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(57) Sang ché dé cap dén hop chat c6 cong thirc chung (1) hodc mudi dugce ly dung ctia no:

[Cong thurc 1]

(1)

trong do6 cac ky hi¢u trong cong thirc nay dugc xac dinh dudi day:

R!: vi du, nhém C1-C6 alkyl,; R2: nhc}m CI-C6 alkyl; A vi du, nguyén tﬁroxy; va R3: vi dy,
nhom C1-C6 alkyl. Sang ché cling dé cap dén duoc pham va thude tre ché TNF-o chira hop
chat nay.
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Linh vye ky thuit dwoc dé cap

Sang ché dé cap dén hop chit c6 céu tric hoa hoc dic hidu c6 hoat tinh khang
viém hodc mudi duoc ly dung ctia no.
Tinh trang ky thuit cia sang ché

Griseofulvin 13 chét khang sinh duoc phan 1ap lan dau tién bdi AE Oxford va
cac dong tac gia, tr mot loai Penicillium thudc lodi Aspergillus oryzae, nghia la
penicillium griseofulvum (Tai liéu tham khao phi sang ché 1) vao nim 1939.
Griseofulvin chil yéu duoc st dung qua dudng miéng. Tuy nhién, n6 1a chét tri liéu
kém tan va hip thu duge mot cach d€ dang, nén c6 dong hoc hép thu qua dudng miéng
phtc tap. Griseofulvin dugc str dung lam thudc khang ndm chdng lai céc loai nidm da
nhu Microsporum, Trichophyton va Epidermophyton (Tai liéu tham khéo phi sang ché
2, 3).

Griseofulvin gin két véi tubulin trong t& bao d& nho d6 dimg chu ky té bao &
giai doan G2/M va gay ra bét thuong trong qué trinh phan chia nguyén nhiém, két qua
la su tang trudng cua cac té bao khac nhau cta nim, thuc vt va dong vat c6 vi ching
han, s€ bi Uc ché. So vdi té bao clia dong vat c6 va, t& bao nim bi tc ché & néng do rat
thip cta griseofulvin. Pugc cho ring s& di nhu vay la vi ai luc gin két cua
griseofulvin di véi tubulin cta ndm 14 cao hon so véi tubulin cia dong vét c6 vu.
Griseofulvin ciing gin két véi protein lién két v6i soi thoi (MAP: microtubule-
associated protein) dé ngan nglra su mét 6n dinh dong hoc cua soi thoi, nhd d6 1am 6n
dinh su di chuyén cua soi thoi (Tai liéu tham khao phi sing ché 4).

Griseofulvin ¢6 tac dung trc ché su ting trudng cla céc té bao ung thu & nguoi
va hoat tinh giy ra su chét té bao theo chwong trinh dbi véi cac té bao nay.
Griseofulvin, néu duoc st dung két hop véi nocodazol cho khéi u duoc ghép & chudt
nhét trui 16ng khong c6 tuyén trc, s& biéu hién hoat tinh chbng khéi u. Tur phét hién nay,
griseofulvin duge cho 1a c6 hidu qua nhu chét chéng ung thu (Tai liéu tham khéao phi

sang ché 5).
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Trong khi d6, da dugc biét tir 1au rang griseofulvin c¢6 hoat tinh khang viém
ngoai tac dung chéng nidm. Vi dy, da dugc thay ring griseofulvin biéu hién hoat tinh
khang viém trén cdc mo hinh viém & chudt véi chirng phu duoc gay ra bing cach tiém
formalin va u hat dwgc gy ra bing cich cdy vién bong (Tai liéu tham khao phi sang
ché 6). Trong thuc tién 1dm sang, dugc bao céo rang griseofulvin c6 tac dung tri liéu
d6i vi cac bénh viém da khong do ndm nhu bénh liken phing (Tai liéu tham khao phi
sang ché 7), bénh viém mdi do twong bao (Tai li¢u tham khao phi sang ché 8) va bénh
da xuét huyét tang séc t6 (Tai liéu tham khéo phi sing ché 9).

Ciing dugc bao cao rang griseofulvin c6 tdc dung tri liéu d6i véi, vi du, bénh
viém mach mang luéi (Tai li€u tham khéo phi sing ché 9), bénh viém da khép nhu hoi
chimg vai-tay va bénh viém quanh khép vai-canh tay (Tai liéu tham khao phi sing ché
6, 10).

Pa thdy rang griseofulvin c6 tdc dong dén soi thoi cia bach ciu va tac dung dbi
khang, in vitro, dbi véi cac chét trung gian hoa hoc gy viém nhu histamin, serotonin
va prostaglandin (Tai li¢u tham khdo phi sang ché 6). Tuy nhién, co ché dic hidu vé
tac dung khang viém cta griseofulvin van chua dugc lam sang to.

Tuong tu, griseofulvin cé cac hoat tinh sinh ly khac nhau va, cho dén bay gio,
cc dan xudt khac nhau cta griseofulvin da dugc tdng hop thong qua sy thay thé cac
nhém thé (Tai lidu tham khao phi sang ché 11).

Danh muc tai li€u vién dan
Tai liéu tham khéo phi sang ché
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metabolic product of Penicillium griseo-fulvum Dierckx. Biochem J. 1939 Feb; 33 (2):
240-8
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N, Furue M. Treatment of plasma cell cheilitis with griseofulvin. ] Am Acad Dermatol.
1994 May; 30 (5 Pt 1): 789-90
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Ban chit k§ thuit ciia sing ché
Vén dé k§ thuat

Muc dich cua sang ché 1a dé xuét hop chét ¢ céu truc héa hoc dic hidu cé hoat
tinh khang viém ma co thé dung lam hoat chét dé phong ngira va diéu tri bénh viém,
mudi duge Iy dung ctia nd hodc chét tuong tw, phuong phép san xuét hop chit nay va

hop chit trung gian. Vi hgp chét theo sang ché hoic mubi duge ly dung ciia n6 c6 cac
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tinh chat khac & nhidu khia canh véi cac tinh chat cia thubc khang viém da biét, hop
chét nay hodc mudi cia n6 dugce coi 1a ¢6 thé duoc dung lam thudc méi.
Céch thirc giai quyét vén dé

Céc tac gia sang ché da tién hanh cac nghién ctru su rong d& phat trién hop chit
ma c6 thé duoc dung 1am hoat chit dé phong nglra va diéu tri bénh viém, mudi dugc ly
dung cta n6 hodc chit tuong tu. Két qua 13, c4c tac gia sang ché da tim ra hop chét
theo sang ché, mudi duoc ly dung cia no6 hodc chét tuong tu. Cu thé hon, sang ché 1a
nhu dugc mo ta dudi day.

[1] Hop chét c6 cong thirc chung (1) hodc mubi duoc ly dung cta no:

[Cong thuc 1]

R
~o O CHg
Mz
3 y o
c 9,

(1)

trong d6 cac ky hiéu trong cdng thirc ndy duge xac dinh dudi day:

R!: nhém C1-C6 alkyl hodc nhém hydroxyC1-Cé6 alkyl,

R?: nhom C1-C6 alkyl,

A: di vong thom 5 canh ¢6 1-4 nguyén tr dwgc chon tir nhom gdm nguyén ti
nito, nguyén tir oxy va nguyén ttr luu huynh; hodc nguyén tir oxy, va

R3: néu A 1a di vong thom 5 canh ¢6 1-4 nguyén tir duoc chon tir nhém gbm
nguyén ti nito, nguyén tir oxy va nguyén tir luu huynh, thi R3 1a nhom C1-C6 alkyl,
nhém hydroxyC1-C6 alkyl hogc nhém C1-C6 alkoxyC1-C6 alkyl; va néu A 13 nguyén
t&r oxy, thi R® 12 nhém hydroxyC1-C6 alkyl hodc nhém C1-C6 alkoxyC1-C6 alkyl.

[2] Hop chét hoiac mudi dugc ly dung ctia né theo muc [1], trong do6 R! 14 nhom
metyl, nhom etyl hodc nhom hydroxyetyl.

[3] Hop chét hoidc mudi duge ly dung ctia n6 theo muc [1] hodc [2], trong d6 R?
1a nhom metyl.

[4] Hop chét hoic mudi duoc 1y dung ctia n6 theo muc bat ky trong s6 cic muc

tur [1] dén [3], trong d6 A 14 di vong thom 5 canh c¢6 1-4 nguyén tir dugc chon tir nhom
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gdm nguyén tir nito, nguyén tir oxy va nguyén tr luu huynh; va R3 14 nhém metyl,
nhém etyl, nhém hydroxyC1-C3 alkyl hodc nhom metoxyC1-C3 alkyl.

[5] Hop chét hodc mubi duge ly dung ctia n theo muc bét ky trong s6 cac muc
tir [1] dén [4], trong d6 A 1a di vong thom 5 canh dugc chon tir nhém sau day:

[Cong thirc 2]

S G . G G,
trong d6 * 1a lién két.
[6] Hop chit hodc mudi duge 1y dung ctia né theo muc bét ky trong sb cac muc
tir [1] dén [3], trong d6 A 12 nguyén tir oxy.
[7] Hop chét c6 cong thic chung (1) hodc mudi dugc 1y dung ctia né:

[Cong thuc 3]

O o CHj
Iz
3 * o
R\A OIQ:
CI O\ 2

(1)
trong d6 cac ky hiéu trong cong thire nay dugc xéac dinh dudi day:
R!: nhém metyl, nhom etyl hodc nhom hydroxyetyl,
R?: nhom metyl,
A: di vong thom 5 canh dugc chon tir nhém sau day:

[Cong thurc 4]

o/’ N/ N_ N
N, \l/ . — % ¢ \l/ LN S

N- N-O o-N

trong d6 * 1 lién két,

R3: nhém metyl, nhoém etyl hodc nhém hydroxyC1-C3 alkyl.

[8] Hop chat hodc mudi dugce Iy dung ctia n6 dugce chon tir nhém sau day:
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(28,5'R)-7-clo-6-(2-hydroxyetoxy)-3',4-dimetoxy-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-3',4-dimetoxy-6-(2-metoxyetoxy)-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(1-metylpyrazol-3-yl)spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-6-(1-etylpyrazol-3-y1)-3',4-dimetoxy-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(5-metyl-1,3,4-oxadiazol-2-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(3-metyl-1,2,4-oxadiazol-5-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(5-metyl-1,2,4-oxadiazol-3-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-6-[5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl]-3',4-
dimetoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-6-[5-[(1S)-1-hydroxyetyl]-1,3,4-oxadiazol-2-yl]-3',4-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-6-[5-[(1R)-1-hydroxyetyl]-1,3,4-oxadiazol-2-yl]-3',4-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-4-etoxy-6-[5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl]-3'-
metoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-4-etoxy-6-[5-[(1S)-1-hydroxyetyl]-1,3,4-oxadiazol-2-y1]-3'-
metoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-6-[3-(1-hydroxyetyl)-1,2,4-oxadiazol-5-yl]-3',4-dimetoxy-5'-
metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(5-metyl-1,3,4-
oxadiazol-2-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(2S,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(3-metyl-1,2,4-

oxadiazol-5-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion, va
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(28,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(5-metyl-1,2,4-
oxadiazol-3-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion.

[9] Duoc phém chtra hop chéit hoic mudi duogc ly dung cda n6 theo muc bét ky
trong sd cac muc tir [1] dén [8] 1am hoat chat.

[10] Duoc phdm theo muc [9] dung dé phong ngira va/hodc diéu tri bénh viém.

[11] Dugc phém theo muc [10], trong d6 bénh viém 13 bénh dwoc chon tir nhém
gdm bénh viém khép dang thip, luput ban d6 toan than, bénh ctng bi, bénh hen phé
quan, bénh viém phé quan thé hen, bénh viém phdi mo k& lan tda, bénh phéi tic nghén
man tinh, bénh viém rudt két man loét, bénh Crohn, bénh viém gan cép tinh, bénh
viém gan man tinh, bénh viém gan t6i cAp, bénh viém gan tu mién, bénh xo gan mét
tién phat, bénh viém dudng mat xo hoa tién phat, b¢nh viém gan do ruou, bénh viém
gan nhiém m& khong do rugu, bénh xo gan, bénh viém day than kinh ngoai vi, bénh
viém dét sdng dinh khép, eczema (cAp tinh, ban c4p, man tinh), bénh viém da tiép xuc,
bénh viém da do 4nh ning (4nh sang t& ngoai), bénh viém da do biic xa, bénh viém da
co dia, bénh viém da tiét bd nhon, bénh vay nén théng thuong, bénh vy nén viém
khép, chimg do da vay nén, bénh vay nén thé mu, liken phéng, bénh ban do, bénh
tring ca do, bénh may day, ching rung téc timg ving, pemphigut, chimg do da, bénh
tring ca thong thuong, chimg loét ti de, vét thuong, vét bong, bénh viém két mac,
viém gidc mac, viém cing mac, bénh viém tai gilra cép tinh/man tinh, bénh viém mii
di tng quanh ndm, cdm mao, bénh viém xoang, bénh viém thanh quan, bénh viém thyc
quan, bénh viém miéng dé khang, bénh viém ludi, bénh viém tuyén nudc bot cép
tinh/man tinh, bénh chbe mép, bénh viém moi, bénh Behcet, bénh xo cing rai rac,
bénh déi thao dudng typ I, bénh ddi thdo duong typ II, bénh vita xo dong mach, bénh
viém tuy va bénh suy tim man tinh.

[12] Dugc phém theo muc [10], trong d6 bénh viém 13 bénh dugc chon tir nhom
gdm bénh viém khép dang thp, luput ban do toan than, bénh hen phé quan, bénh viém
gan cép tinh, bénh viém gan ty mién, bénh xo gan mat tién phat, bénh viém duong mét
x0 hoa tién phat, bénh viém gan do rugu, bénh viém gan nhiém m& khong do rugu,
bénh viém dbt séng dinh khép, bénh viém da tiép xuc, bénh viém da do 4nh ning (UV),

bénh viém da co dia, bénh viém da tiét ba nhon, bénh vay nén thong thuong, bénh vay
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nén viém khép, chimg dé da vay nén, bénh vay nén thé mu, liken phang, bénh ban do,
bénh trimg ca do, ching rung toc ting ving, pemphigut, chiing do da, bénh tring ca
thong thuong, ching loét ti de, vét thuong, vét bong, bénh viém xoang, bénh viém
thanh quan, bénh viém thuc quan, bénh viém miéng dé khang, bénh viém ludi, bénh
viém tuyén nuéc bot cAp tinh/man tinh, bénh chdc mép, bénh viém modi va bénh
Behcet.

[13] Duoc phém theo muc [10], trong d6 bénh viém 1a bénh dugc chon tir nhdém
odm bénh viém khép dang thp, luput ban dé toan than, bénh viém gan tu mién, bénh
viém gan do ruou, bénh viém gan nhiém m& khong do rugu, bénh viém dbt séng dinh
khop, bénh viém da co dia, bénh vay nén thong thuong, bénh vay nén viém khép,
ching d6 da vay nén, bénh vay nén thé mu, liken phing, chimg loét ti de, vét thuong,
bénh viém miéng dé khéang, bénh viém ludi va bénh Behcet.

[14] Hop chét hodc mubi duge 1y dung ciia nd theo muc bat ky trong sb cac muc
tir [1] dén [8] ding dé diéu tri bénh viém.

[15] Thubc e ché TNF-o chta hop chét hodc mubi duogc ly dung cia né theo
muc bét ky trong s6 cac muc tir [1] dén [8] 1am hoat cht.

Hiéu qué cua sang ché

Hop chit theo sang ché, mudi dugc ly dung cua né hodc chit tuong tu co thé
duoc st dung lam hoat chit dé phong ngura va/hodc diéu tri bénh viém. Céc vi du vé
bénh viém bao gdm bénh viém khop dang thp, luput ban d6 toan than, bénh cimg bi,
bénh hen phé quéan, bénh viém phé quan thé hen, bénh viém phbi md k& lan toa, bénh
phéi tac ngh&n man tinh, bénh viém rudt két man loét, bénh Crohn, bénh viém gan cép
tinh, bénh viém gan man tinh, bénh viém gan tbi cép, bénh viém gan tu mién, bénh xo
gan mat tién phat, bénh viém dudng mat xo héa tién phat, bénh viém gan do ruou,
bénh viém gan nhiém m& khong do rugu, bénh xo gan, bénh viém day than kinh ngoai
vi, bénh viém dbt séng dinh khép, eczema (cAp tinh, ban cip, man tinh), bénh viém da
tiép xuc, bénh viém da do anh ning (4nh sang tt ngoai), bénh viém da do birc xa, bénh
viém da co dia, bénh viém da tiét ba nhon, bénh vay nén thong thudng, bénh vay nén
viém khdp, ching dé da vay nén, bénh vay nén thé mu, liken phing, bénh ban do,

bénh trimg c4 d6, bénh may day, chimg rung téc tirmg vung, pemphigut, chirng do da,
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bénh trirmg ca thong thuong, chimg loét ti de, vét thuong, vét bong, bénh viém két mac,
viém gidc mac, viém cling mac, bénh viém tai gifta cép tinh/man tinh, bénh viém mfi
di tng quanh nam, cam mao, bénh viém xoang, bénh viém thanh quan, bénh viém thuc
quan, bénh viém miéng dé khang, bénh viém ludi, bénh viém tuyén nudc bot cép
tinh/man tinh, bénh chbc mép, bénh viém mdi, bénh Behcet, bénh xo cling rai rac,
bénh dai thao dudng typ I, bénh dai thao duong typ II, bénh vita xo dong mach, bénh
viém tuy va bénh suy tim man tinh.

Céc vi du duge vu tién vé bénh viém bao gdm bénh viém khép dang thap, luput
ban do toan than, bénh hen phé quan, bénh viém gan cép tinh, bénh viém gan tu mién,
bénh xo gan mét tién phat, bénh viém duong mat xo héa tién phat, beénh viém gan do
ruou, bénh viém gan nhiém m& khong do ruou, bénh viém ddt séng dinh khép, bénh
viém da tiép xuc, bénh viém da do anh néng (UV), bénh viém da co dia, bénh viém da
tiét ba nhon, bénh vay nén thong thuong, bénh vay nén viém khép, ching d6 da vay
nén, bénh vay nén thé mu, liken phéng, bénh ban do, bénh triing cé dd, chiig rung toc
timg ving, pemphigut, ching d6 da, bénh trimg cé thdng thuong, ching loét ti de, vét
thuong, vét béng, bénh viém xoang, bénh viém thanh quan, bénh viém thuc quan,
bénh viém miéng dé khang, bénh viém ludi, bénh viém tuyén nudc bot cép tinh/man
tinh, bénh chéc mép, bénh viém moi va bénh Behcet.

Céc vi du duge uu tién hon vé bénh viém bao gdm bénh viém khép dang thép,
luput ban d6 toan than, bénh viém gan tu mién, bénh viém gan do rugu, bénh viém gan
nhiém m& khong do rugu, bénh viém dbt sbng dinh khép, bénh viém da co dia, bénh
vay nén thong thudng, bénh véy nén viém khép, ching dé da vay nén, bénh vay nén
thé mu, liken phang, chimg loét ti de, vét thuong, bénh viém miéng dé khang, bénh
viém ludi va bénh Behcet.

Sang ché @& xuit phuong phap hiéu qua dé didu ché hop chét theo séng ché
hoidc chét twong tu, va hop chét trung gian. Do do, sang ché c6 loi trong viéc bao ché
dugc chét tri lidu.

M6 ta chi tiét sang ché
Bay gid, sang ché s& dugc md ta cu thé hon & phan duéi day.

Giai thich v& cac nhom thé va thuat ngit
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Séang ché dé cap dén hop chat c6 cong thirc chung (1) hoic mudi duoc Iy dung
cua no.

[COng thuc 5]

(1)

trong do cac ky hiéu trong cong thirc ndy dugc xac dinh dudi déy:

R!: nhém C1-C6 alkyl hodc nhom hydroxyC1-C6 alkyl,

R?: nhém C1-C6 alkyl,

A: di vong thom 5 canh ¢6 1-4 nguyén tir dugc chon tir nhom gbém nguyén tir
nito, nguyén tir oxy va nguyén ti luu huynh, hodc nguyén tir oxy,

R3: néu A 1a di vong thom 5 canh c6 1-4 nguyén tir dugc chon tir nhom gdm
nguyén tir nito, nguyén tir oxy va nguyén ti luu huynh, thi R? 1a nhém C1-C6 alkyl,
nhom hydroxyC1-C6 alkyl hogc nhom C1-C6 alkoxyC1-C6 alkyl; va néu A 13 nguyén
tir oxy, thi R? 1a nhém hydroxyC1-C6 alkyl hogc nhom C1-C6 alkoxyC1-C6 alkyl.

Nhém C1-C6 alkyl duogce biéu dién bing R! 12 nhém alkyl mach thing hoic
mach nhanh c¢6 1-6 nguyén t cacbon va t&t hon 12 nhém metyl hodc nhom etyl.

Nhom hydroxyC1-C6 alkyl duge biéu dién bing R! 1a nhém alkyl mach thing
ho#ic mach nhéanh ¢6 1-6 nguyén tir cacbon dugc thé bing nhém hydroxy va t6t hon 1a
nhom hydroxyetyl.

Nhém C1-C6 alkyl duge biéu dién bing R? 12 nhém alkyl mach thing hoic
mach nhanh ¢6 1-6 nguyén tir cacbon va t&t hon 1a nhém metyl.

Nhém C1-C6 alkyl duoc biéu didn bing R 1a nhém alkyl mach thang hodc
mach nhanh ¢6 1-6 nguyén tir cacbon va t&t hon 12 nhém metyl hodc etyl.

Nhom hydroxyC1-C6 alkyl dugc biéu din bang R? 12 nhém alkyl mach thang
hodc mach nhanh ¢6 1-6 nguyén tir cacbon duoc thé bang nhom hydroxy va t6t hon 1a

nhém hydroxyC1-C3 alkyl. Cac vi du vé nhém nay bao gdbm nhém hydroxymetyl,
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nhom 1-hydroxyetyl, nhém 2-hydroxyetyl, nhom I-hydroxy-1-metyl-etyl, nhém 1-
hydroxypropyl va nhém 2-hydroxypropyl.

Nhém C1-C6 alkoxyC1-C6 alkyl dugc biéu didn bing R® 12 nhém alkyl mach
thing hodc mach nhénh c6 1-6 nguyén tir cacbon dugc thé bing nhém C1-C6 alkoxy
va tbt hon 12 nhém metoxyC1-C3 alkyl. Cac vi du vé nhém nay bao gdm nhém
metoxymetyl, nhom 1-metoxyetyl, nhom 2-metoxyetyl, nhom I-metoxypropyl va
nhom 2-metoxypropyl.

Di vong thom 5 canh dugc biéu dién bang A 1a di vong thom 5 canh chira 1-4
nguyén t& dugce chon tir nhém gdm nguyén t nito, nguyén tr oxy va nguyén ti luu
huynh, va c6 hai lién két. Cac vi du vé& nhom nay bao gdm céc di vong thom 5 canh
sau day:

pyrol, pyrazol, imidazol, 1,2,3-triazol, 1,2,4-triazol, tetrazol, furan, isoxazol,
oxazol, 1,2,4-oxadiazol, 1,3,4-oxadiazol, 1,2,5-oxadiazol, thiophen, thiazol, isothiazol,
1,2,4-thiadiazol, 1,3,4-thiadiazol va 1,2,5-thiadiazol.

T4t hon nita, néu céc vong 5 canh sau day dugc bao gdm.

[Cong thurc 6]

O : N : N * N
_.<\T( _<\\Y _(f s —N

trong do6 * 1a lién két.

Céac di vong thom 5 canh 1an luot tao ra cac hop chit dong vai trd 1am hop chét
c6 cdng thirc chung (1) sau ddy, thong qua céc lién két.

[Cong thurc 7]
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1 R~
R @)
SO o CHy ’O ?HS
T /—>_/-\
., %, o
(@] O;Q:O R3 N\ O
3 <\ O
R—<\ | _ Cl .
N-N  Cl O\Rg N-O R
1 1
R R
o oo "9 och
N (o) 0
3 3 O
R~ L o o NS e o
o- R2 \Rz

trong d6 R!, R? va R® 14 nhu duoc x4c dinh 6 trén.

Thuat ngtt "mudi dugc ly dung clia né" dung d& chi mudi ma co thé duge st
dung lam dugc chét tri liéu. Trong trudong hgp hop chét ¢6 nhom axit hodc nhém bazo,
mubi bazo hoic mudi axit co thé dugce tao ra néu bazo hoic axit duge cho phan tng
v6i nhém nay. Mudi thu duoc nhu vay 1a mudi duge ly dung.

Céc vi du v& "mubi bazo" duoc dung ciia hop chit tét hon 1 bao gdm mudi kim
loai kiém nhu mubi natri, mudi kali va mudi lithi; mudi kim loai kiém thé nhu mubi
magie va mudi canxi; mubi bazo hitu co nhu mudi N-metyl morpholin, mudi
trietylamin, mudi tributylamin, mubi diisopropyletylamin, mudi dixyclohexylamin,
mudi N-metyl piperidin, mubi pyridin, mudi 4-pyrolidinopyridin va mubi picolin; va
muébi axit amin nhu mudi glyxin, mudi lysin, mubi arginin, mubi ornithin, glutamat va
aspartat. Tét hon, néu mubi kim loai kiém dugc dé cap.

Céc vi du dugc vu tién vé "mudi axit" duge dung cta hop chét bao gdm cac
mudi axit v co gdm mudi axit hydrohalic nhu hydroflorua, hydroclorua, hydrobromua
va hydro iodua, nitrat, perclorat, sulfat va phosphat; cac mubi axit hitu co gdm
alkansulfonat thidp nhu metansulfonat, triflometansulfonat va etansulfonat, aryl
sulfonat nhu benzensulfonat va p-toluen sulfonat, axetat, malat, fumarat, suxinat, xitrat,
ascorbat, tartrat, oxalat va maleat; va mudi axit amin nhu mudi glyxin, mudi lysin,
mudi arginin, mudi ornithin, glutamat va aspartat. Tbt nhit, néu mubi axit hydrohalic

(cu thé 13, hydroclorua) dugc dé cp.
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Hop chét theo sang ché hoiac mudi duoc ly dung cua né doi khi hép thu nuéc
hodc hdp phu hoi 4m hoic tao ra hydrat khi né dugc dé yén trong khong khi hodc bang
céch tai két tinh. Cac hydrat, solvat va hgp chét da hinh khac nhau nay cling dugc bao
gdm trong sing ché.

Hop chét theo séng ché, mubi duge ly dung clia n6 hodc solvat clia né c6 thé c6
céc loai chét ddng phan khéac nhau bao gdm céc chit ddng phan hinh hoc nhu chit
ddng phan cis va chit ddng phan trans, tautome, va cac chit ddng phan quang hoc nhu
dang d va dang | tuy thudc vao loai va td hop nhom thé. Tuy nhién, trir khi dugc néu
theo cach khac, toan bd cic chit déng phan, céc chit ddng phan 1ap thé va hén hop
gdm céc chét dong phan va cac chét ddng phan 1ap thé nay theo ty 1¢ tron bét ky déu
dugc bao gbm trong hop chét theo sang ché. Hon hop gbm cac chét ddng phéan nay c6
thé duoc tach bang phuwong phap tach da dugc biét dén trong linh vuc k¥ thuét nay.

Pé lam hop chét theo sang ché, hop chét danh du, cu thé hon la hop chét c6 1
hoac 2 hodc nhiéu nguyén t& duoc thé béng chét déng vi (vi du, 2H, 3H, 13C, 14C,
35S), cling dugc bao gdm.

Trong séng ché, chit duoc goi 13 tidn thudc cling duoc bao gdm. Thuét ngit tién
thubc ding dé chi hop chét c6 nhém ma c6 thé duoc chuyén héa thanh nhom amin,
nhom hydroxyl hodc nhém carboxyl bang cach thiy phan hodc trong céc didu kién
sinh ly. Cac nhém lién quan dén viéc tao ra céc tién thube nhu vay duge md ta trong
Prog. Med., vol. 5, trang 2157-2161, 1985. Cu thé hon, tidn thudc co thé 1a cac chét
nhu duoc dé cap dudi day.

Néu nhém amin ¢é mit, vi du, hop chét c6 nhom amin dugc axyl hoa, alkyl hda
hodc phosphoryl hoa (vi du, hop chit c6 nhom amin dugc eicosanoyl hoa, alanyl hoa,
pentylaminocarbonyl hoa, (5-metyl-2-oxo-1,3-dioxolen-4-yl) metoxycarbonyl hoa,
tetrahydrofuranyl héa, pyrolidyl metyl hoa, pivaloyloxymetyl hoa hodc tert-butyl hoa)
c6 thé duoc dé cap.

Néu nhom hydroxyl c6 mat, vi du, hop chit c6 nhém hydroxyl dugc axyl hoa,
alkyl hoa, phosphoryl héa hodc borat héa (vi du, hop chit ¢6 nhom hydroxyl dugc
axetyl hoa, palmitoyl hoa, propanoyl hoa, pivaloyl héa, suxinyl hoa, fumaryl hoa,

alanyl hoa hodc dimetylaminometylcarbonyl hoa) co thé duoc dé cap.
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Néu nhém carboxy c6 mat, vi du, hgp chit c6 nhom carboxy dugc este hoa hodc
amit héa (vi duy, hop chit c6 nhom carboxy dugc etyl-este hoa, phenyl-este hoa,
carboxymetyl-este héa, dimetylaminometyl-este hoa, pivaloyloxymetyl-este hoa,
etoxycarbonyloxyetyl-este hoa, amit héa hodc metylamit hoa) c6 thé dugc dé cap.
Phuong phap diéu ché

Bay gio, phuong phap diéu ché s& dugc mo ta. Tuy nhién, phuong phap didu

ché hop chét hoic mudi ctia né khong bi gii han bdi cac phuong phap dugc md ta

dudi day.
Phuong phap A

Phuong phap A 1a phuong phap diéu ché hop chét (A-TII) theo sang ché

[Cong thuc 8]
Budc A2

O o CHs Buée Al O o CH, R3-OH hoic R3-X

iQ:O >

Cl O‘ 5 Loal metyl Cl o Alky1 hoa

T
w
(@)
/
O
o >\;
O
v
T
(@)
9-
@)

A-lil

trong d6 R!, R? va R? 14 nhu duge xdc dinh & trén; va X 1a nhom ro1 chuyén nhu
nhom halogen.

(Budc Al) Bude loai metyl

Pay 1a bude dé thu duge hop chat (A-II) tir hop chét (A-I) bang cach st dung
halogenua kim loai v6i sy c6 mat cua bazo va ete crao.

Céac vi du v& bazo bao gdm trietylamin, diisopropyletylamin va pyridin.

Céc vi du vé ete crao bao gdbm 18-crao-6.

Céac vi du vé halogenua kim loai bao gbm kali iodua.
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Pé lam dung mdi, vi dy, N,N-dimetylformamit c6 thé dugc d& cap hoic dung
moi ¢6 thé khong duoc st dung. Nhiét dd phan ting thuong nim trong khoang tir 60
dén 120°C va thoi gian phan tng thudng ndm trong khoang tir 1 dén 24 gio.

(Buédc A2) Bude alkyl hoa

(Truong hop st dung alkyl halogenua)

Pay 1a buée dé thu duge hop chit (A-II) tir hop chit (A-IT) bang cach st dung
chét phan tng alkyl hoa twong tng v6i su ¢6 mit cia bazo.

Céc vi du vé chat phan tng alkyl hoa bao gbm alkyl halogenua nhu alkyl iodua
va alkyl bromua va este cua axit sulfonic nhu alkyl tosylat va alkyl mesylat.

Céc vi du v& bazo bao gdm trietylamin, diisopropyletylamin, va kali cacbonat.

Pé lam dung mdi, tetrahydrofuran, 1,4-dioxan, axetonitril, diclometan va N,N-
dimetylformamit hodc hdn hop gdm cac chit nay co thé dugc dé cap. Nhiét do phan
ung thuong nam trong khoang tr 0 dén 100°C va thoi gian phan ung thudng nim
trong khoang tir 0,5 dén 24 gio.

(Trudng hop st dung phan g Mitsunobu)

Py 1a bude dé thu dugc hop chat (A-IIT) tir hop chit (A-II) bing cach sir dung
rugu twong Ung v6éi su c¢6 mit cua phosphin va azodicarboxylat hodc
diazodicarboxamit.

Céc vi du vé phosphin bao gdm triphenylphosphin va tri-n-butylphosphin.

Cac vi du vé azodicarboxylat hodc diazodicarboxamit bao gom dietyl
azodicarboxylat, di-tert-butyl azodicarboxylat va 1,1'-(azodicarbonyl) dipyridin.

Pé lam dung moi, tetrahydrofuran, 1,4-dioxan, toluen hodc hon hop g6m cac
chét nay c6 thé duoc dé cap. Nhiét do phén Ung thuong ndm trong khoang tir 0 dén
100°C va thoi gian phan tng thuong nam trong khoang tir 0,5 dén 24 gio.

Phuong phap B

Phuong phép B 1a phuong phap didu ché hop chat (B-III) (twong duong véi hop
chét (A-I) dugc st dung trong Phuong phap A). Néu R! 12 nhém metyl, hop chét (B-
1) c6 thé duoc didu ché ma khong céan str dung céc bude nay.

[Cong thirc 9]
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Budc B2
C_> Buée Bl OH (o CH, R!-OH hoic R!-X
= TR :
Q: T HC .Q':O ]
o Loai metyl 30 Y Alkyl hoéa
c 9,
R
B-| B-I
1
R
5
Wesas
)
Cl .

B-lil

trong d6 R!, R? va X 1a nhu dugc xac dinh & trén.

(Bude B1) Budc loai metyl

Pay 1a budc dé thu duge hop chit (B-I) tir hop chét (B-I) bing cach sir dung
halogenua kim loai.

Céc vi du vé halogenua kim loai bao gbém magie iodua.

Pé lam dung moi, toluen, tetrahydrofuran, 1,4-dioxan hodc hdn hop gém cac
chit nay co thé duogc dé cap.

Nhiét d6 phan tng thuong nim trong khoang tir 60 dén 120°C va thoi gian phan
ung thudong nam trong khoang ttr 0,5 dén 24 gio.

(Bude B2) Budce alkyl hoa

Pay la bude dé thu dugc hop chét (B-IIT) tir hop chat (B-II) theo cung céch nhu
& Bude A2.
Phuong phap C

Phuong phap C 1a phuong phap diéu ché hop chat (C-III) theo sang ché tir hop
chét (C-I) (twong duong véi hop chét (A-II) dugc st dung trong Phuong phap A).
[Cong thuc 10]
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0 0 CHs Bude Cl 0 0 CH, Buéc C2
HO 0 Triflometansulfonyl ~ TfO o Két hop
Cl O\ 2 héa CI O\ 2
R R 3 %
C-l C-l
’
R
SO0 0 CH,
I =
3 ¥ )
o« SO
@]
Cl A
2
C-l

trong d6 R!, R%4 R? va A la nhu dugc xdc dinh ¢ trén; Tf la nhoém
triflometansulfonyl; va B” 1a nhém bo (-B(OH)2) hodc nhom 4,4,5,5-tetrametyl-1,3,2-
dioxaboran-2-yl.

(Bude C1) Bude triflometansulfonyl hoa

Pay 1a bude dé thu duge hop chét (C-IT) tir hop chét (C-I) bang cach st dung
chét phan tng triflometansulfony! hoa v6i su c6 mit ciia bazo.

Cac vi du vé chit phan Ung triflometansulfonyl hoéa bao gbm anhydrit
triflometansulfonic, triflometansulfonic clorua va N-phenylbis(triflometansulfonimit).

Céc vi du v& bazo bao gdm trietylamin va diisopropyletylamin.

Pé lam dung moi, tetrahydrofuran, 1,4-dioxan, axetonitril, diclometan hoic hdn
hop gdm céc chit ndy c6 thé dugc dé cap.

Nhiét do phan tng thuong nam trong khoang tir -20°C dén nhiét do trong phong
va thoi gian phan Ung thuong nam trong khoang ttr 0,5 dén 24 gio.

(Buée C2) Bude két hop phan Ung bang cach st dung chét xuc tac kim loai
chuyén tiép

Pay 1 bude dé thu dugce hop chit (C-IIT) tir hop chét (C-II) bang cach st dung
chét xtc tac paladi va R3-A-B” véi sy ¢6 mit ciia bazo.

Céc vi du vé chit xtic tac paladi bao gdm tetrakis (triphenylphosphin)paladi,
[1,1'-bis(diphenylphosphino)feroxen]  diclopaladi, tris(dibenzylidenaxeton)dipaladi,

paladi axetat, axetylaxeton paladi va bis(triphenylphosphin)paladi diclorua.
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Cic vi du v& bazo bao gbm trietylamin, diisopropyletylamin, 1,8-
diazabixyclo[5,4.0]-7-undexen (DBU), 1,5-diazabixyclo[4,3.0]-5-nonen (DBN), kali
hydro cacbonat, natri hydro cacbonat, kali cacbonat, natri cacbonat, kali hydroxit, natri
hydroxit, kali phosphat va natri phosphat.

Pé lam dung moi, metanol, etanol, tetrahydrofuran, 1,4-dioxan, nudc, N,N-
dimetylformamit, dimetylsulfoxit, toluen hodc hdn hop gdm céc chit nay c6 thé dugc
dé cap.

Nhiét 6 phan tng thudng nim trong khoang tir 60 dén 120°C va thoi gian phan
ting thuong nim trong khoang tir 0,5 dén 12 gio.

Phuong phap D

Phuong phép D 1a phuong phép diéu ché hop chéit (D-IV) theo sang ché tir hop

chét (D-I) (twong duong v6i hop chét (C-II) duoc stt dung trong Phuong phép C).
[COng thuc 11]

R1 R1\

"0 O CHg Buéc D1 @ cl) CHs
[ - ‘ s
s ) ,g}o

.0
TfO O/Q Két hop R¢ OO
Cl Q ’ o ClI ‘o
R2 R
D-I D-I
R
Bude D2 O O CH; Buée D3

| :
- fj\ H %, O —
. R3 N’N 0) \ .
Amit hoa Vong hoa

2
D-lll
RL
O 0O CHs
[/
0
R3 ]
\<\N,N Cl QR2
D-IV

trong d6 R, R R? va Tf 1a nhu duge x4c dinh & trén va R* 1a nhém phenyl ma
c6 thé c6 nhém thé.

(Bude D1) Buéde két hop v6i format
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Day 1a budc dé thu duoc hop chét (D-II) tr hop chét (D-I) bang cach sir dung
format Vi sy c6 mit cia bazo va chét xuc tac paladi (phdi tir phospin).

Cic vi du v& bazo bao gbébm trietylamin, diisopropyletylamin,
dimetylaminopyridin, kali cacbonat, natri cacbonat, kali hydroxit va natri hydroxit.

Céc vi du vé the format bao gdbm phenyl format va (2,4,6-triclophenyl) format.

Céac vi du vé chit xuc tac paladi bao gbm paladi axetat, axetylaxeton paladi,
paladi trifloaxetat, paladi diclorua, tris(dibenzylidenaxeton)dipaladi ~ hodc
bis(triphenylphosphin)paladi diclorua.

Céc vi du v& phdi tir phospin dé duoc sir dung ddng thoi voi chét xuc tac paladi
bao  gbm  4,5-bis(diphenylphosphino)-9,9-dimetylxanten  (xantphos), 1,1'-
bis(diphenylphosphino)feroxen  (dppf), 2,2'-bis(diphenylphosphino)-1,1-binaphtyl
(BINAP), bis(diphenylphosphino)metan (DPPM), triphenylphosphin va 1,2-
bis(diphenylphosphino)etan (DPPE).

Pé lam dung moi, N,N-dimetylformamit, toluen, tetrahydrofuran, axetonitril
hodc hdn hop gdm cac chit nay c6 thé dwoc dé cap.

Nhiét d6 phan ung thuong ndm trong khoang tir nhiét do trong phong dén
120°C va thoi gian phan trng thudng nim trong khoang tir 1 dén 8 gio.

(Budc D2) Bude amit hoa bang axyl hydrazin

Pay 1a bude dé thu dugc hop chéat (D-IIT) tir hop chét (D-II) bang c4ch st dung
axyl hydrazin twong Gng véi sy c6 mét clia bazo.

Cic vi du v& bazo bao gbm trietylamin, diisopropyletylamin,
dimetylaminopyridin, kali cacbonat, natri cacbonat, kali hydroxit va natri hydroxit.
Chét phu gia nhu N-hydroxysuxinimit (HOSu), 1-hydroxybenzotriazol (HOBt) va 1-
hydroxy-7-azabenzotriazol (HOAt) d6i khi dugc st dung mot cach thich hop dé khién
cho phan ng xay ra thuin loi.

Pé lam dung moéi, N,N-dimetylformamit, diclometan, tetrahydrofuran,
axetonitril hozc hdn hop gém cac chat nay co thé duoc dé cap.

Nhiét d6 phan Gng thuong nim trong khoang tir 0 dén 60°C va thoi gian phan
ung thuong nam trong khoang tir 1 dén 12 gio.

(Budc D3) Bude vong hoa
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Pay 12 bude dé thu dugc hop chét (D-IV) tir hop chét (D-1II) bang cach sir dung
chét loai nudc.

Cac vi du vé chit loai nuéc bao gﬁ“)m mudi ndi cla
(metoxycarbonylsulfamoyl)trietylamoni ~ hydroxit, ~ phosphoryl  clorua, axit
polyphosphoric, axit sulfuric, triphenylphosphin/iot, tosylat va tosyl clorua.

Pé lam dung moi, toluen, axetonitril, diclometan hodc hoén hop gém cac dung
moi ndy c6 thé duge dé cap. Dung mdi c6 thé khong duoc st dung.

Nhiét d6 phan tng thuong nim trong khoang tir 0 dén 100°C va thoi gian phan
ng thudong nim trong khoang tir 0,5 dén 24 gio.

Phuong phap E

Phuong phép E 1a phuong phap didu ché hop chét (E-III) theo sdng ché tir hop

chét (B-T) (tvong dwong véi hop chit (D-IT) duoc st dung trong Phuong phép D).
[Cong thuc 12]

Bwdc E1
RY _OH RY
O O CH JN'\ Q p ¢t
L\ RN, NH, o/ o
r+© o ] R3J§N”o 0
o Axyl hoa o]
o cl - o d R
E-| E-ll
RL
Buoc E2 O 0o CHj
[ ;
— N ;g::>:o
Vong hoa R3\<\ \O L OO
N-— \R2
E-llI

trong d6 R!, R%, R? va R* 1a nhu duge xdc dinh & trén.

(Buéc E1) Buéce axyl hoa bang amidoxim

Pay 1a budc dé thu dugc hop chét (E-IT) tir hop chat (E-I) bang cach sir dung
amidoxim tuong Gng voi sy c6 mét ciia bazo.

Cac vi du v& bazo bao gdm trietylamin, diisopropyletylamin,
dimetylaminopyridin, kali cacbonat, natri cacbonat, kali hydroxit va natri hydroxit.

Chét phu gia nhu N-hydroxysuxinimit (HOSu), 1-hydroxybenzotriazol (HOBt) va 1-
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hydroxy-7-azabenzotriazol (HOAt) doi khi dugc sir dung mot céch thich hop dé khién
cho phan ung xay ra thuén lgi.

Pé lam dung modi, N,N-dimetylformamit, diclometan, tetrahydrofuran,
axetonitril hoic hdn hop gdm cac chét ndy c6 thé dugce dé cép.

Nhiét d6 phan tng thudong ndm trong khoang tir nhiét do trong phong dén 80°C
va thoi gian phan tng thudong nim trong khoang tur 1 dén 12 gio.

(Buéc E2) Budce vong hoa

Pay 1a bude dé thu duoc hop chét (E-IIT) bing cach khuy hop chét (E-IT) trong
dung moi & nhiét d§ trong phong hodc trong diéu kién gia nhiét.

Pé 1am dung moéi, toluen, N,N-dimetylformamit, diclometan, tetrahydrofuran,
axetonitril hodc hdn hop gdm céc chét nay c6 thé dugc dé cap.

Nhiét d6 phan Ung thuong nam trong khoang tir nhiét d¢ trong phong dén
100°C va thoi gian phan Ung thuong nam trong khoang tr 0,5 dén 24 gio.
Phuong phép F

Phuong phap F 1a phuong phép didu ché hop chét (F-V) theo sang ché tir hop
chét (F-I) (twong duong v6i hop chét (C-II) duoc st dung trong Phuong phép C).

-22-



32447

[Cong thuc 13]

1 1
R

0 O CH, Buwéc F1 ) ’O CH, Buwéc F2
| 3 z
. Zn(CN H,N-OH
@:O (N = /@(/}Q:O 2 =
TfO 0 Xyanua hoéa NC O Cong
ca O ca G
2 2
R R
F-| F-Il
R ' R
S0 o CH, Buoc F3 S0 o CH,
Iz R3CO_H I
N N
HO Oo Axyl héa RS/U\O’ Oo
NH, Cl 2 NH, Cl 2
F-ll F-I\v
1
R<
0
Buoc F4 O GHs
3 (0]
Vong hoa R—¢ | 0
o-N Cli 5
R
F-Vv

trong d6 R!, R%, R3, va Tf 12 nhu duoc x4c dinh & trén.

(Bude F1) Bude xyanua hoa bang cach str dung chét xtc tac kim loai chuyén
tiép

bay 1a budc dé thu duoc hop chét (F-II) tir hop chét (F-I) véi su c6 mit ctia kém
xyanua va chit xtic tac paladi va v6i sy ¢6 mét hodc véng mit phosphin.

Céc vi du vé& chét xuc tac paladi bao gbm tris(dibenzylidenaxeton) dipaladi,
bis[tri(tert-butyl)phosphin]paladi, tetrakis (triphenylphosphin)paladi va
bis(trifloaxetoxy)paladi.

Céc vi du vé phosphin bao gdm triphenylphosphin, tri(tert-butyl)phosphin, tri-o-
toluylphosphin, diphenylphosphinoferoxen va diphenylphosphinobutan. Pé lam dung
mdi, N-metyl-2-pyrolidon hodc N,N-dimetyl formamit hodc hdn hop gdm cac chét nay
c6 thé duoc dé cap.

Nhiét do phan tng thuong nam trong khoang ttr 80 dén 120°C va thoi gian phan
ung thuong nam trong khoang tir 1 dén 8 gio.

(Bude F2) Bude cong hydroxylamin
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Day 1a budc dé thu dwoc hop chét (F-III) tir hop chét (F-II) bang cach sit dung
hydroxylamin.

Pé lam dung moi, metanol, etanol, dimetylsulfoxit, nudc hodc hdn hop gém cac
dung méi nay c6 thé dugc dé cap.

Nhiét d6 phan Ung thuong ndm trong khoang tr nhiét do trong phong dén
100°C va thoi gian phan tng thuong nam trong khoang tr 0,5 dén 24 gio.

(Budc F3) Budce axyl hoa oxim

Pay 1a buge dé thu dugc hop chit (F-IV) tir hop chét (F-IIT) bang cach st dung
twong (g axit carboxylic véi su c6 mat cia chit 1am ngung tu va bazo.

Céc vi du vé& chét 1am ngung tu bao gdm O-(7-azabenzotriazol-1-yl)-N,N,N',N'-
tetrametyluronium hexaflophosphat (HATU), 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-
metylmorpholinium  clorua  (DMT-MM)  va 1-(3-dimetylaminopropyl)-3-
etylcarbodiimit (WSC hoac EDCI).

Cic vi du v& bazo bao gdm trietylamin, diisopropyletylamin va
dimetylaminopyridin.

Chét phu gia nhu N-hydroxysuxinimit (HOSu), 1-hydroxybenzotriazol (HOBt)
va 1-hydroxy-7-azabenzotriazol (HOAt) ddi khi dugc st dyng mét cach thich hop dé
khién cho phan tng xay ra thuén loi.

Pé lam dung moi, etanol, tetrahydrofuran, axetonitril, N,N-dimetylformamit,
diclometan, toluen hogdc hdn hop gdm cac dung mdi ndy co thé dugc dé cap.

Nhiét do phan tmg thudng nim trong khoang tir nhiét do trong phong dén 60°C
va thoi gian phan img thudng nam trong khoang tir 0,5 dén 24 gio.

(Budc F4) Bude vong hoa

Pay 1a bude dé thu dwoc hop chat (F-V) bang cach khudy hop chét (F-IV) trong
dung moi ¢ nhiét do trong phong hodc trong diéu kién gia nhiét.

Pé lam dung mdi, toluen, N,N-dimetylformamit, diclometan, tetrahydrofuran,
axetonitril hodc hdn hop gém cac chat nay c6 thé duoc dé cap.

Nhiét dd phan ung thuong nim trong khoang tir 60 dén 120°C va thoi gian phan
{ng thuong nim trong khoang tir 0,5 dén 24 gio.

Phuong phap G
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Phuong phap G la phuong phap didu ché hop chat (G-III) theo séng ché tir hop
chat (G-1).
[Cong thirc 14]

H,C
0 o CH, Buoc G1 OH O CH,
| = T
3 s 0] > 3 % 0]
R\A/i\( :O : Loai metyl R\A/<j:o :
0 0
Cl \ Cl .
R? R?
G-l G-l
R1
Buoc G2 N0 o CH,
| H
1 5
RX g o
RS, o
Alkyl hoa o
Cl 5
R
G-lil

trong d6 R!, R%, R3, A va X 1a nhu dugc xdc dinh & trén.

(Bude G1) Budc loai metyl

Pay 1a bude dé thu dugc hop chit (G-II) tir hop chat (G-I) theo ciing cch nhu &
buéc Bl1.

(Budc G2) Budce alkyl hoa

Day 1a budce dé thu duoc hop chat (G-III) tir hop chéit (G-II) theo cung cach nhu
O bude A2.
[Phurong phép H]

Phuong phap H 14 phuong phap didu ché hop chét (H-I) theo sang ché tir hop
chét (H-II) bing céch tach nhom bao vé dugc chira trong R! hodc R* dé chuyén hoa no

thanh R! ho#ic R3.
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[Cong thire 15]
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trong d6 R, R%, R? va A 1a nhu duge x4c dinh & trén; R" va R3¥1aR! va R? dugc
bao v&, vi du, nhém hydroxyC1-C6 alkyl dugc bao vé béng nhém bao v€ nhu nhéom
tetrahydropyranyl va nhoém t-butyldimetylsilyl, néu R! 14 nhém hydroxyC1-C6 alkyl.

(Buéc H1) Buéce khur bao vé

(Trudng hop nhom tetrahydropyranyl (THP))

Pay 1a budc dé thu duge hop chét (H-ID) tir hop chit (H-I) chita nhém hydroxy
dugc bao vé bang nhom tetrahydropyranyl bang cach str dung axit.

Céac vi du v& axit bao gém axit clohydric, axit sulfuric, axit clohydric-metanol,
axit clohydric-1,4-dioxan, axit clohydric-etyl axetat, axit axetic, axit p-toluensulfonic
va pyridin p-toluensulfonat.

Pé lam dung moi, metanol, etanol, tetrahydrofuran, nu6c hodc hdn hop gbém cac
chit nay c6 thé duogc dé cap.

Nhiét d6 phan tng thuong nim trong khoang tir 0 dén 80°C va thoi gian phan
tng thudong nim trong khoang tir 0,5 dén 24 gio.

(Truong hop nhom silyl)

Trong budc nay, nhém silyl dung dé chi nhom silyl ma thuong duge sur dung
lam nhom bao vé trong qué trinh tong hop, nhu nhém trimetylsilyl va nhém t-
butyldimetylsilyl.

Day 1a buée dé thu dwgc hop chét (H-IT) tir hop chét (H-I) chira nhém hydroxy

va dugc bao vé bang nhém silyl bang cach sir dung chét phan tmg tdch nhom silyl.
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Céac vi du vé& chét phan tmg tdch nhom silyl bao gbm axit va tetrabutylamoni
florua (TBAF), hydro florua va hydro florua pyridin.

Cac vi du vé axit bao gdm axit clohydric, axit sulfuric, axit clohydric-metanol,
axit clohydric-1,4-dioxan, axit clohydric-etyl axetat, axit axetic, axit p-toluensulfonic
va triflo axit axetic. Axit co thé dugc sir dung trong phan tng v6i lugng xuc tac.

Pé lam dung modi, metanol, etanol, tetrahydrofuran, 1,2-dimetoxyetan, 1,4-
dioxan, axetonitril, nudc hodc hdn hop g(‘Sm cac chét nay cé thé dugc dé cap.

Nhiét d phan tng thuong nim trong khoang tir 0 dén 60°C va thoi gian phan
ung thuong nim trong khoang tir 0,5 dén 24 gio.

Céc hop chit duoc didu ché bang cac phuong phap trén ddy co thé duge tach
riéng va tinh ché bang phuong phap da duoc biét dén trong linh vuc k¥ thuat nay, nhu
chiét, két tiia, chung cét, sic ky, tai két tinh phan doan va tai két tinh.

Néu hop chét hodc hop chét trung gian c6 cacbon bét dbi, thi n6 c6 céc chit
ddng phan quang hoc. Céc chét ddng phan quang hoc nay ¢ thé duoc tach khoi nhau
va tinh ché bang phuong phép thong thudong nhu tai két tinh phan doan (phan doan
muéi) bing céch sir dung qué trinh téi két tinh bing mudi thich hop, va sic ky cot. D
véi phuong phép phin doan chéat ddng phan quang hoc tur thé raxemic, tham khdo tai
liéu: J. Jacques et al, "Enantiomers, Racemates and Redung dich, John Wiley and Sons,
Inc.".

(Dang liéu)

Lién quan dén duong dung, viéc ding qua dudng miéng bang cach st dung vién
nén, vién tron, vién nang, thude cém, thudc bot hodc thube dang léng; hodc viée st
dung ngoai dudng tiéu hoa bing cach sir dung thudc tiém nhu thudc tiém trong khép,
trong tinh mach hodc trong co, thudc dan, thudc nhd mét, pomat tra mét, thudc nuée
dung qua da, thudc bdi déo, miéng dan ding qua da, thudc nudc dung qua niém mac,
miéng dan ding qua niém mac hodc thudc hit, ¢6 thé duge st dung.

O dang ché phdm dang rén dé dung qua dudng miéng, vi dy, vién nén, thudc bot
va thude ¢dm duoc sir dung. Trong ché phém dang ran nhu vdy, mot hodc hai hodc
nhiéu hoat chét duoc tron véi it nhit mot loai t4 duge khong c6 hoat tinh nhu lactoza,

manitol, dextroza, hydroxypropyl xenluloza, xenluloza vi tinh thé, tinh bat,
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polyvinylpyrolidon va/hodc magie aluminometasilicat. Trong ché phdm nhu vay, chét
phu gia khong c6 hoat tinh nhu chit 1am tron (vi du, magie stearat), chét gy rd nhu
tinh bot natri carboxymetyl, chit 1am dn dinh va/hoic chét hoa tan, c6 thé dugce thém
vao theo phuong phap thong thuong. Vién nén hodc vién tron, néu cén, c6 thé dugc
bao bing dudng, mang tan dugc trong da day hodc mang tan trong rudt.

Céc vi du vé ché phidm dang 16ng dé dung qua duong miéng bao gdm nhii twong,
dung dich, hdn dich, sird va cdn ngot dugc dung. Ché pham dang long nhu vy chira
chét pha lodng khong c6 hoat tinh thudng duge sir dung, nhu nuge tinh khiét hodc
etanol. Ché phdm dang 16ng c6 thé chua chit phu gia nhu chit hoa tan, chét lam uét
hoac chit tao hén dich, chit 1am ngot, chit diéu vi, chét thom hoic chét sat khudn,
ngoai chét pha loang khong c6 hoat tinh.

Céc vi du vé thudc tiém dé dung ngoai dudng tiéu hoa bao gbm dung dich, hdn
dich va nhii tvong v6 khuén chira nudc hode khong chira nude. Cac vi du vé dung mdi
nude bao gdm nude cét dé tiém va nuéc mudi sinh 1y. Céc vi du vé dung mdi khong
chira nude bao gdm propylen glycol, polyetylen glycol, du thuc vat nhu dau oliu,
rugu nhu etanol va Polysorbate &0. Ché pham nhu vay c6 thé con chtra chét didu chinh
truong luc, chét bao quan, chit 1am w6t, chit tao nhii, chét phén tan, chit 1am 6n dinh
hodc chét hoa tan. Ché phrfun nhu vay dugce khu khuén, vi du, béng cach loc qua bd loc
khir khuén, bd sung chét khir tring hodc chiéu xa. Theo cach khéc, ché pham dang ran
vd khuén duoc bao ché va hoa tan hodc tao hdn dich trong nude vo khudn hodc dung
moi vo khuan dé tiém ngay trude khi st dung va sau d6 duoc dua vao sur dung.

Céc vi du v& dang bao ché ding ngoai bao gdm thude bdi déo, thubc dan, kem,
gel, thude dip, thude xit, thudc xtrc, thudc nho mat va pomat tra mit. Dang bao ché
dung ngoai nhu vat chua, vi du, nén thubc boi déo, nén thudc xtrc, dung dich nudc
hodc khong chira nuéc, hdn dich hodc nhil twong thuong dugc st dung. Cac vi du vé
nén thube bdi déo hodc nén thude xtrc bao gébm polyetylen glycol, propylen glycol,
vazolin tring, sap ong, dau thdu diu polyoxyetylen dugc hydro hoa, glyxeryl
monostearat, ruou stearyl, rugu xetyl, lauromacrogol va sorbitan sesquioleat.

O dang thubc xdng va téc nhan dung qua niém mac nhu tac nhan ding qua mili,

ché phim dang ran, 16ng hodc ban ran duge sir dung va c6 thé dugc bao ché bang
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phuong phép da duoc biét dén trong linh vuc k¥ thuat nay. Tac nhan nhu vay c6 thé
chtra theo cach thich hop, vi dy, td dugc da duoc biét dén trong linh vyc k¥ thut nay,
ngoai ra 13, chat diéu chinh d6 pH, chit bao quan, chét hoat dong b& mit, chat 1am tron,
chét 1am 6n dinh hoic chit lam dic. Dung cu thich hop dé x6ng hoac bom khi c6 thé
dugc st dung dé dung thubc; cu thé hon, dung cu da dugce biét dén trong linh vuc k¥
thuat nay nhu dung cu x6ng dinh lidu hodc binh xit duoc st dung. Hop chét (theo sang
ché) ¢ thé duoc st dung mot minh hodc & dang ché phém, & dang bdt; hodc dugce st
dung két hop véi chét mang dugc dung ¢ dang dung dich hodc hén dich. Dung cu
x6ng nhu dung cu xong bot kho co thé duoc str dung dé dung thudc mdt 1an hodc ding
thudc nhiéu 1an. Bot kho hodc nang chira bot co thé duoc sir dung. Theo céach khéc,
dung cu x0ng cé thé 1a binh xit khi dung dugc gia 4p st dung chit ddy thich hop,
nghia 1a khi thich hop nhu clofloalkan, hydrofloalkan hodc cacbon dioxit.

(Liéu luong)

Trong truong hop dung qua dudng miéng, lidu luong thich hop mdi ngay theo
trong lugng thuong la khoang 0,001-100 mg/kg, t6t hon 12 0,1-30 mg/kg, va tét hon
nita 12 0,1-10 mg/kg. Liéu luong nay dugc st dung & dang liéu don hodc & dang hai
hodc nhiéu lidu. Trong trudng hop st dung trong tinh mach, 1idu luong thich hgp mdi
ngay theo trong lugng 1a khoang 0,0001-10 mg/kg va duogc st dung & dang lidu don
mdi ngay hodc & dang nhiéu liéu. Trong trudng hop tic nhan dung qua niém mac, lidu
lugng theo trong lugng 1a khoang 0,001-100 mg/kg, va duoc st dung ¢ dang lidu don
hogc nhiéu lidu. Liéu lugng duoc x4c dinh mot céch thich hop va riéng ré khi xem xét
triéu chimg, d6 tudi va gidi tinh cla c4 nhan.

(St dung két hop)

Trong sang ché, hop chit theo sang ché co thé duge st dung két hop véi cac
loai tac nhén tri liéu hodc tdc nhin phong bénh khac nhau ma duogc cho la c6 tic dung
dbi v6i bénh. Tac nhan ma s& dugc st dung két hop c6 thé duoc st dung dong thoi
hoic theo trinh ty ho#c gidn doan ¢ cac khoang thoi gian mong muén. Céac dang bao
ché dé duoc sir dung ddng thdi co thé 1a thudc t6 hop hodc céc thudc riéng ré.

(Vi du bao ché 1) Thubc dang bot
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Hop chat theo sing ché (5 g), lactoza (895 g) va tinh bot ngd (100 g) duogc tron
trong mdy tron dé thu duoc thube dang bot.

(Vi du bao ché 2) Thube cém

Hop chét theo séng ché (5 g), lactoza (865 g) va hydroxypropyl xenluloza duoc
thé thdp (100 g) dugc tron va sau d6 dung dich hydroxypropyl xenluloza 10% trong
nude (300 g) duge thém vao va hén hop dwge nhao trdn, tao hat béng thiét bi tao hat
ép dun, va sdy dé thu duogc thubc com.

(Vi du bao ché 3) Vién nén

Hop chét theo sang ché (5 g), lactoza (90 g), tinh bdt ngd (34 g), xenluloza tinh
thé (20 g) va magie stearat (1 g) dugc tron trong mdy tron va ép thanh vién nén bing
may tao hat dé thu dugc vién nén.

Hoat tinh duoc 1y cia hop chat theo séng ché hodc mubi duoc ly dung ctia né
duoc kiém tra bang thir nghiém sau day.

(Vi du thir nghiém) Xac dinh muc dd rc ché TNF-a

Chét thtr nghiém dugc tao huyén phu trong metyl xenluloza 0,5% (trong
lwong/thé tich) va duge st dung qua dudng miéng cho chudt & lidu 100 mg/kg. Mot
gidr sau, lipopolysacarit (LPS, Sigma-Aldrich, L2630 (tén thuong mai)) (0,4 mg/kg)
dugce st dung trong phic mac dé gay viém. Mot gio sau khi sir dung LPS, méu dugc
liy tir tinh mach chu trong diéu kién gdy mé bang isofluran, dua vao bng chura chét
tach huyét thanh, dé dimg yén & nhiét do trong phong trong thoi gian 20-30 phut va ly
tam & nhiét d6 4°C & tbc dd 12000 vong/phut trong thoi gian 5 phit dé thu dugc huyét
thanh. Sau d6, luong TNF-a trong huyét thanh duge x4c dinh bang cach st dung kit
Elisa x4c dinh TNF-o & chudt (Invitrogen, KMC3011C (tén thuong mai)) hodc kit thir
nghiém mién dich xdc dinh TNF-a & chudt (PerkinElmer, AL505 (tén thuong mai))
theo th tuc cua kit. Huyét thanh dugc pha lodng 10 lin bing dung dich pha lodng
duoc chira trong kit va dua vao st dung.

Mt dd e ché TNF-o (%) cliia chét tht nghiém duogc tinh theo biéu thtc sau

day.
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Mtc do e ché TNF-a (%) = [(lugng TNF-o ciia nhom d6i chung) — (lugng

TNF-o. ciia nhém st dung chit thir nghiém)] x 100/(lugng TNF-o. ctia nhom dbi

chirng)
[Bang 1]

Vi dusb Me dd e ché TNF-a. (%)
Griseofulvin 19
1 62
2 71
3 65
4 73
5 70
6 55
7 65
8 38
9 65
10 58
11 61
12 61
13 82
14 24
15 55
16 62

Vi du thyc hién sang ché

Bay gi0, sang ché s& duoc mo ta cu thé hon nho cac vi du va vi du thir nghiém.
Tuy nhién, sdng ché khong bi gi¢i han boi céc vi du nay.

Trong cac vi du sau day, thu dugc phd cong hudng tir hat nhan (sau day goi 1a
IH NMR) bing cach sir dung tetrametylsilan 1am chit chudn va cic tri sb do dich
chuyén héa hoc duoc thé hién bang tri sd & (phan triéu (ppm: parts per million)).
Trong mau hinh tach vach, vach don duoc biéu dién béng s, vach doi 1a d, vach ba la t,
vach bdn 14 q, vach boi 1a m va vach rong 12 br.
Vidul

(28,5'R)-7-clo-6-(2-hydroxyetoxy)-3',4-dimetoxy-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion

(1a)

(28,5'R)-7-clo-6-hydroxy-3',4-dimetoxy-5'-metyl-spiro[benzofuran-2,4'-

xyclohex-2-en]-1',3-dion
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(+)-Griseofulvin (sb CAS: 126-07-8, ma san pham: G0384 (dugc san xuét boi
Tokyo Kasei Kogyo Co., Ltd.)) (50 g), kali iodua (23,5 g) va 18-crao-6-ete (41,2 g)
duoc hoa tan trong pyridin (500 ml), khudy & nhiét @6 120°C trong thoi gian 9 gio va
dé dung yén & nhiét do trong phong qua dém.

Hbn hop phan tmg dugc c¢d ddc. Dung dich natri bicacbonat 4% trong nudc
duge thém vao hdn hop nay. Hon hop phéan ang duge rira hai 14n bing etyl axetat. L6p
nuée duge trung hoa bang axit clohydric 1 mol/l va chiét bing etyl axetat. L6p hitu co
dugc rira bang nude va nude mudi bdo hoa va 1am kho bing natri sulfat khan. Dung
Jnéiduqcchungcétduéiépsuétgﬁnlvécanthuduqcduqcﬁnhchébéngcédas&:ky
cdt silicagel [dung moi gidi hép: diclometan/etanol = 99/1 (theo thé tich)] dé thu dwgc
san pham thd (19,4 g).

Etyl axetat dugc thém vao san phim thd dé hoa ran san pham nay. Hon hop
duge loc d& thu duoc hop chit néu & d& muc (15,2 g (hiéu sudt: 32%)) & dang chét rén
mau tréng.

(1b)

(28,5'R)-7-clo-6-(2-hydroxyetoxy)-3',4-dimetoxy-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duoc tir Vi du 1 (1a): (2S,5'R)-7-clo-6-hydroxy-3',4-dimetoxy-5'-
metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion (0,1 g) dugc hoa tan trong N,N-
dimetylformamit (3 ml). 2-bromoetanol (0,0738 g) va kali cacbonat (0,102 g) duoc
thém vao hdn hop nay va khudy & nhiét o 100°C trong thoi gian 6 gio.

Hon hop phan ung dugc rét vao nude va chiét bang etyl axetat. Lép hitu co
duogc rira bang nude va nude mudi bdo hoa va 1am kho bang natri sulfat khan. Dung
mdi duge chung cit dudi ap suét giam va cin thu duge dugce tinh ché bang cach sic ky
cot silicagel [dung moi gidi hép: etyl axetat] @2 thu duoc hop chit néu & d& muc (38
mg (hiéu sult: 34%)) & dang chét rdn mau vang nhat.

Vidu2

(28,5'R)-7-clo-3',4-dimetoxy-6-(2-metoxyetoxy)-5'-metyl-spiro[benzofuran-

2,4'-xyclohex-2-en]-1',3-dion

-32-



32447

Hop chét thu duge tir Vi du 1 (1a): (2S,5'R)-7-clo-6-hydroxy-3',4-dimetoxy-5'-
metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion (30 mg) dugc hoa tan trong
N,N-dimetylformamit (1 ml). 2-bromoetyl metyl ete (136 mg) va kali cacbonat (135
mg) duge thém vao hdn hop nay. Hon hop phén mg duoc khudy & nhiét do 80°C
trong thoi gian 6 gio.

Hon hop phan tng nay dugc rét vao nudc va chiét bang etyl axetat. Lép hitu co
duge rira bang nudc va nude mudi bdo hoa va 1am kho bing natri sulfat khan. Dung
mdi dugc chung cit dudi 4p sut gidm va cin thu duge duoc tinh ché bang cach sic ky
cot silicagel [dung mdi gidi hép: etyl axetat] dé thu duoc hop chét néu & dé muc (20
mg (hiéu suét: 57%)) & dang chét rdn mau tring.

Vidu3

(28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(1-metylpyrazol-3-yl)spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion

(3a)

[(2S,5'R)-7-clo-1'",4-dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-
xyclohexen]-6-yl] triflometansulfonat

Hop chit thu dugc tir Vi du 1 (1a): (2S,5'R)-7-clo-6-hydroxy-3',4-dimetoxy-5'-
metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion (20 g) duwoc hoa tan trong
diclometan (300 ml). N-phenylbis(triflometansulfonimit) (25,3 g) va trietylamin (20,6
ml) dugce thém vao hdn hgp nay. Dung dich phan tng dugc dé dung yén & nhiét do
trong phong qua dém.

Dung dich phan Gng nay dugc pha lodng bang diclometan. Lép hitu co dugc rira
bing nudc va nudc mudi bio hoa va 1am kho bang natri sulfat khan. Dung mdi dugc
chung cét dudi ap suit giam va cin thu dugc dugc tinh ché bang cach sic ky cot
silicagel [dung mdi gidi hép: n-hexan/etyl axetat = 8/2-3/7 (theo thé tich)] dé thu dugc
hop chit néu & dé muc (23,5 g (hiéu suét: 85%)) & dang chét rin mau tring.

(3b)

(28,5'R)-7-clo-3",4-dimetoxy-5'-metyl-6-(1-metylpyrazol-3-yl)spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion
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Hop chét thu duge tir Vi du 3 (3a): [(2S,5'R)-7-clo-1',4-dimetoxy-5'-metyl-3,3'-
dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-yl] triflometansulfonat (76 mg) duoc hoa
tan trong N,N-dimetylformamit (1,6 ml). 1-metyl-3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol (0,0403 g), kali cacbonat (0,0669 g) va chét phu gia
[1,1'-bis(diphenylphosphino)feroxen]paladi (IT) diclorua diclometan (0,0131 g) duogc
thém vao hdn hop nay & nhiét do trong phong. Hdn hop duoc khudy & nhiét do 80°C
trong thoi gian 3 gio.

Sau khi nhiét d6 cia hdn hop phan (mg da trd lai nhiét d§ trong phong, hdn hop
phan tng nay dugc pha lodng bing etyl axetat va chit khong tan dugc loc bé. Dich loc
duoc rét vao nudce va chiét bang etyl axetat. L6p hitu co dugce rira bang nudc va nuéce
mudi bio hoa va 1am khd bing natri sulfat khan. Dung mdi dugce chung cat dudi ap
suit giam va cin thu duge dugce tinh ché bang cach sic ky cot silicagel [dung mdi giai
hdp: n-hexan/etyl axetat = 1/1-0/1 (theo thé tich)] dé thu duge hop chat néu & d& muc
(27 mg (hiéu suit: 42%)) & dang chét rdn mau tring.

Vidu 4

(28,5'R)-7-clo-6-(1-etylpyrazol-3-yl)-3',4-dimetoxy-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu dugc tir Vi du 3 (3a): [(2S,5'R)-7-clo-1',4-dimetoxy-5'-metyl-3,3'-
dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-yl] triflometansulfonat (0,5 g) dugc hoa
tan trong toluen (10 ml). 1-etyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol (0,283 g), clo(2-dixyclohexylphosphino-2',4',6"-triisopropyl-1,1'-biphenyl)[2-
(2'-amino-1,1'-biphenyl)]paladi (IT) (0,167 g) va dung dich natri hydro cacbonat béo
hoa trong nudce (5 m) duoc thém vao hdn hop nay. Hon hop phan ung duge khudy &
nhiét d6 90°C trong thoi gian hai gio.

Hon hop phan tng nay dugc rot vao nudce va chiét bang etyl axetat. L6p hitu co
duoc rira bing nude va nude mudi bio hoa va lam khod bang natri sulfat khan. Dung
mdi dugc chung ct dudi 4p sudt giam va cin thu duge duge tinh ché bang cach sic ky
cot silicagel [dung méi gidi hdp: n-hexan/etyl axetat = 1/1-0/1 (theo thé tich)] dé thu
duoc hop chét néu & dé muc (266 mg (hiéu sut: 60%)) & dang chét rén mau tring.

Vidu5
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(2S,5'R)-7-clo-3',4-dimetoxy-5'"-metyl-6-(5-metyl-1,3,4-oxadiazol-2-
yD)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(5a)

(2,4,6-triclophenyl) (28,5'R)-7-clo-1',4-dimetoxy-5'"-metyl-3,3'-dioxo-
spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat

Hop chét thu dugce tir Vi du 3 (3a): [(2S,5'R)-7-clo-1',4-dimetoxy-5'-metyl-3,3'-
dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-yl] triflometansulfonat (20 g) dugc hoa tan
trong toluen (200 ml). Paladi axetat (II) (0,477 g), 4,5-bis(diphenylphosphino)-9,9-
dimetylxanten (2,46 g) va N,N-diisopropyletylamin (14,8 ml) dugc thém vao hdn hop
nay. Hbn hop phéan tng dugc gia nhiét dén nhiét do 80°C.
2,4,6-triclophenyl format (12,5 g) duoc chia thanh ba phén, cac phan nay dugc thém
cach nhau 30 phut vao hdn hop phéan tng.

Sau khi hdn hgp phan ung duogc khudy & nhiét do 80°C trong thoi gian 30 phut,
hdn hop phan tmg duge rét vao nude va chiét bang etyl axetat. L6ép hitu co duge ria
bing nudc va nude mubi bio hoa va lam khod bang natri sulfat khan. Dung mdi dugc
chung cit dudi 4p suit giam va cin thu duogc dugc tinh ché bing cach sic ky cot
silicagel [dung mdi giai hip: n-hexan/etyl axetat = 7/3-3/7 (theo thé tich)] dé thu duogc
hop chét néu ¢ dé muc (19,5 g (hidu sudt: 84%)) & dang chit rin mau tring.

(5b)

(2S,5'R)-N'-axetyl-7-clo-1',4-dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-
2,6'-xyclohexen]-6-carbohydrazit

Hop chét thu duge tir Vi du 5 (5a): 2,4,6-triclophenyl) (2S,5'R)-7-clo-1',4-
dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat (35 g)
duoc hoa tan trong diclometan (400 ml). 3H-1,2,3-triazolo[4,5-b]pyridin-3-ol (8,72 g),
axetohydrazit (do tinh khiét: 90%, 7,12 g), 4-dimetylaminopyridin (0,783 g) va
trietylamin (26,8 ml) dugc thém vao hdn hop ndy. Dung dich phan tmg dugc dé dimg
yén & nhiét do trong phong qua dém.

Dung dich phan tng nay duoc rua bang nude va nudce mudi bdo hoa va 1am kho
bing natri sulfat khan. Dung moi dugc chung cht dudi 4p suét giam va cin thu dugc

duoc tinh ché bang cach sic ky cot silicagel [dung moi giai hép: metanol/etyl axetat =
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0/10-1/9 (theo thé tich)] d& thu dugc hop chét néu & d& muc (23,4 g (hiédu suat: 86%))
& dang chat rin mau trang.

(5¢)

(2S,5'R)—7-clo-3’,4-di1netoxy-5‘-metyl-6-(5-metyl—1,3,4-oxadiaz01-2-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duoc tr Vi du 5 (5b): (2S,5'R)-N'-axetyl-7-clo-1',4-dimetoxy-5'-
metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carbohydrazit (0,25 g) dugc
hoa tan trong toluen (5 ml) va l4-dioxan khan (5 ml). Mubi ndi
(metoxycarbonylsulfamoyl)trietylamoni hydroxit (0,169 g) duoc thém vao hdn hop
nay. Hdn hop phan ung duoc khudy & nhiét @6 60°C trong thoi gian mot gio.

Thém nudc vao hdn hop phan tmg ndy. Hon hop phan tng dugc chiét bang etyl
axetat. Lép hitu co duoc rira bing nudc mudi bdo hoa va lam kho bang natri sulfat
khan. Dung mdi dugc chung cAt dudi 4p suat gidm va cin thu duoc dugc tinh ché bang
cach sic ky cot silicagel [dung mdi giai hédp: n-hexan/etyl axetat = 1/1-0/1 (theo thé
tich)] dé thu duoc hop chit néu ¢ d& muc (49 mg (hiéu suét: 20%)) ¢ dang chét rin
mau tring.

Vidu6

(2S,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(3-metyl-1,2,4-oxadiazol-5-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(6a)

[(Z)-1-aminoetylidenamino]  (2S,5'R)-7-clo-1',4-dimetoxy-5'-metyl-3,3'-dioxo-
spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat

Hop chit thu duge tr Vi du 5 (5a): (2,4,6-triclophenyl) (25,5'R)-7-clo-1',4-
dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat (3 g)
dugc hoa tan trong diclometan (50 ml). N'-hydroxyetanimidamit (0,488 g), 3H-1,2,3-
triazolo[4,5-b]pyridin-3-ol (0,748 g), 4-dimetylaminopyridin (0,0671 g) va trietylamin
(2,28 ml) duoc thém vao hdn hop nay. Dung dich phan tng dugc dé dung yén & nhiét
do trong phong qua dém.

Dung dich phan tng nay dugc pha loang bang etyl axetat va I16p hitu co dugc

rira bing nuéc va nudc mudi bdo hoa va lam khd bang natri sulfat khan. Dung moi
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duoc chung cit dudi ap suét giam va cin thu duge dugc tinh ché bang cach sic ky cot
silicagel [dung mdi giai hip: n-hexan/etyl axetat = 80/20-0/100 (theo thé tich)] dé thu
duoc hop chét néu & dé muc (2,32 g (hiéu suét: dinh luong)) & dang chét rin mau tring.

(6b)

(2S,5'R)-7-clo-3'",4-dimetoxy-5'"-metyl-6-(3-metyl-1,2,4-oxadiazol-5-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duge tr Vi du 6 (6a): [(Z)-1-aminoetylidenamino] (2S,5'R)-7-clo-
1' 4-dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat
(0,95 g) duoc hoa tan trong toluen (20 ml). Dung dich phéan tmg dugc khudy ¢ nhiét do
110°C trong thoi gian 6 gid va c¢d dac. Can thu duogc dugc tinh ché bing cach sic ky
cot silicagel [dung moi gidi hdp: n-hexan/etyl axetat = 8/2-3/7 (theo thé tich)] va
nghién véi n-hexan va etyl axetat dé thu duoc hop chét néu & dé muc (756 mg (hiéu
suét: 83%)) & dang chét rin mau tréng.

Vidu7

(2S,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(5-metyl-1,2,4-oxadiazol-3-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(7a)

(2S,5'R)—7-clo-1',4-dimetoxy-5'-metyl-3,3'-diox0-spiro[benzofuran-2,6'-
xyclohexen]-6-carbonitril

Hop chét thu duoc tir Vi du 3 (3a): [(2S,5'R)-7-clo-1',4-dimetoxy-5'-metyl-3,3"-
dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-yl] triflometansulfonat (1 g) dugc hoa tan
trong N,N-dimetylformamit (10 ml). Tetrakis(triphenylphosphin)paladi (0) (0,245 g)
va k&m xyanua (0,499 g) dugc thém vao hdn hop nay. Hon hop phan Gmg dugc khudy
& nhiét do6 90°C trong thoi gian 5 gio.

Hon hop phén tng nay dugc rot vao nude va chiét bang etyl axetat. Lop hitu co
duoc rira bang nudc va nudc mudi bio hoa va lam kho bing natri sulfat khan. Dung
mdi duoc chung cit duéi ap sudt giam va cin thu duge dugc tinh ché bang cach sic ky
cOt silicagel [dung mdi gii hép: n-hexan/etyl axetat = 8/2-3/7 (theo thé tich)] dé thu
duoc hop chét néu & d& muc (540 mg (hiéu sudt: 73%) & dang chét rin mau vang nhat.

(7b)
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(2S,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(5-metyl-1,2,4-oxadiazol-3-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu dugc tir Vi du 7 (7a): (2S,5'R)-7-clo-1',4-dimetoxy-5"-metyl-3,3'-
dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carbonitril (0,54 g) dugc hoa tan trong
etanol (10 ml). Dung dich hydroxylamin 50% (0,19 ml) dugc thém vao hdn hop nay.
Dung dich phéan tng dugc khudy & nhiét do 90°C trong thoi gian 6 gio.

Dung dich phan ing nay duoc co dic va chung c4t ding phi hai 1an véi toluen.
Cin dugc hoa tan trong diclometan (20 ml). Axit axetic (0,0891 ml), 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit hydroclorua (0,299 g), 3H-1,2,3-triazolo[4,5-
b]pyridin-3-ol (0,0424 g) va trietylamin (0,652 ml) dugc thém vao hdn hop nay. Dung
dich phan tmg duoc khudy & nhiét d6 trong phong trong thoi gian 5 gio.

Dung dich phan tng nay dugc pha loang bing diclometan va 16p hitu co dugc
rira bang nudc va nudce mubi bdo hoa va 1am khd bang natri sulfat khan. Dung mdi
duge chung cAt dudi p suét giam va cin thu duge dugce tinh ché so bo bing cach sic
ky cot silicagel [dung méi gidi hdp: n-hexan/etyl axetat = 1/1-0/1 (theo thé tich)]. San
phim tho thu dugc duge tao huyén phu trong toluen (5 ml) va dung dich huyén phu
duoc khudy & nhiét d6 100°C trong thoi gian 7 gio.

Thém nuée vao hdn hop phan tng, va hdn hgp phén tmg dugc chiét bang etyl
axetat. Lop hitu co dugc rua bang nudc va nudc mudi bdo hoa va 1am kho bang natri
sulfat khan. Dung mdi dugc chung cAt dudi 4p sudt giam va cin thu dugc dugc tinh
ché bang cach sic ky cot silicagel [dung moi giai hép: n-hexan/etyl axetat = 7/3-2/8
(theo thé tich)] dé thu duoc hop chét néu & dé muc (34 mg (hiéu suat: 5,4%, 3 budc)) &
dang chét rin mau tring.

Vidu8

(2S,5'R)-7-clo-6-[5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-y1]-3',4-
dimetoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(8a)

(28,5'R)-7-clo-N'-(2-hydroxy-2-metyl-propanoyl)-1',4-dimetoxy-5'-metyl-3,3'-

dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carbohydrazit
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Hop chét thu dugc tr Vi du 5 (5a): 2,4,6-triclophenyl) (2S,5'R)-7-clo-1',4-
dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat (0,5 g)
dugce hoa tan trong diclometan (10 ml). 2-hydroxy-2-metylpropanohydrazit (0,162 g),
3H-1,2,3-triazolo[4,5-b]pyridin-3-ol (0,125 g), 4-dimetylaminopyridin (0,0224 g) va
trietylamin (0,639 ml) dugc thém vao hdn hop nay. Hon hop phan tng duge dé dimg
yén & nhiét do trong phong qua dém.

Dung mdi dugc chung cit dudi ap suét giam va cin thu duge dugce tinh ché
bing cach sic ky cot silicagel [dung mdi giai hép: metanol/etyl axetat = 0/10-1/9 (theo
thé tich)] dé thu dugc hop chét néu & d& muc (415 mg (hiu sudt: 97%)) & dang chat
rdn mau tring.

(8b)

(28,5'R)-7-clo-6-[5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl]-3',4-
dimetoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chit thu duogc tr Vi du 8 (8a): (2S,5'R)-7-clo-N'-(2-hydroxy-2-metyl-
propanoyl)-1',4-dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6"-xyclohexen]-6-
carbohydrazit (0,415 g) dugc hoa tan trong diclometan (5 ml). Trietylamin (0,62 ml)
va p-toluensulfonyl clorua (0,254 g) dugc thém vao hdn hop nay. Hon hgp phan tGng
duoc khudy & nhiét do trong phong trong thoi gian hai gio.

Hon hop phan (g nay duge rét vao nude va chiét bang etyl axetat. L6p hitu co
duoc rira bang nudc va nuée mubi bao hoa va 1am kho bang natri sulfat khan. Dung
mdi duge chung cit dudi 4p sudt giam va cin thu duge dugce tinh ché bang cach sic ky
cot silicagel [dung moi giai hép: metanol/etyl axetat = 0/10-1/9 (theo thé tich)] dé thu
duoc hop chit néu & dé muc (141 mg (hiéu suit: 35%)) & dang chét rin mau tring.
Vidu9

(2S,5'R)-7-clo-6-[5-[(1S)-1-hydroxyetyl]-1,3,4-oxadiazol-2-yl]-3',4-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(9a)

(2S)-2-tetrahydropyran-2-yloxypropanhydrazit

Metyl (2S)-2-tetrahydropyran-2-yloxypropanoat (S6 dang ky CAS: 153829-63-
1, J. Org. Chem. 1991, 56, 1088-1093) (2,2 g) duoc hoa tan trong etanol (8 ml).
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Hydrazin monohydrat (1.8 g) dugc thém vao hdn hop nay. Hon hop phén tng dugc aé
ding yén & nhiét do trong phong qua dém. Dung moi duge chung cht dudi ap sut
giam va cdn thu duge dugc tinh ché bing cach sic ky cot silicagel [dung moi giai hép:
metanol/etyl axetat = 0/10-1/9 (theo thé tich)] dé thu duoc hop chét néu & dé muc (1,6
g (hiéu suét: 73%)) & dang chét rin mau tréng.

(9b)

(2S,5'R)-7-clo-1',4-dimetoxy-5"-metyl-3,3'-dioxo-N'-[(25)-2-tetrahydropyran-2-
yloxypropanoyl]spiro[benzofuran-2,6'-xyclohexen]-6-carbohydrazit

Hop chat thu dugc tir Vi du 5 (5a): (2,4,6-triclophenyl) (2S,5'R)-7-clo-1',4-
dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat (0.5 g)
duoc hoa tan trong diclometan (10 ml). Hop chét thu duogc tir Vi du 9 (9a): (25)-2-
tetrahydropyran-2-yloxypropanhydrazit (0,258 g), 3H-1,2,3-triazolo[4,5-b]pyridin-3-ol
(0,125 g), 4-dimetylaminopyridin (0,0112 g) va N,N-diisopropyletylamin (0,478 ml)
duoc thém vao hén hop nay. Hon hop phén tng duge dé dimg yén & nhiét do trong
phong qua dém.

Hon hop phén tng nay dugc rét vao nude, trung hoa bang axit clohydric 1 mol/l
va chiét bang etyl axetat. Lép hitu co dugc ria bang nudc va nudc mudi bdo hoa va
lam khé bang natri sulfat khan. Dung mdi dugc chung cAt du6i ap suét giam va cin
thu duge dugce tinh ché biang cach sic ky cot silicagel [dung moi giai hép: n-hexan/etyl
axetat = 1/1-0/1 (theo thé tich)] @& thu dugc hop chit néu & dé& muc (490 mg (hiéu
suat: dinh lwong)) & dang chét rdn mau tréng.

(9¢)

(2S,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-[5-[(1S)-1-tetrahy dropyran-2-
yloxyetyl]-1,3,4-oxadiazol-2-yl]spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duoc tr Vi du 9 (9b): (28,5'R)-7-clo-1',4-dimetoxy-5'-metyl-3,3'-
dioxo-N'-[(2S)-2-tetrahydropyran-2-yloxypropanoyl]spiro[benzofuran-2,6'-
xyclohexen]-6-carbohydrazit (0,49 g) duoc hoa tan trong diclometan (5 ml).
Trietylamin (0,637 ml) va p-toluensulfonyl clorua (0,209 g) dugc thém vao hdn hop
nay. Hon hop phén tmg dugc khudy & nhiét @6 trong phong trong thoi gian ba gio.
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Hon hop phan tng nay dugc rét vao nudce, trung hoa bing axit clohydric 1 mol/l
va chiét bang etyl axetat. L6p hitu co dugc rira bing nudc va nude mudi bdo hoa va
lam khd bing natri sulfat khan. Dung mdi dugc chung cAt duéi ap sudt giam va cin
thu duge duge tinh ché bing cach sic ky cot silicagel [dung moi giai hép: n-hexan/etyl
axetat = 1/1-0/1 (theo thé tich)] dé thu dwoc hop chit néu & d& muc (452 mg (hiéu
sudt: 95%)) & dang chat rin mau tréng.

(9d)

(28,5'R)-7-clo-6-[5-[(1S)-1-hydroxyetyl]-1,3,4-oxadiazol-2-yl]-3',4-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chat thu duge tir Vi du 9 (9¢): (28,5'R)-7-clo-3',4-dimetoxy-5'"-metyl-6-[5-
[(1S)-1-tetrahydropyran-2-yloxyetyl]-1,3,4-oxadiazol-2-yl]spiro[benzofuran-2,4'-
xyclohex-2-en]-1',3-dion (0,452 g) dugc hoa tan trong etanol (4 ml). Nuée (1 ml) va
axit p-toluensulfonic monohydrat (0,0828 g) dugc thém vao hdn hop nay. Hon hop
phan tng dugc khudy & nhiét ¢ 50°C trong thoi gian mot gio.

Hdn hop phan tmg nay duge rot vao nude va axit clohydric 1 mol/l duge thém
vao. HOn hop phéan ung duge chiét bing etyl axetat. L6p hitu co duge ria bang nudc
va nudc mudi bdo hoa va lam khd bing natri sulfat khan. Dung mdi dugc chung cét
dudi 4p sudt giam va cin thu dugce dugc tinh ché bang céach sic ky cot silicagel [dung
moi giai hip: metanol/etyl axetat = 0/1-1/19 (theo thé tich)] dé thu dwoc hop chat néu
& dé muc (119 mg (hiéu sut: 31%)) & dang chét rin mau tring.

Viduy 10

(28,5'R)-7-clo-6-[5-[(1R)-1-hydroxyetyl]-1,3,4-oxadiazol-2-y1]-3',4-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(10a)

(2R)-2-tetrahydropyran-2-yloxypropanhydrazit

Metyl (2R)-2-tetrahydropyran-2-yloxypropanoat (S6 dang ky CAS: 124508-74-
3, Tetrahedron, 2012, 68, 2068-2073) (1,6 g) dugc hoa tan trong etanol (8 ml).
Hydrazin monohydrat (1,2 ml) dugc thém vao hdn hop nay. Hon hop phan ung dugc
khudy & nhiét d6 90°C trong thoi gian 4 gio.
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Sau khi hdon hop phan tmg dugc dé dung yén & nhiét do trong phong qua dém,
hdn hop nay duoc khudy & nhiét do 90°C trong thoi gian 10 gio. Hon hop nay duge
tiép tuc dé dung yén & nhiét d trong phong qua dém va sau d6 khudy & nhiét do 90°C
trong thoi gian 10 gid. Dung mdi dugc chung cAt dudi 4p sudt giam va cdn thu duge
duoc tinh ché bing céch séc ky cot silicagel [dung mdi giai hdp: metanol/etyl axetat =
0/1-1/9 (theo thé tich)] d& thu duoc hop chit néu ¢ d& muc (1 g (hidu suat: 62%)) &
dang chét rin mau tréng.

(10b)

(28,5'R)-7-clo-1',4-dimetoxy-5'-metyl-3,3'-dioxo-N'-[(2R)-2-tetrahy dropyran-2-
yloxypropanoyl]spiro[benzofuran-2,6'-xyclohexen]-6-carbohydrazit

Hop chét thu dugc tr Vi du 5 (5a): (2.4,6-triclophenyl) (2S,5'R)-7-clo-1',4-
dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat (0.5 g)
duoc hoa tan trong diclometan (10 ml). Hop chét thu duge tir Vi du 10 (10a): (2R)-2-
tetrahydropyran-2-yloxypropanhydrazit (0,19 g), 3H-1,2,3-triazolo[4,5-b]pyridin-3-ol
(0,124 g), 4-dimetylaminopyridin (0,0112 g) va N,N-diisopropyletylamin (0,478 ml)
duoc thém vao hdn hop nay. Hon hop phan tng duge dé dtmg yén & nhiét do trong
phong qua dém.

Hdn hop phéan tng nay dugce rot vao nude, trung hoa bang axit clohydric 1 mol/l
va chiét bang etyl axetat. L6p hitu co dugce rira bang nudc va nudc mubi bdo hoa va
lam kho bang natri sulfat khan. Dung méi dugc chung cit dudi 4p sudt giam va cin
thu dugc duoc tinh ché bang cach sic ky cot silicagel [dung mdi giai hép: metanol/etyl
axetat = 0/10-1/9 (theo thé tich)] d& thu dugc hop chit néu & dé muc (460 mg (hiéu
suét: 94%)) & dang chét rin mau tréng.

(10c)

(28S,5'R)-7-clo-3",4-dimetoxy-5'-metyl-6-[ 5-[(1R)-1-tetrahy dropyran-2-
yloxyetyl]-1,3,4-oxadiazol-2-yl]spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duge tir Vi du 10 (10b): (28,5'R)-7-clo-1',4-dimetoxy-5'-metyl-
3,3'-dioxo-N'-[(2R)-2-tetrahydropyran-2-yloxypropanoyl]spiro[benzofuran-2,6'-

xyclohexen]-6-carbohydrazit (0,46 g) dugc hoa tan trong diclometan (5 ml).
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Trietylamin (0,598 ml) va p-toluensulfonyl clorua (0,196 g) duogc thém vao hdn hop
nay. Hon hgp phéan ang dugc khudy & nhiét do trong phong trong thoi gian hai gio.

Hon hop phéan tng nay dugc rot vao nude, trung hoa bing axit clohydric 1 mol/l
va chiét bang etyl axetat. Lép hitu co dugce rira bang nudc va nude mubi bio hoa va
lam kho bang natri sulfat khan. Dung méi dugc chung cAt dudi 4p sudt giam va cin
thu duge duogce tinh ché bing cach sic ky cot silicagel [dung moi giai hép: n-hexan/etyl
axetat = 1/1-0/1 (theo thé tich)] dé thu duoc hop chit néu & d& muc (315 mg (hiéu
suét: 71%)) & dang chit rin mau tréng.

(10d)

(2S,5'R)-7-clo-6-[5-[(1R)-1-hydroxyetyl]-1,3,4-oxadiazol-2-y1]-3',4-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duoc tir Vi du 10 (10¢): (2S,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-
[5-[(1R)-1-tetrahydropyran-2-yloxyetyl]-1,3,4-oxadiazol-2-yl]spiro[benzofuran-2,4'-
xyclohex-2-en]-1',3-dion (0,315 g) dugc hoa tan trong etanol (4 ml). Nude (1 ml) va
axit p-toluensulfonic monohydrat (0,0577 g) dugc thém vao hdn hop nay. Hon hop
phan ung dugc khudy & nhiét do 50°C trong thoi gian mot gio.

Hdn hop phan ting ndy dugc rét vao nude va axit clohydric 1 mol/l dugce thém
vao. Hon hop phéan tung dugc chiét bing etyl axetat. Lép hitu co dugc rira bang nuéc
va nudc mudi bdo hoa va lam khd bang natri sulfat khan. Dung mdi dugc chung cht
dué6i 4p suét giam va cin thu duge duge tinh ché bang cach sic ky cot silicagel [dung
moi giai hip: metanol/etyl axetat = 0/10-1/19 (theo thé tich)] dé thu duoc hop cht néu
& d& muc (112 mg (hiéu suit: 42%)) & dang chét rén mau tring.

Viduyll

(28,5'R)-7-clo-4-etoxy-6-[5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl]-3'-
metoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(11a)

(28,5'R)-7-clo-4-hydroxy-6-[ 5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl]-
3'-metoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Vun magie (0,41 g) duoc thém vao dietyl ete (60 ml) va iot (3,9 g) duoc chia

thanh ba phan, cic phan nay dugc thém vao cach nhau 20 pht. Hon hop phén tng
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dugce khudy ¢ nhiét do trong phong trong thoi gian mot gio, va sau do, hop chét thu
duoc tir Vi du 8 (8b): (28,5'R)-7-clo-6-[5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-
yl]-3',4-dimetoxy-5'-metyl-spiro[benzoﬁlran-Z,4'-xyclohex—2-en]-1',3-dion (6,3 g) va
toluen (150 ml) dugc thém vao. Hon hgp phan tng duge khudy & nhiét do 90°C trong
thoi gian 7 gio.

Thém nuée vao hdn hop phan tmg. Hon hop duge trung hoa bang axit clohydric
1 mol/l, va sau d6, dugc lam kiém hoéa nhe béng c4ch thém dung dich natri bicacbonat
bdo hoa trong nuéc. Hon hop phén tmg dugc chiét bang etyl axetat. Lép hitu co duge
rira bang axit clohydric 1 mol/l va nugc mudi bdo hoa va lam kho bing natri sulfat
khan. Dung méi dugc chung cit dudi 4p suét giam va cin thu dugc dugc tinh ché bang
cach sic ky cot silicagel [dung mdi giai hép: n-hexan/etyl axetat = 1/1-0/1 (theo thé
tich)] dé thu duoc hop chit néu & dé& muc (2,7 g (hiéu suét: 44%)) ¢ dang chét rin mau
tréng.

(11b)

(28,5'R)-7-clo-4-etoxy-6-[5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl]-3'-
metoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chit thu dwoc tir Vi du 11 (1la): (2S,5'R)-7-clo-4-hydroxy-6-[5-(1-
hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl]-3'-metoxy-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion (0,3 g) dugc hoa tan trong N,N-dimetylformamit (4 ml).
Kali cacbonat (0,191 g) va iodoetan (0,0827 ml) dugc thém vao hdn hop nay. Hon hop
phan ing duogc khudy & nhiét 6 80°C trong thoi gian hai gio.

Hon hop phéan ing nay dugc rét vao nude, trung hoa bang axit clohydric 1 mol/l
va chiét bing etyl axetat. Lép hitu co duge rira bing nudc va nudc mudi bdo hoa va
lam kho bang natri sulfat khan. Dung mdi dugc chung cAt du6i &p sudt giam va cin
thu dugc duogc tinh ché bing cach sic ky cot silicagel [dung moi giai hép: n-hexan/etyl
axetat = 6/4-1/9 (theo thé tich)] dé thu duoc hop chit néu & @& muc (42 mg (hiéu suat:
13%)) & dang chit ran mau tréng.

Vidu 12

(28,5'R)-7-clo-4-etoxy-6-[5-[(1S)-1-hydroxyetyl]-1,3,4-oxadiazol-2-y1]-3'-

metoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion
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Vun magie (0,073 g) dugc thém vao dietyl ete (20 mL) va iot v6i lugng nho
(0,70 g) duoc thém vao. Hon hop phan tmg dugc khudy & nhiét do trong phong trong
thoi gian 10 phut. Tiép theo, iot (0,70 g) dugc chia thanh ba phan, cac phén nay dugc
thém vao cach nhau 20 phut. Sau khi hon hop phan tmg duoc khudy & nhiét do trong
phong trong thoi gian 30 phut, toluen (50 ml), hop chét thu dugc tir Vi du 9 (90):
(28,5'R)-7-clo-3",4-dimetoxy-5"-metyl-6-[5-[(1S)-1-tetrahy dropyran-2-yloxyetyl]-
1,3,4-oxadiazol-2-yl]spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion (1,3 g) dugc thém
vao. Hon hop phéan g dugc khudy & nhiét do 80°C trong thoi gian 8 gio.

Thém nude vao hdn hop phan tng. Hon hop duge trung hoa bing axit clohydric
1 mol/l va chiét bing etyl axetat. Lép hitu co duge ria bang nudc mubi bdo hoa va
lam kho bang natri sulfat khan.

Dung mdi duoc chung cit dudi ap sudt giam va cin thu dugc dugc hoa tan trong
N,N-dimetylformamit (10 ml). Kali cacbonat (1,36 g) va iodoetan (0,485 ml) duoc
thém vao hdn hop nay. Hdn hop phan tng dugc khudy & nhiét do 80°C trong thoi gian
mot gio. Hon hop phan Gmg dugc rot vao nudce, trung hoa bang axit clohydric 1 mol/l
va chiét bang etyl axetat. Lop hitu co dugc rira bang nude va nudce mudi bdo hoa va
lam khé bang natri sulfat khan. Dung mdi dugc chung cAt dudi 4p sudt giam va cin
thu duoc duoc tinh ché bing cach sic ky cot silicagel [dung mdi giai hép: n-hexan/etyl
axetat = 7/3-2/8 (theo thé tich)]. Chét rén thu duoc duoc nghién véi n-hexan va etyl
axetat d& thu dugc hop chat néu & dé muc (122 mg (hiéu sudt: 13%)) & dang chit rin
mau tring.

Vidu 13

(2S,5'R)-7-clo-6-[3-(1-hydroxyetyl)-1,2,4-oxadiazol-5-yl]-3',4-dimetoxy-5'-
metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(13a)

2-tetrahydropyran-2-yloxypropannitril

2-hydroxypropannitril (5,0 g) dugc hoa tan trong diclometan (150 ml). 3,4-
dihydro-2H-pyran (7,7 g) va axit p-toluensulfonic monohydrat (1,3 g) dugc thém vao
hdn hop nay. Dung dich phan tng duoc khudy & nhiét do trong phong trong thoi gian

14 gio. Thém trietylamin vao dung dich phan tng, va sau d6, dung moi dugc chung
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cht du6i ap suat giam. Can thu dugc dugce tinh ché bing céach sic ky cot silicagel [dung
moi gidi hép: n-hexan/etyl axetat = 97/3-7/3 (theo thé tich)] dé thu dwoc hop chét néu
& d& muc, cu thé hon 14 hai loai chit ddng phan khong dbi quang (lan luot 12 5,7 g
(hiéu suét: 52%) va 2,5 g (hiéu suét: 23%)) & dang céc chit rin mau vang nhat.

(13b)

N'-hydroxy-2-tetrahydropyran-2-yloxy-propanamidin

Mot trong s cac chét ddng phéan khong d6i quang thu dugce & Vi du 13 (13a): 2-
tetrahydropyran-2-yloxypropannitril (5,6 g) dugc hoa tan trong etanol (36 ml). Dung
dich hydroxylamin 50% (4,3 ml) dugc thém vao hén hop nay. Hon hop phéan Gmg duoc
gia nhiét dén nhiét d 80°C va khudy trong thoi gian 5 gid. Sau khi nhiét do cta hon
hop phan ting d3 tré lai nhiét do trong phong, dung moi dugc chung cht du6i 4p suét
giam. Cian thu duoc dugc tinh ché bing cach sic ky cot silicagel [dung mdi giai hép:
n-hexan/etyl axetat = 10/1-1/0 (theo thé tich)] dé thu duoc hop chét néu & d& muc (5,0
g (hiéu suét: 74%) & dang chét rin mau vang nhat.

(13¢)

[(Z)-(1-amino-2-tetrahydropyran-2-yloxy-propyliden)amino] (2S,5'R)-7-clo-
1' 4-dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat

Hop chét thu duoc tr Vi du 5 (5a): (2,4,6-triclophenyl) (2S,5'R)-7-clo-1",4-
dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat (0,5 g)
duoc hoa tan trong diclometan (10 ml). Hop chit thu dugc tir Vi du 13 (13b): N'-
hydroxy-2-tetrahydropyran-2-yloxy-propanamidin (0,207 g), 3H-1,2,3-triazolo[4,5-
b]pyridin-3-ol (0,125 g), 4-dimetylaminopyridin  (0,0112 g) va N,N-
diisopropyletylamin (0,478 ml) dugc thém vao hdn hop nay. Hon hop phéan tng dugc
khudy & nhiét d6 trong phong trong thoi gian 5 gio.

Hon hop phan ng nay duoc rét vao nudc, trung hoa bang axit clohydric 1 mol/l
va chiét bang etyl axetat. L6p hitu co dugc rira bang nudc va nude mudi bio hoa va
lam kho bing natri sulfat khan. Dung mdi dugce chung cAt dudi ap suét giam va cin
thu dugc duge tinh ché bang cach sdc ky cot silicagel [dung mdi giai hép: n-hexan/etyl
axetat = 1/1-0/1 (theo thé tich)] dé thu dugc hop chét néu & d& muyc (410 mg (hiéu

suit: 83%)) & dang chét rin mau tréng.
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(13d)

(28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-[3-(1-tetrahydropyran-2-yloxyetyl)-
1,2,4-oxadiazol-5-yl]spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duoc tir Vi du 13 (13c¢): [(Z)-(1-amino-2-tetrahydropyran-2-yloxy-
propyliden)amino] (28,5'R)-7-clo-1',4-dimetoxy-5'-metyl-3,3'-dioxo-spiro[benzofuran-
2,6'-xyclohexen]-6-carboxylat (0,41 g) duoc hoa tan trong toluen (5 ml). Hoén hop
phan tng dugc khudy & nhiét d@o 110°C trong thoi gian 7 gio. Dung moéi dugce chung
cht dué6i 4p suét gidm va cin thu dugc duge tinh ché bing cach sic ky cot silicagel
[dung moi giai hép: n-hexan/etyl axetat = 1/1-1/9 (theo thé tich)] dé thu dugc hop chat
néu & d& muc (375 mg (hiéu suét: 95%)) & dang chét rin mau tring.

(13e)

(28,5'R)-7-clo-6-[3-(1-hydroxyetyl)-1,2,4-oxadiazol-5-yl]-3',4-dimetoxy-5'"-
metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duoc tir Vi du 13 (13d): (2S,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-
[3-(1-tetrahydropyran-2-yloxyetyl)-1,2,4-oxadiazol-5-yl]spiro[benzofuran-2,4'-
xyclohex-2-en]-1',3-dion (0,375 g) dugc hoa tan trong etanol (4 ml). Axit p-
toluensulfonic monohydrat (0,0687 g) va nuéc (1 ml) dugc thém vao hdn hop nay.
Hon hop phén tmg dugc khudy & nhiét do trong phong trong thoi gian 8 gio.

Hon hop phan mg nay dugc rét vao nude va chiét bang etyl axetat. Lép hitu co
duoc rira bang nudc va nude mudi bdo hoa va lam kho bing natri sulfat khan. Dung
JnéiduqcchungcétduéiépsuétgﬁnlvécanthudUQcduqcﬁnhchébéngcédhsécky
cot silicagel [dung mdi giai hép: n-hexan/etyl axetat = 1/1-0/1 (theo thé tich)] dé thu
duoc hop chit néu & dé muc (195 mg (hiéu suét: 62%)) & dang chét rin mau tréng.
Vidu 14

(28,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(5-metyl-1,3,4-
oxadiazol-2-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(14a)

(28,5'R)-7-clo-4-hydroxy-3',6-dimetoxy-5'-metyl-spiro[benzofuran-2,4'-
xyclohex-2-en]-1',3-dion
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Vun magie (1,03 g) duge thém vao dietyl ete (50 ml) va iot (8,63 g) dugc thém
vao tung it mot trong thoi gian mot gio. Sau khi hdn hop phan ung duogc khudy & nhiét
do trong phong trong thoi gian 30 phut, toluen (100 ml) va (+)-griseofulvin (10 g)
duoc thém vao. Hon hop phén tng duge khudy & nhiét d6 80°C trong thoi gian ba gio.

Thém nude vao hdn hop phan tng. Hdn hop duge trung hoa béng axit clohydric
1 mol/l va chiét bing etyl axetat. Lép hitu co dugc rira bing nudc mudi bio hoa va
lam kho bang natri sulfat khan. Dung mdi dugc chung cAt dudi 4p suét giam va cin
thu duge duoc tinh ché bang cach sic ky cot silicagel [dung moi giai hip: n-hexan/etyl
axetat = 1/1-0/1 (theo thé tich)] dé thu dugc hop chét néu & d& muc (7,8 g (hiéu sudt:
81%)) & dang chét rin mau tréng.

(14b)

(2S,5'R)-7-clo-3',6-dimetoxy-5"-metyl-4-(2-tetrahydropyran-2-
yloxyetoxy)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chit thu dugc tir Vi du 14 (14a): (28S,5'R)-7-clo-4-hydroxy-3',6-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion (5,1 g) duoc hoa tan trong
N,N-dimetylformamit (60 ml). 2-(2-bromoetoxy)tetrahydro-2H-pyran (3,8 g) va kali
cacbonat (6,2 g) dugc thém vao hdn hop nay. Hon hop phan ang dugc khudy & nhiét
do 80°C trong thoi gian 7 gio.

Hon hop phan tng nay duoc rét vao nudce va chiét bang etyl axetat. Lép hitu co
dugc rira bing nude va nudce mudi bio hoa va lam kho bang natri sulfat khan. Dung
mdi dugc chung cat dudi ap sudt giam va cin thu dugc dugc tinh ché bang cach sic ky
cOt silicagel [dung moi giai hép: n-hexan/etyl axetat = 8/2-3/7 (theo thé tich)] dé thu
duoc hop chét néu & dé muc (6,9 g (hiéu suit: 98%)) & dang chit rin mau tring.

(14c)

(2S,5'R)-7-clo-6-hydroxy-3'-metoxy-5'-metyl-4-(2-tetrahy dropyran-2-
yloxyetoxy)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chit thu dugc tir Vi du 14 (14b): (28,5'R)-7-clo-3',6-dimetoxy-5'-metyl-4-
(2-tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,4'-xyclohex-2-en]-1'3-dion (6,9
g) duoc hoa tan trong pyridin (70 ml). 18-crao-6-ete (4,3 g) va kali iodua (2,5 g) duogc
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thém vao hdn hop nay. Hon hop phén tng dugc khudy & nhiét do 120°C trong thoi
gian § gio.

Dung dich phan ung dugc c6 dic va hdn hop phan tmg dugc rét vao nude va
chiét bang etyl axetat. L6p hitu co dugc ria bing nudc va nude mubi bdo hoa va lam
khé bing natri sulfat khan. Dung mdi duogc chung cét du’c’ﬁ 4p suét giam va cin thu
duoc duge tinh ché bing cach sic ky cot silicagel [dung moi giai hép: n-hexan/etyl
axetat = 1/1-0/1 (theo thé tich)] dé thu dwgc hop chét néu & dé muc (3,8 g (hiéu sudt:
57%)) & dang chit rin mau trang.

(144d)

[(2S,5'R)-7-clo-1'-metoxy-5'-metyl-3,3'-dioxo-4-(2-tetrahydropyran-2-
yloxyetoxy)spiro[benzofuran-2,6'-xyclohexen]-6-yl] triflometansulfonat

Hop chit thu dugc tir Vi du 14 (14c): (2S,5'R)-7-clo-6-hydroxy-3'-metoxy-5'-
metyl-4-(2-tetrahydropyran-2-yloxyetoxy)spirobenzofuran-2,4'-xyclohexa-2-en]-1',3-
dion (3,8 g) dugc hoa tan trong diclometan (40 ml). Trietylamin (2,9 ml) va N-
phenylbis(triflometansulfonimit) (3,6 g) dugc thém vao hdn hop nay. Hon hop phan
g dugc dé dimg yén & nhiét do trong phong qua dém.

Dung dich phan tng dugc pha lodng bang diclometan. Lép hitu co dugce rira
bing nudc va nudc mubi bdo hoa va lam kho bing natri sulfat khan. Dung méi dugc
chung cit dudi 4p sudt gidm va cdn thu dugce dugc tinh ché bang cach sic ky cot
silicagel [dung moi gidi hép: n-hexan/etyl axetat = 8/2-4/6 (theo thé tich)] dé thu duogc
hop chét néu & dé muc (3,2 g (hiéu suét: 65%)) & dang chét rin mau tréng.

(14e)

(2,4,6-triclophenyl) (2S,5'R)-7-clo-1'-metoxy-5"-metyl-3,3'-dioxo-4-(2-
tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat

Hop chét thu duge tir Vi du 14 (14d): [(2S,5'R)-7-clo-1'-metoxy-5"-metyl-3,3'-
dioxo-4-(2-tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,6'-xyclohexen]-6-y1]
triflometansulfonat (1 g) dugc hoa tan trong toluen (200 ml). Paladi axetat (II) (0,0192
g),  4,5-bis(diphenylphosphino)-9,9-dimetylxanten ~ (0,0989 g) ~va  NN-
diisopropyletylamin (0,596 ml) dugc thém vao hén hop nay. Hon hop phén tng dugc
gia nhiét dén nhiét d6 80°C.
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2,4,6-triclophenyl format (0,501 g) duoc chia thanh ba phan, cac phén nay duoc
thém vao cach nhau 10 phat. Hdn hgp phéan mg dugc khudy & nhiét do 80°C trong
thoi gian 30 phut, va sau d6, nhiét do cua hén hop duoc dé tré lai nhiét do trong phong.
Hon hop phéan tng dugc rét vao nude va chiét bang etyl axetat. L6p hitu co duge ria
bang nudc va nude mudi bio hoa va lam kho bang natri sulfat khan. Dung mdi dugc
chung cit duédi ap suét giam va cin thu duogc dugce tinh ché bing cach sic ky cot
silicagel [dung moi gidi hép: n-hexan/etyl axetat = 8/2-4/6 (theo thé tich)] dé thu duoc
hop chit néu & dé muc (850 mg (hiéu suit: 75%)) & dang chét rin mau tring.

(149)

(2S,5'R)-N'-axetyl-7-clo-1'-metoxy-5'-metyl-3,3'-dioxo-4-(2-tetrahy dropyran-2-
yloxyetoxy)spiro[benzofuran-2,6'-xyclohexen]-6-carbohy drazit

Hop chét thu duoc tir Vi du 14 (14e): (2,4,6-triclophenyl) (2S,5'R)-7-clo-1'-
metoxy-5'-metyl-3,3'-dioxo-4-(2-tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,6'-
xyclohexen]-6-carboxylat (0,4 g) dugc hoa tan trong diclometan (20 ml).
Axetohydrazit (d0 tinh khiét: 90%, 0,0673 g), 3H-1,2,3-triazolo[4,5-b]pyridin-3-ol
(0,0824 g), 4-dimetylaminopyridin (0,0148 g) va trietylamin (0,254 ml) dugc thém vao
hén hop nay. Hon hgp phan tng duge dé dung yén & nhiét do trong phong qua dém.

Hén hop phan mg nay dugc rét vao nude, trung hoa bing axit clohydric 1 mol/l
va chiét bing etyl axetat. Lép hitu co dugc rira bang nude va nudce mudi bio hoa va
lam kho bang natri sulfat khan. Dung mdi dugc chung cAt dudi 4p suét giam va cin
thu duoc dugc tinh ché bing cach sic ky cot silicagel [dung moi giai hép: metanol/etyl
axetat = 0/10-1/9 (theo thé tich)] dé thu dugc hop chit néu & d& muyc (280 mg (hiéu
suét: 86%)) & dang chit rin mau tring.

(14g)

(28,5'R)-7-clo-3"-metoxy-5'-metyl-6-(5-metyl-1,3,4-oxadiazol-2-y1)-4-(2-
tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chit thu dugc tr Vi du 14 (14f): (2S,5'R)-N'-axetyl-7-clo-1'-metoxy-5'-
metyl-3,3'-dioxo-4-(2-tetrahy dropyran-2-yloxyetoxy)spiro[benzofuran-2,6'-

xyclohexen]-6-carbohydrazit (0,28 g) dwgc hoa tan trong diclometan (5 ml). p-
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uﬂummuﬁbnyldonm(0J49g)vétﬂﬂybnﬂn(0364nﬂ)dugcth&nw@oh@nhqpnﬁy
Hon hop phéan tmg dugc khudy & nhiét do trong phong trong thoi gian ba gio.

Hon hop phan tng nay dugc rot vao nude va chiét bang etyl axetat. Lép hitu co
duoc rira bing nudc va nudc mudi bio hoa va lam kho bang natri sulfat khan. Dung
1n6iduqcchungcétduéiépsuétgﬁnlvacénthuduqcduqcﬁnhchébéngcédns&:ky
cot silicagel [dung mdi giai hip: n-hexan/etyl axetat = 1/1-0/1 (theo thé tich)] € thu
dugc hop chét néu & d& muc (202 mg (hiéu sut: 75%)) & dang chét rdn mau tring.

(14h)

(2S,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(5-metyl-1,3,4-
oxadiazol-2-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chit thu duge tir Vi du 14 (14g): (28,5'R)-7-clo-3'-metoxy-5'-metyl-6-(5-
metyl-1,3,4-oxadiazol-2-yl)-4-(2-tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,4'-
xyclohex-2-en]-1'3-dion (0,202 g) dugc hoa tan trong etanol (2 ml). Axit p-
toluensulfonic monohydrat (0,037 g) va nudc (5 ml) dugce thém vao hdn hop nay. Hon
hop phén tng dugc khudy & nhiét d 50°C trong thoi gian hai gio.

Hon hop phan tng nay duge rét vao nudc va chiét bang etyl axetat. L6p hitu co
duogc rira bang nude va nudce mudi bdo hoa va lam khé bing natri sulfat khan. Dung
1n6idugcchungc§tduéiépsuétgﬁnlvécanthuduqcdugcthﬂlchébéngcﬁchsécky
cOt silicagel [dung moi giai hép: metanol/etyl axetat = 0/10-1/9 (theo thé tich)] dé thu
dugc hop chét néu & dé muc (39 mg (hiéu suit: 23%)) & dang chét réin mau tring.
Vidu 15

(28,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(3-metyl-1,2,4-
oxadiazol-5-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(15a)

[(Z)-1-aminoetylidenamino] (28,5'R)-7-clo-1"-metoxy-5'-metyl-3,3'-dioxo-4-(2-
tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat

Hop chét thu dugc tr Vi du 14 (14e): (2,4,6-triclophenyl) (2S,5'R)-7-clo-1'-
metoxy-5'-metyl-3,3'-dioxo-4-(2-tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,6'-
xyclohexen]-6-carboxylat (0,45 g) dugc hoa tan trong diclometan (10 ml). N'-
hydroxyetanimidamit (0,0758 g), 3H-1,2,3-triazolo[4,5-b]pyridin-3-ol (0,0928 g), 4-
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dimetylaminopyridin (0,00833 g) va trietylamin (0,285 ml) dugc thém vao hdn hop
nay. Hon hop phan tmg dugc dé dimg yén & nhiét do trong phong qua dém.

Hdn hop phan tmg nay dugc rot vao nudc va chiét bing etyl axetat. L6p hitu co
duge rira bang nudc va nudce mudi bdo hoa va lam kho bing natri sulfat khan. Dung
moi duge chung cit dudi ap suit gidm va cin thu duge dugce tinh ché bing cach sic ky
cdt silicagel [dung moi giai hip: metanol/etyl axetat = 0/10-1/9 (theo thé tich)] dé thu
dugc hop chét néu & d& muc (345 mg (hiéu suét: 94%)) & dang chét rin mau tring.

(15b)

(28,5'R)-7-clo-3'-metoxy-5'-metyl-6-(3-metyl-1,2,4-oxadiazol-5-y1)-4-(2-
tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu dugc tir Vi du 15 (15a): [(Z)-1-aminoetylidenamino] (2S,5'R)-7-
clo-1'-metoxy-5'-metyl-3,3'-dioxo-4-(2-tetrahydropyran-2-
yloxyetoxy)spiro[benzofuran-2,6'-xyclohexen]-6-carboxylat (0,345 g) dugc tao huyén
phi trong toluen (5 ml). Hon hop phan tmg duoc khudy & nhiét d6 100°C trong thoi
gian 5 gio. Dung moi dugc chung cAt dudi 4p suat giam va cin thu duge duge tinh ché
bang cach sic ky cot silicagel [dung mdi giai hép: n-hexan/etyl axetat = 1/1-0/1 (theo
thé tich)] dé thu dugc hop chét néu & d& muc (283 mg (hiéu suit: 85%)) & dang chét
rdn mau tring.

(15¢)

(28,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(3-metyl-1,2,4-
oxadiazol-5-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chét thu duoc tir Vi du 15 (15b): (2S,5'R)-7-clo-3'-metoxy-5'-metyl-6-(3-
metyl-1,2,4-oxadiazol-5-yl)-4-(2-tetrahydropyran-2-yloxyetoxy)spiro[benzofuran-2,4'-
xyclohex-2-en]-1',3-dion (0,283 g) duoc hoa tan trong etanol (2 ml). Axit p-
toluensulfonic monohydrat (0,0518 g) va nuée (5 ml) duge thém vao hdn hop nay.
Hon hop phan tmg duoc khudy & nhiét do 50°C trong thoi gian ba gio.

Hon hop phéan tmg nay duoc rot vao nude va chiét bang etyl axetat. Lop hitu co
duoc rira bang nudc va nudc mudi bdo hoa va 1am khd bang natri sulfat khan. Dung

moi duge chung cit dudi ap suat gidm va can thu duge dugce tinh che bang cach sac ky
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cdt silicagel [dung moi giai hép: metanol/etyl axetat = 0/10-1/9 (theo thé tich)] dé thu
dwoc hop chét néu & d& muc (128 mg (hiéu suét: 54%)) & dang chit rin mau tréng.
Vidu 16

(28,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(5-metyl-1,2,4-
oxadiazol-3-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

(16a)

(28,5'R)-7-clo-4-hydroxy-3'-metoxy-5'-metyl-6-(5-metyl-1,2,4-oxadiazol-3-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Hop chit thu duoc tir Vi du 7 (7b): (28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(5-
metyl-1,2,4-oxadiazol-3-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion (2,3 g)
duoc hoa tan trong dung moi hdn hop gbm toluen (20 ml) va ete (40 ml). Magie iodua
(1,52 g) duoc thém vao hdn hop nay. Hdn hop phan tng dugc khudy & nhiét d6 80°C
trong thoi gian 5 gio. Thém nudc vao hén hop phan tmg. Hon hop phén ung duoc
trung hoa bang axit clohydric 4 N va chiét bang etyl axetat. Lép hitu co dugce rira bing
nude va nede mudi bido hoa va lam khd bing natri sulfat khan. Dung méi dugc chung
cAt dudi ap sudt giam va cin thu dugce dugce tinh ché bang cach sic ky cdt silicagel
[dung moi giai hip: petroleum ete/etyl axetat = 1/1 (theo thé tich)] dé thu dwoc hop
chét néu & dé muc (1,7 g (hiéu suét: 64%) & dang chat rin mau vang.

(16b)

(28,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(5-metyl-1,2,4-
oxadiazol-3-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion

Paladi clorua (0,45 mg) dwoc hoa tan trong nudc (2 ml). Tetrabutylamoni
bromua (10,3 mg) va kali cacbonat (4,42 mg) dugc thém vao hdn hop nay. Hon hop
phan g dugc khudy & nhiét do 60°C trong thoi gian 15 phut. Hop chét thu dugc tir
Vi du 16 (16a): (2S,5'R)-7-clo-4-hydroxy-3'-metoxy-5'-metyl-6-(5-metyl-1,2,4-
oxadiazol-3-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion (50 mg) va oxiran (28,1
mg) duoc thém vao hdn hop nay. Hon hop duoc khudy & nhiét do 60°C trong thoi gian
12 gio.

Hon hop phan tng nay duge rot vao nude va chiét bang diclometan. L6p hitu co

duoc rira bang nude va nudc mudi bdo hoa va lam kho bang natri sulfat khan. Dung
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mdi duoc chung ct dudi ap suit giam. Cin thu dugc duge tinh ché bing cach sic ky
16p mong [dung moi hién mau: etyl axetat] dé thu dugc hop chat néu & & muc (16 mg
(hidu suit: 29%) & dang chét rin mau vang.

Trong cac bang sau ddy, cong thirc chu tao clia cac hop chét dugc md ta trong

céc vi du va dit liéu hoa Iy ctia chung dugc thé hién chung.
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Vi du
sO

Cong thirc ciu tao

Dit liéu hoa ly

I(1a)

M0 o CH,

Besas

o
ol CHa

H NMR (400MHz,DMSO-ds):8(ppm)=
12,04(1H, brs), 6,28(1H, s), 5,59(1H, s),
3,81(3H, s), 3,63(3H, s), 2,83-2,73(1H, m),
2,68(1H, dd, J=16,6, 13,2Hz), 2,34(1H, dd,
1=16.6, 4,9H7), 0,81(3H, d, J=6,8Hz).

1(1b)

"N
o o CH,

H
o
HO _"~¢ oQ
c 9
CH,

' NMR(400MHz,CDCls):8(ppm)= 6,15(1H,
s), 5,55(1H, s), 4,28(2H, t, J=4,8Hz), 4,10-
4.042H, m), 3.97GH, s), 3,62GH, s),
3,04(1H, dd, J=16,6, 13,2Hz), 2,89-2,80(1H,
m), 2,44(1H, dd, J=16.6, 4,9Hz), 2,10(1H, t,
J=6,4Hz), 0,97(3H, d, J=6,4Hz). MS(ESI)
m/z:383 M + H)"

H NMR(400MHz,CDCL):5(ppm)= 6,19(1H,
s), 5,54(1H, ), 4,31(2H, t, J=4,4Hz), 3,953H,
s), 3,85(2H, t, J=4,4Hz), 3,61(3H, s), 3,50(3H,
s), 3,04(1H, dd, J=16,6, 13,7Hz), 2,89-
2,79(1H, m), 2,43(1H, dd, J=16,6, 4,4Hz),
0,96(3H, d, J=6,8Hz). MS(ESI) m/z:397 (M +
H)*

3(3a)

'H NMR(400MHz,CDCL):8(ppm)= 6,54(1H,
s), 5,58(1H, s), 3,993H, s), 3,65(3H, s),
2,97(1H, dd, J=16,6, 13,2Hz), 2,93-2,81(1H,
m), 2,48(1H, dd, J=16,1, 4,4Hz), 0,98(3H, d,
J=6,8Hz).

3(3b)

'H NMR(400MHz,CDCls):8(ppm)= 7,49(1H,
d, J=24Hz), 7.12(1H, s), 7.01(1H, d,
1=2,4Hz), 5,57(1H, s), 4,02(3H, s), 4,02(3H,
5), 3,63(3H, s), 3,05(1H, dd, J=16,6, 13,3Hz),
2.952.82(1H, m), 2.46(1H, dd, =166,
43Hz), 099(3H, d, J=6,7Hz). MS(ESI)
m/z:403 (M + H)*

'H NMR(400MHz,CDCls):8(ppm)= 7,53(1H,
d, J=2,4Hz), 7.14(1H, s), 7,01(1H, d,
1=2,4Hz), 5,57(1H, s), 4,29(2H, q, J=7,3Hz),
4,03(3H, s), 3,64(3H, s), 3,05(1H, dd, I=16,6,
133Hz), 2,94-2,83(1H, m), 2,47(1H, dd,
1=16,6, 49Hz), 1,58GH, t, J=7,3Hz),
1,00(3H, d, J=6,4Hz). MS(ESI) m/z:417 (M +
H)*
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[Bang 3]
Vi du | Cong thirc ciu tao Dir liéu hoa Iy
SO
5(5a) o o cH, 'H NMR(400MHz,CDCl3):8(ppm)=7,48(2H,
a \(@ﬁ@:o $), 7.23(1H, s), 5,59(1H, s), 4,053H, s),
QO - 3,65(3H, s), 3,00 (1H, dd, J=16,1, 13,2Hz),
a0 @ e 2,95-2,82(1H, m), 2,50(1H, dd, J=16,1,
4,4Hz), 1,00(3H, d, J=6,8Hz).
5(5b) HCo o chy 'H NMR(400MHz,CDCls):8(ppm)=9,00( 1H,
o . I, Q:O brd, J=54Hz), 8,59(1H, brd, J=54Hz),
Hie o 0 6,88(1H, s), 5,58(1H, s), 4,003H, s), 3,64(3H,
oo o %, |s), 2,99 (1H, dd, J=16,6, 13,2Hz), 2,92-
2,83(1H, m), 2,48(1H, dd, J=16,6, 4,4Hz),
2,17(3H, s,), 0,96(3H, d, J=6,4Hz).
5(5¢) HiCo o CHg '"H NMR(400MHz,CDCIl3):8(ppm)=7,23(1H,
.~ | 9). 5,59(1H, 5), 4,04(3H, 5), 3,65(3H, 5), 3,05-
o OQ 2,97(1H, m), 2,95-2,86(1H, m), 2,71(3H, s),
HOR o o, 2,53-2,45(1H, m), 1,00BH, d, J=6,9Hz).
’ MS(ESI) m/z:405 (M + H)*.
6(62) e o crs | 'H NMR(400MHz,CDCls):8(ppm)= 6,96(1H,
NH, )0 | 5), 5,57(1H, s), 5,03 (2H, brs), 4,003H, s),
Hie SO o@z 3,64(3H, s), 3,00(1H, dd, J=16,6, 13,2Hz),
o o %% |293-2,83(1H, m), 248(1H, dd, J=16,6,
4,4H7), 2,08(3H, s), 0,98(3H, d, J=6,4Hz).
6(6b) HiCoo o cH 'H NMR(400MHz,CDCls):8(ppm)= 7,24(1H,
| g |9 5:59(1H, s), 4,05(3H, s), 3,65GH, s),
N OQ: 3,00(1H,dd, J=16,6, 13,2Hz), 2,96-2,86(1H,
e 8 &9 |m), 2,56(3H, s), 2,50(1H, dd, J=16,6, 4,4H2),
> | 1,003H, d, J=6,6Hz). MS(ESI) m/z:405 (M +
H)*
7(a) HiCo o oH, 'H NMR(400MHz,CDCls):8(ppm)= 6,82(1H,
] s), 5,58(1H, s), 4,00(3H, s), 3,63(3H, s),
Q:o 2.96(1H.dd, J=16,1, 13.2Hz), 2,92-2,83(1H,
> ° m), 2,49(1H, dd, J=16,1, 3,9Hz), 0,97(3H, d,
o, J=6,4Hz).
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7(b)

H4C

>0 0 CHs

'H NMR(400MHz,CDCls):8(ppm)= 7,12(1H,
s), 5,57(1H, s), 4,02GH, s), 3,64(3H, s),
3,02(1H,dd, J=16,6, 13,2Hz), 2,95-2,85(1H,
m), 2,73(3H, s), 2,48(1H, dd, J=16,6, 4,4Hz),
1,003H, d, J=6,6Hz). MS(ESI) m/z:405 (M +
H)*

8(a)

'H NMR(400MHz,CDCls):8(ppm)= 9,39(1H,
brs), 8,83(1H, brs), 6,91 (1H, s), 5,57(1H, s),
4,003H, s), 3,64(3H, s), 3,00(1H, dd, J=16,6,
132Hz), 2,93-2,82(1H, m), 2,47(1H, dd,
1=16.6, 4,4Hz), 2,43(1H, brs), 1,57 (6H, s),
0,97(3H, d, J=6,4Hz).

8(b)

'"H NMR(400MHz,CDCls):8(ppm)= 7,25 (1H,
$), 5,59(1H, s), 4,053H, s), 3,64(3H, s),
3,01(1H, dd, J=16,1, 13,2Hz), 2,97-2,83(1H,
m), 2,52(1H, m), 2,49(1H, dd, J=16,1, 4,4Hz),
1,81 (6H, s), 1,003H, d, J=6,4Hz). MS(ESI)
m/z:449 M + H)"

9(a)

H NMR (400MHz,CDCls):8(ppm)=
7,89(03H, brs), 7,60(0,7H, brs), 4,65-
4,60(1H, m), 4,35-4,28(1H, m), 3,92-3,81(3H,
m), 3,55-3,46(1H, m), 1,90-1,72 (2H, m),
1,65-1,52(4H, m), 1,48(2,1H, d, J=6,8Hz),
1,41(0,9H, d, J=6,8Hz).

9(b)

H NMR(400MHz,CDCl3):8(ppm)=
9.71(02H, d, J=6,8Hz), 9,18(0,8H, d,
J=5,9Hz), 8,94(0,2H, d, J=6,4Hz), 8,90(0,8H,
d, J=5,9Hz), 6,93(0,2H, s), 6,92(0,8H, s),
5.58(0.2H, s), 5,57(0,8H, s), 4,81-4,76(0,8H,
m), 4,72-4,68(0,2H, m), 4,50-4,41(1H, m),
3.99G3H, s), 3,97-3,90(1H, m), 3,68-4,54(4H,
m), 3,00(1H, dd, J=162, 132Hz), 2.93-
2,84(1H, m), 2,48(1H, dd, J=16,2, 4,4Hz),
1.96-1,46 (9H, m), 0,98(3H, d, J=6,8Hz).

-57-




[Bang 5]

32447

Vi du
sO

Cong thirc ciu tao

Dir li€u hoéa ly

9(c)

H,C

5¥~0 0 CH,

'H NMR(400MHz,CDCl3):8(ppm)= 7,26(1H,
s), 5,58(1H, s), 5,26(0,8H, q, J=6,4Hz),
5,17(0,2H, q, J=6,4Hz), 4,93-4,89(0,2H, m),
4,85-4,80(0,8H, m), 4,043H, s), 3,97-
3,90(0,8H, m), 3,88-3,81(0,2H, m), 3,64(3H,
s), 3,63-3,57(0,8H,m), 3,50-3,42(0,2H, m),
3,01(1H, dd, J=16,2, 13,2Hz), 2,95-2,85(1H,
m), 2,49(1H, dd, J=16,2, 4,4Hz), 1,92-
1,80(1H, m), 1,78-1,69(5H, m), 1,68-1,50(3H,
m), 1,00(3H, d, J=6,4Hz).

9(d)

'"H NMR(400MHz,CDCl3):8(ppm)= 7,24(1H,
s), 5,58(1H, s), 5,26(1H, vach nadm J=6,4Hz),
4,04(3H, s), 3,64(3H, s), 3,01(1H, dd, J=16,6,
13,7Hz), 2,95-2,85(1H, m), 2,55(1H, brs),
2,49(1H, dd, J=16,6, 4,4Hz), 1,783H, d,
J=6,4Hz), 1,00(3H, d, J=6,8Hz). MS(ESI)
m/z:435 (M + H)*

10(a)

H NMR(400MHz,CDCls):8(ppm)=
7,89(03H, brs), 7,60(0,7H, brs), 4,67-
4,60(1H, m), 4,36-4,27(1H, m), 3,96-3,78(3H,
m), 3,57-3,46(1H, m), 1,91-1,72 (2H, m),
1,65-1,52(4H, m), 1,48(2,1H, d, J=6,8Hz),
1,42(0,9H, d, J=6,8Hz).

10(b)

H NMR(400MHz,CDCI3):8(ppm)=
9,72(0,3H, d, J=6,4Hz), 9,19(0,7H, d,
J=6,4Hz), 9,00(0,3H, d, J=6,4Hz), 8,96(0,7H,
d, J=6,4Hz), 6,93(0,3H, s), 6,92(0,7H, s),
5.57(1H, s), 4,83-4,76(0,7H, m), 4,74-
4.67(03H, m), 4,52-440(1H, m), 4,07-
3.88(4H, m), 3,71-3,53(4H, m), 3,06-2,82(2H,
m), 2,48(1H, dd, J=16,6, 4,4Hz), 1,98-145
(9H, m), 0,97(3H, d, J=6,4Hz).

10(c)

'H NMR(400MHz,CDCls):8(ppm)= 7,27(1H,
s), 5,58(1H, s), 5,30(0,7H, q, J=6,8Hz),
5,16(0,3H, q, J=6,8Hz), 4,93-4,89(0,3H, m),
4,85-4,80(0,7H, m), 4,043H, s), 3,97
3,90(0,7H, m), 3,89-3,81(0,3H, m), 3,64(3H,
s), 3,63-3,56(0,7H, m), 3,50-3,41(0,3H, m),
3,05-2,85(2H, m), 2,53-2,45(1H, m), 1,93-
1,46(9H, m), 0,99(3H, d, J=6,8Hz).
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10(d)

HiCeo o o,

'H NMR(400MHz,CDC13):6(ppm)= 7,24(1H,
s), 5,58(1H, s), 5,26(1H, vach ndm J=6,8Hz),
4,04(3H, s), 3,64(3H, s), 3,01(1H,dd, J=16,2,
13,2Hz), 2,95-2,85(1H, m), 2,56(1H, brs),
2,49(1H, dd, J=16,6, 4,4Hz), 1,78(3H, d,
J=6,8Hz), 1,003H, d, J=6,8Hz). MS(ESI)
m/z:435 (M + H)*

11(a)

IH NMR(400MHz,CDCls):8(ppm)= 7,28 (1H,
s), 5,61(1H, s), 4,04(1H, s), 3,68(3H, s), 3,05-
2,87(2H, m), 2,59-2,52(1H, m), 1,80(6H, s),
1,02(3H, d, J=6,4Hz).

11(b)

'H NMR(400MHz,CDCL):8(ppm)= 7,22(1H,
s), 5,57(1H, 3), 4,31-4,23(2H, m), 3,64(3H, s),
3,02(1H, dd, J=16.6, 13,7Hz), 2,95-2,85(1H,
m), 2,56-2,42(2H, m), 1,81 (6H, s), 1,54(3H,
t, J=6,8Hz), 1,00(3H, d, J=6,4Hz).

MS(ESI) m/z:463 (M + H)*

12

'H NMR(400MHz,CDCls):8(ppm)= 7,22(1H,
$), 557(1H, s), 531-521(1H, m), 4,32-
4220H, m), 3,643H, s), 3,03(1H, dd,
I=16,6, 132Hz), 2,96-2,85(1H, m), 2,52-
2,44(2H, m), 1,78(3H, d, J=6,4Hz), 1,54(3H,
t, J=6,8Hz ), 1,00(3H, d, J=6,4Hz). MS(ESI)
m/z:449 M + H)*

13(13a)

H NMR(400MHz,CDCl3):8(ppm)=4,93-
4.86(1H, m), 4,65(1H, q, J=6,8Hz), 3,82-
3.72(1H, m), 3,60-3,52(1H, m), 1,90-1,71(2H,
m), 1,69-1,49(7H, m), H
NMR(400MHz,CDCls):3(ppm)=4.81-
4,77(1H, m), 4,39(1H, q, J=6,8Hz), 3,97(1H,
td, J=11,7, 2.9Hz), 3,67-3,60(1H, m), 1,90-
1,52(9H, m).
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13(13b)

HO
HoC N

'H NMR(400MHz,CDCls):8(ppm)=7,70(1H,
brs), 4,70 (2H, brs), 4,63-4,58(1H, m),
4,36(1H, q, J=6,8Hz), 3,93-3,83(1H, m), 3,56-
3,48(1H, m), 1,90-1,78(1H, m), 1,75-1,66(1H,
m), 1,63-1,49(4H, m), 1,44(3H, d, J=6,8Hz).

13(13¢)

'H NMR(400MHz,CDCls):8(ppm)=6,97(1H,
s), 5,57(1H, s), 5,21(2H, brs), 4,78-4,61(2H,
m), 4,003H, s), 3,94-3,85(1H, m), 3,63(3H,
s), 3,59-3,51(1H, m), 3,00(1H, dd, J=16,6,
13,7Hz), 2,93-2,82(1H, m), 2,48(1H, dd,
1=16,6, 44Hz), 1,90-1,79(1H, m), 1,78
1,69(1H, m), 1,63-1,49(7H, m), 0,98(3H, d,
J=6,8Hz).

13(13d)

'H NMR(400MHz,CDCls):8(ppm)=7,27(1H,
s), 5,58(1H, s), 5,23(1H, q, J=6,8Hz), 4,79-
4,70(1H, m), 4,053H, s), 3,99-3,92(1H, m),
3,63(3H, s), 3,62-3,56(1H, m), 3,00(1H, dd,
1=16.6, 13,7Hz), 2,95-2,85(1H, m), 2,49(1H,
dd, 1=16,6, 4,4Hz), 1,94-1,83(1H, m), 1,78-
1,50(8H, m), 0,99(3H, d, J=6,8Hz).

13(13¢)

'H NMR(400MHz,CDCl3):8(ppm)=7,25(1H,
s), 5,58(1H, s), 5,17(1H, vach nam, J=6,8Hz),
4,06(3H, s), 3,64(3H, s), 3,00(1H, dd, J=16,6,
13,2Hz), 2,96-2,85(1H, m), 2,50(1H, dd,
J=16,6, 4,4Hz), 2,48-2,43(1H, m), 1,73(3H, d,
J=6,8Hz), 1,00(3H, d, J=6,4Hz). MS(ESI)
m/z:435 (M + H)*.

14(14a)

'H NMR(400MHz,CDCL):8(ppm)=7,76(1H,
brs), 6,19(1H, s), 5,57(1H, s), 3,98(3H, s),
3,66(3H, s), 3,00-2,82(2H, m), 2,49(1H, dd,
1=16,6, 4,4Hz), 0,99(3H, d, J=6,4Hz).

14(14b)

'H NMR(400MHz,CDCls):8(ppm)= 6,26(1H,
s), 5,54(1H, s), 4,75-4,69(1H, m), 4,40-
429(2H, m), 4,15-4,08(1H, m), 4,003H, s),
3,96-3,85(2H, m), 3,62(3H, s), 3,57-3,50(1H,
m), 3,03(1H, dd, J=16,6, 13,2Hz), 2,89-
2,79(1H, m), 2,46-2,39(1H, m), 1,88-1,68(2H,
m), 1,62-1,45(4H, m), 0,96(3H, d, J=6,8Hz).
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14(14c)

-

o]

1

O 0O CH,

'H NMR(400MHz,CDCls):5(ppm)= 6,30(1H,
s), 5,54(1H, s), 4,78-4,71(1H, m), 4,30-
4.21(2H, m), 4,12-4,04(1H, m), 3,95-3,84(2H,
m), 3,63(3H, s), 3,57-3,50(1H, m), 3,04(1H,
dd, I=16,6, 13,2Hz), 2,88-2,77(1H, m), 2,46-
2,39(1H, m), 1,85-1,47(6H, m), 0,97(3H, d,
J=6,8Hz).

14(144)

'H NMR(400MHz,CDCL):3(ppm)= 6,67(1H,
s), 5,57(1H, s), 4,75-4,70(1H, m), 4,37-
4,28(2H, m), 4,15-4,07(1H, m), 3,93-3,84(2H,
m), 3,65(3H, s), 3,57-3,51(1H, m), 3,01-
2,93(1H, m), 2,92-2,81(1H, m), 2,52-2,44(1H,
m), 1,84-1,68Q2H, m), 1,65-1,46(4H, m),
0,98(3H, d, J=6,8Hz).

14(14e)

'H NMR(400MHz,CDCL):8(ppm)= 7,47(2H,
s), 7,32(1H, s), 5,58(1H, s), 4,76-4,72(1H, m),
4.44-436(2H, m), 4,17-4,07(1H, m), 3,96-
3,84(2H, m), 3,65(3H, s), 3,57-3,49(1H, m),
3,04-2,96(1H, m), 2,95-2,86(1H, m), 2,52-
2,.44(1H, m), 1,83-1,67(2H, m), 1,64-1,44(4H,
m), 0,99(3H, d, J=6,8Hz).

14(149)

'H NMR(400MHz,CDCL):3(ppm)= 8,97
8,86(1H, m), 8,45-8,32(1H, m), 6,96(1H, s),
5,56(1H, s), 4,77-4,70(1H, m), 4,40-4,29(2H,
m), 4,14-4,05(1H, m), 3,94-3,84(2H, m),
3,64(3H, s), 3,57-3,50(1H, m), 3,00(1H, dd,
7=16.1, 13,6Hz), 2,93-2,82(1H, m), 2,47(1H,
dd, 1=16.6, 3,9Hz), 2,16(3H, s), 1,87-1,67(2H,
m), 1,64-1,46(4H, m), 0,97(3H, d, J=6,8Hz).
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14(14g)

'H NMR(400MHz,CDCls):5(ppm)= 7,29(1H,
s), 5,57(1H, s), 4,78-4,72(1H, m), 4,43-
4,33(2H, m), 4,16-4,08(1H, m), 3,96-3,85(2H,
m), 3,64(3H, s), 3,58-3,51(1H, m), 3,01(1H,
dd, J=16,1, 132Hz), 2,95-2,85(1H, m),
2,70GH, s), 2,52-2,44(1H, m), 1,85-1,68(2H,
m), 1,64-1,47(4H, m), 0,99(3H, d, J=6,4Hz).

14(14h)

'H NMR(400MHz,CDCl3):8(ppm)= 7,25(1H,
s), 558(1H, s), 4,33-423(2H, m), 4,10-
3.96(2H, m), 3,65(3H, s), 3,04-2,85(2H, m),
2.71(3H, s), 2,60-2,46(2H, m), 1,003H, d,
J=6,8Hz). MS(ESI) m/z:435(M + H)*

15(15a)

'H NMR(400MHz,CDCls):8(ppm)= 7,04(1H,
s), 5,56(1H, s), 4,78-4,72(1H, m), 4,40-
4,29(2H, m), 4,14-4,06(1H, m), 3,93-3,84(2H,
m), 3,64(3H, s), 3,57-3,50(1H, m), 3,00(1H,
dd, J=16,6, 132Hz), 2,93-2,82(1H, m),
2,47(1H, dd, J=16,6, 3,2Hz), 2,08(3H, s),
1,85-1,67(2H, m), 1,64-1,47(4H, m), 0,97(3H,
d, J=6,4Hz).

15(15b)

'H NMR(400MHz,CDCl):8(ppm)= 7,33(1H,
s), 5,57(1H, s), 4,78-4,72(1H, m), 4,45-
4,34(2H, m), 4,16-4,08(1H, m), 3,96-3,83(2H,
m), 3,64(3H, s), 3,58-3,51(1H, m), 3,00(1H,
dd, J=16,1, 13,2Hz), 2,95-2,86(1H, m),
2,543H, s), 2,48(1H, dd, J=16,1, 3,2Hz),
1,85-1,68(2H, m), 1,64-1,47(4H, m), 0,99(3H,
d, J=6,4Hz).

15(15¢)

'H NMR(400MHz,CDCls):5(ppm)= 7,25(1H,
s), 5,58(1H, s), 4,33-4,25(2H, m), 4,09-
3,982H, m), 3,65GH, s), 2,99(1H, dd,
1=16.1, 13,2Hz), 2,96-2,87(1H, m), 2,55(3H,
s), 2,54 (IH, d, J=6,4Hz), 2,50(1H, dd,
J=16,1, 3,9Hz), 1,00B3H, d, J=6,4Hz).

MS(ESI) m/z:435 M + H)"
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'"H NMR(400MHz,CDCl3):8(ppm)= 7,72(1H,
brs), 7,16 (1H, s), 5,60(1H, s), 3,683H, s),
3.10-2,85(2H, m), 2,72(3H, s), 2,59-2,43(1H,
m), 1,01(3H, d, J=6,4Hz).

[Bang 10]
Vj du | Cong thic cAu tao
sO
16(a) OH lcf CH,
Benos
N 0
HSC_<O,I’\I al O.CH3
16(b) HO
O |o C::H3
N o
H3C—<OJ’\I & o_CH3

'H NMR(400MHz,CDCL):8(ppm)= 7,15(1H,
s), 5,58(1H, s), 4,38-4,23(2H, m), 4,15-
3,95(2H, m), 3,66(3H, s), 3,08-2,85(2H, m),
2.74(3H, s), 2,49(1H, dd, J=16,1, 3,9Hz),
1,00(3H, d, J=6,4Hz). MS(ESI) m/z:435 (M +
H)*
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1. Hop chét c6 cong thirc chung (1) hodc mudi duoc ly dung ciia né:

O o CHy
| H
3 g o
R\A OQ
Cl 0 2

(1)

trong d6 cac ky hiéu trong cdng thirc nay dugc xdc dinh dudi day:

R!': nhom C1-C6 alkyl hodc nhém hydroxyC1-Cé6 alkyl,

R2: nhém C1-C6 alkyl,
A: di vong thom 5 canh cé 1-4 nguyén tir dugc chon tir nhém gbdm nguyén tir nito,
nguyén tir oxy va nguyén tir luu huynh, hodc nguyén tir oxy, va
R3: néu A la di vong thom 5 canh ¢6 1-4 nguyén t& duge chon tir nhom gdm nguyén tir
nito, nguyén tir oxXy va nguyén tt lvu huynh, thi R* 1a nhém C1-C6 alkyl, nhém
hydroxyC1-C6 alkyl hoic nhém C1-C6 alkoxyC1-C6 alkyl; va néu A 13 nguyén tir oxy,
thi R? 1a nhém hydroxyC1-C6 alkyl hodc nhém C1-C6 alkoxyC1-C6 alkyl.
2. Hop chét hodc mudi duge Iy dung clia nd theo diém 1, trong d6 R! 1a nhém metyl,
nhom etyl hoac nhém hydroxyetyl.
3. Hop chét hodc mudi duge Iy dung ctia né theo diém 1 hodc diém 2, trong d6 R? 1a
nhoém metyl.
4. Hop chét hoic mudi duoc Iy dung ctia né theo diém bét ky trong s cac diém tir 1
dén 3, trong d6 A 1a di vong thom 5 canh ¢ 1-4 nguyén tir dugc chon tlr nhém gbm
nguyén tir nito, nguyén tir oxy va nguyén tt lvu huynh; va R? [a nhém metyl, nhém
etyl, nhom hydroxyC1-C3 alkyl hodc nhom metoxyC1-C3 alkyl.
5. Hop chit hodc mudi dugc 1y dung cla no theo diém bat ky trong s cac diém tir 1

dén 4, trong d6 A 1a di vong thom 5 canh dugc chon tir nhom sau day:

% % *
* —<\O\|N/ * _<\Ni)/ * _</N\/ * '—N.N\
N- N- 0]

*
|
-N =

trong do * 1a lién két.
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6. Hop chat hoic mudi duge Iy dung cia né theo diém bt ky trong sb cac diém tir 1
dén 3, trong d6 A 1a nguyén tir oxy.

7. Hop chit c6 cong thtrc chung (1) hodc mudi duoc 1y dung ctia né:

R
O o CHy
T
3 * @)
R\A OQ
Cl o,

(1)
trong do cac ky hiéu trong cong thitc nay dugc xdc dinh dudi day:
R!: nhém metyl, nhom etyl hoic nhém hydroxyetyl,
R?: nhom metyl,
A: di vong thom 5 canh dugc chon tir nhém sau déy:
* 4{;}( % —Q:j . _(SI % —N'N/\
trong d6 * 1a lién két, va
R3: nhém metyl, nhom etyl hodc nhom hydroxyC1-C3 alkyl.
8. Hop chét hoic mubi dugce ly dung ctia n6 dugc chon tir nhom sau day:
(28,5'R)-7-clo-6-(2-hydroxyetoxy)-3',4-dimetoxy-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-3',4-dimetoxy-6-(2-metoxyetoxy)-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(1-metylpyrazol-3-yl)spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-6-(1-etylpyrazol-3-y1)-3',4-dimetoxy-5'-metyl-spiro[benzofuran-
2,4'-xyclohex-2-en]-1',3-dion,
(2S,5'R)-7-clo-3",4-dimetoxy-5'-metyl-6-(5-metyl-1,3,4-oxadiazol-2-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-3',4-dimetoxy-5'-metyl-6-(3-metyl-1,2,4-oxadiazol-5-

yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
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(2S,5'R)-7-clo-3',4-dimetoxy-5'"-metyl-6-(5-metyl-1,2,4-oxadiazol-3-
yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(2S,5'R)-7-clo-6-[5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl1]-3',4-
dimetoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-6-[5-[(1S)-1-hydroxyetyl]-1,3,4-oxadiazol-2-yl]-3',4-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-6-[5-[(1R)-1-hydroxyetyl]-1,3,4-oxadiazol-2-yl]-3',4-dimetoxy-
5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-4-etoxy-6-[ 5-(1-hydroxy-1-metyl-etyl)-1,3,4-oxadiazol-2-yl]-3'-
metoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(2S,5'R)-7-clo-4-etoxy-6-[5-[(1S)-1-hydroxyetyl]-1,3,4-oxadiazol-2-yl]-3'-
metoxy-5'-metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(2S,5'R)-7-clo-6-[3-(1-hydroxyetyl)-1,2,4-oxadiazol-5-yl]-3',4-dimetoxy-5'-
metyl-spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(28,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(5-metyl-1,3,4-
oxadiazol-2-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion,
(2S,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(3-metyl-1,2,4-
oxadiazol-5-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion, va
(2S,5'R)-7-clo-4-(2-hydroxyetoxy)-3'-metoxy-5'-metyl-6-(5-metyl-1,2,4-
oxadiazol-3-yl)spiro[benzofuran-2,4'-xyclohex-2-en]-1',3-dion.
9. Dugc phdm chira hop chét hodc mudi dugc ly dung cta n6 theo diém bat ky trong
sé cac diém tir 1 dén 8 1am hoat chét.
10. Thude e ché TNF-a. chira hop chit hodc mudi duge ly dung cta né theo diém bét

ky trong sd cac diém tir 1 dén 8 1am hoat chét.
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