cho cac nhom methyl
tai 6H 1,59 (3H, s, H-18), 1.30 (3H, d, J = 7.0 Hz, H-19) va 0,93 (3H, s, H-28); ba
tin hiéu caa cac nhém methyl cua cac nhom acetyl tai 6H 2,04 (3H, s, H-2"), 2,20 (3H,
s, H-2"), 1,55 (3H, s, H-2"); mot tin hiéu methyl caa nhom orthoacetate tai 6H 1.70
(3H, s, H-32) va mét tin hiéu dac trung cua methyl trong nhém este tai 6H 3,75 (3H,
s, 7-OCH3). Con lai nhitng tin hiéu proton chuyén dich trong viing truong tir H 1,81
dén 2,50 ciia cac nhom methine, methylen thong thuong.

Ph6 13C-NMR (Phuy luc 3, Hinh PL83) két hop phé HSQC (Phu lyc 3, Hinh
PL84) cho thay hop chat XGO05 chira 35 nguyén tir carbon, gom 26 carbon cua khung
limonoid va 9 tin hiéu con lai cua cac nhém thé. Trong khung lominoid xuat hién hai
tin hi¢u dac trung cho cac nhom ketone tai 8C 171,7 (C-7), 163,3 (C-16), sau tin hiéu
cua ba lién két doi tai 8C 153,1 (C-14)/123,7 (C-15), 120,9 (C-20)/142,1 (C-21) va
110,2 (C-22)/143,1 (C-23). Vé phia ving trudng manh hon xuat hién nim tin hiéu
cua cac nhém oxymethine tai 6C 85,7 (C-3), 71,2 (C-6), 68,3 (C-12), 78,9 (C-17) va
78,0 (C-30), bén nhom carbon oxygenated tai 5C 84,1 (C-1), 75,2 (C-2), 83,6 (C-8)
va 87,1 (C-9). Vung truong manh xuat hién ba tin hiéu caa cac nhdm methyl tai C
14,4 (C-18), 16,4 (C-19) va 15,4 (C-28). Cac nhdm thé bao gdm: ba nhém acetyl tai
8C 169,3 (C-1')/21.7 (C-2'), 169,2 (C-1")/20,9 (C-2"), 170,4 (C-1")/19,8 (C-2"); mot
nhém methyl este tai 6C 53,3 (7-OCH3) va hai tin hiéu cua mt nhém orthoacetate
tai 6C 119,4 (C-31)/16,4 (C-32).

Phé HMBC (Phu luc 3, Hinh PL85) xuat hién mét sé twong tac chinh: H3-19 (8H
1.30) tuong tac 1én C-1, C-5, C-9 va C-10; H3-18 (6H 1.59) tuong tac lén C-12, C-
13, C-14 va C-17; H3-28 (8H 0.93) tuong tac 1én C-3, C-4, C-5 va C-29. Tur nhirng

750

[ _ln“ll_J ,Hl!”glI‘,Ilh,I\!Jyl;l”],,,gl,,HJM

m'z
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dic diém nay cho biét hop chat chira ba nhém methyl va vi tri caa ching. Proton H-
3 (5H 5.14) twong tac 1én C-1', H-6 (5H 6.32) twong tac 1én C-1" va H-12 (8H 4.91)
tuong tac 1én C-1". Nhirng twong tac HMBC nay cho biét tai c4c vi tri C-3, C-6 va C-
12 ¢6 chira c4c nhdm thé acetyl. Tuong tac proton §H 3,75 (3H, s, OCH3) 1én C-7 tai
vi tri C-7 bj este methyl, cdu tric va twong tic HMBC cua hop chat XG05 (Hinh
3.50). Dua trén nhitng dit liéu phd H-NMR, 3C-NMR va céc phé khac (Bang 3.15)
va so sanh vai tai liéu tham khao d cong bd xac dinh dugc hop chat méi XGO5 la
Xyloccensin Q.

Bang 3.15. Bang s liéu phd 1H, 13C-NMR va HMBC cua hop chat XG05

XG05
Vitri C “8c9P Acetone | 8c*P CDCls or®¢ (J=Hz) HMBC H—C

1 84,7 84,1

2 76,0 75,2

3 86,4 85,7 514s

4 45,0 44,3

5 46,1 453 2,50 s

6 71,9 71,2 6,32s 5,7,10

7 172,7 171,7

8 84,9 83,6

9 87,6 87,1

10 49,0 48,1

11 33,0 32,2 2,32 dd (14,0, 4,0)

2,021 (14,0)

12 69,0 68,3 4,91 dd (14,0, 4,0)

13 43,7 42,9

14 153,9 153,1

15 125,0 123,7 6,44 s 8,13,16

16 163,8 163.3

17 79,4 78,9 593s 14, 18, 20, 21, 22

18 15,0 14,4 1,59 s 12,13, 14, 17

19 16,5 16,4 1,30 s 1,5,9,10

20 122,5 120,9

21 142,8 142,1 7,44 brs

22 111,1 110,2 6,55 d (1,0)

23 1443 143,1 7,301 (1,7)

28 15,9 15,4 0,93s 3,4,5,29

29 41,2 40,3 2,12.d (11,0)

1,83 dd (11,0, 1,0)

30 78,8 78,0 4,54 s 3,89
1-OH - - 345s 1,29
2-OH - - 3,555 2,3
7-OMe 53,6 53,3 3,755 7
3-OAc

1 170,0 169,6 - -

2' 21,8 21,7 2,04s iy
6-OAC

1" 169,3 169,2 - -

2" 21,0 20,9 2,20s 1"
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12-OAc
1" 170,2 170,4 - -
2" 19,8 19,8 1,55s 1"
31 120,1 119,4 -
32 16,6 16,4 1,70 s 31

* Tai liéu tham khdo [114]

3 do trong CDCl3, ® 125 MHz, © 500 MHz,

3.2.6. Hop chat XG06

4 do trong acetone-ds

Hop chit XGO06 (hinh 3.38) thu dugc dudi dang chat bot két tinh mau tring
(dang v6 dinh hinh). Phé khéi phan giai cao HRMS xuat hién peak ion tai m/z [M+H]*
la 473,3654 (hinh 3.39), (tinh toan theo Iy thuyét (tng véi cong thirc ion gia phan tu
CaoH4904" 12 473,3625. Két hop phdé H-NMR va 3C-NMR, phé HMBC, HSQC
(Bang 3.16) cho thay céac chuyén dich hda hoc caa XG06 phi hop véi chat Odoratone
[136] tuong wng véi cong thirc phan tir CaoH4s04, khdi lwong phan tir 472,3553.

Hinh 3.38. Céu trtic va tuong tac HMBC ctia hop chat XG06
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Hinh 3.39. Pho HR-MS cua hop chat XG06

Ph6 1H-NMR (Phu lyc 3, Hinh PL86) trén ving truong cao xuat hién céc tin
hiéu dac trung cta 8 nhém methyl tai 6H 0,82 (3H, s, H-18), 1,00 (3H, s, H-19), 0,85
(3H, d, J = 6,5 Hz, H-18), 1,22 (6H, s, H-26 va H-27), 1,04 (6H, s, H-28, va H-30) va
1,11 (3H, s, H-29). Trén vung truong trung binh la céc tin hiéu proton caa 3 nhém
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oxymethine tai H 3,82 (1H, dd, J = 1,5, 6,0 Hz, H-22), 3.97 (1H, d, J = 6,5 Hz, H-
23), 3,66 (1H, d, J = 6,5 Hz, H-23). Vung trudng thip xuat hién mét tin hiéu proton
thom tai 6H 5,30 (1H, m, H-7). Ngoai ra la cac tin hiéu cua cac nhdom methine,
methylene.

Phé 13C-NMR (Phu luc 3, Hinh PL87) két hop phé HSQC (Phu luc 3, Hinh
PL88) cho thay hop chit chira 30 nguyén tir carbon, bao gdm cé 7 nguyén ti carbon
khéng chuia hydro, 8 nhdm methine, 7 nhom methylene va 8 nhom methyl. Trong do
xuat hién mot sé tin hiéu dic trung cua mot s6 nhém trong phan tir: 8 tin hiéu carbon
dic trung ctia nhém methyl tai 5C 21,8 (C-18), 12,8 (C-19), 12,4 (C-21), 27,7 (C-26
va C-30), 21,2 (C-27), 24,5 (C-28) va 21,6 (C-29): mot tin hiéu dic trung ctia nhém
ketone tai 8C 217,0 (C-3); ba tin hiéu dac trung cia nhom oxymethine tai 6C 83,7 (C-
22), 72,9 (C-23) va 77,4 (C-24) va mot nhdm carbon oxygenate tai 6C 80,9 (C-25).

Trén phé HMBC (Phu luc 3, Hinh PL88) xu4t hién mot s6 truong tac chinh.
Proton H3-18 twong tac I1én C-12, C-13, C-14 va C-17; H3-19 truong tac 1én C-1, C-
5, C-9, C-10; H3-19 truong tac 1én C-1; H3-26 va H3-27 truong tac 1én C-24, C-25;
H3-28 va H3-29 truong tac 1én C-3, C-4, C-5; H3-30 trwong tac 1én C-13, C-14. Vi
nhitng tuong tac trén xac dinh duoc vi tri cdc nhom methyl trén hop chat va ciing
d6ng thai cho biét dugc hop chat cé khung lanostane.

Xét trén phd COSY (Phu luc 3, Hinh PL90) va NOSESY (Phu luc 3, Hinh
PL91) thay xuit hién mot sé twong tac chinh: Proton H-1a (8H 1,45) tuwong tic VGi
proton H2b (6H 2,76), H-5 (8H 1,72) twong tac vai H-6 (6H 2,09), H-6 tuong tac voi
H-7 (6H 5,30), H-9 (6H 2,29) tuong tac véi H-11 (6H 1,56), H-11 tuong tac voi H-
12b (8H 1,87), H-15 (8H 1,50) twong tac véi H-16b (SH 2,02), H-16b twong tac voi
H-17 (3H 1,87), H-17 tuong tac véi H-20 (8H 1,65), H-20 twong tac véi H-21 (5H
0,85) va H-22 (6H 3,82), H-22 tuong tac véi H-23 (6H 3,97), H-23 twong tac vai H-
24 (8H 3,66), cau tric va tuong tic HMBC cua hop chiat XG06 (Hinh 3.38). Vi
nhitng phan tich dit liéu phd nhu trén va so sanh véi dir liéu phd hop chat Odoratone
[136] (Bang 3.16) cho thay ching c6 sy tuong dong, hop chat XGO06 cd cong thuc
C4u tao nhu hinh 3.38. Pay 1a 1an dau tién hop chat nay dwoc phan l1ap tir chi Xu,
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Bang 3.16. Bang s6 liéu phd H, 13C-NMR, HMBC, COSY va NOESY cua hop chit
XG06
XG06

Vi

tri “ocde ocP on?t (J=Hz) HMBC H—-C COosy NOESY
C

1,45 (1H, m
1] 385 38,5 1.98 ElH, mg 2 19
2,24 (1H, ddd, 3,5, 3,5, 14,0

2| 349 34.9 276 ((1H, ddd, 5.5, 14,5, 14,53) ! 19, 28

3 2171 217,0 -

4 479 479 -

5 52,3 52,4 1,72 (1H, dd, 8,0, 9,0) 19, 4, 10, 6, 28 6 9,29

6 24,3 24,4 2,09 (2H, m) 5,7,9 19

7 1178 1178 5,30 (1H, m) 5,14, 9 6

8 146,0 146,0 -

9 49.3 48,6 2,29 (1H, m) 6, 11 5,18

10 35,0 35,0 -

11 18,4 18,3 1,56 (2H, m) 9,12 19

1,61 (1H, m 18

12 | 34,0 33,5 187 ElH, m; 11 30, (21)
13 43,5 43,5 -

14 51,2 51,2 -

15 33,5 34,1 1,50 (2H, m) 16 30

16 29,6 27,8 1,36(1H, m); 2,02(1H, m) 15, 17 18, 20, 22, 30, 22
17 48,5 49,3 1,87 (1H, m) 16, 20 30,21

18 21,9 21,8 0,82 (3H, s) 12, 13, 14, 17 12a, 9, 16a
19 12,8 12,8 1,00 (3H, s) 591,10 1b, 2b, 6, 11
20 37,6 37,5 1,65 (1H, m) 21,17, 22 22,23
21 12,3 12,4 0,85 (3H, d, 6,5) 17, 20, 22 20 17(12b), 23, 24
22 83,7 83,7 3,82 (1H, dd, 1,5, 6,0) 20, 23 16ab, 26(27)
23 | 729 72,9 3,97 (1H, t, 6,5) 22, 24 22, 24
24 77,5 77,4 3,66 (1H, d, 6,0) 23

25 81,0 80,9 -

26 | 29,6 27,7 1,22 (3H, s) 24,25, 27 (22)

27 | 21,3 21,2 1,22 (3H, s) 24,25, 26 (22)

28 24.6 24,5 1,04 (3H, s) 28,5,4,3 2b

29 21,6 21,6 1,11 (3H, s) 29,5,4,3 5

30 27,8 27,7 1,04 (3H, s) 8,13,14,15 15, 12b, 17, 16b

* Tai liéu tham khdo [136]

3do trong CDCls,, ® 125 MHz, © 500 MHz, €100 MHz
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3.2.7. Hop chat XG07

Hop chat XGO07 (hinh 3.40) thu duoc dudi dang chat bot két tinh mau trang
(dang v6 dinh hinh), Phé khéi phan giai cao HR-MS xuit hién peak ion tai m/z
[M+H]* 1a 455,2774 (hinh 3.41), (tinh toan theo ly thuyét ung véi cong thic ion gia
phan tir CogH3905* 12 455,2792. Két hop phd H-NMR va 3C-NMR, HMBC, HSQC
(Bang 3.17) cho thdy céc chuyén dich hoa hoc cua XGO7 phu hop véi chit
Chisocheton F (Apotirucallane 20,21,22,23, tetrahydro-23-oxoazadirone) [137]
tuong @ng Véi cong thirc phan tir trong g véi cong thic phan tir CogHsg0s, khdi
luong phan ta: 454,2719.

Hinh 3.40. Céu trtic va tuong tac HMBC ctia hop chat XGO07
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Hinh 3.41. Phé HRMS cua hop chit XG07

Ph6 1H-NMR (Phu lyc 3, Hinh P92) xuat hién ba tin hiéu dic trung cta proton
thom tai 6H 7,13 (1H, d, J = 10,0 Hz, H-1), 5,86 (1H, d, J = 10,0 Hz, H-2) va 5,30
(1H, m, H-15); mot tin hiéu cta nhom oxymethine tai 6H 5,24 (1H, t, J = 3,0 Hz, H-
7); hai tin hiéu caa nhém oxymethylene tai 6H 3,93 (1H, dd, J = 9,0, 9,5 Hz, H-21a)
va 4,46 (1H, dd, J = 8,0, 8,5 Hz, H-21b). Vung trudng manh xuat hién cac tin hiéu
dac trung cho cac nhom methyl tai 6H 1,02 (3H, s, H-18), 1,07 (6H, s, H-28 va H-
29), 1,18 (6H, s, H-19 va H-30), va mot tin hi¢u nhom methyl dac trung cta methyl
trong nhdm acetyl tai 8H 1,95 (3H, s, H-2"). Con lai nhiing tin hiéu proton chuyén
dich trong ving trudng tir SH 1,56 dén 2,75 cia cac nhém methine, methylen théng
thuong.
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Phé 13C-NMR (Phu luc 3, Hinh PL93) két hop phé HSQC (Phu luc 3, Hinh
PL94) cho thdy hop chat XG07 chira 32 nguyén tir carbon. Trong d6 xuét hién ba tin
hiéu dac trung cho cac nhom ketone tai 6C 204,4 (C-3), 176,6 (C-23) va 170,0 (C-1"),
bén canh d6 1a bén tin hiéu cua hai lién két doi tai 5C 157,8 (C-1)/125,6 (C-2) va 6C
158,7 (C-14)/118,9 (C-15). VVé phia ving trudng manh hon xuét hién mot tin hiéu cua
nhém oxymethine tai 6C 74,4 (C-7), moét tin hiéu ciia nhom oxymethylene tai 6C 72.4
(C-21). Vung trudng manh xuit hién céc tin hiéu caa cac nhom carbon khéng chia
hydro, nhdm methine, methylene va nhém methyl dich chuyén trong khoang 8C 58,2
dén 16,4. Phd HMBC (Phu luc 3, Hinh PL95) xuit hién mot sb tuong tac chinh: H3-
19 (3H 1,18) twong tac 1én C-1, C-5, C-9, C-10; H3-18 (8H 1.02) tuong tac 1én C-12,
C-13, C-14, C-17; H3-30 (3H 1,18) twong tac 1én C-7, C-8, C-9, C-14; H3-28 va H3-
29 (8H 1,02) cung tuong tac 1én C-3, C-4 va C-5. Tir nhitng dic diém nay cho biét
hop chat chita 5 nhdm methyl va vi tri cua ching. Proton H-21a (8H 3,93) tuong tac
[én C-17 va C-20; H-21b twong tac 1én C-22 va C-23. Vi nhirng twong tac nay cho
biét hop chét cé chira vong furan va thé vao vj tri C-17. Tir d6 cho thay hop chat Ia
mot limonoid. Tuong tac proton H-7 (8H 5.24) tuong tac 1én C-1, cho biét vi tri C-7
trén hop chat cd nhém thé acetyl. Véi nhitng phan tich dit liéu phd trén va so sanh véi
hop chét chisocheton F di cong b thi thdy ching c6 sy twong dong. Vay hop chit
XGO07 (hinh 3.54) dugc xac dinh la Chisocheton F (Apotirucallane 20,21,22,23,
tetrahydro-23-oxoazadirone) [137]. Pay 1a lan dau tién hop chit nay duoc phan lap
tur chi Xu.

Bang 3.17. Bang sb liéu pho H, 3C-NMR va HMBC cua hop chat XG07

XG07
VitriC | "8c®¢CDCls | dc*P CDCls o (J=Hz) HMBC H—C
1 157,8 157,8 7,13 (1H, d, 10,0) 3,5,9,10
2 125,6 125,6 5,86 (1H, d, 10,0) 4,10
3 204,5 204.4 - -
4 44,1 44,2 -
5 46,6 46,2 2,18 (1H, m)
1,79 (1H, m)
6 23,7 23,8 1'91 (1H. m)
7 74,4 74,4 5,24 (1H, t, 3,0) 1,5
8 42,7 42,7
9 38,3 38,4 2,20 (1H, m)
10 39,9 39,9
1,73 (1H, m)
11 16,4 16,4 1'96 (1H. m)
1,57 (1H, m)
12 33,8 33,8 173 (1H. m)
13 46,2 46,6
14 158,7 158,7
15 118,9 118,9 5,30 (1H, m) 13, 16, 17
1,18 (1H, m)
16 34,8 34,8 2,05 (1H. m)
17 58,2 58,2 1,71 (1H, m)
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18 19,9 20,0 1,02 (3H, s) 12,13, 14, 17
19 19,0 19,0 1,18 (3H, s) 1,5,9,10
20 37,5 37,5 2,71 (1H, m)
3,93 dd (9.0, 9.5) 17,20
21 24 24 4,46 dd (8.0, 8.5) 22,23
2,20(1H, m
22 340 340 2,52 ElH, dd), 8.0,17.0)
23 177,0 176,6 -
28 27,0 27,0 1,07 (3H, s) 3,4,5,29
29 21,1 21,3 1,07 (3H, s) 3,4,5,28
30 27,4 27,4 1,18 (3H, s) 7,8,9, 14
7-OAc
C-1' | 170,0 170,0 -
C-2 213 21,1 1,95 (3H, s) 1’

*Tai ligu tham khao[137]
2 do trong CDCla,, ® 125 MHz, © 500 MHz, 9400 MHz, ©100 MHz

3.2.8. Hop chat XG08

Hop chit XGO08 (Hinh 3.42) thu dugc dudi dang chét ran, v dinh hinh mau
tring. Pho khéi phan giai cao HRMS xuét hién peak ion tai m/z 629,2956 [M + H]*
(hinh 3.43) (tinh toan theo ly thuyét tng vé&i cong thac gia phan tir CaaHasO11*, m/z
629,2956). Két hop vai phd H-NMR va 3C-NMR cho goi ¥ hop chat XG08 duoc
xac dinh c6 cong thiic phan tir CzsHas011 va khdi luong phan tir 1a M = 628,2884, so
sanh véi tai lieu tham khao di cong bd thi hop chit XG08 dugc xac dinh la

Xylogranatin S [138].

Hinh 3.42. Céu trtic va tuong tac HMBC ctia hop chat XGO08
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Hinh 3.43. Phé HRMS cua hop chit XG08
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Phé 'H-NMR (Phu luc 3, Hinh PL96) xuit hién céc tin hiéu dic trung cua cac
nhom methyl tai on 1,21 (3H, s, H-18), 1,06 (3H, s, H-19), 0.78 (3H, s, H-28), 1,24
(3H, s, H-29), 1,99 (3H, s, H-2"), 0,90 (3H, t, J = 7,5 Hz, H-4"), 1,05 (3H, d,J=7,5
Hz, H-5") va 3,69 (3H, s, 7-OCH?3). Ba tin hiéu dac trung ctia cac nhém oxymethine
tai on 5,08 (1H, d, J = 9,0 Hz, H-3), 4,99 (1H, s, H-17), 5,57 (1H, d, J = 4,5 Hz, H-
30). Bén canh d6 con xuét hién bdn tin hiéu proton thom tai dn 6,03 (1H, s, H-15),
7,49 (1H, s, H-21), 6,42 (1H, d, J= 1,0 Hz, H-22), 7,41 (1H, t, J = 1,5 Hz, H-23). Con
lai 1a nhirng tin hiéu cua cac nhom methine, methylene.

Ph6 13C-NMR (Phu luc 3, Hinh PL97) két hop véi phé HSQC (Phu luc 3, Hinh
PL98) cho biét hop chat chira 34 nguyén tir carbon. Trong d6 26 tin hiéu carbon cua
khung chat chinh limonoid, con lai tdm tin hiéu carbon cua cac nhém thé. Trong
khung limonoid c6 mét sé tin hiéu dic trung nhu: Bon tin hiéu cac nhdm methyl tai
oc 19,6 (C-18), 20,6 (C-19), 24,5 (C-28), 21,8 (C-29); ba nhém oxymethine tai dc
74,0 (C-3), 81,3 (C-17), 75,9 (C-30); mot tin hiéu cua carbon lién két véi hai nguyén
tir oxy tai oc 107,5 (C-1); mot nhdm carbon oxygenated tai oc 81.5 (C-8); hai tin hiéu
cuia mot lién két ddi tai oc 159,5 (C-14)/117,7 (C-15); bdn tin hiéu cua hai lién két doi
trong vong furan tai dc 120,0 (C-20)/141,3 (C-21) va oc 109,9 (C-22)/142,9 (C-23);
hai tin hiéu dac trung cua cac nhém carboxyl tai oc 173,9 (C-7) va oc 163,7 (C-16).
Cac nhom thé trén khung limonoid bao gdm: mot nhém methyl este tai dc 51,9 (7-
OCHz3); mot nhom acetyl tai [oc 170,1 (C-1') va 20,9 (C-2)], va mot nhdm acyl tai
[0c 176,2 (C-1"), 40,8 (C-2"), 26,6 (C-3"), 11,6 (C-4") va 16,0 (C-5")]. Ph6 HMBC
(Phu lyc 3, Hinh PL99) xuat hién mot sé twong tac chinh va phd COSY (Phu luc 3,
Hinh PL100) va NOSESY (Phu luc 3, Hinh PL101) véi proton H-18 twong tac 1én C-
12, C-13, C-14, C-17; H-19 truong tac 1én C-1, C-5, C-9, C-10; H-28 twong tac Ién
C-3, C-4, C-5, C-29; H-29 tuong tac Ién C-3, C-4, C-5, C-28. Tuong tac nay cho biét
vi tri cdc nhém methyl trén cau trdc hop chat. Tuong tac giira proton H-3 18n C-1' cho
biét nhdm acetyl thé vao vi tri C-3 cua khung chit. Tuwong tac H-30 tuwong tac 1én C-
1" cho biét nhdm acyl thé vao vi tri C-30 trén hop chat. Tuong tac proton 7-OCH3
tuong tac 1én C-7 cho biét vi tri C-7 este hda. V&i nhitng phan tich dit liéu pho nhu
trén va so sanh véi tai liéu tham khao da cong bd (Bang 3.18) thi hop chat XG08
(hinh 3.42) dugc xac dinh la xylogranatin S [138]. Vay hop chat XG08 duoc xac dinh
lam Xylogranatin S.
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Bang 3.18. Bang s liéu phd H, 3C-NMR va HMBC cua hop chat XG08

XG08
VitriC | "0c*¢CDCl3|  dc®P CDCl3 on*° (J = Hz) HMBC H—C
1 107,7 107,5 - -
2 53,6 53,3 2,90 (1H, dd, 4,0, 9,0)
3 73,7 74,0 5,08 (1H, d, 9,0) 4,5,29, 30
4 38,0 37,5 - -
5 40,8 40,6 2,63 (1H, dd, 1,5, 10,0 7
2,36 (1H, #)
6 32,3 32,1 2,14 (1H. #) -
7 174,0 173,9 - -
8 81,8 81,5 - -
9 51,8 51,6 2,14 (1H, #) -
10 43,1 42,9 - -
1,80 (1H, m)
11 15,3 15,1 2.36 (1H, # -
1,40 (1H, #)
12 25,1 25,1 214 (1H. #) -
13 39,1 39,0 - -
14 159,7 159,5 - -
15 118,0 117,7 6,03 (1H, s) 8,13,16
16 163,7 163,7 - -
17 81,4 81,3 4,99 (1H, s) 14, 20, 21, 22,
18 19,9 19,6 1,21 (3H, s) 12,13, 14,17
19 20,7 20,6 1,06 (3H, s) 1,5,9,10
20 120,2 120,0 - -
21 1414 141,3 7,49 (1H, s) 17, 20, 22, 23
22 110,2 109,9 6,42 (1H, d, 1.0) 20,21, 23
23 1431 142,9 7,41 (1H,1,1.5) 20,21, 23
28 24,8 24,5 0,78 (3H, 5) 3,4,5,29
29 22,1 21,8 1,24 (3H, s) 3,4,5,28
30 76,4 75,9 5,57 (1H, d, 4,5) 1,1",3,8
7-OCHs 52,2 51,9 3,69 (3H, 9) 7
3-OAc
' 170,1 - -
2 20,9 1,99 (3H, s) I
30-acy!l
1" 176,2 176,2 - -
2" 40,9 40,8 2,29 (1H, dd, 7,0, 13,5) 17,3, 4", 5"
) 1,40 (1H, m)
3 26,6 26,6 163 (1H, m) -
4" 11,9 11,6 0,90 (3H,t,7,5) 2", 3"
5" 15,9 16,0 1,05 (3H, d, 7,5) 12", 3"

“ Tai liéu tham khdo [138]
3do trong CDCls,, ® 125 MHz, ¢ 500 MHz, 9400 MHz, ©¢100 MHz ;
3.2.9. Hop chat XG09

Hop chat XGO09 (Hinh 3.44) thu dugc dudi dang chét 1ong sanh dic khdng mau.
Pho khdi phan giai cao HR-MS xuat hién peak ion tai m/z 543,2232 [M + H]* (hinh
3.45), (tinh toan theo ly thuyét (ng véi cong thuc gia phan tir CagHasO10 *, m/z
543,2225). Két hop véi phd 'H-NMR va 13C-NMR (Bang 3.19) cho goi y hop chat
XG09 dugce xac dinh c¢d cong thiic phan tir C2oH34010 va khdi lwgng phan tir 1a M =
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542,2152 va so sanh vai tai liéu tham khao di cong bd cho thiy hop chat XG09 la
hop chit Xylogranatin C [43].

@
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Hinh 3.44. Céu trtic va tuong tac HMBC ctia hop chit XG09
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Hinh 3.45. Pho HRMS cua hop chat XG09

Ph6 1H-NMR (Phu lyc 3, Hinh PL102) xuét hién nam tin hiéu dic trung cua
proton thom tai du 7,00 (1H, s, H-3), 6,17 (1H, s, H-15) va 7,54 (1H, s, H-21), 6,45
(1H, d, J = 1,0 Hz, H-22) va 7,44 (1H, t, J = 1.5 Hz, H-23); hai tin hiéu cuaa nhém
oxymethine tai dn 5,33 (1H, s, H-17) va 6,53 (1H, s, H-30).Ving truong manh xuat
hién cac tin hiéu dac trung cho cac nhom methyl tai on 0,98 (3H, s, H-18), 1,04 (3H,
d, J = 6,0 Hz, H-19), 1,11 (3H, s, H-28), 1,20 (3H, s, H-29) va mot tin hiéu dic trung
cua methyl trong nhom este tai on 3,69 (3H, s, 7-OCH3). Con lai nhitng tin hiéu proton
chuyén dich trong ving truong tir on 1,62 dén 3,06 cua cac nhém methine, methylen
thong thuong.

Ph6 13C-NMR (Phu luc 3, Hinh PL103) két hop phd HSQC (Phu luc 3, Hinh
PL104) cho thay hop chat XG09 chira 29 nguyén tir carbon. Trong d6 xuét hién bon
tin hi¢u dac trung cho cac nhom ketone tai dc 198,8 (C-1), 173,4 (C-7), 208,8 (C-9),
163,3 (C-16), mat tin hiéu keton trong nhdm acetyl tai 6C 169,9 (C-1'), bén canh do
la tam tin hiéu caa bén lién két doi tai oc 128,5 (C-2)/162,0 (C-3), 164,1 (C-14)/118,2
(C-15), 119,6 (C-20)/141,5 (C-21) va 109,8 (C-22)/143,3 (C-23). Vé phia ving
truong manh hon xuat hién hai tin hiéu cia cac nhém oxymethine tai dc 80,2 (C-17)
va 67,4 (C-30), mot nhém carbon oxygenated tai dc 80,1 (C-8). Vung truong manh
Xuat hién céc tin hiéu cua cac nhom carbon khéng chta hydro, nhém methine,
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methylene va nhém methyl dich chuyén trong khoang 3C 52,0 dén 11,7. Phé HMBC
(Phu luc 3, Hinh PL105) xuat hién mot sé twong tac chinh: H3-19 (0w 1,04) twong tac
Ién C-1, C-5, C-10; H3-18 (dn 0,98) twong tac 1én C-12, C-13, C-14, C-17; H3-28 va
H3-29 (d1 1,11 va 1,20) cung tuong tac 1én C-3, C-4 va C-5. Tir nhitng dic diém nay
cho biét hop chit chira bon nhém methyl va vi tri caa chang. Proton H-21 (6n 7,54)
tuong tac 1én C-20, C-22 va C-23. Véi nhitng tuong tac nay cho biét hop chat ¢é chua
vong furan va thé vao vi tri C-17. Tir d6 cho thiy hop chat 1a mét limonoid. Tuwong
tac proton dn 3,69 (3H, s, OCH3) Ién C-7 tai vi tri C-7 bi este methyl. Tuong tac gitta
H-30 (Jn 6,53) V6i C-1' cho biét tai vi tri C-30 c¢6 nhom thé acetyl. V&i nhitng phan
tich dir liéu pho trén va so sanh véi tai lidu tham khao di cong bd hop chat
xylogranatin C [43] thi thdy chlng c6 su trong ddng. Vay hop chat XG09 dugc xac
dinh la Xylogranatin C.
Bang 3.19. Bang s liéu phd H, 3C-NMR va HMBC cua hop chat XG09

XG09
VitriC “8c*¢ CDCls 8c*P CDCl3 o1?¢ (J =Hz) HMBC H—C
1 198,8 198,8 - -
2 128,4 128,5 - -
3 162,0 162,0 7,00 (1H, s) 1,2,4,5,28, 29,30
4 36,8 36,9 - -
5 45,2 45,3 2,24-2,31 (1H, overlaped)
2,47 (1H, m)
6 34,6 34,6 2,24-2,31 (1H, overlaped)
7 173,4 173,4 -
8 80,0 80,1 -
9 208,6 208,8 -
10 42,8 42,8 2,24-2,31 (1H, overlaped)
2,51 (1H, m)
11 33,0 33,0 3,02 (1H, dd, 6,5, 20,0) 9,12,13
1,64 (1H, dd, 6,5, 13,0) 9,11, 13, 14
12 255 256 2,60 (1H. dd. 7.0, 13.0) 18
13 38,4 38,4 - -
14 164,1 164,1 - -
15 118,1 118,2 6.17 (1H, s) 8,13, 14
16 163,3 163,3 - -
17 80,1 80,2 5,33 (1H, s) 13, 14, 16, 18, 20, 21, 22
18 18,4 18,5 0,98 (3H, s) 12,13, ,14, 17
19 11,6 11,7 1,04 (1H, d, 6.0) 1, 5,10
20 119,5 119,6 - -
21 141,4 1415 7,54 (1H, s) 20, 22, 23
22 109,8 109,8 6,45 (1H, d, 1.0) 20, 21, 23
23 143,2 1433 7,44 (1H, 1, 1.5) 20, 21, 22
28 205 20,6 1,11 (3H, 5) 3,4,5, 29
29 278 27,9 1,20 (3H, s) 3,4,5,28
30 67,3 67,4 6,53 (1H, s) 1,2,3, 1
7-OCHs | 52,0 52,0 3,69 (3H, 5) 7
30-OAc
1 169,9 169,9 - -
2 21,0 21,1 2,10 (3H, 3) I

* Tai ligu tham khdo [43] ; 2do trong CDCls,, ® 125 MHz, ¢ 500 MHz, 9400 MHz, ©100 MHz
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3.2.10.Hop chat XG10

Hop chat XG10 (Hinh 3.46) thu dugc dudi dang chat 16ng sanh dic khdng mau. Phé
khdi phan giai cao HR-MS xuét hién peak ion tai m/z 543,2232 [M + H]* (hinh 3.47),
(tinh toan theo ly thuyét wng véi cong thic gia phan tir C22H27010%, m/z 543,2225).
Két hop véi phd 'H-NMR va 3C-NMR két hop phé HMBC, HSQC (Bang 3.20) va
so sanh véi hop chat Xylogranatin D [43] di cong bd xac dinh hop chat XG10 c6
cong thirc phan tir CooHz4O10 va khdi lugng phan tir 1a M = 542,2152.

Hinh 3.46. Céu trtic va tuong tac HMBC ctia hop chat XG10

zoo[)unu—: 543.2232

XG10

1000000 .

\J\ | “ , ||\ IHH ‘ . | ‘II I
Sl T T e et o S e e TR ETE RRRPR

\v[‘\vrl‘vlwvl T

T
S15 520 525 530 535 540 545 550 555 560

Hinh 3.47. Phé HRMS cua hop chit XG10

So sanh phé 'H-NMR (Phu luc 3, Hinh PL106) va Phé 3C-NMR (Phu luc 3,
Hinh PL107) cua XG10 véi phd cua XG09 cho thay ciu triic cua ca hai hop chat lién
quan chit ché, su khac biét chinh xay ra tai C-8 va C-9. Cac twong quan phé HMBC
(Phu luc 3, Hinh PL109) quan trong cua H-15/C-8 (8C 200,8) va H-11/C-30 cho thiy
methine & C-30 da di chuyén dén C-9 & 4, dan dén hinh thanh carbon bac bén chira
nhém OH & C-9 (3C 79.6) va nhom ceton lién hop ¢ C-8. Do d6, dich chuyén héa hoc
cua H2-11 ¢ 8H 1,79 va 1,68 & XG10 rd rang bj day 1én trudng trudc so véi cac hop
chat XG09, két hop phd HSQC (Phu luc 3, Hinh PL108) va su twong quan héa hoc
véi XG09, XG10 1a ddng phan cua XG09.

Véi nhirng phan tich dit liéu phd trén va so sanh véi hop chat xylogranatin D
[43] dd cong bd (Bang 3.20) thi thdy ching c6 su twong ddng. Vay hop chat XG10
duogc xac dinh la Xylogranatin D.
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Bang 3.20. Bang s liéu phd H, 3C-NMR va HMBC cua hop chat XG10

XG10
VitriC | "8c*¢CDCl3| 8c* CDCls 3¢ (J = Hz) HMBC H—-C
1 198,6 198,7 i i
2 130,1 130,2 i i
3 1615 1615 7,00 (1H, s) 1,2, 4,5, 28, 30
4 36,7 36,7 i ]
5 45,2 453 2.28-2,34 (1H, m) i
2,30 (1H, m)
6 34,7 347 249 (14 m) :
7 1734 1734 - B
8 200,8 200,9 i i
9 79,6 79,6 i i
10 431 43,2 2.42 (1H, dd, 6.5, 12.0) 14,5
1,68 (1H, dt, 3,5) §
1 292 29,4 1,79 (1H, ddd, 3,5, 15,0, 15.0) | 8,9, 12
1,37 (1H, dt, 3.5) 9
12 28,3 284 2.24 (1H, ddd, 3,5, 15,0, 15,0) | -
13 414 414 } }
14 156,2 156,3 i i
15 1216 1216 6,35 (1H, 5) 8, 13, 14, 16
16 1633 1633 i §
17 81,3 81,4 5,52 (1H, 5) 13, 14, 18, 20, 21, 22
18 185 18,6 1,07 (3H, 5) 12,13, 14, 17
19 122 123 1,15d (7.0) 1,5,10
20 119, 119.3 i i
21 141,4 1415 7.611(L0) 20,22, 23
22 10,7 10,7 6,50 t (1,0) 20.21. 23
23 1433 1433 7441(15) 20, 21, 22
28 28,0 28,0 1,18 (3H, s) 3,4,5, 29
29 205 20.6 1,09 (3H, s) 3,4,5,28
30 66,4 66,5 6,27 (1H, ) 1,1,2,3,8,9 11
7-0CH; | 52,0 52,0 3,70 (3H, 5) 7
30-OAc
I 168,9 168,9 i i
> 20,7 20,7 1,99 (3H, 5) I

3do trong CDCls,, ® 125 MHz, ¢ 500 MHz, 9400 MHz, ©100 MHz

3.2.11. Hop chat XG11

Hop chat XG11 (Hinh 3.48) thu dugc duéi dang chat bot vo dinh hinh mau
trang. Pho khéi phan giai cao HR-MS xuat hién peak ion tai m/z 515,2263 [M + H]*
(hinh 3.49), (tinh toan theo ly thuyét tng véi céng thirc gia phan tir C2sHs409 *, m/z
515,2276). Két hop voi pho *H-NMR va BC-NMR két hop phé HMBC, HSQC (Bang
3.21) va so sanh véi tai liéu tham khao di cong b thi hop chat XG11 duoc xac dinh
la 9-O-methyl Xylogranatin R [63] xac dinh hop chat XG11 ¢6 cong cong thirc phan
tir C2sH3409 va khéi lwong phén tir d M = 514,2203.



107

Y
Hinh 3.48. Céu triic va tuong tac HMBC ctia hop chat XG11
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Hinh 3.49. Pho HRMS cua hop chat XG11

Ph6 1H-NMR (Phu lyc 3, Hinh PL110) xuat hién ndm tin hiéu dic trung cia
proton thom tai 6H 6,48 (1H, s, H-3), 6,67 (1H, s, H-15) va 7,52 (1H, t, J = 1,0 Hz,
H-21), 6,43 (1H, dd, J = 1.0, 1,5 Hz, H-22) va 7,43 (1H, t, J = 1,5 Hz, H-23); mét tin
hiéu cia nhom oxymethine tai 8H 5.33 (1H, s, H-17). Ving trudng manh xuat hién
cac tin hi¢u dac trung cho cac nhom methyl tai 6H 1,19 (3H, s, H-18), 1,08 (3H, d, J
=6,5Hz, H-19), 1,09 (3H, s, H-28), 1,17 (3H, s, H-29) va hai tin hi¢u dac trung cta
methyl trong nhom este tai 6H 3,69 (3H, s, 7-OCH3), 3,67 (3H, s, 9-OCH3). Con lai
nhitng tin hiéu proton chuyén dich trong ving truong tir SH 1,76 dén 3,67 cua cac
nhom methine, methylen thong thuong.

Ph6 13C-NMR (Phu luc 3, Hinh PL111) két hop phd HSQC (Phu luc 3, Hinh
PL112) cho thay hop chat XG11 chira 28 nguyén tir carbon. Trong d6 xuét hién nim
tin hiéu dac trung cho cac nhom ketone tai 6C 199,3 (C-1), 173,6 (C-7), 197,9 (C-8),
172,8 (C-9), 163,4 (C-16), bén canh d6 1a tam tin hiéu cua bén lién két doi tai 5C
129,3 (C-2)/158,3 (C-3),158,9 (C-14)/124,4 (C-15), 119,8(C-20)/141,7 (C-21) va
109,8 (C-22)/143,4 (C-23). V& phia viing trudng manh hon xuat hién mot tin hiéu cua
nhém oxymethine tai 5C 78.6 (C-17). Vung truong manh xuat hién cac tin hiéu cua
cac nhdm carbon khong chira hydro, nhém methine, methylene va nhom methyl dich
chuyén trong khoang 8C 51,9 dén 11,8.

Phé HMBC (Phu luc 3, Hinh PL113) xuat hién mét sé twong tac chinh: H3-19
(6H 1.08) tuong tac 1én C-1, C-5, C-10; H3-18 (8H 1.19) twong tac 1én C-12, C-13,
C-14, C-17; H3-28 va H3-29 (6H 1.09 va 1.17) cung tuong tac 1én C-3, C-4 va C-5.
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Tir nhitng dic diém nay cho biét hop chit chira bon nhém methyl va vi tri cua chang.
Proton H-21 (8H 7.52) tuong tac 1én C-20, C-22 va C-23. V§i nhiing tuong tac nay
cho biét hop chat c6 chira vong furan va thé vao vi tri C-17. Tir d6 cho thiy hop chét
la mot limonoid. Tuong tac proton 6H 3.69 (3H, s, OCH3) 1én C-7 va 6H 3.67 (3H,
s, OCH3) I1&n C-9 cho biét tai hai vi tri C-7 va C-9 bi este methyl. V&i nhitng phan
tich dir liéu phé trén va so sanh vai hop chat 9-O-methyl Xylogranatin R d3 cong bd
(Bang 3.21) thi thdy chdng c6 su trong ddng. Vay hop chat XG11 duoc xac dinh 1a
9-O-methyl Xylogranatin R [63].

Bang 3.21. Bang s liéu phd tH, 3C-NMR va HMBC cua hop chat XG11

XG12
VitriC “8c¢ DCl3z | 8c*P CDCls o1?*¢ (J = Hz) HMBC H—C
1 199,3 199,3 - -
2 129,2 129,3 - -
3 158,3 158,3 6,48 (1H, s) 1,2,4,5,29, 30
4 36,8 36,8 - -
5 43,0 45,7 2,39 (1H, m) B
2,31 (1H, m) -
6 34,7 34.8 2,48 (1H, dd, 2.0, 16.0) 4,7,10
7 173,6 173,6 - -
8 197,8 197,9 - -
9 172,8 172,8 - -
10 45,6 43,0 2,36 (1H, dd, 2.0, 6.5) 1,5
11 29,4 295 2,31 (2H, m) A
1,79 (1H, m) -
12 29,8 30,1 228 (L1 ) j
13 41,4 41.4 - -
14 158,9 158,9 - -
15 1244 1244 6,67 (1H, ) 8, 16
16 163,4 163,4 - -
17 78,5 78,6 5,33 (1H, s) 12,13, 14, 18, 20, 21, 22
18 20,4 20,1 1,19 (3H, s) 12,13, 14, 17
19 11,7 11,8 1,08 (3H, d, 6.5) 1,5,10
20 119,6 119,8 - -
21 141,6 1417 7,52 (1H,1,1.0) 20, 22, 23
22 109,8 109,8 6,43 (1H, dd, 1.0, 1.5) 20,21, 23
23 143,4 143,4 7,43 (1H,t,1.5) 20, 21
28 20,1 20,5 1,09 (3H, s) 3,4,5,29
29 28,2 28,2 1,17 (3H,5) 3,4,5,28
3,45 (1H, d, 17.0) 1,3 14
30 413 413 3.63 (1H. d, 17.0) 1314
7-OCHj3 52,0 51,9 3,69 (3H, s) 7
9-OCHs 51,8 51,8 3,67 (3H, s) 9

* Tai liéu tham khdo [63];

Nhdn xét

3do trong CDCls,, ® 125 MHz, ¢ 500 MHz, 9400 MHz,

€100 MHz

Theo nhitng nghién ctru trude day cho thay Xu 6i la cay pho bién trong nghién
ctu thuc nghiém cho thdy chi Xu chta thanh phan chinh 1a nhém hop chat
triterpenoid. Tir cAy Xu 6i thu thap & ring ngdp mian Quang Ninh - Viét Nam, cac
hop chat da phan 1ap dugc phi hop véi cac nghién ctu trude ddy 1a thudc nhém hop

chat triterpenoid 14 nhom dic trung cho chi Xu. Trong sé 11 hop chat da phan 1ap
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dugc c6: 03 chat méi trong tu nhién chua duoc tim thay, 08 hop chat déu cé khung

triterpenoid tuong tu cAc hop chit di cong bb trudce day.

> 03 chit méi phan lap dugc tir cay Xu 6i gdm XG01 (Xylocagranoside A); XG02
(Xylocagranoside B); XG03 (Xylocargranin A).

> 08 hop chat da biét déu cd khung triterpenoid phan lap duoc tir cay Xu 6i gom
XG04 (Xyloccensin P), XGO05 (Xyloccensin Q), XG06 (Odoratone), XGO07
(Chisocheton F), XG08 (Xylogranatin S), XG09 (Xylogranatin C), XG10
(Xylogranatin D), XG11 (9-O-methyl Xylogranatin R).

Céc hop chat XG01-XG11 thé hién su da dang ciu trac dang ké nhung van
chia sé mot sb dic diém chung vé ngudn goc sinh hoc va kiéu khung carbon. Phan
16n cac hop chét thudc nhom limonoid, mang b khung da vong furan. Mot sd hop
chat (XG01-XG03) c6 ciu tric glycosid hoidc flavonoid, trong khi cac hop chat con
lai (XG04-XG11) chi yéu mang khung limonoid dic trung kém vong furan. Su khac
nhau chu yéu nim ¢ muac do oxy hoa, sd luong nhom acyl héa va bién d6i mach

nhanh, dan dén khéc biét rd rét vé khdi luong phan tir va tinh chat phan tich.

TT Ky hiéu Cong thire cu tao Ghi chu
XG01

Chit méi: Xylocagranoside A
Cong thic phan tor Cs3HagOuo,
Khoi lugng phan tir 604,3247

1.
XG02
Chat méi: Xylocagranoside B
) Cong thuc phan tir Ca2H26010 ,
' Khoi lugng phan ti 450,1526
XG03 Chit méi: Xylocargranin A

Cong thuc phan tir Ci9H10NOy,
Khoi lugng phan tir 373,1162




XG04

Xyloccensin P
C6r]g thirc phén ti: Ca7H42017
Khoi lugng phan ti: 758,2422

XG05

Xyloccensin Q
Cong thuc phan tor CasHaoOzs,
Khoi lugng phan ta 14 716,2316

XGO06

Odoratone
Cong thire phéan tir C30H4804
Khoi lwong phan tir 1a 472,3553

XGO07

Chisocheton F

Cong thtc phan ti CogH3505
Khéi lugng phan ta la
4542719

XGO08

Xylogranatin S
Cér]g thirc phan tir CasHas011
Khoi lugng phan ta 14 628,2884

XG09

Xylogranatin C
Cong thac phan tr  CasH34010
Khoi lugng phan ta 1a 542,2152




XG10 Xylogranatin D
Cong thure phan tir C29H34010

Khéi lugng phén tir 14 542,2152

10.
XG11 9-O-methyl xylogranatin R
Cong thirc phan tr C2sHz400
Khoi lugng phan tur 1a 514,2203
11.

3.3.  Thir nghiém hoat tinh sinh hoc cac hep chat phan lap
3.3.1. Két qua thir hoat tinh khang vi sinh vat cac hep chat phan lap tir cay Xu
nhé

Tir cay Xu nho - Xylocarpus moluccensis luan 4n di phan 1ap va xéac dinh cdu
trac duoc 10 hop chat duoc thir hoat tinh gdy doc té bao mot sé cac hop chat phan lap
duoc tir I0di Xu nho trén 7 chang vi sinh vat ATCC ¢6 ngudn goc (loai Microbiologics
- My) duoc liét ké tai muc 2.2.6.1.

Mau ban dau duoc pha lodng trong DMSO ¢ dai nong do giam dan: 256 pg/ml,
128 pg/ml, 64 pg/ml, 32 pg/ml, 16 pg/ml, 8 pg/ml, 4 pg/ml va 2 pg/ml véi sé thi
nghiém lap lai N = 3. B6 sung 50 pl dung dich vi khuan va nam ¢ nong do 2.10° bao
ta/ml, G & 37°C. Sau 24h, doc gi4 tri MIC. Gi4 tri MIC duoc xac dinh tai giéng c6
ndng do chat thir thap nhat gay wc ché hoan toan sy phat trién caa vi sinh vat sau 24
gio nudi cay. Chat dbi chung 1a khang sinh streptomycin cho cac chung vi khuan va
cycloheximide cho nam: thu dugc két qua thong ke tai bang 3.22.



112
Bang 3.22.  Két qua thir hoat tinh khéang vi sinh vat caa mot sé hop chat phan

lap tir cdy Xu nho

Gram dwong (+) Gram am (-) Nam
. x E.faecalis S.aureus B.cereus E.coli P.aeruginosa| S. enterica | C.albicans
TT | Kyhigumau | 10099919 ATCC3;2592 ATCC14579| ATC529%2 ATCC2T853 T CCL3076 |ATCC10221
MIC (ug/ml)
1. XMO01 >256 >256 >256 >256 >256 >256 >256
2. XM02 >256 >256 >256 >256 >256 >256 >256
3. XMO03 >256 >256 >256 >256 >256 >256 >256
4, XM04 >256 >256 >256 >256 >256 >256 >256
5. XMO05 >256 >256 >256 >256 >256 >256 >256
6. XMO06 32 64 64 - 64 - 64
7. XMO7 256 - 128 - -
8. XMO08 - - 128
9. XMO09 128 - 128
10. XM10 128 - 256 - - -
Streptomycin 128 128 128 32 128 128
Cycloheximide 32

Nhan xét: Két qua thi nghiém cho thay cac hop chat XM06, XM07, XMO08,
XMO09, XM10 thé hién hoat tinh ¢ ché tir 1 dén 5 chang vi sinh vat, trong d6 hop
chat XMO06 c6 hoat tinh kha manh véi MIC 32-64 pg/ml trén 5 chung E.faecalis
ATCC29212, S.aureus ATCC25923, B.cereus ATCC14579, P.aeruginosa
ATCC27853 va C.albicans ATCC10231.

3.3.2. Két qua thir hoat tinh khang vi sinh vat cia mét sé hop chat phan lap tir
cay Xu oi

Cac hop chat phan lap dugc tir cdy Xu 6i dugc thir nghiém khang vi sinh vat
trén 7 chung vi sinh vat c6 ngudn gdc (loai Microbiologics - M¥) duoc liét ké tai muc
2.2.6.1. Mau ban dau duoc pha lodng trong DMSO ¢ dai ndng d6 giam dan: 256
pg/ml, 128 pg/ml, 64 pg/mi, 32 pg/mi, 16 pg/ml, 8 pg/ml, 4 pg/ml, 2 ug/ml, 1 pg/ml,
0,5 pg/ml va 0,25 pg/ml véi sb thi nghiém Iap lai N = 3. B6 sung 50 pl dung dich vi
khuan va nim & nong do 2,105 CFU/mI, u & 37°C. Sau 24h, doc gié tri MIC. Gia tri
MIC duoc x4c dinh tai giéng c6 ndng d6 chat thir thdp nhat gy tc ché hoan toan su
phét trién cta vi sinh vat sau 24 gio nudi cdy. Chat ddi chung la khang sinh
Ciprofloxacin cho cac ching vi khuan va Cyclohexamide cho nim: thu duoc két qua
nhu bang 3.23.
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Bang 3.23. Két qua thtr hoat tinh khang vi sinh vat cac hop chat phan 1ap tir cay Xu 6i

Gram dwong Gram &m NAm
. Egtgé)ccaa?;:u Staphylococc | Bacillus | Escherichia | Pseudomonas | Salmonella | Candida
TT | Tén mau ATCC299p1 | Usaureus cereus coli aeruginosa enterica albicans
5 ATCC25923 |ATCC14579 |ATCC25922| ATCC27853 |[ATCC13076 ATCC10231
MIC (ug/ml)
1. XG01 >256 >256 >256 >256 >256 >256 >256
2. XG02 >256 >256 >256 >256 >256 >256 >256
3. XG03 >256 >256 >256 >256 >256 >256 >256
4, XG04 >256 >256 >256 >256 >256 >256 >256
5. XGO05 >256 >256 >256 >256 >256 >256 >256
6. XG06 >256 >256 >256 >256 >256 >256 >256
7. XGO07 >256 >256 >256 >256 >256 >256 >256
8. XG08 >256 >256 >256 >256 >256 >256 >256
9. XG09 >256 >256 >256 >256 >256 >256 >256
10. | XG10 >256 >256 >256 >256 >256 >256 >256
11.| XGl11 >256 >256 >256 >256 >256 >256 >256
12.| XG12 >256 >256 >256 >256 >256 >256 >256
Ciprofloxacin 128 32 8 0,5 32 1 -
Cyclohexamide - - - - - - 32

Ghi chu: “-* : Khong thu
Nhan xét: Két qua trén cho thy céc hop chit thir nghiém khong thé hién hoat
tinh &c ché cac chung vi sinh vat ¢ cac nong do nghién cuu.
3.3.3. Két qua thir hoat tinh giy déc té bao cac hep chit phan lap dwoc tir cay

Xu nho

Cac hop chét phan lap duogc tir cdy Xu nhé dugc thir nghiém trén 3 dong té

bao ung thu: ung thu va (MCF-7) va ung thu gan (HepG2), ung thu ¢b tir cung &
ngudi (Hela) bang phuong phap thir SRB, sé luong té bao: 10000 té bao/giéng /200

ul va thu duoc két qua nhu bang 3.24.
Bang 3.24. Két qua hoat tinh gay doc té bao cac hop chat phan Iap tir cay Xu nho

ICs0 (UM)

Tén Dong té bao Tén Dong té bao

mau Hela HepG2 MCF7 miu Hela HepG2 MCF7
XMO1 | 46,82+2,82 | 54,19+3,33 | 42,40+3,17 | XMO06 >100 >100 >100
XMO02 | 26,78+2,63 | 32,60+3,22 | 26,77+2,42 | XMO7 >100 >100 >100
XM03 >100 >100 >100 XMO08 | 98,12+1,16 | 97,67+1,34 | 86,06+6,77
XM04 >100 >100 >100 XMO09 >100 >100 >100
XMO05 | 46,26+2,25 | 39,92+2,63 | 36,80+2,95 | XM10 >100 >100 >100

Ellipticine 0,38+0,04 0,39+0,04 | 0,40+0,02

Nhan xét: Két qua trén cho thay c6 3 chat XMO01, XM02, XMO05 da thé hién
hoat tinh wrc ché sy phaét trién cua cac dong té bao ung thu nghién ciru véi gia tri 1Cso
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tir 26,77 — 54,19 pM. Céc mau con lai chua thé hién rd hoat tinh gay doc té bao & thur
nghiém nay véi gia tri 1Cso > 100 uM. Chét ddi chimg dwong Ellipticine hoat dong
6n dinh trong thi nghiém.
3.3.4. Két qua thir hoat tinh gy ddc té bao ciia mot s6 hep chat phan lap tir cay
Xu 6i

Nghién ciru thir hoat tinh gdy doc té bao thir nghiém trén céc dong té bao ung
thu phdi (A549), ung thu va (MCF-7), ung thu gan (HepG2) bang phuong phap thur
MTT mét s hop chat phan tir cay Xu 6i, sb luong té bao: 10000 té bao/giéng /200 pl
va thu két qua nhu bang 3.25.

Bang 3.25. Gi4 tri 1Cso mau c6 hoat tinh cac hop chat phan 1ap tir cay Xu 6i

ICs0 (UM)
Tén Dong té bao Tén Dong té bao

mau HepG2 A549 MCF-7 mau HepG2 A549 MCF-7

XGO01 >100 >100 >100 XG06 | 44,36+111 38,11 + 1.23 46,99 + 1,85

XG02 >100 >100 >100 XGO07 >100 >100 >100

XG03 >100 >100 >100 XG08 >100 >100 >100

XG04 >100 >100 >100 XG09 | 33,04 +143 27,54 + 1,08 34,91 + 1,74

XG05 >100 >100 >100 XG10 >100 >100 >100
XG11 >100 >100 >100

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

Nhan xét: Két qua sang loc thir doc té bao cua cac mau cho thiy cac hop chat
XG06, XG09 thé hién hoat tinh gay doc té bao & cac nong do nghién ciru. Cac mau
con lai thé hién hoat tinh yéu ¢ cac ndng do nghién cuu.

Két qua thir nghiém cac hop chat phan Iap tir cdy Xu nho thé hién hoat tinh tc ché
tir 1 dén 5 chang vi sinh vat, trong d6 hop chat XMO05 c¢6 hoat tinh kha manh véi MIC
32-64 pg/ml trén 5 chung E.faecalis ATCC29212, S.aureus ATCC25923, B.cereus
ATCC14579, P.aeruginosa ATCC27853 va C.albicans ATCC10231.

Két qua thir nghiém cac hop chat phan Iap tir cdy Xu nho thir nghiém trén cac
dong té bao ung thu phdi (SK-LU-1), ung thu vii (MCE-7), ung thu gan (HepG2),
ung thu cb tr cung & ngudi (Hepla). Két qua trén cho thiy c6 3 mau di thé hién hoat
tinh e ché sy phat trién cua cac dong té bao ung thu nghién ciu véi gia tri 1Csp tir
27,54 — 46,99 M. Cac mau con lai chua thé hién rd hoat tinh gay doc té bao & thir
nghiém nay véi gia tri 1Cso > 100 uM. Chét ddi chimg dwong Ellipticine hoat dong
6n dinh trong thi nghiém.

Két qua sang loc thir doc té bao cua cac hop chat phan lap tir cdy Xu 6i cho
thay cac hop chat XG06, XG09 thé hién hoat tinh gay doc té bao ¢ cac ndng do nghién
ctru. Cac mau con lai hoat tinh yéu va khong thé hién hoat tinh & cac nong d6 nghién
chu.
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3.4, Xac dinh d9 tinh khiét XM07, XM09, XM10 bing phwong phap gqNMR

Hién trén thé gidi chua co chuan d6i chiéu caa 3 hop chat trén do d6 nghién
ctru da phan 1ap 3 hop chat nay 1am chuén co so dé xay dung quy trinh phan tich, tng
dung phuong phap phan tich hién dai dé xac dinh ham luwong chat phan tich bang
phuong phap gNMR ndi chuan. Phuong phap qNMR ndi chuan dya trén dic trung
cua hat nhan, caa nguyén tir c6 trong thanh phan phan tir can phan tich s& dua trén
dic trung tir cta proton (*H) c6 trong thanh phan cau trdc cua chat phan tich va noi
chuan twong tmg da biét ham lugng chinh x4c dé xac dinh ham lugng chinh xac cua
chét phan tich.

Nghién ctu khao sat trén mot sé chat chuan ndi caa phuong phap qNMR cho thay
ethylene carbonate dap trng yéu cau vé chat chuan ndi cia phuong phap va phi hop
véi cong thirc cau tao, tinh chat hoa ly caa cac chat phan tich XMO07, XM09, XM 10,
c6 miii proton (*H) tach hoan toan véi proton (*H) cua cac chat phan tich va c6 do
sach cao (tuyét dbi hodc gan tuyét ddi); Khong hut am, khong bay hoi, khong 1an
nuéce; Hoa tan tot trong cac dung mdéi NMR; pho proton 'H NMR twong doi don gian,
ro.

Xéc dinh ham lugng chat phan 1ap dugc bang phuong phap qNMR. Chat sach
dugc phan lap tir 14 cy Xu nho duge xac dinh ham luong bang phuong phap gNMR
noi chuan, phd gNMR ciia hgp chat XMO7 (Hinh 3.50), XMO09 (Hinh 3.51), XM10
(Hinh 3.52) két qua nhu bang 3.26.

Bang 3.26. Két qua ham luong XMO07, XMO09, XM10 bang phuong phap gNMR

M3 Ky hiéu , HL %
yhie Tén chét phan tich (%)

(QNMR)
XMO7 Moluccensin Y 98,07
XMO09 3,30-Diacetylphragmalin 98,43
XM10 Xyloccensin E 98,36

Nhan xét: Do tinh khiét cac chat phan lap duoc xac dinh bang phuong phap
so sanh véi chuan noi da xac ham luong bang phuwong phap gNMR: tir phdo 1H-NMR
cua cac chat da phan lap, xac dinh tin hiéu hydro dic trung cho hop chét can phan
tich, lya chon chuan noi véi véi tin hiéu hydro dic hiéu véi chat can phan tich.

Hién trén thé gioi chua co chudn dbi chiéu caa 3 hop chat trén do d6 nghién
ctru dd phan 1ap 3 hop chat nay 1am chuén co s& dé xay dung quy trinh phan tich, tng
dung phuong phap phan tich hién dai dé xac dinh ham luwong chat phan tich bang
phuong phap gNMR ndi chuan tron chat chuan. Phuong phap gNMR ndi chuan dua
trén dic trung cua hat nhan, cua nguy@n ti c6 trong thanh phan phan ti can phan tich
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s& dya trén dic trung tir cua proton (1H) c6 trong thanh phan ciu tric caa chét phan
tich va ndi chuan twong mg da biét ham lugng chinh xac dé xac dinh ham lugng

chinh xéc caa chat phan tich.

XMO07

4.525

o

XMO7 + IS

|

I

=

JL “ Lﬂ ‘JJ

T T T T T T T T T T T T T T
70 65 6.0 55 50 45 40 35 a0 25 20 15 10 ppm

g k

Integral 2 408715127296.00 1.3560

Integral 1 301418604032.00 1.0000

Hinh 3.50. Phd gNMR caa hop chat XMO07

XMO09

4.523

4.5221

5.7692

XMO09 + IS

o3+ 15

T
75

3

S || . b

T T T T T T T T T T T
70 65 6.0 55 50 45 40 35 30 25 20 15

g ;

Integral 2 633775973376.00 0.7759

Integral 1 816871902720.00 1.0000

Hinh 3.51. Pho gNMR ctia hop chat XM09

T
4

4.5133

7.5056
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XM10
XM10 + IS
il lL 'LJJL _ L A LJ'J\J{. 1,;
75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm 4 ’ '
2 g
Integral 2 503583081472.00 0.6641 4.5236
Integral 1 758254888448.00 1.0000 5.5542

Hinh 3.52. Phé qNMR cua hop chat XM10

3.5. Xay dung phwong phép phéan tich dinh tinh, dinh lwong 3 hop chit trong
la cdy Xu nhé

Ham lugng chat phén tich trong duoc lidu thap, nén mau phic tap va kha nang
phat hién han ché caa LC-PDA khién viéc xac dinh cac chat c6 ham lugng thap trong
trong loai Xu nho va Xu 6i gap nhiéu thach thac, cling véi kha nang phat hién han
ché cua LC-PDA, dit ra nhitng thach thtc trong viéc phan lap va dinh luong cac hop
chat danh dau nay. Trong diéu kién phan tich HPLC-PDA, sic ky d6 cho thiy ham
lugng Moluccensin Y (XM37), 3,30-Diacetylphragmalin (XM50) va Xyclocensin E
(XM36) rat thap trong cac mau thir nghiém, ngay ca & budc séng 205 nm. Ngoai ra,
anh hudng nén mau rat 16n, dudng nén dang cao. do d6 phuong phap HPLC-PDA
khong dap tng di d6 nhay va do dac hiéu cho phan tich vét trong nén mau duoc ligu
va can duoc thay thé bang mot phuong phap nhay, chuyén biét hon.

Phuong phap sic ky long ghép khdi phd LC-MS/MS di tro thanh mot phuong
phap phan tich hién dai, d6 nhay, chinh x4c cao dé phan tich c4c thanh phan ty nhién
trong thuc vat. Dit liéu tir phan tich MS/MS cung cap thdng tin hitu ich cho viéc xac
dinh va xac nhan ciu tric ciing véi viéc dé& xuat manh me. Ngoai ra, phé MS/MS con
cung cap thong tin dé phan tich dinh tinh va dinh luong cac hop chat riéng Ié trong
nguyén liéu thuc vat [27], [28].

Phuong phap sac ky long ghép khéi phd LC-MS/MS da trg thanh mot phuong
phap phan tich hién dai, d6 nhay, chinh x4c cao dé phan tich c4c thanh phan ty nhién
trong thuc vat. Dit liéu tir phan tich MS/MS cung cap thdng tin hitu ich cho viéc xac
dinh va xac nhan ciu tric cuing véi viéc dé& xuat manh me. Ngoai ra, phé MS/MS con
cung cap thong tin dé phén tich dinh tinh va dinh luong céc hop chat riéng Ié trong
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nguyén lidu thuc vat. Do d6 nghién ciru chon xay dung phuong phap sic ky long ghép
khdi phd LC-MS/MS dé phan tich dinh tinh, dinh lwong 3 hop chét c6 cau trac dic
trung cua chi Xu — Xu nhé XM07, XM09, XM!10.

3.5.1. Duw kién phin ménh

Cac hop chat XM07, XM09, XM10 chua c6 tai liéu b4o cao vé su phan manh
cua cac chit nay nhung nhom nghién ciru ciing dva trén sy phan manh cua céc hop
chat nay trén hé thbng LC-MS/MS Xevo G2-XS QTOF Waters (M) di duogc bdo céo
va dic trung ciu trdc ¢d nhém cacbonyl dé bé giy do d6 dé xuat co ché phan manh
cho cac hop chat XMO07 theo hinh 3.53, XMO09 theo hinh 3.54, XM 10 theo hinh 3.55,
hinh phan manh dinh luong va dinh tinh theo phu luc 4. Biéu nay duoc khang dinh
lai bang két qua quét phd thuc nghiém cho thay co ché phan manh nhém nghién ciu
dé xuat c6 do tin cay cao, phd khéi duoc quét dinh tinh manh me trén thiét bj UPLC-
MS/MS Xevo G2-XS QTof.

Chemical Formula: C3;H340;3 ] RSN
Exact Mass:643.23914 [M+H] Chemical Formula: C3sHz5015 /

Exact Mate:643 23914 [MH) 2

Chesical Formula: CsH;s0y
Exact Mass: 583 21316

XM07 / F . I
Z 0. - 1 i
” o) 18 13 - ;:1 ]‘ 18
- : PN o i 7 0
1 i . ; 3l R — 5 ; ;@(/ 3
YY ) T % ~ Y
N T 0
0
Ky ]:Llé].l a 1 / . + y Cheucal Formula: Cy;Hys0
Ché t phin tich Manh ion m/z ;‘::t;:c;w““]‘i; f}eH.D Exact Mass: 357.15080
Dinh lwrgng  643,3270 * 583,2251 0 0.0 L
XM07 Dinhtinh  643,3270 & 357,2057 N
Pinhtinh  643,3270 + 95,0036 h . >\
T

Hinh 3.53. Phé MS manh me va du kién phan manh cia XM07
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.. Chemical Formula: C33Hy00y3 1197 s o o
64538212 . . C‘]"“““”F”‘“‘,“E“, Cs3HigOss Chemical Formula: Cy;Hy O
Exact Mass 64525272 [M+H] Exact Mass:645 25272 [M+H] = hemical Formale, Cofn0s ,
P L3 3 :
4 N N " T N
7 g — - 0
- SN K
. s UY v 0
tem name: XMESO Y X e J o
item descnpbon 2
0 Chemical Formmula:CoH-0 Chemical Formula; Cy7Hyx0;
wid Fxact Mass:05.04925 Exact Mass: 46518635
Ky hiéu . o e
i . Manh ion m/z P
chét phan tich ¥ T i AN
Dinh lwgng  645,4065 —» 483,2574 : ; ey *
XM09 Pinh tinh 0454065 » 465,2359 A R ™
Dinh tinh 645,4065 » 95,0053

XM09

Hinh 3.54. Phd MS manh me va du kién phan manh cua XM09

Chenucal Formula: C3sHiOy “1 Chemical Formula: C35Hyy0y4 K Chemical Formula: C;Hag0;
Exact Mass:687 26110 [M+H] Exact Mass:687.26110 [M~H] ! Exact Mass: 465.18623
' —
XM10 o
)L ~
*/’L ] T o
By , xM10 7T ] re
Fem cexrpten / . & Y .
‘ [e] B / 0
n 21
Ky hiéu . . . Chemical Formula C4Hy0 Chemical Formul: Cy7Hp;06
chét p}ilfm tich Manh ion m/z Exact Mase95.04507 Exact Mass: 447.17589
Dinh lwong  687,4809 +» 465,250 o B
. B £ T 8 %
XM10 Dinh tinh 687,4809 » 95,0046
Binh tinh 687,4809 » 447,120 . ’
i S 7 T

Hinh 3.55. Phd MS manh me va du kién phan manh XM10

Nhan xét: Phé khéi cac chat phan tich déu c6 manh me phi hop vai cong thire
phan tir, cac manh con thu duoc trén pho daughter scan ciing tring khép véi dit liéu
phan manh cua cac nghién ctu trude. Két qua téi vu di chon ra duoc diéu kién manh
ion con cua ting chat c6 cuong do tin hiéu cao nhat 1am manh dinh luong dé dap tng
d6 nhay cua phuong phap va cac manh dinh tinh & cac mac nang luong bé gy khac
nhau.

Cé4c hop chit XM07, XMO09 va XM10 déu cd cau tric khung co ban la
tetranortriterpenoid (30 carbon bi mit di 4 carbon dé con lai 26 carbon chinh).

Cau truc khung Limonoid rat bén viing & phan 16i nhung lai d& bj cét dat ¢ céc
cau ndi ester, co ché hinh thanh ion m/z 95 di véi ca 3 chat dua trén cong thirc phan
tr va cau hinh thu dwoc, manh ion ndy dwgc hinh thanh théng qua qué trinh phan
manh chon loc cua phan tir me. Manh ion m/z 95 déu dugc hinh thanh trong qua trinh
ion hoa uu tién tai nhom carbonyl, electron bi lay di wu tién tai O caa C=0, nhém
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carbonyl (C=0) c6 tdm hut electron, 12 tdm giau electron va dé bi kich hoat duéi diéu
kién ion hoa. lon manh tai m/z 95 (CsH-O, m/z 95.0481) dugc quan sat rd rang trong
phd khéi cua ca 3 hop chiat, cho thiy day 1a mét ion bén va cd gid tri du doan cAu trdc.

Hop chat XMO7 (CssH3s013), ion MH* (m/z 643,2391). Dya trén cong thirc phan
tir va c4u hinh thu duoc, manh ion dinh lwong (m/z 583,2251) dugc hinh thanh thong
qua qua trinh phan manh chon loc cua phan tir me. Pay 1a manh ion ¢6 cuong do cao
nhét, thuong dung dé dinh lwong do tinh 6n dinh va nhay. lon m/z 583 (CsiHssO1)
duoc tao thanh chu yéu théng qua qua trinh loai bo trung tinh mét nhém acyl hoic
ester ngoai vong do su dut gay chon loc lién két ester, trong khi khung triterpenoid
van dugc bao toan. Trong khi d6, manh ion dinh tinh 1 (m/z 357,2057) (C17H2505)
hinh thanh do phan manh sau hon, bao gdbm sy dat gay lién két C—C tai viing ndi giita
khung vong trung tdm va mach thé chira oxy, kém theo tai sip xép noi phan ti, tao
nén ion nho gon va bén trong pha khi, 1a sy phan manh sau hon, lién quan dén viéc
bé gay khung carbon chinh va loai bo nhiéu nhom ester ddng thoi.

Hop chat XMO09 (CssH10013), ion MH* (m/z 645,4065). Manh dinh luong (m/z
483,2574, C27H350s) duoc tao thanh thong qua qua trinh dut gdy chon loc lién két
ester, kém theo sy loai bo trung tinh mot phan doan acyl-oxy c6 khéi lwong 16n, trong
khi khung triterpenoid trung tdm van dugc duy tri. Manh dinh tinh 1 (m/z 465,2359,
C27H3:0y) tiép tuc mat thém mot phan tr nhém hydroxy tir manh 483 do sy khir nudc
noi phan tir (—H-0) hoic loai bo thém mot nhdm oxy chie, dan dén cau tric ion bén
hon nho tai sap xép va 6n dinh cong huang trong pha khi.

Hop chit XM10 (CasHa2014), ion MH* (m/z 687,4809). Manh dinh lugng (m/z
465,2508, C27H350s) duoc hinh thanh chu yéu théng qua sy dat gay lién két ester va
ether, kém theo loai bo mot phan doan acyl-oxy c6 khéi lwong 16n, trong khi khung
triterpenoid trung tdm van duoc bao toan. Manh dinh tinh 1 (m/z 447,1207) duoc tao
thanh tur ion m/z 465 thong qua qua trinh khir nuéc noi phan tir nhém hydroxy hoac
loai bo thém mét nhém oxy chuc, dan dén cau trdc ion bén hon trong pha khi nho sy
tai sap xép va 6n dinh cong huong.

3.5.2. Két qua thiét lap diéu kién phan tich

Cac mau duoc chuan bi va phan tich bang LC-MS/MS. Biéu kién khdi phd
dugc khao sét trén hé théng may UPLC-MS/MS Waters Xevo TQS Micro, st dung
ky thuat ghi pho full scan dé xac dinh ion phan tir cic chat va k§y thuat phan tich
daughter ion dé tim manh ion con dinh lwgng va manh ion con dinh tinh. Céc thong
s6 thé phan manh va ning luong va dap duoc toi wu hoa bang phan mém téi wu hoa
tu dong IntelliStart va kiém tra lai baing Manual Tune sao cho cudng d tin hiéu cua
ion dinh luong dat cao nhat. Piéu kién khdi pho téi vu di dugc xac dinh nhu sau:
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* Pidu kién sic ky

Pha dong: acid fomic 0,1% (A) — Acetonitril (B): 60-40
Cot: ZORBAX XDB-C8 (50 x 4.6 mm; 3.5 um)
Nhiét do cot: 35 °C.
Nhiét d6 buéng mau: 15 °C.
Téc do dong: 0,6 ml/ phit.
Thé tich tiém: 2 .
* Piéu kién khdi phd duoc ghi trong Bang 3.27 va thé phan manh sau khi téi wu céac
chat phan tich dugc ghi trong Bang 3.28.

Bang 3.27. Thong s6 cai dat thiét bi UPLC-MS/MS Xevo TQS micro Waters

Théng s6 nguon ion héa

Kiéu ion hoa: ESI (+)

Toc do dong khi khir dung moéi (nito): 900 lit/ gioy
Toc do dong khi dau cone (nito): 30 lit/ gioy

Nhiét do hoa hoi dung moi: 150 °C

Nhiét do budng ion héa: 350 °C

Ché do ghi ph: MRM

Thé ion hda (IS voltage): 0,5KV

Khoang pho (mass range): 50 — 1000 Da

Bang 3.28. Thé phan manh sau khi téi wu cac chat phan tich

K)'/ hiéu > 1A L LA
chat Manh ion m/z g(/))ne g/E) ;I(_))r’1 1§ (S;')So
phan tich 0

Dinh lugng  643,3270 > 583,2251 20 8 +

XMO07 Binhtinh1 643,3270 » 357,2057 20 32 0,18
binhtinh 2 643,3270 & 95,0036 20 46 0,12
Dinh lugng  645,4065 —+» 483,2574 6 14 +

XM09 PDinhtinhl  645,4065 > 465,2359 6 16 0,50 +25
binhtinh 2 645,4065 & 95,0053 6 48 0,12
Dinh lugng  687,4809 > 465,2508 40 16 +

XM10 Dinhtinh1 687,4809 — 447,1207 40 42 0,84
binhtinh2  687,4809 — 95,0046 40 20 0,21

IS Dinh lugng  287,1539 —» 242,1559 25 18
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3.5.3. Khao sat chuéan ndi

Do sy thay di cuia dong ion trong phép do phd khéi, viéc st dung chat chuan noi
1a diéu can thiét dé ning cao do chinh xé&c va kiém soat qué trinh phan tich. C4c tiéu
chuan noi bo dugc phan thanh hai loai: ddng vi va turong tw. Chéat chuan noi dong vi
cd cau trdc giéng hét chat phan tich nhung chira nhan déng vi. Mic du cac chat chuan
d6ng vi 1a tdi wu vé& mat ly thuyét nhung chung c6 thé khong c6 sin cho cac hop chét
méi duoc phan tich ma khong c6 tai liéu tham khao dugc thiét 1ap. Trong nhiing
truong hop nhu vay, chat chuan noi twong tu ¢ cac dic tinh twong ty vSi chat phan
tich, lién quan dén qua trinh chiét (d6 hoa tan), phan tich sic ky (thoi gian luu) va
phat hién MS (ché d6 ion héa) dugc chon. Dya trén cong thac hoa hoc, hé s6 phan b
log va gié tri pKa cua ba hop chat: Etodolac (C17H21NOs; LogP = 2,5; pKa = 4,65)
[139], Atorvastatin (CssHssFN20s; LogP = 6,36; pKa = 4,46)[140], va Ezetimibe
(C24H21F2NOs3; LogP =4,5; pKa =9,48)

Test E‘—/Enuano\s 24'3.‘!2!2.170f Eézangggels ES+
A 7 =X \ X 15.70 >5
[141], nghién ctu tién hanh do pho ™ .
‘. . . , Y n , [
khoi, cuong d¢ tin hiéu thu dwoc coa 4|
. , B . B B o ‘M‘W‘sroo 10.00 1500  20.00 2500 3000 y-»~-3ff'00‘-,\4,..,,\ N
cac noi chuan khao sat va xem xét cac  “) """ e Susa0r > dee %
diéu kién phat hién sic ky va MS. Két | | XM09
0 - - r - - - - - - - - - - - -
qua khao sat dugc trinh bay trong hinh . |.,.,.2%° 0% 190 200 20 000 w0 e
Z ) X , . n F 100 2013 687.481 > 465.251 ta
3.56. Ket qua deu cho tin hi¢u cao nhat \‘ -
Ia mé'nh 1on me [M+H]+ tll‘o’ng ﬁng Vol ° TTEh0 1000 1500 T 2000 2500 3000 T 3500 "
. 2 R , Test hiy chuan+IS >=4 l;‘lRM of 1 Channel ES+
teng CTPT cua cac ndi chuan khao sat o B2 020> 402 Noveen

=]

0

tuy nhién tin hiéu caa Etodolac (IS) cao
hon 10 so véi Ezetimibe, Atorvastatin ot 77 T FE 0 E0 0 IR s

604 16.85

cho tin hiéu cao nhung thoi gian lvu qua - \‘\

dai so vai Etodolac mac du dugc pha o T | 8bo 1000 T e e 000 3500
cing mac néng d6 5 pg/ml. Chon ™ ‘s‘q” R
Etodolac dé thuc hién cac khao sattiép L. . ..

5.00 10.00 15.00 20.00 25.00 30.00 35.00
theo.

Hinh 3.56. Sic ky db cua chuan noi

3.5.4. Khao sat diéu kién sac ky
Khdo sdt pha tinh

Dua vao tinh chat kém phan cuc cta chat phan tich, nghién ciu tién hanh khao
st lya chon cot sac ky ma ban chat pha tinh c6 pha lién két 12 cAc nhém kém phan
cuc thuong duoc st dung trong phan tich nhu: C18, C8, C6 phenyl. Cac cot sic ky
duoc su dung trong khao sat pha tinh (Bang 3.29).
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Bang 3.29. Cot sic Ky sir dung trong khao sat pha tinh

Piéu kién Ban chét pha tinh

Tén thuwong mai

Gemini C6 phenyl

1 C6 phenyl
pheny (150 x 4,6 mm; 5,0 um)
Agilent 5 HC- C18
2 cis g _
(150 x 4,6 mm; 5,0 um)
Luna C8
4 C8 .
(150 x 4,6 mm; 5,0 um)
3 cs ZORBAX XDB-C8
(50 x 4,6 mm; 3,5 um)
KS-COLUM-1 XMo7 KS-COLUM-1 XMO09 KS-COLUM-1 XM10
100 167 100+ ur3 100+ 1484
14.67 ] 1473 ] 4a
% %: %.:
0 T T T min 0 T T min C-‘ T T T T min
100 20.0 10.0 20.0 10.0 20.0
XM10
KS-COLUM-2 XMo7 KS-CoLUM-2 %?;09 KScoumz 18.22 4b
100 18.20 100 100
" % %
0 T T e min 0 T T min 0 min
100 200 10.0 20.0 10.0 200
I»:i-OC_OLUM-tt %?ﬁm r:j:iomu«: )(11311(5)9 KS.COLUMA XM10
] ] 100-, 2198
] ]
] ]
] ‘ ] 4d
% %i %_‘
0 T T T T min T T T T T T mi
10.0 20.0 30.0 100 200 300
Ks-coLum-s XMO09
KS-COLUM-3 8.78
, mXMO'? 100 KS-COLUM-3 XM10
7 100+ 1046
i 4c
% ] i I"‘
*] [
= min 0 JRAREE A min U—r""'"‘r""'"r"-"'i'%\"m min
8.00 10.00 12.00 8.00 10.00 12.00 8.00 10.00 12.00

Hinh 3.57. Sac ky d6 khao sat pha tinh

Nhan xét: Két qua sac ky d6 hinh 3.57 cho thay cot C6 phenyl (hinh 3.57-4a)
tuong tac manh vai chat phan tich, peak khong ddi xiing b/a > 2,0 va bi ché peak; cot
Vé6i ban chat pha tinh 1a C18 (hinh 3.57-4b) peak khong tach, peak khong ddi xang
b/a > 2,0; cot voi ban chat pha tinh 1a C8 dai 150 mm (hinh 3.57-4d) peak tach hoan
toan, peak d6i xirng voi tat ca cac chat phan tich, thoi gian phan tich dai; cot véi ban
chat pha tinh 13 C8 dai 50 mm (hinh 3.57-4c) peak tach hoan toan, Peak d6i xtng
Vv6i tat ca cac chat phan tich, thoi gian phan tich ngén, b/a <2,0. Do d6 chon cot C8

lam pha tinh ctia phuong phép.
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Khdo sdt pha dong
Khao sat duoc tién hanh trén mau chuan hdn hop chira cac chat phan tich
XM37, XM50, XM36 trong methanol & nong d6 5 pg/ml & diéu kién khéi phd da
khao sat véi diéu kién ban dau nhu sau: Cot phan tich ZORBAX XDB-C8 (50 x 4,6
mm; 3,5 um) thé tich tiém 2 pl, téc 6 dong 0,4 ml/phdt véi cac pha dong khac nhau

duoc trinh bay trong bang 3.30.

Bang 3.30. Diéu kién khao sat pha dong

Pidu kién Dung moi A Dung méi B Tilé
KS-MP1 Acid formic 0,1 % Acetoniltril 60 : 40
KS-MP2-1 Acid acetic 0,1 % Acetoniltril 60 : 40
KS-MP3-1 Dbém amoni acetat pH 3,0 Acetoniltril 60 : 40
KS-MP4-11 bém amoni format pH 3,0 Acetoniltril 60 : 40
KS-MP5-1 Dbém amoni acetat pH 3,0 Methanol 60 : 40
KS-MP6-1 bém amoni format pH 3,0 Methanol 60 : 40
KS-MP7-1 Acid formic 0,1 % Methanol 60 : 40
KS-MP8-1 Acid acetic 0,1 % Methanol 60 : 40
XMO07 KS-MP-2-1 XM07 KS-MP-3-1 XMO7 KS-MP-4-11 xl\io’
|”‘ 7 ] ﬂl 7.69 1004 \“{ 780 mu: [.“ 7.78
“ . | J )
1 H | “ A I
}I “\ [ ] \I “.\ | \|‘
Kkswpy M09 ksupz1 M09 M- XM09 Kksmpat1 M09
1 B;I‘Q 5 8{1 wuu_ e‘;sa moj BKE
| | L L
; i sl 1 A
767 | \ 1 782 | \ ] .“ \ ] " \
‘E;-U-‘I) 10.00 12.00 e 'éfho 10.00 12.00 ° Tﬁam m Dﬂiﬁu 10.00 12.00 b
KS-MP-1 XM10 SMP-2. XM10 S-MP-3. XM10 5 XM10
100 ‘]‘\ ?,\?9 100- ] ((\ w({:s
[ “A ‘J ‘\ | \ |
A A ‘ ' A
f \ | \ | \ [
[ WWMW min 0 - | mi 0 T /, \ ) min
e g oy e
. 780|||3 | ‘5l56 “25 354 ’ 0.“ 15.27 ! 339
1 sse [, ‘6‘06 190 e "‘07 ,[wst“s
j_\_(:\i‘z ) l‘"r‘l‘l\l\;‘\l‘\:‘_w .-“‘,:‘[,"H‘ |’n‘ N 0]\"‘\!{“,!!-‘ | “ 31 1368 i i !k.*tl’ ; M 'y ' | m‘![zl ) :“J\‘ "‘.,“ ‘0‘58‘

Hinh 3.58. Sic ky d6 khao sat pha dong

Nhan xét: Két qua sic ky do hinh 3.58 cho thay cac diéu kién sic ky voi hé
dung mdi c6 Methanol 40% &p suat ting cao, cic chat phan tich khong dap tng phan
tich vgi cac hé dung moi nay. Véi diéu kién sic ky voi hé dung méi co Acetonitrile
két hop véi cac dung moi 1a mudi cac hop chét bi giam cudng do tin hiéu khong phan
tich dugc trong thoi gian 20 phat. Trong khi véi hé dung méi Acid formic 0,1% (hoac
acid acetic 0,1%) va&i Acetonitrile (60:40) déu dap ung céc chat phan tich XM07,
XMQ09, XM10 véi thoi gian Iuu khoang 11 phat, tuy nhién hé dung mdi Acid formic
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0,1% véi Acetonitrile (60:40) cho tin hiéu cuong do 16n hon acid acetic 0,1% (hinh
3.85). Do d6 chon diéu kién séic ky véi hé dung mdi Acid formic 0,1% va Acetonitrile
(60:40).

Nhu vdy qua cac khao sat trén mau chuan nghién ctru da chon ra dugc diéu
kién pha dong va pha tinh cho phwong phap, cac diéu kién sic ky khéac bao gom thé
tich tiém, nhiét do cot, chuong trinh pha dong s& duoc diéu chinh khi tién hanh céc
khao sat trén mau EXMOL.

Pé nghi diéu kién sic ky nhu sau:
Cot sac ky: Zobax XDB-C8, 80A, 4,6 x 50 mm, 3,5 um, nhiét d6 cot 35 °C
Pha dong: acid fomic 0,1% (A) — ACN (B) : 60-40
Chuong trinh Gradient (Bang 3.31):
Béang 3.31. Chuong trinh gradient

Thoi gian (phat) Téc do dong A (%) B (%)
0 0,6 60 40
12,40 0,6 60 40
12,50 0,6 20 80
17,00 0,6 20 80
17,01 0,6 60 40

20,00 0,6 60 40
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Tham dinh phwong phép phén tich

3.6.1. Tinh twong thich hé thong LC-MS/MS

Tiém 6 lan dung dich chuan dé xac dinh tinh twong thich hé thdng cua thiét bi.
Két qua cho thay céac thong s thoi gian luu, dién tich peak, ty sb dién tich peak va ty
s6 thoi gian luu cua cac chat phan tich va chuan noi khi tiém Iap lai 6 1an déu c6 RSD
< 5%. Hé thong UPLC MS/MS Waters dat y&u cau vé tuong thich dé phan tich (Bang

3.32).
Bang 3.32. Thong s6 twong thich hé théng cua thiét bi
x N L, tr tr, S / tr,IS AS/ AlS
Chat phan tich Xo | RSD (%) | Xo | RSD (%) Xo | RSD (%)

XMO07 7,86 0,07 0,87 0,09 1,01 0,91
XMO09 8,90 0,12 0,99 0,12 0,98 1,25
XM10 10,64 0,18 1,18 0,10 1,34 0,93

IS (Etodolac) 8,99 0,12

3.6.2. Tinh dac hiéu

Lan luot tiém cac dung dich mau trang, dung dich mau thit - IS, dung dich hdn

hop 3 chuan - IS, dich mau thir ¢6 thém hdn hop 3 chuan - IS. Sic ky do cho thay
khong o peak la & mau trang (Hinh 3.59).

Blank-XMO07

|| 1 |
| | | ||

Blank-XMO09

chuan -

mau trang

Blank-XM10

‘ 1
e XM09 | |

Hinh 3.59. Sac ky db ciia mau tring, mau chuan, mau thir, mau thir them chuén.

3.6.3. Tinh tuyén tinh, giéi han phat hién (LOD), gi6i han dinh lwgng (LOQ)

Db thi biéu dién khoang tuyén tinh hinh 3.60 véi nong d6 XMO7 tir 0,03 — 7,50

ppm, XMQ9 tir 0,05 - 12,50 ppm, XM10 tir 0,12 — 30,00 ppm, tin hiéu S/N >10 cua

cac chét phan tich (hinh 3.61).
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Correlation coefficient: r = 0.998924, r*2 = 0.997849

Calibration curve: 0.316953 * x + 0.049306

Response type: Internal Std ( Ref 4 ), Area * (IS Conc. /IS Area )

Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: None LOD 05009 ppm XMO07

PP x LOQ: 0,03 ppm
3% 2.00
_ 1004
g g.so
.'%
& -200: 5_‘-00
300 0.50
T e Cone =0.00 Conc
-0.00 2.00 4.00 6.00 000 100 200 300 400 500 600 7.00
Correlation coefficient: r = 0.998068, r*2 = 0.996140
Calibration curve: 0.181827 * x + 0.0585083 B
Response type: Internal Std ( Ref 4 ), Area * (IS Conc. / IS Area ) LOD 070 1 5 ppm XMO09
C : Li , Origin: Exclude, Weighting: Null, Axis trans: N .
urve type: Linear, Origin: Exclude, Weighting: Nu is trans: None LOQ 0’05 ppm
—%—X %X
X 2.00-
% 200 g 1.50
@E 3 § 1.00:
4003 0.50
LRAALSAARS Maaa0 AR EAL) sl Mbsd MARMY AL maal maas LROL L 0.00Frrprrrrrrrr e e e Cone
00 20 40 6.0 80 100 120 00 20 40 6.0 80 100 120
Correlation coefficient: r = 0.997709, r*2 = 0.995424
Calibration curve: 0.102166 * x + 0.0830877
Response type: Internal Std ( Ref 4 ), Area * (IS Conc. /IS Area ) .
Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: None LOD 05036 ppm XM10
[N y 5 . i, LOQ: 0,12 ppm
$ 20
2
]
T 1.0
Conc -0.0 Conc
0.0 5.0 100 150 200 250 300 -0.0 5.0 100 150 200 250 300
Hinh 3.60. D6 thi biéu dién tinh twong quan tuyén tinh
Chrom. Trace: 643,337 > 583,228 Chirom. Trace: 645 407 > 465.236 Chrom. Trace: GET.481 > 465.251
Sample Hams: LOG-02 Sample Name: LOQ-02 Sample Name: LOQ-0
[T+ ¥ - - L0 . LOgH02 ]
i TEE XMO7 100+ e 0= 10,54
XMO09 | |
| | XM10
] |
L % | |
] 77 I| '_I, ] \
A o el min ooy - I riry ]
(Re] 00 i

MR A i e e |
Hinh 3.61. Tin hiéu S/N ctia cac chat phan tich
Nhan xét: Két qua phan tich thong ké cho thay khoang tuyén tinh hinh 3.60
c6 ndng do XMOT tir 0,03 — 7,50 ppm, XMO09 tir 0,05 — 12,50 ppm, XM10 tir 0,12
— 30,00 ppm ¢6 su twong quan tuyén tinh giita nong d6 va ti sé dién tich Ad/Ais cia 3
hop chat dat hé sé R? > 0,995; LOD va LOQ cua XMO07 0,009 ppm va 0,03 ppm,
XMO09 0,015 ppm va 0,05 ppm, XM10 0,036 ppm va 0,12 ppm.
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3.6.4. Pinh tinh

Cac mau bot duoc liéu kho thu tir 14 cdy Xu nhé déu cho két qua duong tinh
vé6i 3 hop chat XMO07, XM09, XM10. Xét ion phan tir, thoi gian luu, ti 18 cuong do
jon dinh tinh va ion dinh lwong cho két qua theo bang 3.33, Sac ky d6 mau chuan hinh
3.62, Sic ky d6 mau tha caa XM07, XM09, XM10 theo hinh 3.63.

Chrom. Trace: 643.327 > 583.225 Chrom. Trace: 643.327 > 357.206

Sample Name: DT S1-1 Sample Name: DT S$1-1

OT S1-1 DT S1-1
7.72 10 7.7
XMo07
% %
0% T T T T v min 0 — min
8.00 10.00 12.00 8.00 10.00 12.00

Chrom. Trace: 645.407 > 465.236 Chrom. Trace: 645.407 > 483.257

Sample Name: DT S1-1 Sample Name: DT S1-1

DT S141 DT S141
B 8.73 = 873
1 i
1
% XMO09 e
4
4
7.60 |
0 Yy vy TrrrrT T min 0% T T T T T e
8.00 10.00 12.00 8.00 10.00 12.00

Chrom. Trace: 687.481 > 465.251 Chrom. Trace: 687.481 > 95.005

Sample Name: DT S1-1 Sample Name: DT $1-1

DT S1-1 DT S1-1
10.41
" XM10
0% T T T min 05 T T T T T min
8.00 10.00 12.00 8.00 10.00 12.00

Chrom. Trace: 643.327 > 95.004

Sample Name: DT S1-1

DT S141
7.72
%
9.67 11.70
0% T T min
8.00 10.00 12.00

Chrom. Trace: 645.407 > 95.005

Sample Name: DT S1-1

DT S1-1
8.73
%
0% T T T T T min
8.00 10.00 12.00
Chrom. Trace: 687.481 > 447.121
Sample Name: DT S1-1
DT S1-1
10.42
%
05 T T min
8.00 10.00 12.00

Hinh 3.62. Sic ky dd cia mau chuan cac ion dinh tinh caa XMO07, XMO09, XM10

XMO07 XMO09

in

/

XM10

|
f
|

/

|

Hinh 3.63. Séc ky d6 mau thr manh ion dinh tinh, dinh lwong caa XM07, XM09, XM 10
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Bang 3.33. Két qua dinh tinh mau bot duoc liéu kho thu tir 14 cy Xu nho

Hop chit XMO07 XMO09 XM10
S E S E S E
tr 7,72 7,72 8,73 8,74 10,41 10,42
Tti/nllf io/gf:lllh 0,17 0,17 0,49 0,47 0,86 0,85
uong (0,68%*)  (-1,55%) (0,8%) (-3,8%) 0,22%)  (-1,64%)
thnllf ;"/I;)?;‘;]h 0,12 0,12 0,12 0,12 0,21 0,21
luong. (0,43%) (-0,81%) (0,43%) (-0,81%) (0,41) (-0,64%)
Ket (tlllrl1 1dlnh Dung bung Pung

*: Do 1éch so v6i S(%) mau chuan :S ; mau thi :E

Nhan xét: Két qua phan tich cho thiy quy trinh phén tich dinh tinh d6ng thoi 3 hop
chat XMO07, XM09, XM10. Cac mau bot duoc lidu khd thu tir 1a cy Xu nho déu cho

két qua duong tinh v6i 3 hop chat XMO07, XM09, XM10.

3.6.5. by ding

Xac dinh hiéu suat thu hdi véi 3 mic ndng d6 20%; 100%; 150% (Bang 3.34).
Sac ky d6 do dang ¢ 3 mic nong do cia XM07, XM09, XM10 (hinh 3.64).

Béang 3.34. B¢ ding

C %)/ XMO7 XMO09 XM10
hopchat o RSD 0 RSD 0 RSD
O ) 00 ) 700 *)
20 97,75 - 100,59 121 97,11-101,27 161  96,32-99,46 1.20
100 101,45 - 103,32 0.63 100,58 - 101,59 0.37 102,57 - 104,13 0.51
150 101,99 - 104,13 0.82 100,63 - 102,89 0.88 101,26 - 102,73 0.53
DD-150% .. DD-150%
DD ‘wl)’.’;yl DD-150% XMlﬂ ‘ DD-50%
DD-50%
DD-20%

XMO07

XM09

Hinh 3.64. Sic ky d6 d6 ding & 3 mirc ndng d6 caa XM07, XMO09, XM10
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Nhan xét: Két qua cho thay hiéu suat thu hoi H rat tét, dao dong trong khoang
96.32 % +104.13 %, RSD dudi 5% dat y&u cAu so véi quy dinh (theo AOAC ham
lwong chat phan tich trén 10 % thi ty & phuc hdi nam trong khoang 90 % — 107 %).

3.6.6. Do chinh xac (hay do lap lai)

Két qua cho thay d6 chinh xé4c trong ngay, do chinh xéc trung gian (khac ngay)
ca 3 hop chat XM07, XM09, XM10 déu c6 RSD < 5,3 % Bang 3.35.

3.6.7.Dd 6n dinh miu

Két qua ham lugng ca 3 hop chit XM07, XMO09, XM10 sau 24 gio (bao quan nhiét
d6 phong 25 °C déu c6 RSD < 5,3 %. Bang 3.35.

Béng 3.35. D6 chinh xac trong ngay va khac ngay, ¢ 6n dinh mau thir

Chét phan tich XMO7 XM09 XM10
RSD

X RSD (%) Xuw RSD (%) X (%)

Trong ngay 0.0134 +0.00034 2.35 0.0225+0.0011 4.24 0.0598 +0.0023 3.47

Khacngay  0.0128 +0.00025 1.76 0.0216 + 0.00083 3.49 0.0571 +0.0016 2.56

Do éndinh  0.0129 +0.00061  4.32 0.0219 +0.0011 4.62 0.0569 +0.0030 4.81
sau 24 gio

Nhan xét: Két qua cho thdy do chinh xac trong ngay, do chinh xac trung gian (khac
ngay), do 6n dinh mau ca 3 hop chat XM07, XMO09, XM10 déu dat theo quy dinh.
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3.6.8.  TOm tit két qua tham dinh phwong phap

Bang 3.36. Két qua tom tit thim dinh phuong phap

Théng sb

Két qua

Tinh tuong thich hé thng

Két qua cho thay cac théng sb thoi gian luu, dién tich pic, ty sb dién
tich pic va ty so thoi gian luu cua cac chat phan tich va chuan noi
khi tiém lap lai 6 1an déu c6 RSD < 5,3 %.

Tinh dac hiéu

Két qua khao sat cho thay trén sac ky ¢6 mau LOQ c6 céc pic
XMO7 (7,86 pht),

XMO9 (8,90 pht),

XM10 (10,64 phit),

IS (8,99 phiit)

Mau tring khdng xuat hién pic tai thoi gian Iuu céc pic trén. Tin
hiéu dap ung caa mAau trang tai thoi diém tring voi thoi gian luu
cua cac hoat chat khong vuot quéa 20% tin hiéu dap (mg caa chat
phén tich & nong do.

Gidi han phéat hién va giai
han dinh lugng

LOD va LOQ
XMO07 0,009 ppm va 0,03 ppm
XM09 0,015 ppm va 0,05 ppm
XM10 0,036 ppm va 0,12 ppm.

Tuong quan tuyén tinh gitta ndng do va ti s6 dién tich Ag/Ais cia 3
hop chit dat hé s6 R?> 0,995;

Khoang tuyén tinh XMO07 : 0,03 - 7,50 ppm R?=0,9978
XMO09 £ 0,05 — 12,50 ppm R2 = 0,9961
XM10 : 0,12 — 30,00 ppm R?=0,9954

D¢ dung . XMO7 - 97,75 — 100,59 % RSD: 1.21 %

20% XMO09 - 97,11 — 101,27 % RSD : 1,61 %

XM10 £ 06.32 — 99,46 % RSD : 1,20 %

. XMO07 -101,45-10332%  RSD: 0,63 %

100%  xMmo9 1005810159 %  RSD: 0,37 %

XM10 -102,57-104,13%  RSD: 0,51 %

; XMO07 ©101,99-104,13%  RSD: 0,82 %

150%  xMmo9 £100,63—10289%  RSD: 0,88 %

XM10 :101,26-102,73%  RSD: 0,53 %

Do chinh xéc trong ngay va
khac ngay

XMO7 (%)  :0,0134+0,00034  RSD:2,35%
10,0128 +0,00025  RSD: 1,76 %

XMO09 (%)  :0,0225 + 0,0011 RSD : 4,24 %
£ 0,0216 + 0,00083 RSD : 3,49 %
XM10 (%) :0,0598 + 0,0023 RSD : 3,47 %
£ 0,0571 + 0,0016 RSD : 2,56 %

D6 6n dinh caa hoat chét sau
xtr ly mau 24 gio & ¢ nhiét
d6 phong thi nghiém

25°C

XMO7 (%)  :0,0129 + 0,00061 RSD : 4,32 %
XMO09 (%)  :0,0219 + 0,0011 RSD : 4,62 %
XM10 (%)  :0,0569 + 0,0030 RSD : 4,81 %
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3.7. Ung dung quy trinh phan tich dinh tinh, dinh lwgng XMO07, XM09, XM10
Két qua phan tich dinh tinh, dinh luong XM07, XM09, XM10 di véi cac mau
thir duoc lidu cho ham luong XMO07 khoang tir 0,,012 % - 0,015 %, XMO09 khoang tir
0,019 % - 0,025 %, XM10 khoang tir 0,059 % - 0,074 % (Bang 3.37). Ddi véi céc
mau thir duoc liéu cdy Xu 6i, mau thir EXG-cao MeOH, EXG-cao Etylacetate déu
khong phat hién c6 chta 3 chat nay.
Bang 3.37. Két qua phan tich mau

Ten mau Mau Mau Miu Mau Mau
Y in EXM1 EXM2 EXM3 EXM4 EXM5
Chi tiéu
1.binh tinh , , , , ,
XM.O7 bung bung bung bung bung
g(?\)/ll(r)] g? tinh Pung Pung Pung Ding Pung
3.Pinh tinh , , , , ,
XM.10 Pung bung bung Dung bung
4.Pinh 0,0135+ 0,0159 + 0,0123 + 0,0143 £ 0,0144 +
lwgng 0,00036 0,00065 0,00024 0,0010 0,00057
XMO07 (%) RSD=1,66 RSD=1,82 RSD=0,86 RSD=3,17 RSD=1,78
5.Pinh 0,0232 £ 0,0250 £ 0,0194 + 0,0195 + 0,0183 +
lwgng 0,0015 0,0010 0,00061 0.0020 0,00087
XM09 (%) RSD=400 RSD=260 RSD=1,99 RSD=455 RSD=211
6.Dinh 0,0601 + 0,0741 + 0,0589 + 0,0646 + 0,0643 +
lwgng 0,0024 0,0040 0,0016 0,0037 0,00074
XM10 (%) RSD=178 RSD=240 RSD=1,22 RSD = 2,57 RSD =0,51
A Moluccensin Y : Khong phat hién
é')?c'l;r-]?atc;nI\ZeOH 3,30-Diacetylphragmalin: Khong phat hién
Xyloccensin E: Khong phat hi¢n
i Moluccensin Y: Khong phat hién
EXG-cao Etylacetate 3,30-Diacetylphragmalin: Khong phat hi¢n
Xyloccensin E: Khong phat hién

* EXM1 — EXM5 : ki hiéu mau thir

Nhan xét ’ ‘ .
Nghién ctru cung cap nhirng bang ching quan trong vé Chi Xylocarpus. Ca hai

loai déu thé hién tiém niang hoa hoc rat 16n véi tong cong 7 hop chat mai dugc cong
bd. Cay Xu nho thé hién wu thé hon vé sé luong chat mai (04 chat: XM01-XMO04) so
v6i Xu 6i (03 chat: XG01-XG03). Viéc tim thiy cac dan xuat Moluccenoid va
Xylocagranoside mai chitng té sy khac biét rd rét trong con dudng sinh tong hop thi
cap giira hai loai, du ching cuing thuéc mét chi.Viéc lan dau tién phan lap duoc XMO06
va XMO08 tr chi nay, cling nhu XM10 tir loai Xu nho, khdng chi mé rong thu vién
hop chat ty nhién ma con gilp cac nha khoa hoc hiéu ré hon vé su phan bé cua cac
khung triterpenoid trong tu nhién.
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Kha ning khang khuin: Két qua thir nghiém hoat tinh sinh hoc cho thiy s
khac biét rd rét giira hai loai thuoc chi Xu (Xylocarpus). Xu nhé ndi bat vé kha ning
khang khuan, dic biét hop chat XMO06 cé hoat tinh kha manh trén 5 chang vi sinh vat
Vvéi gia tri MIC (32-64 pg/ml), cho thiy tiém ning phat trién khang sinh mai.

Kha ning gy doc té bao: Diéu nay dic biét c6 gia tri khoa hoc vi cac hop chét
méi thuong mang lai hy vong vé co ché tac dong méi trong diéu tri ung thu, Xu 6i:
cac hop chit XG06, XG09. Ca hai loai déu co c4c hop chét thé hién hoat tinh trén cac
dong té bao ung thu phd bién nhu MCF-7 (té bao ung thu vii) va HepG2 (té bao ung
thu gan). Pay 1a ngudng hoat tinh tiém ning dé tién hanh cac nghién ctru sau hon trén
mo hinh in vivo.

Cac hop chat phan Iap tir Xu nho (XM01-XM10) va Xu 6i (XG01-XG11) cho
thdy vira c6 tinh tuong ddng, vira thé hién sy khac biét rd rét vé da dang cau trdc hoa
hoc. Biém chung noi bat 12 ca hai loai déu giau cac hop chat limonoid mang khung
carbon da vong phuc tap, ¢6 vong furan va nhiéu nhém chic chtra oxy. Tuy nhién,
cac hop chat phan lap duoc tir Xu nho 1a cac phragmalin, trong khi cac hop chat phan
lap duoc tir Xu 6i da dang hon, bao gdm glycosid, flavonoid va limonoid phan &nh su
khac biét vé con duong sinh tong hop va tiém ning hoa sinh giira hai loai.

Nghién ctru da dé xuat mot phuong phap LC-MS/MS dé phan tich dong thoi 3
chat phan tich Moluccensin Y, 3,30-Diacetylphragmalin, xyloccensin E 1a mot
phuong phap hién dai. Phuong phap LC-MS/MS sir dung Cot ZORBAX XDB-C8
(50 x 4.6 mm; 3.5 pm), ky thuat MRM, ESI ché d6 duong, pha dong don gian véi gia
thanh thap - kinh té dé phan tich céac chat. Viéc phan tich trén cac cot C8 thé hé moi
V6i hat pha tinh nho d3 mang lai két qua tét khi phan tich anh huong caa nén miu dén
chat phan tich, thoi gian phan tich nhanh so véi cac phuong phéap phan tich duoc liéu
khac. Phuong phap nay di duoc danh gia day du vé cac yéu té khéac nhau, chiang han
nhu d6 chon loc, @6 6n dinh, pham vi tuyén tinh, LOD va LOQ thip, do phuc hoi va
d6 13p lai, str dung mét chuan noi phé bién, gia thanh ré 1a Etodolac. D6 tin cay cua
phuong phép nay trong thir nghiém dugc liéu 6 thé 1a tiém ning 16n trong viéc phat
hién dinh tinh va dinh luong cac nhém hop chat Limonoid trong dugc lidu. Két qua
tham dinh trén miu duoc liéu déu dat cac quy dinh cia AOAC, ICH vé phan tich hop
chat.

Két qua tham dinh cho thay quy trinh phén tich dinh tinh, dinh lvong dong thoi
3 hop chat Moluccensin Y, 3,30-Diacetylphragmalin, xyloccensin E trong 14 cay Xu
nho bang k¥ thuat LC-MS/MS da duoc xay dung va tham dinh dap (ng céc yéu cau
theo huéng dan caa AOAC va ICH vé thim dinh phuong phép phan tich thubc. Quy
trinh ndy c6 thé dugc ung dung dé xac dinh ham lwong 3 chat Moluccensin Y, 3,30-
Diacetylphragmalin, xyloccensin E trong 14 cdy Xu nhé. Di véi cac mau thir duoc
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lieu cay Xu 6i, mau thir EXG-cao MeOH, EXG-cao Etylacetate déu khdng phéat hién
c6 chtra 3 chét nay.

Viéc thiét lap duogc 03 chat chuan ddi chiéu (Moluccensin Y, 3,30-
Diacetylphragmalin, Xyloccensin E) véi d6 tinh khiét cao (> 98%) bang phwong phap
gNMR 12 mét budce tién quan trong. Didu nay tao co sé khoa hoc viing chic dé dinh
lwong céc hoat chét nay trong cac nghién ciru kiém soat chat luong duoc liéu sau nay.

Dénh gia vé phuong phap luan va tinh tin cay: nghién ctu st dung gNMR
(Cong hudng tir hat nhan dinh luong) dé xac dinh ham lwong chit chuan. Nhu chiing
ta da biét, qQNMR 14 phuong phap dinh lwong tuyét d6i, khéng can chat chuan cing
loai. Viéc xac dinh d6 sach cua Moluccensin Y, 3,30-Diacetylphragmalin va
Xyloccensin E dat trén 98% bing phuwong phap gNMR cho thay tinh chinh xac cua
phuong phap LC-MS/MS duoc xay dung sau d6. Su két hop gitra gNMR (dé thiét lap
chuan) va phuong phap LC-MS/MS (dé dinh lwong hang loat trong mau thyc) 13 mot
huéng tiép can chuan méi trong hda phan tich hién dai, dap tng diy du cac yéu cau
khat khe cia AOAC va ICH.
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KET LUAN VA KIEN NGHI

KET LUAN

Luan an da khao sat thanh phan héa hoc cua hai loai Xu 6i va Xu nhé thu hai

tai rirng ngap man Viét Nam. Két qua dat duoc nhu sau:

1.

R/
0’0

Nghién cizu vé hoa hoc

Bang cac phuong phap sac ky két hop nghién ciru da phan 1ap duoc 21 hep chat
tir cdy Xu nhé va Xu oi trong d6 7 hep chat méi chua duoc tim thay trong tu
nhién (cong b quéc té):
04 chat méi phan lap duoc tir cdy Xu nho gdom XMO1 (Xylomoluccenoid A);
XM02 (Xylomoluccenoid B); XMO03 (Xylomoluccenoid C), XMO04
(Xylomoluccenoid D);
03 chat méi phan lap duoc tir cdy Xu 6i gom XGO01 (Xylocagranoside A); XG02
(Xylocagranoside B); XG03 (Xylocargranin A).
06 hop chit da biét déu co khung triterpenoid chat méi phan lap duoc tir cay Xu
nho gém: XMO05 (xylomolin S), XMO06 (1H-Dibenzo[b,e][1,4]dioxepin-11-
one,3,8-dihydroxy-4-(methoxymethyl)-1,6-dimethyl), XMO07 (Moluccensin Y),
XM 08 (Swietmanin H), XMO09 (3,30-diacetylphragmalin), XM10 (Xyloccensin
E).
08 hop chat da biét déu cé khung triterpenoid phan lap dugc tir cdy Xu 6i gom
XG04 (Xyloccensin P), XGO05 (Xyloccensin Q), XG06 (Odoratone), XGO07
(Chisocheton F), XGO08 (Xylogranatin S), XG09 (Xylogranatin C), XG10
(Xylogranatin D), XG11 (9-O-Methyl xylogranatin R).

XM10 (xyloccensin E) lan dau tién hop chat nay dugc phan lap tir cdy Xu nho.
XMO06 (1H-Dibenzo[b,e][1,4]dioxepin-11-one,3,8-dihydroxy- 4(methoxymethyl)
-1,6-dimethyl), XMO08 (Swietmanin H) lan dau tién hop chat nay duoc phan lap
tir Chi Xu (Xylocarpus) (cu thé la cay Xu nho).

Nghién ctru da phan lap va st dung chat sach phan lap duoc tir 14 cdy Xu nho sir
dung lam chat chuan déi chiéu trong thiét lap quy trinh phan tich dinh tinh va
dinh luong la Moluccensin Y, 3,30-Diacetylphragmalin, Xyloccensin E.

Xéc dinh cau tric va dinh luong 03 hop chat phan lap duoc tir 14 cy Xu nho sir
dung 1am chat chuan dbi chiéu trong thiét 1ap quy trinh phan tich bang phwong
phap gNMR véi ham lugng: Moluccensin Y 98,07 %, 3,30-Diacetylphragmalin
98,36 %, Xyloccensin E 98,43 %.

Nghién cru da xay dyng va tham dinh quy trinh phan tich dinh tinh, dinh lweng
dong thoi ba hop chat dic trung cta cdy Xu nho Moluccensin Y, 3,30-
Diacetylphragmalin, Xyloccensin E bang phwong phap phan tich hién dai LC-
MS/MS di dugc xay dung va thim dinh dap Gng cac yéu cau theo huéng dan cua
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AOAC va ICH vé thim dinh phuong phéap phén tich thudc. Quy trinh nay c6 thé
dugc tng dung dé xac dinh ham lwong 3 chat Moluccensin Y, 3,30-
Diacetylphragmalin, Xyloccensin E trong cay Xu nho.
2. Ve thir nghiém hogt tinh sinh hoc
» Hoagt tinh khang vi sinh vt

Thir nghiém hoat tinh khang vi sinh vt trén 21 hop chat phan lap tir cdy Xu
nho va Xu 6i két qua thir nghiém cho thiy cac hop chat phan 1ap tir cdy Xu nho thé
hién hoat tinh &c ché tir 1 dén 5 chung vi sinh vat, trong d6 hop chat XMO06 c6 hoat
tinh kha manh véi MIC 32-64 pg/ml trén 5 chung E.faecalis ATCC29212, S.aureus
ATCC25923, B.cereus ATCC14579, P.aeruginosa ATCC27853 va C.albicans
ATCC10231.
> Hoat tinh gdy djc té bao

Cac hop chat phan lap tir cay Xu nho thir nghiém trén cac dong té bao ung thu
phdi (SK-LU-1), ung thu vi (MCF-7), ung thu gan (HepG2), ung thu ¢b tir cung &
ngudi (Hela). Két qua trén cho thay c6 3 mau XMO01-chat méi (Xylomoluccenoid
A), XMO02-chat méi (Xylomoluccenoid B), XMO05 (Xylomolin S), thé hién hoat tinh
rc ché su phét trién cua cac dong té bao ung thu nghién ciru (Hela, MCF-7, HepG2)
Vi gia tri ICso tir 26,77 — 54.19 uM. Cac mau con lai chua thé hién rd hoat tinh gay
doc té bao ¢ thir nghiém nay.

Két qua sang loc thir doc té bao cua cac hop chat phan lap tir cdy Xu 6i cho
thiy cac hop chat XG06 (Odoratone), XG09 (Xylogranatin C) thé hién hoat tinh gay
doc té bao nghién cau (A549, MCF-7, HepG2) i gid trj ICso tir 27,54— 46,99 pM,
c4c mau con lai chua thé hién rd hoat tinh gay doc té bao ¢ thir nghiém nay.

KIEN NGHI

Day 1a cong trinh nghién ciru co ban vé thanh phan héa hoc, hoat tinh sinh hoc
cua cac hop chat phan lap duoc tir hai lodi Xu nhé va Xu 6i & ring ngap man Viét
Nam, thiét lap quy trinh phén tich dinh tinh va dinh lugng dong thoi 03 hop chét thudc
nhém triterpenoid dic trung dbi véi loai Xu nhé tai Viét Nam bang phwong phap LC-
MS/MS. T cdng trinh nghién ctru nay tac gia co dé xuat kién nghi nhu sau:
> Nghién ctu thir nghiém ddi voi cac hop chat 6 hoat tinh sinh hoc nhu: XMO01-
chat méi (Xylomoluccenoid A), XM02-chat méi (Xylomoluccenoid B), XMO05
(Xylomolin S), thir thém mét sé hoat tinh gay doc té bao than kinh, doc tinh béan
truong dién ddi voi cac chat mai 1an dau tién dugc cong bd qubc té nham phét hién
thém nhiéu tac dung duoc ly tiém niang d6i voi viéc diéu tri bénh tat caa hai loai cay
ngap man Xu 6i va Xu nho caa Viét Nam.
> Tiép tuc khao sat cac phan doan con lai cua cac cao thd tir hai loai Xu nho va Xu

ol.
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