(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

RO v | ][] 11
CUC SO HUU TRi TUE
1-0036725
(51)202001 COTD 273/02 (13) B
(21) 1-2021-04034 (22) 02/07/2021
(45) 25/08/2023 425 (43) 25/08/2021 401

(73) Vién Hoa sinh bién - Vién Han Lam Khoa hoc va Cong ngh¢ Viét Nam (VN)
18 Hoang Qudc Viét, Cau Gidy, Ha Noi

(72) Pham Vin Cuong (VN); Poan Thi Mai Huong (VN); Nguyén Thuy Linh (VN); Vii
Vian Nam (VN); Tran Vian Hiéu (VN).

(54) PHUONG PHAP BAN TONG HOP CAC DAN XUAT SCHWEINFURTHIN CO
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(57) Séng ché dé cap dén phuong phéap ban tong hop cac dan xuit ciia cia schweinfurthin
c6 cong thic (1a-1d) tir hop chat schweinfurthin G phan lap tir cdy Bach dan nam
(Macaranga tanarius) véi sy thay thé dung méi hitu co bang chat 1ong ion dudi tic dong
cua vi song trong phan ng oxy héa va ap dung phan tng da thanh phan Ugi, nham rat
ngan thoi gian thuc hién phan tng, tang hiéu suét phan ng, nang cao hiéu qua kinh té, tiét
ki€ém nang lugng, bao vé moi trudong. Bén din xuét cia schweinfurthin (1a-1d) déu thé
hién hoat tinh d6i voi 4 dong té bao ung thu biéu mé KB, ung thu gan Hep3B, ung thu
ph6i A549 va ung thu mau HL60. Pic biét 1a ca 4 hop chat (1a-1d) thé hién hoat tinh rat
tot ddi voi dong té bao ung thu mau HL-60 véi gia tri ICs nam trong khoang tir
0.013+0.002 dén 0.061 +0.003 pg/ml, t6t hon d6i ching duong ellipticin (ICsp = 0.33+0.04
ng/ml). Bén hop chit (1a-1d) thé hién hoat tinh dbi véi 2 dong té bao ung thu 13 ung thu
gan Hep3B va ung thu phoi A549 tot tuong dwong véi chat d6i chimg duong ellipticin.
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Linh vue ky thuit dwoc dé cap

Sang ché dé cap dén phuong phap ban téng hop cac ddn xuit méi cua schweinfurthin chira
nhém thé diamit tir hop chit schweinfurthin G phéan 1ap tir cdy Bach dan nam (Macaranga
tanarius) qua 6 buéc. Trong qué trinh tong hop, chit 1ong ion da dugc tong hop va sir dung
thay thé dung méi hitu co dudi su chiéu xa cua vi séng trong phan ung oxy héa véi tic nhan
Dess—Martin periodinan, dong thoi thuc hién phan tmg da thanh phan Ugi (multi—-component
reaction) dé gan cac nhom thé ¢ chira diamit vao nhom thé prenyl nham lam tang tinh va nuéce
ctia hoat chét, lam cho hoat chat d& hap thu trong co thé. Pay 1a cac phuong phép téng hop tién
tién, nham rat ngin thoi gian thuc hién phan ng, tang hiéu suat phan ung, ning cao hiéu qua
kinh té, tiét kiém nang luong, than thién véi mdi truomg. Céc din xuét tdng hop duge déu thé
hién hoat tinh t6t d6i véi 4 dong t& bao ung thu thir nghiém la ung thu biéu mé KB, ung thu
gan Hep3B, ung thu phdi A549 va ung thu méu HL60. Cho dén nay chwa ¢ cong trinh cong
bd nao vé viée tdng hop va hoat tinh sinh hoc cua cac dan xuét ctiia schweinfurthin chitra nhom
the diamit.

Tinh trang k§ thuit ciia sing ché

Hién nay, viéc nghién ciru tim ra cac hop chét thién nhién c6 hoat tinh sinh hoc phuc vu
cho phat trién thudc dang duoc cac nha khoa hoc trén thé gioi rat quan tim. V&i ngudn thuc vat
doi dao va phong phu, cing véi su da dang vé hé sinh thai va méi truomg song, cac loai thuc
vat Viét Nam duoc dénh gia rat cao vé tiém nang khai thac cac hop chat c¢6 hoat tinh sinh hoc.
Cho dn nay da c6 nhiéu hop chit c6 ngudn gbc thao dugc dung dé chita bénh ung thu,
HIV/DIDS, Alzheimer va bénh sét rét rat hiéu qua. Cac hop chat thién nhién nay con la cac
hop chét ddn dudng trong viée phat trién cac thude méi nhu 1a viée tién hanh téng hop hodc
ban tong hop céc hoat chat mai ¢ hoat tinh cao hon va it tac dung phu hon trong diéu tri.

Trong sb cac hop chat thé hién hoat tinh gy doc té bao ung thu c6 cac hop chat
schweinfurthin. Schweinfurthin thudc 16p chit stilben duoc phan lap tir 1 s6 loai Macaranga
thudc ho Thau dau (Euphorbiaceae). Cho dén nay dd c6 17 hop chét schweinfurthin
(schweinfurthin A-Q) dugc phan lap tir chi Macaranga. Cac két qua thir nghiém cho théy
nhiéu hop chit schweinfurthin thé hién hoat tinh gdy doc t& bao rit tbt, trong dé ¢ hop chét
schweinfurthin G. Hop chat schweinfurthin G 1an dau tién duoc phan lap tir dich chiét qua cta
loai Macaranga alnifolia. Két qua khao sat kha nang uc ché sy phat trién cta té bao ung thu
budng trimg & ngudi A280 cho thiy hop chét schweinfurthin G thé hién hoat tinh gay doc té
bao tdt voi gia tri ICso 12 0,39 uM (Yoder et al., J. Nat. Prod., 2007, 70(3), 342-346).

Schweinfurthine G

V6i hoat tinh sinh hoc 1y thi nén céc hop chét schweinfurthin da thu hut sy quan tim
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ctia nhidéu nhém nghién ciru trén thé giéi trong viéc tdng hop toan phan va téng hop cac analog
cta ching. Hop chit schweinfurthin G da duoc Mente va cong su tdng hop tir hop chat
bromovanillin (2) qua 11 budc (Mente et al. J. Org. Chem. 2008, 73, 7963—7970). Dau tién la
phan tng loai nhém methyl véi tac nhan AICI; tao hop chat ancol ¢ cong thirc (3), sau do bao
vé 4 nhém OH bang tac nhan MOMCI thu dugc hop chit co cong thuc (4). Thuc hién phan
tng khir nhém andehit bang tic nhan NaBH4 cho hop chit ancol c6 cong thuc (5). Tiép theo,
nhém OH dugc bao vé bang tac nhan TBSCI thu duoc hop chét (6). Thuc hién phan tng voi
tac nhan geranyl bromit v6i su c6 miat cta n-BuLi dé gin nhom thé geranyl cho hop chét c6
cong thie (7). Tiép theo 1a phan tmg epoxi héa tao hop chat epoxy c6 cong thirc (9). Thuce hién
phan tmg dong vong thu duoc hop chat co cong thire (10). Tiép theo, loai nhém bao vé TBS
bang tac nhan TBAF cho hop chét ancol (11). Thuc hién phan tmg oxy hoa véi tac nhadn MnO
thu duge hop chat andehit c6 cong thirc (12). Cudi ciing 14 phan tng gin két hop chit andehit
(12) v6i phosphonate (13), rdi loai bd nhém bao vé MOM thu duogc hop chét schweinfurthin G
c6 cong thuc (15).
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Cho dén nay, theo théng ké trén SciFinder, c6 khoang S0 analog cua schweinfurthin da
duoc tdng hop. Hoat tinh chdng ung thur cia 16p chat schweinfurthin duge nghién ctru nhiéu va
16p chét nay dugc nhén dinh s€ 1a céc tac nhéan diéu tri ung thu méi (Jinwoong et al., Curr Med
Chem Anticancer Agents, 2002, 2(4):485-537). Ddy chat scheinfurthin nay da duge xac dinh
¢6 tinh e ché chon loc cao va hién nay da duoc bao ho ban quyén trong viéc diéu tri ung thu
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ndo (Patent: US 2012/0095089 A1). Ngoai ra, 16p chit nay ciing da dugc bao hd ban quyén cho
didu tri bénh ung thu v (Patent: US 8637685 B2). Mot dan xudt khac la 3-
deoxyschweinfurthin A ciing da duoc tong hop tir hop chit bromovanillin (2) qua 13 budc
(Mente et al. J. Org. Chem. 2008, 73, 7963-7970). Quy trinh téng hop dén chét c6 cong thire
s6 20 gan gidng voi phuong phap tong hop hop chdt schweinfurthin G. Tiép theo, hop chat
phosponat ¢6 c¢dng thirc (21) dugc tdng hop tir ancol 20 1an lugt véi 3 tc nhan MsCl, Nal va
P(OEt)3. Thuc hién phan ung ngung tu HWE giita hop chét phosphonat c6 cong thuc (21) voi
andehit c6 cong thirc (22) tao hop chét stilben (23). Buédc cudi cung la loai nhém bao vé MOM
v6i TsOH trong MeOH cho hop chét 3-deoxyschweinfurthin A c6 cong thuc (24).
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Vao nam 2005, Neighbors va cong sy did cong bé quy trinh téng hop hop chat 3-
deoxyschweinfurthin B tir hop chat dien ¢6 cong thie (25) qua 7 bude (Neighbors et al. J. Org.
Chem. 2005, 70, 925-931). Hop chat dien c6 cong thirc (25) da duge cong bé tong hop trude
d6 tir hop chét thuong mai vanillin véi higu sudt tong qua 7 budc 1a 60%. Dau tién la cho hop
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chét dien tac dung voi AD-mix-o véi sw ¢6 mit cia metansulfonamit cho hgp chét diol ¢6 cong
thirc (26). Tiép theo 1a phan tmg epoxy hoéa cho hop chét epoxy co6 cong thic (27). Loai nhom
bao vé TBS bang bang tac nhan TBAF cho hop chat ancol (28). Thuc hién phan ng dong
vong thu duge hop chét ¢6 cong thirc (29). Tiép theo, thuc hién phan tmg oxy héa véi tac nhan
MnOs thu duge hop chét andehit co cong thire (30). Cudi cuing 1a phan (mg ngung tu dé gan két
hop chét andehit (30) v&i phosphonate (31), rdi loai bo nhom bao vé MOM thu duge hop chat
3-deoxyschweinfurthin B ¢é cong thire (33). Day 1a mot hop chét co hoat tinh gy doc té bao
ung thu t&t d6i voi mot s6 dong té bao ung thu thir nghiém.
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29

CSA, 32 R=MOM
CH;0H 33 R=H (3-deoxyschweinfurthin B)

Mudi hai din xuét indol ctia schweinfurthin dugc tong hgp vao ndm 2014 (John et al.,
Bioorganic & Medicinal Chemistry, 2014, 22, 2542-2552). Két qua thir hoat tinh cho thdy mot
s6 hop chét thé hién hoat tinh tt déi voi dong té bao ung thu SF-295 vi du nhu hop chét 40 thé
hién hoat tinh véi gid tri GIso=89 nM. Trong phuong phap nay, nhém OH dugc bao vé bang
MOMO, sau d6 gin nhom geranyl, tiép tuc bdo vé amin bang TsCl roi tao hop chét phosphonat
¢6 cong thuc (37). Cubi cung, thuc hién phan img ngung tu gitra hop chét phosphonat véi hop
chét andehit chtra 3 vong hexahydroxanthen, rdi loai nhém bao vé thu dugchop chat stilben
tuong ung c6 cong thic (40).
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Céc analog khac nhu 49, 51 ciing thé hién hoat tinh t&t v6i gia tri Glso nim trong khoang
10-110 nM (John et al., Bioorganic & Medicinal Chemistry, 2014, 22, 2542-2552). Gidng nhu
dan xudt trén, phuong phap chung téng hop céc dan xuit 1a bao vé nhom OH, rdi gan vao vong
indol cac nhém thé khac nhau, sau dé thuc hién phan ing ngung tu v6i hop chét andehit chira 3
vong hexahydroxanthen tao hop chat stilben twong tmg.

Ts
0 H /
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DIPEA, RBr /
J) 2) DIBALH
R
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gerany, NaO/Pr,/PrOH
49 R= geranyl; R=H THF
50 R= prenyl; R'=Ts NaO/Pr./PrOH
51 R=prenyl; R'=H THF

Khi nghién ctru v& mdi tuong quan gitta hoat tinh — chu tric cua 16p chét cho thiy can
phai giit nguyén céu tric vong A, B, C (tricyclic hexahydroxanthen) va nbi doi E-configuration
vi céc vi tri nay quyét dinh hoat tinh sinh hoc ctia chét (pharmacophore), ¢6 thé thay ddi nhom
thé prenyl & vi tri C-6” hodc loai bd nhom OH ¢ vi tri C-3, nhém OH & vi tri C-5 thé hién hoat
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tinh t6t hon nhém methoxy & vi tri C-5. Nhu vay c6 thé thay hoat tinh sinh hoc cua céc hop
chit scheinfurthin phu thudc vao téng thé c4u truc hoa hoc cia chung. Didu nay da mo ra xu
huéng tiép cAn méi 14 nghién ciru tdng hop cac dan xudt ciia cac hop chat scheinfurthin, ¢6 céu
tric hoa hoc don gian hon nhung van giit duoc hoat tinh chéng ung thur. Pong thoi viéc ban
téng hop cac dan xudt cua scheinfurthin con nham tim kiém cac chét thé hién hoat tinh chong
ung thu t&t va d& hip thu hon nho gan cac nhom thé ua nudc.

Mic du thé hién hoat tinh chéng ung thu tét, tuy nhién cac hop chat schweinfurthin con
thé hién ddc tinh tuong dbi cao va chu triic chira nhiéu nhom thé ki nudc. Nham khic phuc céac
nhuge diém trén, céc din xudt méi chira nhém diamit gén vao nhom thé prenyl dwoc tong hop.
Hop chét schweinfurthin G dugc phan 14p tir loai Bach dan Nam (Macaranga tanarius), véi
ham luong twong dbi cao véi hidu sudt H= 0,1% so v6i nguyén liéu thd (Doan Thi Mai Huong
et al, Vietnam J. Chem., 2020, 58 (3), 338-342). Chinh vi vay viéc nghién ctru ban tdng hop
céc din xudt schweinfurthin va khao sat hoat tinh gdy ddc té bao cua cac dan xut tong hop
duoc nhim tao ra cic hoat chit méi co hoat tinh cao hon va it tic dung phu hon trong diéu tri
1a mot viée 1am can thiét va c6 y nghia khoa hoc.

V6i muc tiéu nghién ciru quy trinh ban tong hop céc dan xuét schweinfurthin méi, tac gia
sang ché da tién hanh nghién ctru téng hop céc din xuit méi chira nhom diamit gan vao nhom
thé prenyl tir hop chat schweinfurthin G dwgc phéan 1ap tir loai Bach dan Nam (Macaranga
tanarius) qua 6 budc. Cho dén nay chua co cong trinh nghién ctru nao cong b viée tong hop
cac din xut chtra nhom diamit gén vao nhom thé prenyl ctia schweinfurthin. T4c gia sang ché
da thyc hién phan ung da thanh phan Ugi (multi-component reaction) va tong hop chét long
ion dé st dung thay thé dung moéi hitu co ddc hai, dudi sy chiéu xa cua vi séng trong phan ung
oxy hoa véi tac nhan Dess—Martin periodinan. Phan ung st dung su chiéu xa cua vi song dac
biét rit ngén thoi gian phan ung, tiét kiém ning luong, than thién véi moi trudng vi co thé
khong str dung dung moi trong qua trinh phan ung. Cho dén nay chua cé cong trinh nghién ctru
nao sir dung phan ung da thanh phan Ugi, chét 16ng ion va sy hd tro cua vi song trong qua trinh
tdng hop cac hop chét schweinfurthin. Day 1a cac phuong phap tdng hop tién tién, nham rut
ngén thoi gian thuc hién phan tmg, ning cao hiéu qua kinh té, tiét kiém nang luong, than thién
v6i moi truong.

Bén chit k§ thuit ciia sing ché

Muc dich cta sang ché cap dén phuong phap téng hop cac dan xuét cua schweinfurthin
¢6 cong thuc (1a-1d) theo quy trinh méi qua 6 budce tir hop chat schweinfurthin G dugc phén
14p tr loai Bach dan Nam (Macaranga tanarius). Céac hop chat nay déu co hoat tinh tot di véi
4 dong té bao ung thu thir nghiém 1a ung thu biéu md KB, ung thu gan Hep3B, ung thu phdi
A549 va ung thu mau HL60.

Trong phan tng oxy hod tao hop chét ¢ cong thic (54), dung moi hitu co duge thay thé
bang chat 1ong ion vé&i su hd tro ctia vi song, thoi gian thuc hién phan umg giam, hi¢u suat phan
Ung tang so voi phuong phap tdng hop thong thuong. Chét 16ng ion thuong mai c6 gia dat, tac
gia sang ché da tu tong hop chét 16ng ion tir hop chat ban dau ré hon rat nhiéu véi su hd tro cla
vi song véi hidu sudt cao. Uu diém cta phuong phap nay la khong s dung dung méi hiru co,
tiét kiém thoi gian, tiét kiém ning luong, than thién véi moi truong, nang cao hiéu qua kinh té.

Phan ung tao hop chit c6 cong thirc (56) 1a phan ung da thanh phan Ugi (multi-
component reaction). Pdy la 1a mdt phan ing hoa hoc ¢o tir 3 tac chét tro 1én cung tham gia
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trong mot qua trinh (one—pot operation) gdm nhiéu giai doan dé tao thanh san phim chura dung
hau hét cac nguyén tir cia cac nguyén lidu ban dau tao thanh cac phan tir phuc tap voi su don
gian va ngin gon nhét. Mot loi ich dién hinh ctia phan umg nay 1a d& dang thu duoc san phdm
tinh khiét, vi hdu hét tac chat ban dau déu duoc két hop tao thanh san pham cudi. Phan tmg Ugi
1a phan tmg da thanh phan lién quan dén mdt xeton hoac mot andehit, mot amin, mot isocyanit
va mot axit cacbonxylic dé tao thanh san pham diamit. San pham diamit c¢6 uu diém la lam
tang tinh wa nudc cia hoat chét, lam cho hoat chit d& hap thu trong co thé. Uu diém cua
phuong phép nay 1a tiét kiém kinh phi, tiét kiém thoi gian, tiét kiém nang luong, hiéu suat phan
ung cao.

M6 t vin tit hinh vé
Hinh 1 13 hinh v& minh hoa quy trinh tong hop cic dan xuat ctia schweinfurthin c6 cong
thirc (1a-1d) tir hop chat schweinfurthin G ¢ cong thire (15).

MBO té chi tiét giai phap hiru ich

Sang ché d& cap dén phuong phép téng hop cac din xuit cta schweinfurthin cé cong
thirc (1a-1d) thong qua viée thay thé dung méi hiru co bang chét 16ng ion véi su hd trg cua vi
séng trong phan ung oxy hoa va phan tmg da thanh phan Ugi. Phuong phép theo sang ché s&
duoc md ta mot cach chi tiét hon ¢ dudi day:

Dau tién cho 1an lugt hop chat schweinfurthin G ¢ cong thirc (15) phan 1ap tir quéa cay
Bach dan Nam (Macaranga tanarius), DMF, imidazol va DMAP theo ti 1¢ 1/13,95/10/0,1
(mol/L/mol/mol) véo trong binh cdu phan tng roi khudy va lam lanh xudng 0°C. Sau khi nhiét
do dat 0°C thi cho tur tir TBSCI theo ti 1€ v&i hop chét ¢o cong thie (15) 1a 10/1 (mol/mol) vao
binh phan umg, qué trinh nay dién ra trong 1 gi. Hon hop phan mg dugc nang dan 1én nhiét
d6 phong va khudy trong 15 gir & nhiét do phong. Sau d6 thém nudc, chiét 3 1an bang EtOAc
v6i ti 16 mdi 14n gitra EtOAc va hop chét ¢6 cong thie (15) 1a 1/5 (mL/mg). Dich EtOAc dugc
lam khan béng natri sulfat, cit loai dung moi dudi ap sudt giam thu dugc san pham tho. San
phém thé duge tinh ché trén cot sic ky silica gel voi hé dung méi n-hexan/etyl axetat gradient
thu duge hop chit c6 cong thire (52) dudi dang chat rin mau vang véi hidu suat 12 81 %.

Tiép theo, cho hén hop CH,Cl,/MeOH theo ti 1§ (4/1, v/v) va hop chét c6 cong thuc (52)
theo ti 18 61,35/1 (L/mol) vao trong binh cdu phan tmg. Hon hop phén ung dugc lam lanh
xudng 0°C, rdi cho thém téc nhan SeO; va -BuOOH theo ti 1& véi hop chét co cong thic (52)
1a 1/1/1 (mol/mol) vao binh phan tmg. Hon hgp phan img dugc nang dan 1én nhiét do phong va
khudy trong 48 gir & nhiét do phong. Sau khi phan ting két thuc, thém nudc rdi chiét phan bo 3
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1an véi etyl axetat theo ti 1¢ mdi 1an chiét giita etyl axetat voi hop chét ¢ cong thirc (52) 1a
184,05/1 (L/mol). Dich etyl axetat dugc lam khan bang natri sulfat va cat loai dung méi dudi
ap suét giam thu duoc can thd. Can thd duge tinh ché trén cot silica gel véi hé dung méi »-
hexane/etyl axetat gradient thu duoc san pham c6 cong thirc (53) véi hiéu suat dat 33% va (54)
dudi dang chit ran mau vang véi hiéu suat dat 24%.

Cho hop chit co cong thirc (53) va chit long ion N-octyl-N-metylephedrinium
tetrafluoroborat (dugc tong hop qua 3 budce tir N-metylephedrin) theo ti 1& 1/10 (mol/mol) véo
trong binh phan tng, rdi cho thém DMP theo ti 1& mol gitta DMP va hop chét c6 cong thuc
(53) 1a 3/1. Hon hop phan tmg duogc chiéu xa trong 16 vi séng chuyén dung & cong suit 150W
trong 15 phut. Sau khi phan tmg két thuc, hdn hop phan tung dugc thém nudc, chiét 3 1an voi
etyl axetat theo ti 1& gifta etyl axetat véi hop chat la dan xudt cta chat co cong thirc (53) 1a
80,65/1 (L/mol). Dich etyl axetat duoc lam khan bang natri sulfat khan va cat loai dung moi
dudi ap sudt giam thu duoc can thd. Can thd duoc tinh ché trén cot silica gel v6i hé dung moi
n-hexan/EtOAc thu duge hop chit c6 cong thirc (54) voi hiéu sudt ctia phan tmg dat 92%.

Cho lan lugt hop chit ¢6 cong thirc (54), 2-metyl-buten-2 va -BuOH theo ti 1¢ 1/20/80
(mo/L/L) véo trong binh ciu phan tng. Sau d6, hoa tan NaH,P04.2H>0 trong H»O theo ti 16
voi hop chat ¢ cong thire (54) 1a 10/40 (mol/L) rdi thém vao binh phan tmg. Tiép theo, cho tir
tir tac nhan NaClO, theo ti 16 v6i hop chit c¢6 cong thic (54) 14 5/1 (mol/mol) va khudy & nhiét
d6 phong. Sau 12 gid, phan tng két thuc, thém nude rdi chiét phan bd 3 1an voi etyl axetat theo
ti 16 mdi 14n chiét gifra etyl axetat v6i hop chét c6 cong thire (54) 1a 400/1 (L/mol). Dich etyl
axetat duoc 1am khan bang natri sulfat va cit loai dung méi dudi ap suat giam thu duoc cin
thd. Can thé duoc tinh ché trén cot silica gel voi hé dung moi n-hexan/etyl axetat gradient thu
duoc san phdm co cong thirc (55) dudi dang chét rdn mau vang nhat véi hiéu suat dat 90%.

Cho lan lugt HCHO, timg din xuét amin (RNH2) va MeOH theo ti 1& 2/1,09/95.23
(mol/mol/L) vao binh cdu phéan tng va khudy trong 30 phut. Sau d6 thém tir tir hdn hop cla
timg dAn xuét isocyanit va hop chét ¢6 cong thirc (55) theo ti 1& 1,09/1 (mol/mol) vao binh
phéan tmg va khudy & nhiét d6 phong. Sau 18 gid, dimg phan tmg va cat loai dung méi duéi ap
suét giam thu duoc can thd. Can thd dugc tinh ché trén cot silica gel voi hé dung méi n-
hexane/EtOAc gradient thu dwoc céc dan Xuét c6 cong thuc (56a-d) dudi dang chét ran mau
tring v6i hiéu sudt ctia phan tmg dat tir 89-92%.

Cho timg dan xuét c6 cong thirc (56a-d) va dung méi THF theo ti 1é& gitta THF va hop
chit c6 cong thirc (56a-d) 1a 200/1 (L/mol) véo binh phan tmg rdi khudy va lam lanh xudng
0°C. Sau d6 nho tir tr dung dich TBAF 1M trong THF theo ti 1€ v&i hop chét c6 cong thirc
(56a-d) 1a 4,8/1 (mol/mol) vao binh phan tmg va khudy & nhiét d6 phong cho dén khi phan tmg
két thuc. Dung phan Gng, thém nudc rdi chiét phan bd 3 1dn véi etyl axetat theo ti 16 mdi lan
chiét gifra etyl axetat voi hop chat c6 cong thie (56a-d) 1a 500/1 (L/mol). Dich etyl axetat
duoc lam khan bang natri sulfat va cét loai dung moi dudi ap suat giam thu duogc can tho. Can
tho duoc hoa tan trong CH3CN theo ti 1€ gitta CH3CN va hop chét co cong thue (56a-d) la
200/1 (L/mol), sau d6 nho tir tr HF 48% theo ti 1€ véi hop chét c6 cong thic (56a-d) 1a 2/1
(mol/mol). H3n hop phan tng duoc khudy & nhiét do phong va kiém tra bang sic ky 16p mong
cho dén khi phan tng két thic. Thém NaHCO; bio hoa dé trung hoa luong HF du va chiét
phan bd 3 1an voi etyl axetat theo ti 1& mdi lan chiét giira etyl axetat v&i hop chét ¢6 cong thirc
(56a-d) 1a 1000/1 (L/mol). Dich etyl axetat dugc lam khan bang natri sulfat va cit loai dung
mdi duéi ap suét giam thu duge can thd. Cian thd dugc tinh ché trén cot silica gel véi hé dung
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moi n-hexan/etyl axetat gradient thu dugc cac dan xudt ¢6 cong thuc (1a-d) dudi dang chét ran
mau vang nhat véi hiéu suét clia phan ung dat tir 89-92%.

Céac hop chét ¢6 cong thire (1a-1d) dugc thir hoat tinh géy doc té bao ddi voi 4 dong té
bao ung thu la ung thu biéu md KB, ung thu gan Hep3B, ung thu phdi A549 va ung thu mau
HL60. Phép thir duge thuc hién 3 14n, két qua cho thdy ca 4 hop chit déu thé hién hoat tinh dbi
véi 4 dong té bao ung thu thir nghiém. Dac biét 1a ca 4 hop chét (1a-1d) thé hién hoat tinh rét
t6t déi v6i dong té bao ung thu mau HL-60 vai gia tri ICso nim trong khoang tir 0.013+0.002
dén 0.061%0.003 pg/ml, t6t hon dbi ching duorng ellipticin (ICso = 0.33+0.04 pg/ml). Bén hop
chit (1a-1d) thé hién hoat tinh d6i voi 2 dong té bao ung thu la ung thu gan Hep3B va ung thu
phdi A549 tdt twong duong voi chat ddi cht’mg duong ellipticin (bang 1).

Sang ché s& dugc mo ta mot cach chi tiét hon dua vao cac vi du dudi ddy, cac vi du nay
chi nhdm muc dich minh hoa ma khong lam gi6i han pham vi bao hd cia sang ché.

Vi du thwe hién sdng ché

Piém noéng chay duge do trén may do diém noéng chay hiéu Boetius. Céc pho cong
hudng tir hat nhan (NMR) duoc ghi trén may do pho cong hudng tir hat nhan hiéu Bruker
Avance 500 va 600 MHz v6i TMS 14 chat chuén ndi. Phé khbi phan giai cao HR-ESI-MS duoc
do trén hé théng may Agilent 6530 Accurate-Mas Q-TOF LC/MS. Sac ky 1op mong duge thuc
hién trén ban mong silica gel Merck 60 F254, day 0,25 mm. Dong té bao ung thu biéu md KB,
ung thu va MCF-7, ung thu gan Hep3B, ung thu phdi A549 va ung thu mau HL60 dugc cung
cip boi ATCC.

Vi du 1: Téng hop hop chat ((5-((E)-2-((2R.4aR,9aR)-2,5-bis((tert-butyldimetylsilyl)oxy)-
1,1 4a-trimetyl-2,3,4,4a,9,9a-hexahydro-1 H-xanthen-7-yl)vinyl)-2-(3-metylbut-2-en-1 -yl)-1,3-
phenylene)bis(oxy))bis(tert-butyldimetylsilan) c6 cong thirc (52)

Hoa tan 100 mg hop chét schweinfurthin G (0.215 mmol, 1 eq) c6 cong thuc (15) trong
3 mL DMF khan, sau d6 1an luot cho 146.4 mg imidazol (2.15 mmol, 10 eq), 2.62 mg DMAP
(0.0215 mmol, 0.1 eq) vao binh phan tmg. Tiép theo, TBSCI (325 mg, 2.15 mmol, 10 eq) duoc
thém tir tir vao binh phan ung, voi tdng thoi gian 1a 1 gio ¢ 0 °C. Hon hop phan img sau do
duoc nang dan 1én nhiét d§ phong va khudy trong vong 15 gio. Sau khi phan tmg két thic,
nuéce duoc thém vao hdn hop phan tmg va chiét voi etyl axetat (3 1dn x 20 mL). Dich chiét etyl
axetat duoc lam khan bang natri sulfat va cit loai dung mdi dudi ap suat giam thu duoc cén
thd. Can thd dugc tinh ché trén cot sic ky silica gel v6i hé dung moi n- -hexane/etyl axetat
gradlent thu duoc 160 mg san phdm c6 cong thirc (52) dudi dang chét rdn mau vang nhat. Hiéu
suét phan ung dat 81%.

Chét rén mau vang nhat, 'H-NMR (500 MHz, CDCl3) du (ppm): 0.06 (3H, s, CH3-Si,
TBS); 0.07 (3H, s, CH3-Si, TBS); 0.17 (3H, s, CH3-Si, TBS); 0.18 (3H, s, CH3-Si, TBS); 0.25
(12H, s, 4 x CH3-Si, TBS); 0.84 (3H, s, CHs, H-11); 0.90 (9H, s, CH3 x 3, TBS); 1.01 (27H, s,
CH; x 9, TBS); 1.02 (3H, s, CH3, H-12); 1.22 (3H, s, CH3, H-13); 1.54 - 1.61 (2H, m, H-3);
1.60 (1H, m, H-4a); 1.62 (1H, m, H-9a); 1.64 (3H, s, CHs, H-4"); 1.69 (3H, s, CH3, H-37");
1.75 (1H, m, H-4); 1.99 (1H, dt,J = 3.0, 13.0 Hz, H-4); 2.69 (2H, m, CHy, H-9); 3.27 (2H,d, J
= 6.0 Hz, CHa, H-17); 3.37 (1H, dd, J = 4.0, 11.5 Hz, H-2); 5.14 (1H, ¢, J =7.0 Hz, H-2"");
6.55 (2H, s, H-4" + H-8"); 6.73 (1H, d, J =16.0 Hz, H-27); 6.77 (1H, d, J =16.0 Hz, H-1"); 6.81
(1H, d, J =2.0 Hz, H-6); 6.86 (1H, d, J =2.0 Hz, H-8).
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BC.NMR (125 MHz, CDCls) 8¢ (ppm): -4.9 (CHs, TBS); -4.3 (CHs, TBS); -4.2 (CHs, TBS): -
4.1 (CHs, TBS); -4.0 (CHs, TBS); -3.9 (CHs, TBS); 14.8 (C-12); 18.0 (Cq, TBS); 18.1 (Cs,
TBS): 18.4 (Cq, TBS); 18.5 (Cq, TBS); 20.1 (C-5"); 23.4 (C-9); 23.5 (C-3); 25.5 (C-11); 25.80
(CHs, TBS); 25.84 (CHs, TBS); 25.9 (C-12); 27.9 (C-13); 28.7 (C-1"") 5 37.9 (C-4): 39.0 (C-1);
47.1 (C-9a); 77.2 (C-4a); 78.6 (C-2); 109.9 (CH, C-4"+C-8"); 116.7 (C-6); 120.9 (C-8): 123.1
(C-6"); 1232 (C-7); 124.0 (C-8a); 126.4 (C-27); 127.9 (C-1"); 128.9 (C-37): 130.4 (C-27);
135.9 (C-3°); 144.5 (C-5); 144.6 (C-10a); 154.7 (C-5" + C-7").

Vi du 2: Téng hop hop chét (E)-4-(4-((E)-2-((4aR,9aR)-2,5-bis((tert-butyldimetylsilyl)oxy)-
1,1 da-trimetyl-2,3,4,42,9,9a-hexahydro- 1 H-xanthen-7-yl)vinyl)-2 ,6-bis((tert-
butyldlmetylsﬂyl)oxy)pheny1) -2-metylbut-2-en-1-ol c6 cong thirc (53)

Hoa tan hop chat 52 (150 mg, 0.163 mmol, 1 eq) trong 10 mL hdn hop dung moi
CH-Cl> va MeOH (ti 1¢ CH>Cl> : MeOH (4:1)) trong binh cau 25 mL. Sau d6 SeO (18.1 mg,
0.163 mmol, 1 eq) va +-BuOOH (70% trong nudc) (21 mg, 0.163 mmol, 1 eq) lan luot duge
thém vao dung dich trén & 0 °C. Hon hop phan tmg duoc ning dan 1én va khudy & nhiét do
phong. Sau 48 gid, phan tng duogc dung lai khi khong thdy su thay doi nhiéu cua chat dau 52
trén ban mong. Nudc dugc thém vao phan ung va chiét véi dung mai etyl axetat (3 lan x 30
mL). Dich etyl axetat dugc lam khan bang natri sulfat va cit loai dung moi dudi ap suat giam
thu duoc cin thd. Can thoé dugc tinh ché trén cot sac ky silica gel voi hé dung moi n-
hexane/etyl axetat gradient thu duoc 31.5 mg san phdm c6 cong thirc (54) (hleu sudt 24%)
dudi dang chit rdn mau vang nhat, 43.3 mg san pham co cong thire (53) (hiéu suit 33%) dudi
dang chit rdn mau vang nhat, dong thoi thu hdi dugc 37.5 mg chét dau 15 (25%).

Hop chét 53: Chat rén mau vang nhat, '"H-NMR (500 MHz, CDCl3) 3u (ppm): 0.06
(3H, s, CH3-Si, TBS); 0.08 (3H, s, CH3-Si, TBS); 0.17 (3H, s, CHs-Si, TBS); 0.19 (3H, s, CH3-
Si, TBS); 0.26 (12H, s, 4 x CH3-Si, TBS); 0.84 (3H, s, CHs, H-11); 0.91 (9H, s, CHs x 3,
TBS); 1.01 (27H, s, CH3 x 9, TBS); 1.02 (3H, s, CH3, H-12); 1.22 (3H, s, CHs, H-13); 1.54 -
1.61 (2H, m, H-3); 1.60 (1H, m, H-4a); 1.62 (m, 1H, H-9); 1.72 (1H, m, H-4); 1.77 (1H, s, H-
4°*); 2.00 (1H, dt, J = 3.0, 12.5 Hz, H-4); 2.69 (2H, m, H-9); 3.34 (2H, d, J = 6.5 Hz, H-1"");
3.37 (1H, dd, J =4.0, 11.5 Hz, H-2); 3.96 (2H, s, H-57"); 5.45 (1H, t, J =7.0 Hz, H-2""); 6.56
(2H, s, H-4’ + H-8"); 6.71 (1H, d, J =16.0 Hz, H-2"); 6.74 (1H, d,J =16.0 Hz, H-1"); 6.81 (1H,
d, J =2.0 Hz, H-6); 6.87 (1H, d, J =2.0 Hz, H-8).
13C-NMR (125 MHz, CDCl3) 8¢ (ppm): -4.9 (CHs, TBS); -4.3 (CHs, TBS); -4.2 (CHs, TBS); -
4.1 (CH3, TBS); -4.0 (CH3, TBS); -3.9 (CH3, TBS); 14.1 (C-12); 14.8 (C-4"); 18.1 (Cq, TBS);
18.4 (Cq, TBS); 18.46 (Cq, TBS); 18.5 (Cq, TBS); 20.1 (C-57); 23.1 (C-9); 23.5 (C-3); 25.8 (C-
11); 25.85 (CHs, TBS); 25.9 (CHs, TBS); 27.9 (C-13); 28.7 (C-17") ; 37.9 (C-4); 39.0 (C-1);
47.1 (C-9a); 69.3 (C-5"); 77.2 (C-4a); 78.6 (C-2); 109.9 (CH, C-4’+C-8); 116.7 (C-6); 121.0
(C-8); 122.1 (C-6"); 123.2 (C-7); 126.2 (C-27); 126.3 (C-27); 128.1 (C-17); 128.9 (C-37);
134.1 (C-8a); 136.3 (C-3°); 144.6 (C-5); 144.7 (C-10a); 154.8 (C-5"+C-7).

Hop chét 54: Chat rin mau vang nhat, 'H-NMR (500 MHz, CDCl3) u (ppm): 0.07
(3H, s, CH3-Si, TBS); 0.08 (3H, s, CH3-Si, TBS); 0.17 (3H, s, CH;3-Si, TBS); 0.19 (3H, s, CHs-
Si, TBS); 0.27 (12H, s, 4 x CH;-Si, TBS); 0.85 (3H, s, CHs, H-11); 0.91 (9H, s, CHs x 3,
TBS); 0.99 (18H, s, CHs x 6, TBS); 1.01 (3H, s, CH3, H-12); 1.02 (9H, s, CH3 x 3, TBS); 1.23
(3H, s, CH3, H-13); 1.61 (1H, m, H-3); 1.62 (m, 1H, H-9a); 1.71 (1H, m, H-4); 1.83 (3H, s,
CHs, H-4""); 2.00 (1H, dt, J =3.0, 9.5 Hz, H-4); 2.69 (2H, m, CHo, H-9); 3.37 (1H, dd, J =4.0,
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11.5 Hz, H-2); 3.63 (2H, d, J =5.5 Hz, CHa, H-17"); 6.53 (1H, t, J =7.0 Hz, H-2""); 6.58 (2H, s,
H-4’ + H-8"); 6.71 (1H, d, J =16.0 Hz, H-2"); 6.74 (1H, d, J =16.0 Hz, H-17); 6.81 (1H, d, J
=2.0 Hz, H-6); 6.86 (1H, d, J =2.0 Hz, H-8), 9.34 (1H, s, CHO).

13C-NMR (125 MHz, CDCls) 8¢ (ppm): -4.9 (CH3, TBS); -4.3 (CHs, TBS); -4.2 (CHs, TBS); -
4.1 (CHs, TBS); -4.0 (CHs, TBS); -3.9 (CHs, TBS); 9.4 (C-47); 14.8 (C-12); 18.1 (Cq, TBS);
18.3 (Cq, TBS); 18.46 (Cq, TBS); 18.5 (Cq, TBS); 20.1 (C-11); 23.5 (C-9); 24.6 (C-3); 25.8
(CHs, TBS); 25.9 (CHs, TBS); 27.9 (C-13); 28.7 (C-177) ; 37.9 (C-4); 39.0 (C-1); 47.1 (C-9a);
77.2 (C-4a); 78.6 (C-2); 109.7 (CH, C-4’+C-8"); 116.7 (C-6); 119.3 (C-67); 121.1 (C-6); 123.2
(C-8a); 125.9 (C-8); 128.6 (C-1°); 128.7 (C-27); 129.5 (C-7); 137.2 (C-37); 138.7 (C-3""); 144.6
(C-5); 144.9 (C-10a); 154.9 (C-5" + C-77); 155.2 (C-2"), 195.3 (C=0).

Vi du 3: Tdng hop chat 1éng ion N-octyl-N-metylephedrinium tetrafluoroborat (IL"

Cho vao binh phan tng 4,97 ml formaldehit (50 mmol; leq) lam lanh & 0°C rdi cho
1,87 ml axit formic (83,5 mmol; 1 duong luong) va cho tir tir 8,25 g ephedrin (50 mmol) vao
trong binh phan Ung. Hon hop phan tmg duge dat & nhiét do 80°C dudi tac dong cua vi song
trong thoi gian 4 phut. Két thuc phan tng, binh phan ing dugc lam lanh vé nhiét do phong sau
d6 lam lanh bang nuéc da rdi cho 11,1 ml dung dich axit clohidric 6M (1,5 duorng luong). Hon
hop phan tmg duge ¢ can bot nudce sau do lam lanh bang nude da rdi cho tiép 50 ml dung dich
NaOH 2N sau d6 chiét bang dung moi etyl axetat 3 lin. Dich chiét EtOAc duoc rua voi dung
dich NaCl bdo hoa sau d6 lam kho bang MgSO4 rdi ¢ can dudi ap suat giam thu dugce hop
chét IL1 dudi dang tinh thé trang dang vo dinh hinh c6 khéi luong 7,82 g dat hiéu sudt 90%.

Cho 0,179 g (-)-N-metylephedrin (IL1, 0,001 mol) va 0,246 ml bromooctan (1,1 duong
luong) vao trong binh phéan ung. Han hop phan tmg duoc thuc hién trong 10 vi song ¢ nhiét do
110°C trong thoi gian 40 phut thu dugce san phédm (1R,25)-N-octyl-N-metylephedrinium bromit
(IL2).

San phim (1R,2S)-N-octyl-N-metylephedrinium bromit (IL2, 372 mg) sau d6 dugc dua
vao binh cau va thém 0,121 g NaBF4 (1,1 eq) vao binh phan tmg. Hon hop phan tmg duge tién
hanh trong 10 vi séng & nhiét do 95°C trong thoi gian 35 phut. Sau khi két thtic, hon hop phan
ung rira bang dung moi dietyl ete (3 lan) thu duoc 0,3507 g san pham (1R, 2S) N-octyl-N-
metylephedrinium tetrafluoroborat (IL*) dudi dang dau mau vang nhat dat hiéu sudt 93%.
[a]®p -0,15 (¢ 3,75, CHCI3); IR (KBr) Vv max (cm 1: 520, 702, 722, 762, 1066, 1454, 1493,
1603, 1633, 2858, 2928, 2956, 3523; ESI-MS: m/z 292,2635 [M- -BF4]" (C1oH34BF4NO); 'H-
NMR (CDCls) 8 ppm: 0,79 (t, J=7,0 Hz, 3H); 1,11 (d, J = 6,5 Hz, 3H); 1,19-1,34 (m, 10H);
1,54-1,76 (m, 2H); 3,12 (s, 3H); 3,33 (m, 1H); 3,34 (s, 3H); 3,45 (m, 1H); 3,68 (m, 1H); 5,13
(d, J= 6,0 Hz, 1H); 5,67 (d, J = 6,0 Hz, 1H); 7,16-7,40 (m, 5H); '3C-NMR (CDCl3) & ppm: 6,5
(CH3); 14,1 (CHa); 22,6 (2 x CHa); 26,2 (CHa); 29,0 (CH2); 31,6 (CHy); 31,6 (CH2); 48,9
(CHs); 49,1 (CH3); 64,0 (CHa); 69,1 (CH); 73,2 (CH); 125.,6 (2 x CH); 127,9 (CH); 128,6 (2 x
CH); 141,76 (C).

Vi du 4: Téng hop hop chét (E)-4-(4-((E)-Z-((4aR,9aR)-2,5-bis((tert-butyldimetylsilyl)oxy)-
1,1,4a-trimetyl-2,3,4,4a,9,9a-hexahydro-1H-xanthen-7- yl)vinyl)-2,6-bis((tert-
butyldimetylsilyl)oxy)phenyl)-2-metylbut-2-enal ¢6 cong thuc (54)

Cho vao binh phan g trong 10 vi song chuyén dung 200 mg chét ¢ cong thirc (53)
(0.248 mmol, 1 eq) va 940.5 mg chét long ion N-octyl-N-metylephedrinium tetrafluoroborat
(2.48 mmol, 10 eq), sau d6 cho thém vao hdn hop phan tng 315.5 mg DMP (0.744 mmol,
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3eq). Hon hop phan tng duoc chiéu xa trong 10 vi séng gia dung & cong sudt 150W trong 15
phut. Sau khi phan mg két thuc, hdn hop phan tng duge thém nudc, chiét 3 1an voi etyl axetat
(3 x 20 ml). Dich etyl axetat dugc lam khan béng natri sulfat khan va cét loai dung moi dudi ap
sudt giam thu dugc cgn thd. Can thd duge tinh ché trén cot silica gel voi hé dung mdi n-
hexan/EtOAc gradient thu dugc 184 mg hop chét co cong thirc (54). Hiéu sudt phan tmg dat
92%.

Hop chét 54: Chéit rin mau vang nhat, 'H-NMR (500 MHz, CDCl3) 8u (ppm): 0.07
(3H, s, CH3-Si, TBS); 0.08 (3H, s, CH3-Si, TBS); 0.17 (3H, s, CH3-Si, TBS); 0.19 (3H, s, CHs-
Si, TBS); 0.27 (12H, s, 4 x CH3-Si, TBS); 0.85 (3H, s, CH3, H-11); 0.91 (9H, s, CH3 x 3,
TBS); 0.99 (18H, s, CH3 x 6, TBS); 1.01 (3H, s, CH3, H-12); 1.02 (9H, s, CH3 x 3, TBS); 1.23
(3H, s, CH3, H-13); 1.61 (1H, m, H-3); 1.62 (m, 1H, H-9a); 1.71 (1H, m, H-4); 1.83 (3H, s,
CHs, H-4>"); 2.00 (1H, dt, J =3.0, 9.5 Hz, H-4); 2.69 (2H, m, CH>, H-9); 3.37 (1H, dd, J =4.0,
11.5 Hz, H-2); 3.63 (2H, d, J =5.5 Hz, CHa, H-17); 6.53 (1H, t,J =7.0 Hz, H-2""); 6.58 (2H, s,
H-4> + H-8); 6.71 (1H, d, J =16.0 Hz, H-2"); 6.74 (1H, d, J =16.0 Hz, H-1"); 6.81 (1H, d, J
=2.0 Hz, H-6); 6.86 (1H, d, J =2.0 Hz, H-8), 9.34 (1H, s, CHO).
13C.NMR (125 MHz, CDCl3) 8¢ (ppm): -4.9 (CHs, TBS); -4.3 (CH3, TBS); -4.2 (CHs, TBS): -
4.1 (CHs, TBS); -4.0 (CH3, TBS); -3.9 (CHs, TBS); 9.4 (C-47"); 14.8 (C-12); 18.1 (Cq, TBS);
18.3 (Cq, TBS); 18.46 (Cq, TBS); 18.5 (Cq, TBS); 20.1 (C-11); 23.5 (C-9); 24.6 (C-3); 25.8
(CHs, TBS); 25.9 (CHs, TBS); 27.9 (C-13); 28.7 (C-17") ; 37.9 (C-4); 39.0 (C-1); 47.1 (C-9a);
77.2 (C-4a); 78.6 (C-2); 109.7 (CH, C-4’+C-8"); 116.7 (C-6); 119.3 (C-6’); 121.1 (C-6); 123.2
(C-8a); 125.9 (C-8); 128.6 (C-1°); 128.7 (C-27); 129.5 (C-7); 137.2 (C-37); 138.7 (C-37); 144.6
(C-5); 144.9 (C-10a); 154.9 (C-5" + C-7"); 155.2 (C-27"), 195.3 (C=0).
Vi du 5. Téng hop hop chat axit (E)-4-(4-((E)-2-((2R.4aR,9aR)-2,5-bis((tert-
butyldimetylsilyl)oxy)-1,1,4a-trimetyl-2,3,4,4a,9,9a-hexahydro-1 H-xanthen-7-yl)vinyl)-2,6-
bis((tert-butyldimetylsilyl)oxy)phenyl)-2-metylbut-2-enoic c6 cong thire (55)

Hoa tan hop chit 54 (20 mg, 0.025 mmol, 1 eq) trong 2-metyl-buten-2 (0.5 mL) va -
BuOH (2 mL). Sau d6 NaH>P04.2H0 (39 mg, 0.25 mmol, 10 eq) hoa tan trong 1 mL HxO
duoc cho vao hdn hop phéan tmg trén. Cudi cung NaClO; (11.3 mg, 0.125 mmol, 5 eq) dugc
thém tir tir vao binh phan Gmg va hdn hgp phan ung dugc khudy qua dém & nhiét do phong.
Phan tmg dugc theo ddi bing sdc ky ban méng va sau 12h thdy hét chéat dau. Hon hgp phan
tmg sau d6 dugc thém nude ( 10 mL) va chiét véi etyl axetat (3 x 10 mL). Dich etyl axetat
duoc lam khan béng natri sulfat va cit loai dung moi duéi ap suat giam thu dugc cén thd. Can
thd duge tinh ché trén cot sac ky silica gel voi hé dung méi n-hexan/etyl axetat gradient thu
duge 18 mg san phdm c6 cong thic (55) dudi dang chit rAn mau vang nhat. Hiéu sudt phan
ung dat dugc 1a 90%.

Chét rén mau vang nhat,'H-NMR (500 MHz, CDCl3) &u (ppm): 0.06 (s, 3H, CH;s-Si,
TBS); 0.07 (s, 3H, CH3-Si, TBS); 0.17 (s, 3H, CH3-Si, TBS); 0.18 (s, 3H, CH3-Si. TBS); 0.26
(s, 12H, 4 x CH3-Si, TBS); 0.84 (s, 3H, CH3, H-11); 0.91 (s, 9H, CHs x 3, TBS); 1.01 (s, 27H,
CHs x 9, TBS); 1.02 (s, 3H, CHs, H-12); 1.22 (s, 3H, CHs, H-13); 1.61 (m, 1H, H-3); 1.62 (m,
1H, H-9a); 1.83 (s, 3H, CH3, H-5"); 1.76 (m, 1H, H-4); 2.01 (dt, J =3.0, 9.5 Hz, 1H, H-4);
2.70 (m, 2H, CHa, H-9); 3.34 (d, J =6.5 Hz, 2H, CHa, H-1"); 3.37 (dd, J =4.0. 11.5 Hz, 1H,
H-2); 3.96 (s, 2H, CH,-OH); 5.45 (dt, J =1.0, 6.5 Hz, 1H, H-2"); 6.55 (s, 2H, H-4" + H-8");
6.72 (d, J =16.0 Hz, 1H, H-2"); 6.77 (d, J =16.0 Hz, 1H, H-1"); 6.81 (d, J =2.0 Hz, 1H, H-6);
6.86 (d, J =2.0 Hz, 1H, H-8).
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13C-NMR (125 MHz, CDCls) 8¢ (ppm): -4.9 (CHs, TBS); -4.3 (CHs, TBS); -4.2 (CHs, TBS); -
4.1 (CHs, TBS); -4.0 (CHs, TBS); -3.9 (CHs, TBS); 12.4 (C-47"); 14.8 (C-12); 18.1 (Cq, TBS);
18.3 (Cq, TBS); 18.5 (Cq, TBS); 20.1 (C-11); 23.1 (C-9); 24.4 (C-3); ; 25.8 (CHs, TBS); 25.85
(CHs, TBS): 25.9 (CHs, TBS); 27.9 (C-13); 28.7 (C-17) ; 37.9 (C-4); 39.0 (C-1); 47.1 (C-9a);
772 (C-4a); 78.6 (C-2); 109.7 (CH, C-4"+C-8"); 116.7 (C-6); 119.9 (C-6); 121.1 (C-6); 123.2
(C-8a); 125.9 (C-37"); 126.1 (C-8); 128.4 (C-1°); 128.7 (C-2°); 129.5 (C-7); 136.9 (C-3°); 144.6
(C-5); 144.7 (C-10a); 145.3 (C-27); 154.9 (C-5" + C-7); 171.4 (COOH).

Vi du 6: Téng hop hop chat (E)-N-benzyl-4-(4-((E)-2-((2R.4aR.9aR)-2.5-bis((tert-
butyldimetylsilyl)oxy)-1,1,4a-trimetyl-2,3,4,4a,9,9a-hexahydro-1 H-xanthen-7-yl)vinyl)-2.6-
bis((tert-butyldimetylsilyl)oxy)phenyl)-N-(2-(cyclohexylamino)-2-0xoety1)-2—metylbut—2-
enamit c¢6 cong thuc 56a

Hdn hop paraformaldehyt (1.26 mg, 0.042 mmol, 2 eq) va benzyl amin (~2.5 pL, 0.023
mmol, 1.1 eq) dugc hoa tan trong 2 mL MeOH va dugce khudy trong 30 phut ¢ nhiét do phong.
Sau d6 thém 14n luot chét ddu 55 (20 mg, 0.021 mmol,1 eq) va hop chét cyclohexyl isocyanit
(2.9 uL, 0.023 mmol, 1.1 eq) vao hdn hop phan tmg. Hon hop phan tmg dugc khudy trong
vong 18 gi¢ thi dung phan ung. Hbén hop phan ung sau d6 duoc xu ly bang cach ¢ quay loai
b6 dung mdi MeOH va dugc dem tinh ché truc tiép trén cot sac ky silica gel thu duge 22 mg
san phém c6 cong thitc 56a (hiéu suat 89%).

Chit rin mau vang nhat, "H-NMR (600 MHz, CDCl3) 8u (ppm): 0.06 (3H, s, CH3-Si.
TBS); 0.07 (3H, s, CH3-Si, TBS); 0.17 (3H, s, CH3-Si, TBS); 0.18 (3H. s, CH3-Si, TBS); 0.23
(12H, s, 4 x CH3-Si, TBS); 0.84 (3H, s, CHs, H-11); 0.91 (9H, s, CH3 x 3, TBS); 1.01 (27H, s,
CHs x 9, TBS); 1.02 (3H, s, CHs, H-12); 1.22 (3H, s, CHs, H-13); 1.61 (1H, m, H-3); 1.62 (1H,
m, H-9a); 1.83 (3H, s, CHs, H-5""); 1.76 (1H, m, H-4); 2.01 (1H, dt, J =3.0, 9.5 Hz, H-4); 2.69
(2H, m, CHa, H-9); 3.35 (2H, d, J =6.5 Hz, CHa, H-17"); 3.37 (dd, J =4.0, 11.5 Hz, 1H, H-2);
3.63 (1H, m, H-7"", cyclohexyl); 3.86 (2H, s, H-5""); 4.61 (2H, s, H-13""); 5.68 (1H,t,J =5.5
Hz, H-2""); 6.52 (2H, s, H-4" + H-8); 6.70 (1H, d, J =16.0 Hz, H-2"); 6.73 (1H, d, J =2.0 Hz,
H-8); 6.82 (1H, d, J =2.0 Hz, H-6); 6.83 (1H, d, J =16.0 Hz, H-1"); 7.23-7.31 (5H, m, Phenyl
group).

I3C-NMR (150 MHz, CDCl3) 8¢ (ppm): -4.9 (CHs, TBS); -4.3 (CHs, TBS); -4.2 (CHs,
TBS); -3.9 (CHs, TBS); -3.8 (CHs, TBS); 14.1 (C-11); 14.8 (C-20""); 14.9 (C-11); 18.1 (C-Si,
TBS); 18.3 (C-Si, TBS); 18.5 (C-Si, TBS); 20.1 (C-13); 22.6 (C-1""); 23.2 (C-177); 23.5 (C-9);
24.7 (CHa, cyclohexyl); 25.4 (CHa, cyclohexyl); 25.8 (CHs, TBS); 25.9 (CHs, TBS); 27.9 (C-
12); 28.7 (C-3); 31.6 (C-8°"); 32.8 (2 x CHa, cyclohexyl); 38.9 (C-1); 39.0 (C-4); 47.1 (C-9a);
77.1 (C-4a); 78.6 (C-2); 110.0 (C-4> + C-8°); 116.7 (C-8); 121.1 (C-8a); 123.2 (C-27); 126.0
(C-17); 127.6 (C-2"); 128.4 (CH, phenyl group);128.7 (CH, phenyl group); 136.6 (C-7); 144.6
(C-10a); 144.8 (C-5); 154.7 (C-5" + C-7°); 163.4 (C-67"); 174.2 (C-4).
Vi du 7: Tong hop hop chat (E)-N-benzyl-N-(Z-(cyclohexylamino)-2-oxoetyl)-4-(4-((E)-2-
((2R,4aR,9aR)-2,5-dihydroxy-1,1 Aa-trimetyl-2,3,4,4a,9,9a-hexahydro-1 H-xanthen-7-
yl)vinyl)-2,6-dihydroxyphenyl)-2-metylbut-2-enamit ¢6 cong thuc 1a

Hoa tan hop chit 56a (12 mg, 0.01 mmol, 1 eq) trong 2 mL dung mdi THF khan ¢ 0 °C.
Dung dich TBAF 1M trong THF (0.048 mL, 0.048 mmol, 4. 8 eq) duogc nho giot tir tir vao hon
hop phan tmg ¢ 0 °C. Sau do hdn hop phéan tmg dugc nang dan 1én nhiét do phong va khuay
trong 1 gio thi két thic phan ung. Thém 5 mL nudc vao hon hop phan ung va phan tng duge
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chiét véi dung moi etyl axetat (5 mL x 3 1an). Dich etyl axetat dugc 1am khan bang natri sulfat
va cét loai dung mdi dudi ap sudt giam thu duge can tho duoc sir dung ngay cho phan img tiép
theo. Can thd dugc hoa tan trong 2 mL CH3CN ¢ 0 °C va sau d6 nho tir tir HF 48% (~ 1 p, 0.02
mmol, 2.0 eq) vao hdn hop phan tmg. Phan tmg dugc nang dan 1én nhiét do phong va theo doi
bang séc ki ban mong toi khi hét chat dau. Dung dich NaHCOs bdo hoa duge thém vao phan
g dé trung hoa lugng HF du va dugce chiét véi EtOAc (10 mL x 3 1an). Cac dich chiét EtOAc
duoc gom lai, lam khan bang Na;SO4 va dem quay ct chan khong dudi ap sudt giam dé loai
b6 dung mdi thu dugce can thd. Can thd dugc tinh ché trén cot silica gel voi hé dung moi n-
hexan/EtOAc gradient thu duoc 3.5 mg hop chét co cong thuc la dudi dang chét rdn mau
vang. Hiéu sudt ctia phan ung dat 48%.

Chét rdn mau vang nhat, 'H-NMR (500 MHz, CD30D) du (ppm): 0.90 (3H, s, H-11);
1.12 (3H, s, H-12); 1.13 (m, 2H, CHa, cyclohexyl); 1.25 (3H, s, H-13); 1.32 (m, 2H, CHa,
cyclohexyl); 1.57 (2H, m, CHa, cyclohexyl); 1.68 (2H, m, CHa, cyclohexyl); 1.70 (2H, m,
CHa, cyclohexyl); 1.76 (1H, m, H-9a); 1.68, 1.85 (2H, m, H-3); 1.84, 2.09 (2H, m, H-4); 2.02
(3H, s, H-19"); 2.14 (3H, s, H-18""); 2.73 (2H, m, H-9); 3.37 (1H, dd, J =4.0, 11.5 Hz, H-2);
3.43 (2H, d, J =5.5 Hz, H-1""); 3.60 (1H, m, H-7"", cyclohexyl); 3.91 (2H, s, H-57"); 4.64 (2H,
s, H-137); 5.81 (1H, t,J =7.0 Hz, H-2""); 6.45 (2H, s, H-4" + H-8"); 6.70 (1H, d, J =16.0 Hz,
H-2’); 6.73 (1H, d, J =2.0 Hz, H-8); 6.82 (1H, d, J =2.0 Hz, H-6); 6.83 (1H, d, J =16.0 Hz, H-
17); 7.23-7.31 (5H, m, Phenyl).
I3C.NMR (125 MHz, CD;0D) 8¢ (ppm): 13.6 (CHs, C-18"); 14.5 (CH3, C-20""); 14.8 (C-11);
20.3 (C-13); 22.9 (C-1°); 24.0 (C-9); 26.1 (2 x CHa, cyclohexyl); 26.6 (CHa, cyclohexyl); 27.9
(C-12); 29.0 (C-3); 33.6 (2 x CHa, cyclohexyl); 38.9 (C-1); 39.5 (C-4); 48.8 (C-9a); 49.9 (C-
7°); 78.3 (C-4a); 78.8 (C-2); 105.6 (C-4> + C-8°); 111.2 (C-6); 113.7 (C-67); 120.4 (C-8);
124.0 (C-8a); 127.4 (C-2°); 128.7 (CH, phenyl); 129.0 (C-17); 129.8 (CH x 2, phenyl); 130.7
(C-3"); 130.9 (C-14""); 131.0 (C-37); 132.5 (C-2""); 138.3 (C-7); 142.3 (C-10a); 147.0 (C-5);
157.5 (C-5" + C-7°); 169.6 (C-6*); 177.0 (C-4"").
Vi du 8 Téng hop hop chit (E)-4-(4-((E)-2-((2R.4aR,9aR)-2,5-bis((tert-
butyldimetylsilyl)oxy)-1,1,4a-trimetyl-2,3.4.4a,9,9a-hexahydro-1 H-xanthen-7-yl)vinyl)-2.6-
bis((tert-butyldimethylsilyl)oxy)phenyl)-N-(2-(cyclohexylamino)-2-oxoetyl)-2-metyl-N-((3-
metylthiophen-2-yl)metyl)but-2-enamit c6 cong thire S6b

Hon hop paraformaldehit (1.89 mg, 0.063 mmol, 2 eq) va 3-metylthiophen-2-
metylamin (4.3 mg, 0.034 mmol, 1.1 eq) duoc hoa tan trong 3 mL MeOH va duoc khudy trong
30 phut & nhiét do phong. Sau d6 thém lan luot chét dau 55 (30 mg, 0.031 mmol,1 eq) va hop
chét cyclohexyl isocyanit (4.2 pL, 0.034 mmol, 1.1 eq) vao hén hop phan tmg. Hon hgp phan
ung ké trén duge khudy trong vong 18 gid thi dumg phan tmg va cét loai dung mdi MeOH, rdi
duoc dem tinh ché trén cot sac ky silica gel thu dugc 32.8 mg san pham c6 cong thirc 56b (hiéu
suét 88%).

Chét rén mau vang nhat, "H-NMR (500 MHz, CDClz) 8u (ppm): 0.07 (s, 3H, CH3-Si,
TBS); 0.08 (s, 3H, CH3-Si, TBS); 0.17 (s, 3H, CH3-Si, TBS); 0.19 (s, 3H, CH3-Si, TBS); 0.24
(s, 12H, 4 x CH3-Si, TBS); 0.84 (s, 3H, CHs, H-11); 0.91 (s, 9H, CHz x 3, TBS); 0.98 (s, 18H,
CH; x 6, TBS); 1.01 (s, 3H, CHs, H-12); 1.02 (s, 9H, CH3 x 3, TBS); 1.22 (3H, s, H-13); 1.24
(2H, m, H-9"); 1.30 (2H, m, H-8""); 1.63 (1H, m, H-9a); 1.73 (2H, m, H-3); 1.72, 2.01 2H, m,
H-4); 1.98 (3H, s, H-19”); 2.69 (2H, m, H-9); 3.36 (1H, dd, J =4.0, 11.5 Hz, H-2); 3.40 (2H,
d,J =7.5 Hz, H-1""); 3.62 (1H, m, H-7"); 3.84 (2H, s, H-5"); 4.72 (2H, s, H-13""); 5.71 (1H,
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t,J =7.5 Hz, H-2"); 6.53 (2H, s, H-4" + H-8); 6.71 (1H, d,J =16.0 Hz, H-17); 6.72 (1H, d,J
~16.0 Hz, H-2"); 6.73 (1H, d, J =5.0 Hz, H-16"") 6.81 (1H, d, J =2.0 Hz, H-8); 6.85 (1H, d. J
=2.0 Hz, H-6); 7.09 (1H, d, J =5.0 Hz, H-17"").
13C-NMR (125 MHz, CDCl3) 3¢ (ppm): -4.9 (CH3, TBS); -4.3 (CH3, TBS); -4.2 (CH3, TBS); -
3.9 (CHs, TBS); -3.8 (CH3, TBS); 3°); 13.6 (C-11); 14.8 (C-18); 14.9 (C-107’); 18.1 (C-Si,
TBS); 18.3 (C-Si, TBS); 18.5 (C-Si, TBS); 20.1 (C-13); 23.2 (C-17); 24.7 (C-9); 25.4 (CHs,
TBS); 25.8 (CHs, TBS); 25.9 (CHs, TBS); 27.9 (C-12); 28.7 (C-3); 32.8 (C-87); 37.9 (C-1);
39.0 (C-4); 47.1 (C-9a); 77.1 (C-4a); 78.6 (C-2); 110.0 (C-4" + C-8’); 116.7 (C-6); 115.6 (C-
6°); 116.7 (C-8); 121.0 (C-8a); 123.2 (C-2"); 126.0 (C-17); 128.4 (C-1577); 130.0 (C-3%); 131.9
(C-37); 132.4 (C-2""); 136.0 (C-14""); 136.6 (C-7); 144.6 (C-10a); 144.8 (C-5); 154.8 (C-5" +
C-7°); 163.4 (C-6); 174.2 (C-47).
Vi du 9: Téng hop hop chit (E)-N-(2-(cyclohexylamino)-2-oxoethyl)-4-(4-((E)-2-
((2R,4aR,9aR)-2,5-dihydroxy-1,1 JAa-trimetyl-2,3,4,4a,9,9a-hexahydro-1H-xanthen-7-
yl)Viny1)-2,6-dihydroxyphenyl)-2-metyl-N-((3-methlthiophen-2-yl)metyl)but-2-enamit co cong
thie 1b

Hoa tan hop chat 56b (20 mg, 0.0167 mmol, 1 eq) trong 2 mL dung moi THF khan ¢ 0
°C. Dung dich TBAF 1M trong THF (0.08 mL, 0.08 mmol, 4.8 eq) dugc nhé giot tlr tlr vao hdn
hop phan umg ¢ 0 °C. Sau dé hdn hgp phan tng duoc nang déan 1én nhiét do phong va khudy
trong 1 gio thi két thuc phan tng. Sau do, 10 mL nudc duge thém vao hdn hop phan ung va
phan ung dugc chiét v6i dung moi etyl axetat (10 mL x 3 lan). Dich etyl axetat duge lam khan
béng natri sulfat va cit loai dung moi dudi ap sudt giam thu duge can tho dem di dat phan ung
tiép theo. Can thd duoc hoa tan trong 2 mL CH3CN 6 0 °C va sau d6 nho tur tr HF 48% (~ 1.5
pL, 0.0334 mmol, 2.0 eq) vao hdn hop phan Gng. Phan ung dugc ning dén 1én nhiét do phong
va theo d&i bing sic ki ban mong t6i khi hét chit dau. Dung dich NaHCOs bdo hoa duoc thém
vao phan ung dé trung hoa lugng HF du va duogc chiét v6i EtOAc (10 mL x 3 lan). Céc dich
chiét EtOAc duoc gom lai, 1am khan bang Na;SO4 va dem quay cat chan khong dudi ap suét
giam dé loai bé dung mdi thu dugc can thd. Can thé dugc tinh ché trén cot silica gel voi hé
dung mdi CH2ClL/EtOAc gradient thu dugc 4.5 mg hop chit c6 cong thirc 1b dudi dang chat
ran mau vang. Hiéu sudt ctia phan tng dat 45%.

Chét rén mau vang nhat, '"H-NMR (500 MHz, CD30D) 61 (ppm): 0.90 (3H, s, H-11);
1.12 (3H, s, H-12); 1.13 (m, 2H, CHa, cyclohexyl); 1.25 (3H, s, H-13); 1.32 (m, 2H, CHa,
cyclohexyl); 1.57 (2H, m, CHoa, cyclohexyl); 1.68 (2H, m, CHa, cyclohexyl); 1.74 (2H, m,
CHa, cyclohexyl); 1.76 (1H, m, H-9a); 1.68, 1.85 (2H, m, H-3); 1.84, 2.09 (2H, m, H-4); 2.02
(3H, s, H-197"); 2.14 (3H, s, H-18""); 2.73 (2H, m, H-9); 3.37 (1H, dd, J =4.0, 11.5 Hz, H-2);
3.44 (2H, d, J =5.5 Hz, H-1""); 3.60 (1H, m, H-7"’, cyclohexyl); 3.91 (2H, s, H-5""); 4.77 (2H,
s, H-13”); 5.81 (1H, t,J =7.0 Hz, H-2""); 6.47 (2H, s, H-4" + H-8"); 6.71 (1H, d, J =16.0 Hz,
H-2%); 6.73 (1H, d, J =2.0 Hz, H-8); 6.78 (1H, d, J =5.0 Hz, H-16""); 6.82 (1H, d, J =2.0 Hz,
H-6); 6.83 (1H, d, J =16.0 Hz, H-1"); 7.19 (1H, d, J =5.0 Hz, H-17"").
I3C.NMR (125 MHz, CD30D) 8¢ (ppm): 13.6 (CH3, C-18’); 14.4 (CHs, C-197"); 14.8 (C-11);
20.3 (C-13); 22.9 (C-1); 24.0 (C-9); 25.9 (2 x CHa, cyclohexyl); 26.6 (CHa, cyclohexyl); 27.9
(C-12); 29.1 (C-3); 33.6 (2 x CHa, cyclohexyl); 39.0 (C-1); 39.5 (C-4); 48.8 (C-9a); 49.9 (C-
7); 78.4 (C-4a); 78.9 (C-2); 105.9 (C-4" + C-8); 111.4 (C-6); 113.7 (C-6”); 120.4 (C-8);
124.1 (C-8a); 125.0 (C-17°"); 127.5 (C-27); 129.2 (C-17); 130.7 (C-37); 130.9 (C-16""); 131.1
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(C-37); 132.5 (C-2""); 133.5 (C-157"); 137.4 (C-14"); 138.4 (C-7); 142.3 (C-10a); 147.0 (C-5);
157.5 (C-5" + C-7°); 169.6 (C-6""); 177.0 (C-47").
Vi du 10: Tong hop  hop chét (E)-4-(4-((E)-2-((2R,4aR,9aR)-2,5-bis((tert-
butyldimetylsilyl)oxy)-1,1,4a-trimetyl-2,3,4,4a,9,9a-hexahydro-1H- xanthen-7-yl)vinyl)-2,6-
bis((tert-butyldimetylsilyl)oxy)phenyl)-N-(2-(butylamino)-2- oxoethyl)-N-(4-fluorobenzyl)-2-
metylbut-2-enamit c6 cong thirc 56¢

Hdn hop paraformaldehit (1.89 mg, 0.042 mmol, 2 eq) va 4-fluorobenzylamin (4 pL,
0.035 mmol, 1.1 eq) duoc hoa tan trong 3 mL MeOH va duoc khudy trong 30 phut & nhiét do
phong. Sau do thém lan luot chat dau 55 (30 mg, 0.0315 mmol, 1 eq) va hop chét n-butyl
isocyanit (3.7 pL, 0.023 mmol, 1.1 eq) vao hdn hop phan tmg. Hon hop phén tng ké trén duoc
khudy trong vong 18 gi¢ thi dung phan ung. Hbn hop phan ung sau d6 duoc xir ly bang cach
¢d quay loai bé dung mdi MeOH va dugc dem tinh ché truc tiép trén cot sic ky silica gel thu
duoc 38 mg san phém ¢6 cong thuc S6¢ (hi¢u suét 89%).
Chit rAn mau vang nhat, '"H-NMR (600 MHz, CDCl) 8u (ppm): 0.07 (s, 3H, CH3-Si, TBS);
0.08 (s, 3H, CH3-Si, TBS); 0.18 (s, 3H, CH3-Si, TBS); 0.19 (s, 3H, CHs-Si, TBS); 0.24 (s,
12H, 4 x CHs-Si, TBS); 0.85 (s, 3H, CH3, H-11); 0.89 (3H, t, H-10""); 0.91 (s, 9H, CH5 x 3,
TBS); 0.98 (s, 18H, CH; x 6, TBS); 1.01 (s, 3H, CH3, H-12); 1.02 (s, 9H, CH3 x 3, TBS); 1.21
(3H, s, H-13); 1.26 (2H, m, H-97); 1.35 (2H, m, H-8"); 1.63 (1H, m, H-9a); 1.73 (2H, m, H-
3); 1.72,2.01 (2H, m, H-4); 1.94 (3H, s, H-18""); 2.70 (2H, m, H-9); 3.12 (2H, t, J =6.5 Hz, H-
7): 3.39 (1H, dd, J =4.0, 11.5 Hz, H-2); 3.40 (2H, d, J =7.5 Hz, H-1""); 3.85 (2H. s, H-5"");
4.58 (2H, s, H-13""); 5.69 (1H, t,J =7.5 Hz, H-2""); 6.70 (1H, d, J =16.0 Hz, H-2); 6.76 (1H,
d, J =16.0 Hz, H-1"); 6.53 (2H, s, H-4’ + H-8"); 6.87 (1H, d, J =1.8 Hz, H-8); 6.91 (1H, d. J
=1.8 Hz, H-6); 6.95 (2H, t, J =8.5 Hz, H-14"" + H-16""); 7.05 (2H, t, J =8.5 Hz, H-13""+H-
177).
13C-NMR (150 MHz, CDCls) 8¢ (ppm): -4.9 (CH3, TBS); -4.3 (CH3, TBS); -4.2 (CHs, TBS); -
3.9 (CH3, TBS); -3.8 (CHs, TBS); 3°); 13.7 (C-11); 14.8 (C-187"); 14.9 (C-107); 18.1 (C-Si,
TBS); 18.3 (C-Si, TBS); 18.5 (C-Si, TBS); 20.0 (C-13); 20.1 (C-97); 23.2 (C-17"); 23.5(C-9);
25.8 (CHs, TBS); 25.9 (CHs, TBS); 27.9 (C-12); 28.7 (C-3); 31.5 (C-8""); 37.9 (C-1); 39.0 (C-
4); 39.1 (C-7""); 47.1 (C-9a); 77.1 (C-4a); 78.6 (C-2); 110.0.9 (C-4" + C-8%); 115.5 (C-6);
115.6 (C-6"); 116.7 (C-8); 121.1 (C-8a); 123.2 (C-27); 125.9 (C-17); 128.5 (C-1577); 128.7 (C-
3°); 132.3 (C-37); 132.3 (C-27); 136.8 (C-147"); 138.5 (C-7); 144.6 (C-10a); 144.8 (C-5);
154.7 (C-5° + C-7°); 161.4 (C-6""); 163.1 (C-4™").
Vi du 11: Téng hop hop chét (E)-N-(2-(butylamino)-2-oxoetyl)-4-(4-((E)-2-((2R.4aR,%aR)-
2,5-dihydroxy-1,1 ,4a-trimetyl-2,3,4,4a,9,9a-hexahydro-1 H-xanthen-7-yl)vinyl)-2,6-
dihydroxyphenyl)-N-(4-fluorobenzyl)-2-metylbut-2-enamit co cong thuc 1c

Hoa tan hop chit 56¢ (12 mg, 0.01 mmol, 1 eq) trong 2 mL dung moi THF khan ¢ 0 °C.
Dung dich TBAF 1M trong THF (0.048 mL, 0.048 mmol, 4.8 eq) duoc nho giot tir tir vao hdn
hop phan tng ¢ 0 °C. Sau do6 hdn hop phan Gng dugc ning dan lén nhiét do phong va khuéy
trong 1 gid thi két thuc phan ung. Sau do, 5 mL nudc duge thém vao hdn hop phan ung va
phan ung dugc chiét v6i dung mdi etyl axetat (5 mL x 3 lan). Dich etyl axetat dugc lam khan
béng natri sulfat va cat loai dung mdi dudi ap sudt giam thu duge can thd dem di dat phan ing
tiép theo. Can thd duge hoa tan trong 2 mL CH3CN ¢ 0 °C va sau d6 nho tur tor HF 48% (1 5
eq) vao hon hop phan ung. Phan timg dugc néng dén 1én nhiét do phong va theo doi bang sic ki
ban mong t6i khi hét chit dau. Dung dich NaHCOj3 bdo hoa dugc thém vao phan tng dé trung
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hoa luong HF du va duoc chiét véi EtOAc (10 mL x 3 1an). Cac dich chiét EtOAc duge gom
lai, 1am khan bang Na,SO4 va dem quay cAt chan khong dudi ap sudt giam dé loai bo dung moi
thu duoc cin thd. Can thé dugce tinh ché trén cot silica gel v6i hé dung mdi n-hexane/EtOAc
gradient thu duoc 3.5 mg hop chét co cong thirc 1¢ duédi dang chét rén mau vang. Hiéu suit cua
phan ung dat 48%.

Chét rin mau vang nhat, 'H-NMR (500 MHz, CD30D) & (ppm): 0.90 3H, s, H-11);
0.92 (3H, s, H-10""); 1.13 (3H, s, H-12); 1.26 (3H, s, H-13); 1.31 (2H, m, H-97"); 1.40 (2H, m,
H-8°%); 1.76 (1H, m, H-9a); 1.67, 1.83 (2H, m, H-3); 1.84, 2.07 (2H, m, H-4); 2.00 (3H, s, H-
187); 2.73 (2H, m, H-9); 3.09 (2H, t, J =6.5 Hz, H-7""); 3.38 (1H, dd, J =4.0, 11.5 Hz, H-2);
3.44 (2H, d, J =7.5 Hz, H-1"); 3.93 (2H, s, H-57"); 4.62 (2H, s, H-137"); 5.79 (1H, t, J =7.5
Hz, H-2""); 6.47 (2H, s, H-4’ + H-8"); 6.72 (1H, d, J =16.0 Hz, H-2’); 6.74 (1H, d, J =2.0 Hz,
H-8); 6.82 (1H, d, J =2.0 Hz, H-6); 6.83 (1H, d, J =16.0 Hz, H-1"); 7.00 (2H, t, J =8.5 Hz, H-
14> + H-16); 7.19 (2H, t, J =8.5 Hz, H-13"+H-17"").
13C-NMR (125 MHz, CD;0D) 8¢ (ppm): 13.9 (C-11); 14.4 (C-18); 14.8 (C-10""); 20.3 (C-
13); 21.0 (C-97°); 22.9 (C-1); 24.0 (C-9); 27.9 (C-12); 29.1 (C-3); 32.4 (C-87’); 39.0 (C-1);
39.6 (C-4); 40.2 (C-7"°); 48.8 (C-9a); 78.4 (C-4a); 78.9 (C-2); 105.9 (C-4> + C-87); 111.4 (C-
6); 113.7 (C-6"); 120.4 (C-8); 124.1 (C-8a); 127.5 (C-2°); 129.2 (C-17); 130.8 (C-17""); 130.9
(C-157); 131.0 (C-3"); 131.1 (C-27); 132.2 (C-37"); 134.1 (C-127); 138.5 (C-7); 142.4 (C-
10a); 147.0 (C-5); 157.4 (C-5" + C-7"); 170.4 (C-67"); 177.4 (C-47").
Vi du 12: Tdng hop hop chét (E)-4-(4-((E)-2-((2R.9aR)-2,5-bis((tert-butyldimetylsilyl)oxy)-
1,1-dimetyl-2,3,4,4a,9,9a-hexahydro-1H-xanthen-7-yl)vinyl)-2,6-bis((tert-
butyldimetylsilyl)oxy)phenyl)-N-(4-chlor0benzyl)-N-(2-(cyclohexylamino)-Z-oxoety1)-2-
metylbut-2-enamit c6 cong thirc 56d

Hdn hop paraformaldehit (1.89 mg, 0.063 mmol, 2 eq) va 4-chlorobenzylamin (4.2 pL,
0.034 mmol, 1.1 eq) duoc hoa tan trong 3 mL MeOH va dugc khudy trong 30 phut ¢ nhiét do
phong. Sau d6 thém 1an luot chit dau 55 (30 mg, 0.031 mmol,1 eq) va hop chat cyclohexyl
isocyanit (4.2 puL, 0.034 mmol, 1.1 eq) vao hon hop phan ing. Hon hop phan tmg dugc khuéy
qua dém & nhiét do phong va duoc theo ddi bang sic ky ban moéng t6i khi quan sat thdy hét
chét du thi dimg phan Gmg. Hon hop phan tng sau dé dwgc xu ly bang cach c¢d quay loai bo
dung mdi MeOH va dugc dem tinh ché truc tiép trén cot sic ky silica gel thu dugc 34.3 mg san
pham c6 cong thire 56d (hiéu suét 83%).

Chét rén mau vang nhat, 'H-NMR (500 MHz, CDCl3) &u (ppm): 0.07 (s, 3H, CH3-Si,
TBS); 0.08 (s, 3H, CH3-Si, TBS); 0.18 (s, 3H, CH3-Si, TBS); 0.19 (s, 3H, CH3-Si, TBS); 0.23
(s, 12H, 4 x CH3-Si, TBS); 0.85 (s, 3H, CHs, H-11); 0.91 (s, 9H, CHs x 3, TBS); 0.98 (s, 18H,
CHs x 6, TBS); 1.01 (s, 3H, CHs, H-12); 1.02 (s, 9H, CH3 x 3, TBS); 1.23 (3H, s, H-13); 1.32
(m, 2H, CHa, cyclohexyl); 1.63 (1H, m, H-9a); 1.68 (2H, m, CHa, cyclohexyl); 1.73 (2H, m, H-
3); 1.74 (2H, m, CHa, cyclohexyl); 1.72,2.01 (2H, m, H-4); 1.76 (1H, m, H-9a); 1.93 (3H, s,
H-20""); 2.69 (2H, m, H-9); 3.35 (1H, dd, J =4.0, 11.5 Hz, H-2); 3.37 (2H, d, J =3.5 Hz, H-
1°°); 3.62 (1H, m, H-7"); 3.85 (2H, s, H-57); 4.56 (2H, s, H-13""); 5.67 (1H. t,J =7.5 Hz, H-
2); 6.52 (1H, d, J =16.0 Hz, H-2"); 6.75 (1H, d,J =16.0 Hz, H-17); 6.81 (1H, d, J =2.0 Hz,
H-8); 6.86 (1H, d, J =2.0 Hz, H-6); 6.95 (2H, t, J =8.5 Hz, H-14"" + H-16"); 7.19 2H, t, J
=8.5 Hz, H-13’+H-17"").

I3C.NMR (125 MHz, CDCls) 8¢ (ppm): -4.9 (CHs, TBS); -4.3 (CHs, TBS); -4.2 (CHs,
TBS); -3.9 (CH3, TBS); -3.8 (CHs, TBS); 3°); 14.7 (C-18""); 14.8 (C-107"); 18.1 (C-Si, TBS);
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18.3 (C-Si, TBS); 18.5 (C-Si, TBS); 20.1 (C-13); 23.2 (C-17); 23.5 (C-9); 24.7 (C-9); 25.4
(CHa, cyclohexyl); 25.8 (CHs, TBS); 25.9 (CHs, TBS); 27.9 (C-12); 28.7 (C-3); 32.8 (2 x
CHa, cyclohexyl); 37.9 (C-1); 39.0 (C-4); 47.1 (C-9a); 77.1 (C-4a); 78.6 (C-2); 110.0 (C-4" +
C-8"); 116.7 (C-6); 121.1 (C-8); 123.2 (C-8a); 125.9 (C-1°); 128.4 (C-2°); 128.5 (C-177),
128.7 (C-7); 128.8 (C-15"" + C-197"); 128.9 (C-37); 129.3 ; 131.6 (C-2"); 133.4 (C-3"7); 136.7
(C-14"); 144.6 (C-10a); 144.8 (C-5); 154.7 (C-5" + C-7°); 161.4 (C-67"); 163.1 (C-4™").

Vi du 13: Téng hop hop chét (E)-N-(4-chlorobenzyl)-N-(2-(cyclohexylamino)-2-oxoetyl)-4-(4-
((E)-2-((2R,9aR)-2,5-dihydroxy-1,1-dimetyl-2,3,4,4a,9,9a-hexahydro-1H-xanthen-7-yl)vinyl)-
2,6-dihydroxyphenyl)-2-metylbut-2-enamit c¢é cong thic 1d

Hoa tan hop chit 56d (20 mg, 0.0165 mmol, 1 eq) trong 2 mL dung méi THF khan ¢ 0
°C. Dung dich TBAF 1M trong THF (0.08 mL, 0.079 mmol, 4.8 eq) dugc nho giot tir tir vao
h3n hop phan tmg & 0 °C. Sau d6 hdn hop phan mg duge nang dan 1én nhiét do phong va
khudy trong 1 gior thi két thuc phan tng. Sau d6, 5 mL nudce duoc thém vao hdn hop phan tmg
va phan ung dugc chiét voi dung méi etyl axetat (5 mL x 3 l4n). Dich etyl axetat dugc lam
khan bang natri sulfat va cat loai dung moi dudi 4p sudt giam thu dugc can thd dem di dit phan
tng tiép theo. Can thd dugc hoa tan trong 2 mL CH3CN ¢ 0 °C va sau d6 nho tir tir HF 48%
(1.4 uL, 0.033 mmol, 2 eq) vao hdn hop phan tmg. Phan (mg dugc nang dan 1én nhiét do
phong va theo doi bang sic ki ban mong toi khi hét chdt dau. Dung dich NaHCOjs bdo hoa
duoc thém vao phan img dé trung hoa lugng HF du va dugc chiét voi EtOAc (10 mL x 3 lan).
Céc dich chiét EtOAc duge gom lai, lam khan bing Na,SO4 va dem quay cat chan khong dudi
ap sudt giam dé loai bé dung moéi thu duge cin thd. Can thd dugce tinh ché trén cot silica gel
véi hé dung moi n-hexane/EtOAc gradient thu duoc 7.5 mg hop chét c6 cong thic 1d dudi
dang chét rdn mau vang. Hiéu sudt cua phan ung dat 58%.

Chét rin mau vang nhat, 'H-NMR (500 MHz, CD;0D) &u (ppm): 0.90 (3H, s, H-11);
1.12 (3H, s, H-12); 1.13 (m, 2H, CHa, cyclohexyl); 1.25 (3H, s, H-13); 1.32 (m, 2H, CH>,
cyclohexyl); 1.57 (2H, m, CHa, cyclohexyl); 1.68 (2H, m, CHa, cyclohexyl); 1.74 (2H, m,
CHa, cyclohexyl); 1.76 (1H, m, H-9a); 1.68, 1.85 (2H, m, H-3); 1.84, 2.09 (2H, m, H-4); 1.92
(3H, s, H-20""); 2.73 (2H, m, H-9); 3.38 (1H, dd, J =4.0, 11.5 Hz, H-2); 3.44 (2H, d, J =7.5
Hz, H-1""); 3.54 (1H, m, H-7"", cyclohexyl); 3.93 (2H, s, H-5""); 4.60 (2H, s, H-13""); 5.78
(1H, t,J =7.5 Hz, H-2""); 6.46 (2H, s, H-4" + H-8"); 6.71 (1H, d, J =16.0 Hz, H-2"); 6.73 (1H,
d, J =2.0 Hz, H-8); 6.82 (1H, d, J =2.0 Hz, H-6); 6.83 (1H, d, J =16.0 Hz, H-1"); 7.16 (2H, d,
J=7.5Hz, H-15 + H-19); 7.27 (2H, d, J =7.5 Hz, H-16 + H-18"").
BC.NMR (125 MHz, CD;0D) 3¢ (ppm): 14.4 (CHs, C-20"); 14.7 (C-11); 20.3 (C-13); 22.9
(C-1""); 24.0 (C-9); 25.9 (2 x CHa, cyclohexyl); 26.6 (CHa, cyclohexyl); 27.9 (C-12); 29.1 (C-
3); 33.6 (2 x CHz, cyclohexyl); 39.0 (C-1); 39.5 (C-4); 48.8 (C-9a); 49.9 (C-77"); 78.4 (C-4a);
78.9 (C-2); 105.9 (C-4* + C-8); 111.4 (C-6); 113.7 (C-6"); 120.4 (C-8); 124.1 (C-8a); 127.5
(C-2%); 129.2 (C-1°); 129.8 (C-16>+C-187"); 130.6 (C-197"); 130.7 (C-157"); 131.1 (C-37);
132.3 (C-37"); 132.3 (C-27"); 136.9 (C-14""); 138.5 (C-7); 142.3 (C-10a); 147.0 (C-5); 157.4
(C-5"+ C-7); 169.5 (C-6""); 177.5 (C-47").

Vi du 14: Thi hoat tinh gdy doc t& bao ctia 4 hop chét ¢6 cong thuce (1a-1d)
Thir hoat tinh gy doc t& bao ctia 4 hop chét co cong thic (1a-1d) trén 04 dong té bao

ung thu véi sb thi nghiém 1ap lai N=3. Phuong phap thir d6 doc 1€ bao in vitro duge Vién Ung
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thu Qudc gia Hoa ky (NCI) x4c nhén 1a phép thir 46 doc té bao chuén nhiam sang loc, phat hién cac
chét c6 kha ning tic ché sy phat trién cua t bao ung thu & diéu kién in vitro (Skehan P. et al., J.
Natl. Cancer Inst., 82, 1107-1112, 1990). Té bao ung thu dugc duy tri lién tuc & céc dicu kién
tiéu chudn. Sau khi t& bao phat trién dén pha log, s& dugc str dung dé tién hanh thir nghiém voi cac
chét thtr da duoc chuédn bi & céc thang ndng do khéc nhau trén dia 96 giéng. Dia thir nghiém bao
gdm: t& bao + moi trudng nudi cdy + chét thir, dugce 0 trong tu 4m CO,, & nhiét d6 37 °C trong 3 -5
ngay dé té bao tiép tuc phat tridn. Sau do té bao duge ¢b dinh vao day giéng bang TCA 20% trong
30 phit ¢ 4 °C va nhuom bang SRB 0,4% (w/v) trong 1 gitr & 37 °C. Sau d6 lugng SRB du duoc
gan bo va cac giéng thi nghiém duogc rua 3 lan bang axit axetic 1% va dé kho trong khong khi &
nhiét do phong. Cuéi cing str dung unbufferred Tris base dé hoa tan lugng SRB da bam va nhudm
cac phan tir protein, lic nhe trong 10 phut. Ham luong mau ctia chat nhudém SRB duge xéc dinh
qua phd hép phu & budc séng 515 nm. Ellipticin duoc str dung lam chét dbi chung duong.

Két qua thir nghiém cho thdy ca 4 hop chit déu thé hién hoat tinh dbi véi 4 dong té bao
ung thu thir nghiém. Dac biét la ca 4 hop chét (1a-1d) thé hién hoat tinh rat tot dbi voi dong té
bao ung thu mau HL-60 véi gia tri ICso nam trong khoang tir 0.013+0.002 dén 0.061+0.003
pg/ml, tot hon d6i chimg ducmg ellipticin (ICso - 0.33+0.04 pg/ml). Bén hop chit (1a-1d) thé
hién hoat tinh dbi voi 2 dong té bao ung thu 12 ung thu gan Hep3B va ung thu phoi A549 tot
twong duong véi chét ddi chimg duong ellipticin (bang 1).

Bang 1. Két qua thir hoat tinh géy doc té bao clia cac hop chat (1a-1d) déi véi 4 dong té bao

ung thu
Tén hop chat Dong té bao ung thu (gia tri ICso (pg/ml)

KB Hep3B AS549 HL-60
la 3.15+0.34 0.67+0.07 0.48+0.04 0.051+0.003
1b 6.74+0.55 | 0.48+0.0.05| 0.38+£0.03 | 0.061+0.003
1c 4.55+0.33 0.55+0.05 0.45+0.04 0.013+0.002
1d 3.71£0.15 0.54+0.06 0.46+0.04 0.023+0.004

Ellipticin 0.31+0.05 0.40+0.05 0.38+0.04 0.33+0.04

Hiéu qua ciia sdng ché

Phuong phéap ban tdng hop cac dian xuat méi cua schweinfurthin theo sang ché da duoc
cac tac gia nghién ciru st dung hop chét schweinfurthin G phan l4p tir cdy Bach dan nam
(Macaranga tanarius) qua 6 budc. Trong qua trinh tong hop, chét long ion da duge tong hop
va st dung thay thé dung mai hitu co dudi su chiéu xa cta vi séng trong phan tmg oxy hoa voi
tdc nhan Dess—Martin perlodlnan dong thoi thuc hién phan tmg da thanh phan Ugi (multi-
component reaction) dé gan cac nhom thé ¢ chira diamit vao nhom thé prenyl nham lam ting
tinh wa nuéc cua hoat chit, lam cho hoat chét d& hap thu trong co thé. Uu diém cta phuong
phap nay la rut ngan thoi gian thyuce hién phan ng, néng cao hi¢u sudt phan tng, nang cao hiéu
qua kinh té, tiét kiém nang luong, bao vé moi trudng.
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Keét ludn

Tir hop chét schweinfurthin G phan 14p tir cdy Bach dan nam (Macaranga tanarius) c6
cong thire (15), tac gia sang ché d3 tong hop cac dan xuét cua schweinfurthin véi su thay thé
dung méi hitu co bing chat long ion dudi tic dong cua vi song trong phan tmg oxy hod va ap
dung phan tng da thanh phan Ugi, nhim rit ngén thoi gian thyuc hién phan tmg, tang hiéu sut
phan ung, ning cao hi¢u qua kinh té, tiét kiém nang luong.

Céac dan xuét cua schweinfurthin cé cong thic (1a-1d) duoc tong hop theo quy trinh nay
la céc hop chdt méi. Ca 4 hop chit déu thé hién hoat tinh déi véi 4 dong té bao ung thu 14 ung
thu biéu mo KB, ung thu gan Hep3B, ung thu phdi A549 va ung thu mau HL60. Dac biét la ca
4 hop chét (1a-1d) thé hién hoat tinh rét t5t d6i v6i dong té bao ung thw mau HL-60 véi gié tri
ICso ndm trong khoang tir 0.013+0.002 dén 0.0610.003 pg/ml, tot hon déi chimg duong
ellipticin (ICso - 0.33%0.04 pg/ml). Bén hop chét (1a-1d) thé hién hoat tinh déi véi 2 dong té
bao ung thu 14 ung thu gan Hep3B va ung thu phdi A549 tt tvong duong véi chat dbi chimg
duong ellipticin.
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YEU CAU BAO HO

Phuong phap ban tong hop cac dan xuét cta schweinfurthin c6 coéng thuce (la-1d) tr

hop chat schweinfurthin G phan 1ap tr cdy Bach dan nam (Macaranga tanarius):

Ty
e

str dung chat 1éng ion thay thé dung moi hitu co v6i su hd trg ctia vi séng cho phan img
oxy hod tao hop chit andehit tir ancol, thuc hién phan tng da thanh phan Ugi cho phan
{ing gan nhém diamit nhdm rat ngan thoi gian thyce hién phan tng, tang hi¢u sudt phan
g, tiét kiém nang lugng, than thién véi moi trudong, ning cao hiéu qua kinh té,
phuong phép nay bao gbm cac budc:

cho hop chét schweinfurthin G ¢6 cong thire (15):

DMF, imidazol va DMAP theo ti 1& 1/13,95/10/0,1 (mol/L/mol/mol) vao trong binh cau
phan Ung rdi khudy va lam lanh xudng 0°C, sau khi nhiét do dat 0°C thi cho tir tur
TBSCI theo ti 1€ v&i hop chét c6 cong thirc (15) 1a 10/1 (mol/mol) vao binh phan ung,
qué trinh nay dién ra trong 1 gio, hdn hop phan tng sau d6 dugc ning dan 1én nhiét do
phong va khudy trong 15 gio, rdi thém nude, chiét 3 1an bang EtOAc véi ti 1€ mdi lan
gitta EtOAc va hop chét ¢o cong thirc (15) 1a 1/5 (mL/mg), dich EtOAc dugce lam khan
bang natri sulfat, cit loai dung mdi dudi ap sudt giam thu duge san pham tho, san pham
thd duoc tinh ché trén cot sic ky silica gel voi hé dung moi n-hexan/etyl axetat gradient
thu duoc hop chét co cong thirc (52) dudi dang chét rin mau vang véi hiéu suét 1a 81
%o:

cho hdn hop CH>Clo/MeOH theo ti 1€ (4/1, v/v) va hop chét c6 cong thuc (52) theo ti 1¢
61,35/1 (L/mol) vao trong binh cau phan tmg, hdn hop phan img duge lam lanh xudng
0°C, rdi cho thém tic nhan SeO; va -BuOOH theo ti 1¢ v&i hop chét co cong thire (52)
1a 1/1/1 (mol/mol) vao binh phan Umng, hdn hop phan tmg dugc nang dan 1én nhiét do
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phong va khudy trong 48 gio & nhiét do phong, sau khi phan tmg két thuc, thém nudc
rdi chiét phan bd 3 1an v6i etyl axetat theo ti 16 mdi 14n chiét giira etyl axetat voi hop
chét c6 cong thie (52) 1a 184,05/1 (L/mol), dich etyl axetat dugc lam khan bang natri
sulfat va cét loai dung méi dudi ap sudt giam thu duge cén tho, can thd duoc tinh ché
trén cdt silica gel v6i hé dung mdi n-hexane/etyl axetat gradient thu duoc san pham co
cong thitc (53) voi hidu suét dat 33% va (54) dudi dang cht ran mau vang véi higu sudt
dat 24%:

cho hop chit c6 cong thuc (53) va chat long ion N-octyl-N-metylephedrinium
tetrafluoroborat (dugc tong hop qua 3 budc tr N-metylephedrin) theo ti 1¢ 1/10
(mol/mol) vao trong binh phan Umg, rdi cho thém DMP theo ti 1€ mol gitta DMP va hop
chét c6 cong thirc (53) 1a 3/1, hdn hgp phan tmg dugc chiéu xa trong 16 vi séng chuyén
dung & cong sudt 150W trong 15 phut, sau khi phan tmg két thic, hdn hop phan tng
duoc thém nudce, chiét 3 14n véi etyl axetat theo ti 1€ gitta etyl axetat véi hop chét la dan
xuét ciia chét co cong thirc (53) 1a 80,65/1 (L/mol), dich ety axetat dugc lam khan bang
natri sulfat khan va cét loai dung moi dudi ap suat giam thu dugc can tho, can thd duoc
tinh ché trén cot silica gel v&i hé dung moi n-hexan/EtOAc thu duoc hop chat co cong

thirc (54) vai hiéu sudt ctia phan tmg dat 92%:
0TBS

cho 1an luot hop chét cé cong thuc (54), 2-methyl-buten-2 va -BuOH theo ti 1¢ 1/20/80
(mo/L/L) vao trong binh ciu phan (g, sau d6, hoa tan NaH2PO4.2H>O trong HO theo
i 16 v6i hop chét co cong thirc (54) 1a 10/40 (mol/L) rdi thém vao binh phan img, tiép
theo, cho tir tir tdc nhan NaClOz theo ti 1é v&i hop chét c6 cong thirc (54) la 5/1
(mol/mol) va khudy & nhiét do phong, sau 12 gio, phan tng két thuc, thém nudc roi
chiét phan bd 3 1an véi etyl axetat theo ti 1¢ mdi 14n chiét giira etyl axetat véi hop chat
c6 cong thic (54) 1a 400/1 (L/mol), dich etyl axetat dugc lam khan bang natri sulfat va
cit loai dung mdi dudi 4p sudt giam thu duoc cgn thd, can thoé duoc tinh ché trén cot
silica gel véi hé dung mdi n-hexan/etyl axetat gradient thu dugc san phdm c6 cong thirc

(55) duéi dang chét rdn mau vang nhat voi hiéu suét 12 90 %:
OTBS

oTBS :
cho 14n lugt HCHO, ting din xuét amin (RNH2) va MeOH theo ti 1¢ 2/1,09/95,23
(mol/mol/L) vao binh cau phan tng va khudy trong 30 phut, sau d6 thém tir tir hdn hop
cta timg dan xuét isocyanit va hop chét ¢ cong thuc (55) theo ti 1€ 1,09/1 (mol/mol)
vao binh phan Umg va khudy & nhiét do phong, sau 18 gio, dimg phan ng va cét loai
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dung moi dudi ap sudt giam thu duoc can thd, can tho duge tinh ché trén cot silica gel
v6i hé dung mdi n-hexane/EtOAc gradlent thu duoc cac dan xuét co cong thirc (56a-d)

dudi dang chét rAn mau trang véi hiéu sudt ctia phan tmg dat tir 89-92%:
oTBS

vi) cho timg dan xut c6 cong thirc (56a-d) va dung mdi THF theo ti 1¢ gitra THF va hop
chit c6 cong thic (56a-d) 1a 200/1 (L/mol) vao binh phéan tmg rdi khuay va lam lanh
xudng 0°C, sau d6 nho tir tir dung dich TBAF 1M trong THF theo ti 1& voi hop chét c¢6
cong thire (56a-d) 1a 4,8/1 (mol/mol) vao binh phan Umg va khudy & nhiét do phong cho
dén khi phan ung két thic, dimg phan tng, thém nudc rdi chiét phan b6 3 lan voi etyl
axetat theo ti 16 mdi l4n chiét gifta etyl axetat v6i hop chit co cong thuc (56a-d) 1a
500/1 (L/mol), dich etyl axetat duge lam khan bang natri sulfat va cit loai dung mdi
dudi ap sudt giam thu duge can thd, can thd duge hoa tan trong CH;CN theo ti 1€ gilta
CH3CN va hop chét co cong thire (56a-d) 1a 200/1 (L/mol), sau d6 nho tu tor HF 48%
theo ti 1& v&i hop chét co cong thirc (56a-d) la 2/1 (mol/mol), hdn hop phan tmg dugc
khudy & nhiét do phong va kiém tra bang sac ky 1ép mong cho dén khi phan tmg két
thuc, thém NaHCO3 bdo hoa dé trung hoa lugng HF du va chiét phan bd 3 lan véi etyl
axetat theo ti 16 mdi 1an chiét giira etyl axetat véi hop chit co cong thic (56a-d) la
1000/1 (L/mol), dich etyl axetat duoc lam khan bang natri sulfat va cat loai dung moi
dudi ap sudt giam thu dugc can tho, cin thd duogce tinh ché trén cot silica gel véi hé
dung mdi n-hexan/etyl axetat gradient thu duoc cac dan xuét c6 cong thuc (1a-d) dudi
dang chit ran mau vang nhat v6i hig¢u sudt cta phan tmg dat tir 89-92%:
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Hinh 1. Quy trinh tong hop cac dan xuét cia schweinfurthin cé cong thue (1a-1d)

TBSC

Imidazole

DMAP

DMF

CH2Cl2 | SeO,, -BUuOOH
OTBS
A + "
TBSO TBSO"
54 X X0
OTBS

2-methyl-2-butene Dess Martin periodinan, MW 150W

NaH,P0,, NaClO BFO  1.HCHO, HCOOH, MW 80°C, 5min  OH |

OH
H,0, t-BuOH () <
2 N/\Hf = NH
N 2. CgH47Br, MW 110°C, 45 min
3. NaBF,, MW 95°C, 35 min

HCHO .
R-NC TBSO"
R-NH,

MeOH

1. TBAF, THF
2. HF, MeCN
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