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(54 TIEN DUGC CHAT CUA AXIT AMIN CHUA FLO VA THUOC CHUA TIEN

DUJC CHAT NAY

(57) Séng ché dé cap dén tién dugc chat cta hop chat axit amin chia flo cé cong
thiic chung (I) ma tao thanh axit amin chia flo - day 1a chét cht van thu thé
glutamat huéng chuyen héa nhém 2, hoac mudi dugc dung ctia né. Cu thé hon,
sang ché dé cap dén tién dugc chét 1am gia ting sy tiép xidc trong co thé va gla
tang kha nang hap thu qua mleng va kha nang hép thu qua niém mac khac cua
hO’p chdt ma tdc dong lén thu thé glutamat huéng chuyén héa nhém 2 lam chat
dé phong ngita hodc diéu tri cdc bénh lién quan dén thu thé glutamat huéng
chuyén héa nhém 2 nhu bénh tam than phan liét, roi loan lo au va cic bénh lién
quan, bénh trdm cam, r&i loan ludng cuc, bénh dong kinh, roi loan phét trién, roi
loan gidc ngl, va cac bénh tam-than kinh khéc; va ching nghién thuoc, roi loan
nhan biét, bénh Alzheimer, bénh mda giat Huntington, bénh Parkinson, roi loan
van dong lién quan dén tinh cing co, chung thi€u mau ndo, ching thiéu néng
ndo, r6i loan ty song, bénh dau, va céc rdi loan than kinh khéc.
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Linh vue ky thuat dwoc dé cap

Sang ché dé cap dén tién duoc chét cua axit (1S,28,3S,5R,6S)-2-amino-
3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic, 1a chat cha van thu thé glutamat
huéng chuyén héa (metabotropic glutamate receptor) (sau ddy goi la hop chét
gdc hodc hop chat ¢6 cong thirc (IV)). Cu thé hon, sang ché dé cap dén tién
dugc chit cta axit cha vin thy thé glutamat huéng chuyén hoéa
(18,28,3S,5R,6S)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic, hop chét
nay duoc mong doi 1 hitu dung dé 1am chét phong hodc diéu tri cac bénh lién
quan dén thu thé glutamat huéng chuyén héa nhém, nhu bénh tdm thin phéan
liét, bénh rdi loan lo du va céc bénh lién quan, bénh trdm cam, rdi loan ludng
cuc, bénh dong kinh, rdi loan phat trién, r6i loan giéc ngu va cac bénh tAm-than
kinh khéc, va chting nghién thudc, rbi loan nhéan biét, bénh Alzheimer, bénh mua
giat Huntington, bénh Parkinson, r6i loan van dong lién quan dén tinh cing co,
chimg thiéu mau nfo, ching thiéu ning néo, rdi loan tiy sdng, bénh diu va céc
rbi loan than kinh khac.

Sang ché ciing dé cap dén tién duoc chét duge tao ra tir hop chét gc tac
dong 1én thy thé glutamat hudng chuyén héa va két qua 13 ning cao kha nang
hé'lp thu qua niém mac nhu kha nang hép thu qua miéng va gia téng su hép thu

trong co thé ctia hop chét gde.
Tinh trang ky thuit ciia sing ché

Trong nhitng nam gan déy, cic nghién ctru tach dong lién tuc clia gen
thu thé glutamat da dugc thuc hién, véi phat hién ra r%mg céc thu thé glutamat c6
nhiéu tiéu loai. Hién nay, cac thu thé glutamat n6i chung dugc chia thanh hai
loai: “céc thu thé ionotropic c6 c4u tric kénh ion” va “céc thu thé metabotropic
lién két G-protein”. Ngoai ra, céc thu thé ionotropic glutamat duge chia thanh ba
nhom: NMDA, a-amino-3-hydroxy-5-metylisoxazol-4-propionat (AMPA) va
cac thu thé kainat (tai liéu phi sang ché 1), trong khi thu thé glutamat huéng
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chuyén héa duoc chia thanh tdm nhém, tir mGluR 1 dén mGIuR8 (céc tai liéu phi
sang ché 2 va 3). Thu thé glutamat hudng chuyén héa nhém 2 c6 trong cac
presynap cua hé than kinh glutamatergic va déng vai trd 1am tu thu thé, do vay
ngin nglra su giai phéng qua muec axit glutamic (céc tai liéu phi sang ché 4 va
5). Do hé than kinh glutamatergic lién quan dén cac chirc ning tdm-than kinh
khéc nhau, do d6 hop chét tic dong 1én thu thé glutamat hudng chuyén hoa
nhém 2 c6 thé 13 hiru hidu dé phong hodc diéu tri cac bénh tdm-than kinh cép

tinh va man tinh va cac bénh than kinh.

Axit (1S,28,3S,5R,6S)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylic 1am chét chu van thu thé glutamat huéng chuyén héa nhém 2 da
dugce boc 19 (tai liéu sang ché 1). Céc gia tri ECsy thé hién hoat tinh chu van la
29,4 nM va 45,4 nM lan lugt dbi v6i mGluR2 va mGluR3, va khing dinh ring
chit chti vdn c6 hiéu qua trong viéc ngan chdn hoat dong quad muc do
phenxyclidin & mo6 hinh chudt bi bénh tam than phan liét, vai gia tri EDsy dugce
ghi nhan 1a 5,1 mg/kg. Chét chu vén c6 hidu qua ngan chin théi quen lic lu dau
do phenxyclidin va phan tmg tranh c6 diéu kién & mé hinh bénh tam than phan
liét (céc tai liéu phi sang ché 6 va 7).

Tuy nhién, kha niang hip thy qua miéng cua axit (1S,2S,3S,5R,6S)-2-
amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic 13 kém & khi. Piéu nay goi ¥

1a c6 thé kha ning hép thu qua miéng ciing kém & ngudi.

C6 hai cach chinh @& dat dwoc su gia ting kha ning hip thu qua niém
mac (vi du, kha ning hép thu qua miéng) ctia cac hop chat. Mot 1a phwong phép
thay dbi cu trac héa hoc cua chung va cach kia 13 phwong phap tao ra ché phim
ma khéng 1am thay ddi cac ciu trac héa hoc ctia chung. Phuong phap dau tién
bao ham viéc gén nhém cai bién nhoé nhu nhém alkyl hosic nhém axyl vao phan
tir thé phan ng nhu nhém hydroxyl hoic nhém amino ctia cac hop chét dé tao

thanh cac tién duogc chét.
Céc hop chit duogc wu tién lam tién duoc chét néu trén 13 cac hop chit
ma ton tai On dinh & dang tién duoc chat trude khi hép thy, thé hién su hép thu

gia ting sau khi duoc tao thanh céc tién duoc chit va duoc chuyén hoéa nhanh
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thanh hop chét géc béng cach hoa hoc hoac bﬁmg enzym O rudt non, gan va/hodc

huyét twong trong khi va/hodc sau khi hap thu.

Tuy nhién, viéc phat trién cac tién dugc chat 1y tudng thda man tat ca céac

- diéu kién néu trén la khé khan. Vi duy, cac dan xuét tién duoc chat co lién két

este hiu nhu bi thiy phan, didu nay c6 thé c6 anh huéng 16n dén do n dinh hoéa
hoc trudce khi hép thu. Dbi vé6i cac dan xuét tién duoc chit c6 lién két amit, su
thay doi 16n vé céc tinh chit vat Iy cta cac hop chét ¢6 thé c6 anh huéng 16n dén
kha ning hép thu qua niém mac nhu kha ning hap thu qua miéng. Ngoai ra, lién
két amit it bj thiy phan, diéu nay c6 thé c6 anh huéng 16n dén su chuyén hoa
sinh hoc cua cac hop chit thanh cac hop chit gbc va ndng do huyét twong.
Ngoai ra, viéc du doan profin dugc ddng hoc cia cac tién duoc chét 13 khé khan
do cac enzym kiém soat su chuyén hoa sinh hoc cua tién duogc chét thanh hop
chét géc 13 dic hiéu co chit va cu thé, vi du, su trd ngai lap thé cua phf?m tlr thé
dugc dua vao dé tao thanh cac tién dugc chét ngan can phan ing clia cac enzym.
Vi céc ly do nay nén viéc gia ting ndng do huyét twong cia hop chét gbc bang
cach uéc tinh su gia ting kha ning hép thu qua niém mac (vi du, kha nang hap
thu qua miéng) ciia cac tién duoc chit va sy bién ddi cta ching thanh hop chét

gbc 1a khong dé dang.

Thuc té, tai lidu sang ché 1 mé ta chung vé céc tién duogc chét cua axit
(1S,28,35,5R,68)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic, = nhung
khong bcf)c'lé mot cach chinh xé4c vé céc tién dugc chét nay. Cho dén nim 1999,
khi don theo tai liéu sang ché dwoc ndp, khong c6 vi du nao thanh cbng vé su

tao thanh céc tién dugc chét.
Danh sach tai liéu trich dan
Tai lidu séang ché:
Tai lidu sang ché 1: JP H11-279129 A.
Céc tai lidu phi sang ché:
Tai liéu phi sang ché 1: Science, 258, 59, 7-603, 1992;

Tai liéu phi sang ché 2: 1. Neurosci., 13, 1372-1378, 1993;
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Tai liéu phi séng ché 3: Neuropharmacol., 34, 1-26, 1995;

Tai lidu phi sang ché 4: Neuropharmacol., 40, 20-27, 2001;

Tai liéu phi sang ché 5: Eur. J. Pharmacol., 356, 149-157, 1998;

Tai liéu phi sang ché 6: J. Med. Chem., 43, 4893-4909, 2000;

Tai liéu phi sang ché 7: Life Science, 73, 1721-1728, 2003.
Ban chit ky thuit ciia sing ché

Muc dich cia sang ché 1 d& xuit tién dugc chit lam tang kha ning hip
thu qua niém mac (vi du, kha ning hip thu qua miéng) cua hop chét gbc tac
dong 1én thu thé glutamat huéng chuyén héa nhém 2 va gia ting sy hip thu
trong co thé ctia hop chit gbc, nhd d6 dong vai trd 1am chét phong hoic diéu tri
céc tinh trang bénh lién quan dén thu thé glutamat huéng chuyén héa nhém 2,
nhur bénh tdm than phan liét, réi loan lo 4u va céc bénh lién quan, bénh trim
cam, rdi loan ludng cuc, bénh dong kinh, roi loan phat trién, roi loan giéc ngu va
cac tinh trang bénh tAm-than kinh khéc, va ching nghién thuc, réi loan nhan
biét, bénh Alzheimer, bénh mua giat Huntington, bénh Parkinson, rdi loan van
dong lién quan dén tinh cimg co, chimg thiéu mau néo, chimg thiéu ning no,
ri loan tay séng, bénh dau va cc bénh than kinh khac.

Céc tac gia sang ché da tién hanh cac nghién ctru siu va rong vé céc tién
dugc chit coa axit (1S,2S,3 S,5R,685)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylic 1a hop chit gbc tic dong 1én thu thé glutamat huéng chuyén héa
nhém 2 va két qua 1a cac tac gia sang ché da phét hién ra ring mét s6 loai dan
xult déng vai trd lam tién duge chét gia ting kha niang hip thu qua niém mac
nhu kha ning hdp thu qua miéng va gia ting sy hép thu trong co thé ciia hop

chét gbc. Phat hién nay dan dén viéc hoan thanh sang ché.

Sang ché duoc mb ta chi tiét dusi day. Cac phuong an cia sang ché (sau
day, cac hop chat theo cac phuong 4n cia sang ché dugce goi 1a “cac hop chét

theo sang ché”) duoc md ta dudi day.

(1) Hop chét c6 cong thirc (I):
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trong d6 R' va R* ¢6 thé gidng hodc khac nhau, mdi nhém nay la nguyén
tir hydro, céng thirc -(CR'R*)-0-CO-R’ hoic -(CR°R®’)-0-CO-O-R’, hoiic cong
thire (ITa) hodc (Ilb) sau day:

Cong thuc 2
R® 0
?LLYKO 0
o\\< b3
0
(lla) (Ib)

R’ 14 nguyén tir hydro, cong thitc -(AA)n-H, -CO-O-(CR’R®’)-0-CO-R"°
hoic -CO-O-(CR’R”’)-0-CO-0O-R'", hodc cong thire (II1) sau day:

Cong thuc 3

()

trong d6 R* va R" ¢6 thé gibng hodc khac nhau, mdi nhém nay la
nguyén tir hydro hodc nhém C, ¢ alkyl,

R’ 1a nhém Cp.qo alkyl, nhém Cs_ xycloalkyl (nhom C; .3 xycloalkyl tiy y
duoc thé bang moét dén ba nhém C¢ alkyl), nhém adamantyl (nhom adamantyl
tly y duge thé bing mot dén ba nhém C, alkyl), hoac nhém phenyl (nhém

phenyl tily ¥ dugc thé bang mot dén ba nhém duoc chon tir nguyeén tr halogen

-6-
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va nhom C1_6 alkyl),

R® va R® ¢6 thé gidng hodc khac nhau, mdi nhém nay la nguyén ti
hydro hodc nhom C, alkyl;

R’ 12 nhém Cy_y alkyl, nhém Cjg xycloalkyl (nhéom C;.g xycloalkyl tuy y
dugc thé bang mét dén ba nhém C.¢ alkyl), nhém adamantyl (nhém adamantyl
tlly y dwoc thé bing mot dén ba nhém C,. alkyl), hoic nhém aryl (nhém aryl
ty y dugc thé bing mot dén ba nhém duge chon tir nguyén tir halogen va nhom
Ci alkyl);

R® 1a nhém Ci.6 alkyl hodc nhém phenyl;

R’ va R” ¢6 thé gidng hodc khac nhau, mdi nhém nay la nguyén tu
hydro hodc nhém C ¢ alkyl;

R'’ 12 nhém Cy_¢ alkyl, nhém Cs.g xycloalkyl (nhém Cs.g xycloalkyl tiy
y duge thé bing modt dén ba nhém C alkyl), nhom adamantyl (nhém
adamantyl tlly ¥ duoc thé bing mot dén ba nhém C alkyl), hodc nhom phenyl
(nhém phenyl tiy v duoc thé bing moét dén ba nhém duoc chon tir nguyén tu

halogen va nhom C, ¢ alkyl);

R'' 12 nhém Cy.¢ alkyl, nhém Cs.g xycloalkyl (nhém C.g xycloalkyl tuy
y dugc thé bang mot dén ba nhém C,¢ alkyl), nhém adamantyl (nhém
adamantyl tiy y dugc thé bing mét dén ba nhém Ci¢ alkyl), hodc nhém aryl
(nhém aryl tly y duwoc thé bing mot dén ba nhém duge chon tir nguyén tu
halogen va nhom C,4 alkyl);

R'? 12 nhém C,¢ alkyl hodc nhém phenyl;

AA la nhom aminoaxyl; va

n 1a sé nguyén tir 1 dén 3,
v6i didu kién 1a cac hop chét trong d6 mdi nhém R', R* va R® 1a nguyén tu
hydro dugc loai trir, hodc mubi duoc dung cua chung.

(2) Hop chét theo muc (1), trong d6 trong cong thirc (I), R’ 13 nguyén tir

hydro, hodc mudi duge dung cua chung.
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3) Hop chit theo muc (2), trong d6 trong cong thie (I), R' ¢é cong thirc -
(CR'R")-0-CO-R’ (trong d6, R*, R*’ va R’ Ia nhu dugc dinh nghia trong muc
(1)) hodc -(CR°R®)-0-CO-O-R’ (trong d6, R®, R® va R” 1a nhu duoc dinh nghia
trong muc (1)) hoac cong thirc (Ila) hoac (IIb) dudi day:

Cong thuc 4
R8 0
37./\(40 0
o\.\< 3
o)
(lla) (lib)

trong d6 R® 1a nhu duge dinh nghfa trong muyc (1), hozc mudi dugc dung

cua chung.

4) Hop chit theo muc (3), trong d6 trong cong thie (I), R' ¢6 cong thirc -
(CR*'R*)-0-CO-R’ (trong d6 R*, R® va R’ 1a nhu dugc dinh nghia trong muc
(1)) hogc -(CR°R®’)-0-CO-O-R (trong d6 R®, R® va R” 1a nhu dugc dinh nghia

trong muc (1)), hodc mubi duoc dung cua ching.

(5) Hop chit theo muc (4), trong d6 trong cong thic (I), R' c6 cong thic -
(CR*R*)-0-CO-R’ hoic -(CR°R?)-0-CO-O-R’, trong d6 R’ 13 nhém adamantyl
(nhém adamantyl tiy y duge thé bing tir 1 dén 3 nhém metyl); R7 1 nhém Cs
xycloalkyl dugc thé bing tir mot dén ba nhém Ci alkyl hoac la nhom
adamantyl (nhém adamantyl tlly y dugc thé bing mot dén ba nhém Cp alkyl);
va RY, R, R® va R® 1a nhu duoc dinh nghia trong muc (1), hodc mudi duge

dung ctia chung.

(6) Hop chét theo muc bat ky trong sé cac muc tir (2) dén (5), trong do6 trong
cong thire (I), R? 1a nguyén ti hydro, hodc mudi dugc dung cuia chung.

(7 Hop chit theo muc (1), trong d6 trong coéng thirc (I), R' va R? mdi nhém
ndy la nguyén tr hydro; R’ c6 cong thic -(AA)n-H, trong d6 AA 1a nhom

aminoaxyl vanla 1 hodc 2, hodc mudi dugc dung cia chung.
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(8) Hop chit theo muc (7), trong d6 trong cdng thirc (1), R® ¢6 cong thuc -
(AA)n-H, trong d6 AA 1a nhém aminoaxyl c¢6 ngudn gbc tir axit amin tu nhién

vanla 1, hodc muoi dugc dung cta ching.

9) Thubc chta hop chét theo muc bat ky trong s6 cac muc tir (1) dén (8)

hodc mudi dugce dung cia chung.

(10) Thubc chia hop chét theo muc bét ky trong sb cac muc tir (1) dén (8)
hodc mudi dugc dung cua ching, dé phong hodc diéu tri tinh trang bénh duogc
chon tir nhém bao gém bénh tdm than phén liét, rdi loan lo 4u va cic tinh trang
bénh lién quan cta nd, bénh trdm cam, rdi loan ludng cuc, bénh dong kinh, rdi
loan phat trién, rdi loan giéc ngu va céc tinh trang bénh tAm-than kinh khac, va
chung nghién thube, rdi loan nhan biét, bénh Alzheimer, bénh mua giat
Huntington, bénh Parkinson, rbi loan vén ddng lién quan dén tinh cung co,
chimg thiéu mau ndo, chimg thiéu ning nio, ri loan tay song, bénh dau va cac
tinh trang bénh than kinh khéc.
Hiéu qua clia sang ché

Tién duoc chit cua axit amin chra flo cua sang ché gia ting kha nang
hép thu qua niém mac nhu kha ning hép thu qua miéng va dugc chuyén héa
nhanh chéng thanh hop chat géc 1a axit (1S,2S,3S,5R, 6S)-2-amino-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic sau khi hp thu. Hop chét gbc thé hién
ai luc ddi véi thu thé glutamat huéng chuyén héa va ¢ hiéu qua chu van.
MG ta chi tiét sang ché

Céc phuong &n thuc hién sang ché duge mo ta cu thé duéi day.

Céc y nghia vé& céc thuat ngit va khai niém nay duoc st dung & day la
nhu sau:

“Nguyén tir halogen” c6 nghia 14 nguyén tir flo, nguyén tir clo, nguyén ti
brom, hodc nguyén ti iot.

“Nhém C,4 alkyl” c6 nghia 13 nhém alkyl mach thing hoic mach nhénh
c6 tir 1 dén 6 nguyén tir cacbon, va céc vi du bao gdm céc nhém nhu metyl, etyl,

n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,

-0-
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neopentyl, tert-pentyl, 1-etylpropyl, n-hexyl, isohexyl, va neohexyl.

“Nhém Cy_y9 alkyl” ¢6 nghia 12 nhém alkyl mach thang hodc mach nhanh
c6 tir 1 dén 10 nguyén tir cacbon, va cac vi du bao gdm céc nhém nhu metyl,
etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, neopentyl, tert-pentyl, 1-etylpropyl, n-hexyl, isohexyl, neohexyl, n-
heptyl, n-octyl, n-nonyl, va n-dexyl. |

“Nhom Cs.s xycloalkyl” c¢é nghia la nhom nhu xyclopropyl, xyclobutyl,
xyclopentyl, xyclohexyl, xycloheptyl, hoac xyclooctyl.

“Nhom aryl” c¢6 nghia la hydrocacbon thom mét vong hodc hai vong, va

cac vi du bao gdm cac nhém nhu phenyl, 1-naphtyl, va 2-naphtyl.

“Nhém aminoaxyl” cé nghia la nhém aminoaxyl c¢6 ngudn gdc tir axit
amin tu nhién hoic khong tu nhién. “Axit amin tu nhién” cé thé 1a alanin,
arginin, asparagin, axit aspartic, xystein, glutamin, axit glutamic, glyxin,
histidin, isoleuxin, leuxin, lysin, methionin, phenylalanin, prolin, serin, threonin,
tryptophan, tyrosin, hodc valin, va mdi mdt trong s céc axit amin ty nhién nay
ngoai trlr glyxin cé ddng phén 14p thé L. “Axit amin khong tu nhién” c6 thé 1a
chit ddng phan l4p thé D clia “cac axit amin ty nhién” noéi trén va cc vi du khac
bao gdm B-alanin, axit aminobutyric, axit B-aminobutyric, axit y-aminobutyric,

hydroxyprolin, sarcosin, va phenylglyxin.

“Mubi duge dung” & day ciing bao ham cac mubi cua axit vo co nhu axit
sulfuric, axit clohydric, axit bromhydric, axit phosphoric va axit nitric; cdc mudi
véi axit hitu co nhu axit axetic, axit benzoic, axit oxalic, axit lactic, axit malic,
axit tartaric, axit fumaric, axit maleic, axit xitric, axit malonic, axit mandelic,
axit gluconic, axit galactaric, axit glucoheptonic, axit glycolic, axit glutamic,
axit trifloaxetic, axit metansulfonic, axit etansulfonic, axit benzensulfonic, axit
p-toluensulfonic, axit camphorsulfonic va axit naphtalen-2-sulfonic; cic mudi
v6i mot hodc nhiéu ion kim loai nhu nhu ion lithi, ion natri, ion kali, ion canxi,
ion magie, ion kém va ion nhom; va cac mudi véi amoriiac hodc cac amin nhu
arginin, lysin, piperazin, cholin, dietylamin, 4-phenylxyclohexylamin, 2-

aminoetanol, va benzathin. Cac mudi nay c6 the thu dugc bang cach chuyén héa

-10-
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tir dang tu do theo cach théng thuong.
Céac phuong 4n wu tién vé cac hop chét theo sang ché 1a nhu sau:

Trong céc hgp chét, khi R’ 14 nguyén tir hydro, R' t8t hon ¢6 cong thirc
-(CR'R")-0-CO-R’ hoic -(CR°R®’)-0-CO-O-R’ hoiic cong thic (Ila), tét hon
nita 13 céng thirc -(CR°R®*)-0-CO-0O-R” hoic cong thte (I1a). Khi R? 13 nguyén
ti hydro, R* t6t hon ¢6 cong thirc -(CR°R®*)-0-CO-O-R” hoic cong thirc (Ila).

Khi R? va R’ m&i nhém nay 1& nguyén tir hydro, R' t5t hon ¢6 cong thirc
-(CR'R*)-0-CO-R’ hoidc -(CR*R®)-0-CO-O-R hofic cong thic (Ila) hoic
(IIb), tt hon nita 12 céng thirc -(CR*R*)-0-CO-R® hoic -(CR°R®*)-0-CO-O-R’.

Khi R' va R® m6i nhém nay 1a nguyén tir hydro, R? tdt hon c6 cong thure
-(CR*R®’)-0-CO-0-R’ hogc cong thirc (Ila).

R* t6t hon 14 nguyén tt hydro.

R* t6t hon la nguyén tir hydro hoic nhém C, alkyl, tét hon nita 14

nguyén tir hydro hodc nhém metyl.

R’ t6t hon 12 nhém Cio alkyl, nhém C; xycloalkyl (nhém Csg
xycloalkyl tily y dugc thé bang mot dén ba nhém C, alkyl), nhom adamantyl
(nhém adamantyl tiy y dugc thé bang mot dén ba nhém C,. alkyl) hoac nhém
phenyl (nhém phenyl tiy y dugc thé bing mot dén ba nhém duoc chon tur
nguyén tr halogen va nhém C, alkyl), t6t hon nita 14 nhém Ci-10 alkyl, nhém
adamantyl (nhém adamantyl tity y dugc thé bing mot dén ba nhém C,. alkyl)
hoic nhém phenyl, con tét hon nita 13 nhém adamantyl (nhdm adamantyl tuy y

duoc thé bang tir 1 dén 3 nhém metyl).
R® t6t hon 14 nguyén tir hydro.

R® tt hon la nguyén tr hydro hoic nhém C, alkyl, t6t hon nira 13
nguyén tir hydro hodc nhom metyl.

R’ t6t hon 13 nhém C,4 alkyl, nhém Csg xycloalkyl (nhém Cg
xycloalkyl tiy y dugc thé bing mét dén ba nhém C, alkyl) hodc nhém
adamantyl (nhém adamantyl tity y duoc thé bing mot dén ba nhém C,. alkyl),
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t6t hon nita 13 nhém Cs.g xycloalkyl duoc thé bing tir mot dén ba nhém Ci¢
alkyl, hoic nhém adamantyl (nhém adamantyl tiy ¥ duoc thé bang mot dén ba
nhom C,¢ alkyl).

R® t6t hon 13 nhém C, ¢ alkyl.

Khi mi R' va R? 1a nguyén tt hydro, R® tét hon ¢6 cong thic -(AA)n-H.

AA t6t hon 1a nhém aminoaxyl c6 ngudn gbc tir axit amin ty nhién.

n t6t hon 13 1 hodc 2, tbt hon nita 1a 1.

Céc vi du wu tién vé& cc hop chit theo sang ché gdm c6 cac hop chét sau
day hoic cac mubdi dugc dung ctia chung:

- axit (1S,2S,3S,5R,65)-6-(((adamantan-1-

cacbonyl)oxy)metoxy)cacbonyl-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (1S,28,3S,5R,65)-6-(1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (1S,285,3S,5R,6S)-2-amino-3-flo-6-((1-(((((1R,2S,5R)-2-isopropyl-
5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic,

axit (18S,28,3S,5R,6S)-2-amino-3-flo-6-(((((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)metoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic, '

axit (1S,28,3S,5R,6S)-2-amino-6-(1-((3,5-dimetyladamantan-1-
cacbonyl)oxy)etoxy)cacbonyl-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (1S,2S,3S,5R,6S)-2-amino-3-flo-6-
(((octanoyloxy)metoxy)cacbonyl)bixyclo[3.1.0]Thexan-2-carboxylic,

axit (1S,28S,3S,5R,65)-2-amino-6-(((benzoyloxy)metoxy)cacbonyl)-3-
flobixyclo[3.1.0]Thexan-2-carboxylic,

axit (1S,2S,3S,5R,6S)-2-amino-6-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-2-
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carboxylic,

axit (185,2S,3S,5R,6S)-2-amino-6-((1-
(((xyclooctyloxy)cacbonyl)oxy)etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-2-
carboxylic,

axit (18S,2S,3S,5R,6S)-2-amino-6-((1-((((4,4-
dimetylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-3-
flobixyclo[3.1.0]hexan-2-carboxylic,

axit (1S,285,3S,5R,6S)-6-(((((adamantan-1-
yloxy)cacbonyl)oxy)metoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-
carboxylic, |

axit (185,2S,3S,5R,65)-6-((1-(((adamantan-1-
yloxy)cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-
carboxylic,

axit  (1S,2S,3S,5R,6S)-2-amino-3-flo-6-(((5-metyl-2-oxo-1,3-dioxol-4-
yl)metoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic,

6-(3-phthalidyl) este cua axit (1S,2S,3S,5R,6S)-2-amino-3-flobixyclo-
[3.1.0]hexan-2,6-dicarboxylic,

axit (15,2S,3S,5R,65)-2-((S)-2-amino-4-(metylthio)butanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (15,2S,3S,5R,65)-2-((S)-2-aminopropanamit)-3-flobixyclo[3.1.0]-
hexan-2,6-dicarboxylic,

axit (1S,28S,3S,5R,6S)-2-(2-aminoaxetamit)-3-flobixyclo[3.1.0]hexan-
2,6-dicarboxylic,

axit (15,2S,3S,5R,65)-2-((S)-2-amino-4-metylbutanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (15,25,3S,5R,68)-2-((S)-2,6-diaminohexanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (185,2S,3S,5R,65)-2-((S)-2-amino-4-metylpentanamit)-3-
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flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (18,28,3S,5R,6S)-2-((S)-2-((S)-2-aminopropanamit)propanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (185,28,3S,5R,6S)-2-((S)-2-amino-3-phenylpropanamit)-3-
flobixyclo-[3.1.0]hexan-2,6-dicarboxylic,

axit (18,28,3S,5R,6S)-2-amino-3-flo-6-(((S)-1-(((((1R,28,5R)-2-
isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-

carboxylic,

axit (15,28,3S,5R,6S)-2-amino-3-flo-6-(((R)-1-(((((1R,2S,5R)-2-
isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-

carboxylic

axit (18S,2S5,35,5R,6S)-6-(((S)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]Thexan-2-carboxylic,

va

axit (1S,28S,3S,5R,65)-6-(((R)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]Thexan-2-carboxylic.

Khi cac hop chét theo sang ché tao cac hydrat hoac céac solvat, nhu céac
hydrat va céc solvat ciing nim trong pham vi cta sang ché. Cac mubi duoc dung
clia c4c hydrat hogic cac solvat ciia cac hop chét theo sang ché cling ndm trong

pham vi cua sang che.

Céc hop chét theo sang ché bao ham tt ca céc dang nhu cac ddng phan
quéng hoc, céc chét ddng phan lap thé, cac hop chét can bing, cic hdn hop cta
cac hop chét nay theo ty 18 bat ky va céc raxemat.

Céc hop chat theo sang ché ciing bao ham céc hop chét trong d6 mot
hodc nhidu nguyén ti hydro, nguyén tir cacbon, cac nguyén tur nito, cac nguyén
tlr oxy, ho#ic cac nguyén tir flo duge thay béng cac ddng vi phong xa hodc cac

chat dong vi 6n dinh ciia chung. Céc hop chét danh d4u nay 13 hitu ich, vi du
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trong cac nguyén ctu trao do6i chat va dugc dong hoc, hodc cac phan tich sinh

hoc trong d6 né dugce str dung 1am céc chét gén két thu thé.

Céc hop chit theo sang ché c6 thé dugc két hop véi mot hodc nhiéu chét
mang, cac t4 dugc hodc chit pha loing duogc dung dé phdi ché cac ché phim
dugc. Céc vi du vé céc chit mang, cac t4 duge va céc chét pha logng gdm c6
nudc, lactoza, dextroza, fructoza, sucroza, sorbitol, manitol, polyetylen glycol,
propylen glycol, tinh bdt, gém, gelatin, alginat, canxi silicat, canxi phosphat,
xenluloza, xi r6 nudc, metylxenluloza, polyvinylpyrolidon, cac alkyl
parahydroxybenzoat, bdt talc, magie stearat, axit stearic, glyxerin, va cac dau

khac nhau nhu dau hat vimg, dau oliu va dau dau tuong.

Sau khi dugc trén véi cac chdt mang nay, cac t4 duge hodc cac chét pha
lodng v4, néu can, cac chét bd sung thong thudng nhu cac chit kéo dai, cac chat
gan, cac chét gy phan r3, chit didu chinh d6 pH hoic cac chét 1am 6n dinh, cac
hop chét theo sang ché c6 thé dugc phdi ché bing cac ky thudt duge da bit
thanh cac thudc ding qua duong miéng hodc cac thudc ngoai rudt, nhu cac vién
nén, vién, cic bao nang, cac hat, bdt, dung dich, nhii twong, céc chét xoa, c4c
ché phdm tiém hodc cac miéng dan da, va dic biét dugc phéi ché 1am cac tidn

dugc chat ctia chét cha van thu thé glutamat huéng chuyén héa nhém 2.

Céc hop chét theo sang ché c6 thé duoc s dung qua dudng miéng hoac
ngoai dudng tiéu hoa cho bénh nhan la ngudi 16n st dung véi lugng nim trong
khoang tir 0,01 dn 500mg 1a lidu lwong riéng hodc cac lidu riéng trong ngay,
ma con ding qua dudong miéng duogc wu tién xét vé sy dé dang gdy nhiém va
hidu qua thude. Lidu lwong nay c6 thé duge tang hodc gidm mot cach thich hop

nhdm vao loai bénh can dugc xtt 1y, tudi, thé trong va triéu chimg bénh, v.v..

Céc hop chét theo sang ché (I) khéng anh huéng dén thy thé glutamat
huéng chuyén héa nhém 2. Tuy nhién, m&i mét trong s& cac hop chét theo séng
ché (I) c6 thé dwoc hydro héa trong co thé bang enzym hodc hoa chét thanh hop
chét c¢6 cong thic (IV) ma ¢6 tac dung manh dén thy thé glutamat huéng chuyén
héa nhém 2. Do d6, cac hop chét theo sang ché thuc hién cac chiic nang lam

thudc ma tic dong 1én thy thé glutamat huéng chuyén héa nhém 2.
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Cong thic 5

(V)

Tt 13, cac hop chét theo sang ché c6 tac dung lam céc tién dugc chit
lam gia ting kha ning hip thu qua niém mac (vi dy, kha ning hép thu qua
miéng) cua hop chit gbc (IV) tac dong 1én thy thé glutamat hudéng chuyén hoa

nhém 2 va gia ting sy hip thu trong co thé cia hop chét gdc, nho d6 dong vai
trd lam thube dé phong hodc didu tri c4c tinh trang bénh, trong d6 thu thé
glutamat hudng chuyén héa nhém 2 duge coi 1a ¢6 lién quan, nhu bénh tim than
phan liét, r6i loan lo 4u va cac tinh trang bénh lién quan cua nod, bénh trAm cam,
r6i loan ludng cuc, bénh dong kinh, rdi loan phat trién, rdi loan gidc ngl va
cac tinh trang bénh tim-than kinh khac, va ching nghién thudc, rdi loan nhén
biét, bénh Alzheimer, bénh mua gist Huntington, bénh Parkinson, rdi loan van
dong lién quan dén tinh cimg co, chimg thiéu méu n3o, chung thiéu ning nio,
rdi loan tay séng, bénh dau va cac tinh trang bénh than kinh khéc.

Céc quy trinh san xuét tiéu biéu ding cho cac hop chit theo sang ché )
c6 thé dugc biéu thi trong cc so dd tir 1 dén 7 duoc thé hién bén dudi. Cac quy
trinh sau day 14 cac vi du vé& cdc quy trinh san xudt dbi véi céc hop chét theo
sang ché va khong nhim gi6i han pham vi clia sang ché. Trong cac vi du sau day
vé cac quy trinh, cac hop chit c6 thé tao ra cdc mudi ma 1am can tré phén Ung.

Hop chit theo séang ché co cong thie (I-1) ¢6 thé dugc tao ra bing quy
trinh tong hop dwoc minh hoa bang so db 1.

Céng thitc 6
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trong d6 R' nhu duoc dinh nghia & trén.

Budc 1: Hop chit ¢6 cong thirc (IV) c¢6 thé duoc chuyén héa thanh hop
chit (1) qua su bao vé thong thuong cta nhém amino cia hop chat c6 cong thic
(IV) bang nhém alyloxycacbonyl (xem Protective Groups in Organic Synthesis,
fourth edition, John Wiley & Sons, Inc.). Su chuyén héa nay c6 thé duoc hoan
thanh, vi dy, nho phén Ung véi alyl cloroformat trong dung méi tro nhu dung
moi hydrocacbon (vi dy, benzen, toluen, hexan), dung méi halogen hoéa (vi du,
diclometan, cloroform, cacbon tetraclorua), dung mdéi ete (vi du,
tetrahydrofuran, dietyl ete, 1,2-dimetoxyetan), amit (vi du, N,N-
dimetylformamit, N-metyl-2-pyrolidinon), dimetyl sulfoxit, nuéc hosc hon hop
bat ky cua ching, véi sy c6 mat hodc khong c6 mit bazo hitu co (vi du,
trietylamin, pyridin, N-metylmorpholin, diisopropyletylamin, 4-(N,N-
dimetylamino)pyridin, 2,6-di-t-butylpyridin) hodc bazo v6 co (vi du, kali
cacbonat, natri cacbonat, natri bicacbonat).

Budc 2: Hop chit c6 céng thire (1) ¢ thé dugce chuyén héa thanh hop
chét ¢ cong thire (2), vi du, nhd phan g st dung chét xuc tic axit nhu axit p-
toluensulfonic hodc axit oxalic véi hodc khong cé thiét bi tach nudc nhu thiét bi

tdch nudc Dean-Stark, trong dung mdi tro nhu dung mdi hydrocacbon (vi duy,

-17-



19462

benzen, toluen, hexan), dung méi halogen hdéa (vi du, diclometan, cloroform,
cacbon tetraclorua), dung moi ete (vi du, tetrahydrofuran, dietyl ete, 1,2-
dimetoxyetan) hodc hdn hop bét ky cia ching, véi sy c6 mét cua aldehyt nhu

paraformaldehyt.

Buéce 3: Hop chét ¢6 cong thitc (2) c6 thé duge chuyén héa thanh hop
chit c6 cong thirc (3) nho phan tng véi hop chét c6 cong thire L-R! (trong d6 L
1 nhém roi chuyén nhu nguyén tir halogen, nhém p-toluensulfonyloxy, nhém
metansulfonyloxy, hodc nhém triflometansulfonyloxy) c6 mit hoic khéng cé
mit hoat chit thich hop nhu natri iodua, trong dung moi tro nhu dung moi
hydrocacbon (vi dy, benzen, toluen, hexan, xyclohexan), dung méi halogen héa
(vi du, diclometan, cloroform, cacbon tetraclorua), dung moéi ete (vi du,
tetrahydroﬁlran, dietyl ete, 1,2-dimetoxyetan), amit (vi duy, N,N-
dimetylformamit, N-metyl-2-pyrolidinon), dimetyl sulfoxit hoc hdn hop bt ky
cua chung, c6 mit bazo vo co (vi duy, natri hydrua, kali hydrua, kali cacbonat,
natri cacbonat, natri bicacbonat, xesi cacbonat, xesi bicacbonat, natri hydroxit,
kali hydroxit), amit kim loai (vi dy, lithi bis(trimetylsilyl)amit, lithi
diisopropylamit, natri amit), bazo hitu co (vi du, trietylamin, pyridin,
diisopropyletylamin, 4-(N,N-dimetylamino)pyridin, 2,6-di-t-butylpyridin) hoic
bazo (vi dy, kali t-butoxit). Tot hon 13, hop chét c6 cong thirc (2) c6 thé duoc
chuyén héa thanh hop chét c6 cdng thire (3) nho phan tng véi hop chét ¢ cong
thitc CI-R' hodc Br-R! trong N,N-dimetylformamit c6 mat kali cacbonat va natri
iodua & nhiét d¢ trong phong dén 80°C trong thoi gian tir 2 gid d&én 1 ngay. Theo
cach khac, hop chét c6 cong thic (2) c6 thé duoc chuyén héa thanh hop chét c6
cdng thirc (3) nhd phan tng véi hop chét ¢é cong thic CI-R' hodc Br-R! trong
N,N-dimetylformamit ¢6 mit xesi cacbonat & nhiét d6 nim trong khoang tu
nhiét d6 trong phong dén 80°C trong thoi gian tlr 2 gio dén 1 ngay.

Budc 4: Hop chét ¢6 cong thic (3) ¢ thd duogc chuyén héa thanh hop
chét c6 cong thie (I-1), hop chét theo sang ché, nhd sy khir bao vé chung cua
nhém amino ctia hop chét c¢6 cong thic (3) (xem Protective Groups in Organic

Synthesis, fourth edition, John Wiley & Sons, Inc.). Su chuyén héa nay c6 thé
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dugc hoan thanh, vi dy, nho viée khir bao vé géc axit o-amino c¢6 mit chit xtc
tac paladi hoa tri 0 nhu tetrakis(triphenylphosphin)paladi(0) va thudc thi tai sinh
ding cho chit xuc tac kim loai, nhu axit 1,3-dimetylbarbituric, vi dy, trong dung
moéi tro nhu dung méi hydrocacbon (vi dy, benzen, toluen, hexan), dung moi
halogen héa (vi du, diclometan, cloroform, cacbon tetraclorua), dung mdi ete (vi
du, tetrahydrofuran, dietyl ete, 1,2-dimetoxyetan) hoic hdn hop bat ky cia
ching. T6t hon 14, hop chét c6 cong thitc (3) ¢6 thé dugc chuyén héa thanh hop
chit theo sang ché c6 cong thic (I-1) nhd phan tng duoc tién hanh trong
cloroform c¢6 mat tetrakis(triphenylphosphin)-paladi(0) va axit 1,3-
dimetylbarbituric & nhiét do trong phong dén 50°C trong thoi gian tr 2 dén 8
gio.

Hop chét theo séang ché c6 cong thic (I-2) ¢6 thé duge diéu ché bing quy
trinh tong hop dwoc minh hoa bing so db 2.

Cong thac 7
<Buéc 2>
T i i
H - J\OH H o J\o /\,//’ H oW J\o/\/
% % %
»H H WH
0 o o)
OH —M— OH — » ) ORZ —— o
Pl o Buocs Filog  Buscs T HNg Buwéc 7
0 o )
I8 I8 N
(1) (4) (5)
8
H, H OH
N 0
OR?
F NHy

(1-2)

trong d6 R? nhu dugc dinh nghia & trén.

Budc 5: Hop chét ¢6 cong thie (1) ¢6 thé duge chuyén héa thanh hop
chét c6 cong thirc (4) nho este hoa nhém carboxyl thong thudng ctia hop chét c6

cdng thue (1) véi alyl alcohol c¢6 kiém soét thoi gian va/hodic nhiét do phan Ung
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(xem Comprehensive Organic Transformations, Second Edition, 1999, John
Wiley & Sons, Inc.). Qué trinh este hda nay, vi dy, phan tmg dugc thuc hién
trong dung mdi tro c6 mat hodc khong c6 mit bazo, nhu sy ngung tu st dung tac
nhdn ngung tu nhu O-(7-azabenzotriazol-1-y1)-N,N,N’,N’-tetrametyluroni
hexaflophosphat (HATU), O-(benzotriazol-1-y1)-N,N,N’,N’-tetrametyluroni
hexaflophosphat (HBTU), N,N’-dixyclohexyl-carbodiimit (DCC), 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit hydroclorua (EDC-HCI), diphenylphosphoryl
azit (DPPA) hodc cacbonyldiimidazol (CDI), ngung tu véi anhydrit clia axit hon
hop stir dung etyl cloroformat, isobutyl cloroformat, trimetylaxetyl clorua, v.v.,
hodc ngung tu véi halua axit str dung thionyl clorua, oxalyl clorua, 1-clo-N,N,2-
trimetyl-1-propenylamin, v.v. Trong khi este hoa s dung tic nhin ngung tu,
phu gia nhu 1-hydroxybenzotriazol (HOBt) hodc hydroxysucxinimit (HOSu) c6
thé dugc sur dung, néu can. Tt hon 13, hop chét c6 cong thirc (1) ¢6 thé dugce
chuyén héa thanh hop chét ¢6 cong thuc (4) nho phan tng véi tir 1 dén 1,5
duong Iugng cua alyl alcohol trong cloroform véi sy c6 mit
diisopropyletylamin, 4-(N,N-dimetylamino)pyridin va 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit hydroclorua (EDC-HCl) & nhiét d6 trong
phong trong thoi gian tir 1 dén 4 ngay.

Budc 6: Hop chat c6 cong thic (4) c6 thé duoc chuyén hoa thanh hop
chét ¢6 cong thirc (5) theo clng cach nhu trong bude 3. Tét hon 14, hop chit co
cong thirc (4) c6 thé duge chuyén héa thanh hop chét ¢6 cong thirc (5) nho phan
tng v&i hop chét ¢ cong thic CI-R? hoic Br-R? trong N,N-dimetylformamit v&i
sy c6 mit cla kali cacbonat va natri iodua & nhiét d§ trong phong dén 80°C
trong thoi gian tir 2 gid dén 1 ngdy. Theo cach khac, hop chit c6 cong thtc (4)
c6 thé dugc chuyén héa thanh hop chét c6 cong thirc (5) nhd phan tng véi hop
chit c6 cong thirc CI-R? hoic Br-R? trong N,N-dimetylformamit v4i sy ¢c6 mat
cla xesi cacbonat & nhiét 6 nam trong khoang tir nhiét do trong phong dén

80°C trong thoi gian tir 2 gid dén 1 ngay.

Budc 7: Hop chét c6 cong thirc (5) c¢6 thé duoc chuyén héa thanh hop
chét ¢6 cong thire (I-2), hop chét theo séng ché, nho viéc khir béo vé cac nhém
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bao vé dbi véi nhém amino va nhém carboxyl & vi tri tht 6, twong ung, theo
clng cach nhu trong budc 4. Tt hon 13, hop chét c6 cong thirc (5) ¢6 thé dugc
chuyén héa thanh hop chit theo sang ché c6 cong thirc (I-2) nho phan ing duoc
tién hanh trong cloroform véi sy c6 mat tetrakis(triphenylphosphin)paladi(0) va
axit 1,3-dimetylbarbituric & nhiét do trong phong dén 50°C trong thoi gian tir 2
dén 8 gio.

Hop chét theo sang ché c6 cdng thirc (I-3) ¢ thé duoc tao ra bang quy
trinh tdng hop duoc minh hoa bang so db 3.

Cong thic 8
<So dé 3>
H H 'k
e —— OR2 "'
Bwoc 8 HN\[:O chvc 9
(o} NHz
1\ IS
(1) (6) (1-3)

trong do R'=R?’vaR!vaR?1anhu dugc dinh nghia & trén.

Budce 8: Hop chét c6 cong thire (1) ¢6 thé duge chuyén héa thanh hop
chit c6 cong thirc (6) theo cung cch nhu trong bude 3. Tt hon 13, hop chét c6
cong thire (1) ¢6 thé duge chuyén héa thanh hop chit c¢6 cong thirc (6) nho phan
ting véi hop chét ¢6 cong thirc CI-R! hodc Br-R! trong N,N-dimetylformamit vGi
sy O mdt cua kali cacbonat va natri iodua & nhiét d trong phong dén 80°C
trong thoi gian tir 2 gid dén 1 ngay. Theo cach khac, hop chét c6 cong thire (1)
¢6 thé dugc chuyén hoéa thanh hop chét c6 cong thirc (6) nho phan tng vaéi hop
chét ¢6 cong thirc CI-R! hodc Br-R! trong N,N-dimetylformamit véi sy ¢c6 mit
cua xesi cacbonat & nhiét d6 nam trong khoang tur nhiét d§ trong phong dén

80°C trong thoi gian tir 2 gio dén 1 ngay.

Budc 9: Hop chit c6 cong thirc (6) ¢6 thd duoc chuyén héa thanh hop

chit c¢6 cong thirc (I-3), hop chit theo sang ché, nho viéc khir bao v€ nhém bao
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vé d6i voi nhém amino theo cing cach nhu trong budc 4. Tt hon 13, hop chét
¢6 cong thirc (6) c6 thé dugc chuyén hoa thanh hop chét theo sang ché c6 cong
thirc (I-3) nho phan ung dirc_rc tién hanh trong cloroform véi sy c6 mat cia
tetrakis(triphenylphosphin)paladi(0) va axit 1,3-dimetylbarbituric & nhiét do6
trong phong dén 50°C trong thoi gian tir 2 dén 8 gio.

Hop chét theo sang ché ¢6 cong thic (I-4) c¢6 thé dugc san xuét bang quy
trinh téng hop dwoc minh hoa bang so d6 4.

Cong thuac 9
<So db 4>
0
0
o f H \”\ -~
HQ W U\OH H‘&, LO/ HO [AA)H-P Y H 0
MHO —_— '@HO —_— J:(o
oy Buwéc10 o  Buwoct1 : HN“ 0’
(1Iv) (7) (8)
0 0
\l $)
Mo LOH . “‘lLOH
_— - .&HO —_— MHO
Buwéc 12 OH Buéc 13 OH
F HN F HN
(AA),—P “TAA),—H
(9) (1-4)

trong d6 AA va n la nhu dugc dinh nghia & trén va P la nhom bao vé dbi
v61 nhém amino.

Budc 10: Hop chit c6 cong thire (IV) c¢6 thé duge chuyén héa thanh hop
chét c6 cong thire (7) nhd su este héa chung cac nhém carboxyl cua hop chét c6
cong thuc (IV) (xem Protective Groups in Organic Synthesis, fourth edition,
John Wiley & Sons, Inc.). Tét hon 14, hop chit c6 cong thic (IV) c6 thé duge
chuyén héa thanh hop chét ¢ cong thirc (7) nho phan ing dwoc tién hanh trong
dung dich metanol chtta hydro clorua tir 5 dén 10% & nhiét d6 trong phong dén
80°C trong thoi gian tir 2 gid dén 3 ngay.
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Budce 11: Hop chét ¢ cong thire (7) c6 thé duoc chuyén héa thanh hop
chét c6 cong thire (8) nhd sy amit héa chung nhém amino ctia hgp chét c6 cong
thirc (7). Sy amit héa nay, vi du 1a phan tng dugc tién hanh trong dung moi tro
v0i sy 6 mdt hodc khong c6 mat bazo, nhu sy ngung tu st dung tac nhan ngung
tu nhu O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetrametyluroni hexaflophosphat
(HATU), O-(benzotriazol-1-yl)-N,N,N’,N’-tetrametyluroni hexaflophosphat
(HBTU), N,N’-dixyclohexyl-carbodiimit (DCO), 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit hydroclorua (EDC-HCI), diphenylphosphoryl
azit (DPPA) hodc cacbonyldiimidazol (CDI), ngung tu véi anhydrua cia axit
hén hop sir dung etyl cloroformat, isobutyl cloroformat, trimetylaxetyl clorua,
v.v., hodc ngung tu véi halua cta axit st dung thionyl clorua, oxalyl clorua, 1-
clo-N,N,2-trimetyl-1-propenylamin, v.v.. Trong qué trinh amit héa sir dung tac
nhin ngung tu, phuy gia nhu 1-hydroxybenzotriazol (HOBt) hoic
hydroxysucxinimit (HOSu) c6 thé duogc sit dung, néu can. T8t hon 1a, hop chét
¢6 cong thirc (7) c6 thé duge chuyén héa thanh hop chit c6 cong thire (8) nho
phan tng duoc tién hanh trong cloroform véi sy ¢ mat N-metylmorpholin,
isobutyl cloroformat va hop chit HO-(AA)-P & nhiét d6 nim trong khoang tir -
40°C dén 60°C trong thoi gian tir 20 phit dén 1 ngay.

Budc 12: Hop chét c6 cong thic (8) c6 thé dugc chuyén héa thanh hop
chit c6 cong thire (9) nho su thiy phén chung cac metyleste ctia hop chit c6
cong thic (8) thanh céc axit carboxylic (xem T. W. Greene, P. G. M. Wuts,
“Protective Groups in Organic Synthesis). Tot hon 13, hop chét c6 cong thuc
(8) c6 the dugc chuyén hoa thanh hgp chit c¢6 cong thirc (9) nhd phan tmg dugc
tién hanh trong tetrahydrofuran va 0,1 dén 10 mol/l dung dich nuéc natri
hydroxit & nhiét d6 nam trong khoang tir -10°C dén 40°C trong thoi gian tir 2
gio dén 2 ngay.

Budc 13: Hop chét ¢ cong thic (9) c6 thé dugc chuyén héa thanh hop
chit c6 cong thuc (I-4), hop chét theo sang ché, nhd khtr bao vé chung nhom
bao vé ddi véi nhém amino cia hop chét c6 cong thirc (9) d loai bé nhoém bao

v€ (xem Protective Groups in Organic Synthesis, fourth edition, John Wiley &
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Sons, Inc.).

Hop chét theo séng ché ¢ ¢ong thuc (I-5) ¢6 thé duge san xuit bang quy
trinh tdng hop duoc minh hoa bing so db 5.
Cong thuc 10

<So dd 5> >

i i
0 H@ o Lo H H‘% 8 “J\o 2
H JI\ «H »H
Y a H OH 0 o
. F HN F HN
OH Buwéc 14 W'__o Buwéc 15 \FO
(V) {10) (11}
o]
H s\lj\o/\/ H “"JJ\OH
<] H 3 H
- - 0 - - 0]
Bwéc 16 o~  Buéc17 Q—ZOH
F NHR? F NHR®

trong d6 R’ 1a cdu tric c6 cdng thic -CO-O-(CR’R?)-0-CO-R" hoic -
CO-O-(CR’R”)-0-CO-0O-R'" hoc cong thie (IIT), va R’, R”, R'’, R va cong
thirc (III) 1a nhu dugce dinh nghia & trén.

Budc 14: Hop chét c6 cong thirc (IV) c¢6 thé duoc chuyén héa thanh hop
chit c6 cong thirc (10) theo ciing cach nhu trong budc 1. Tt hon 13, hop chét c6
cong thirc (IV) ¢ thé dugc chuyén hoéa thanh hop chét c6 cong thtrc (10) nho
phan tng véi 1 dén 5 duong luong cia di-tert-butoxycacbonyl (Boc,0) trong
1,4-dioxan v6i sy ¢ méat 1 mol/l dung dich nudc natri hydroxit & nhiét do trong

phong trong thoi gian tir 6 gid dén 5 ngay.

Buéc 15: Hop chét c6 cong thire (10) ¢6 thé duge chuyén héa thanh hop
chit c6 cong thire (11) nhd phan Gng cia cac nhém carboxyl ctia hop chét c6
cdng thirc (10) theo cung cach nhu trong budc 5. Tét hon 13, hop chit ¢6 cong
thirc (10) c6 thé duoc chuyén hoa thanh hop chat ¢ cong thirc (11) nho phan

ing véi tir 2 dén 5 duong luong cua alyl bromua trong N,N-dimetylformamit
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v6i sy 6 mat kali cacbonat va alyl bromua & nhiét d9 nim trong khoéang tir 0

dén 80°C trong thoi gian tir 2 gidy dén 2 ngay.

Budce 16: Hop chét c6 cong thire (11) ¢6 thé duoc chuyén hoa thanh hop
chit c6 cong thirc (12) nhd viéc khur bao v€ nhém amino ctia hop chét ¢6 cong
thirc (11) va sau d6 bao vé bing nhém axyl theo cung cach nhu trong budc 14
(xem Protective Groups in Organic Synthesis, fourth edition, John Wiley &
Sons, Inc.). T6t hon 13, hop chét c6 cong thire (11) cé thé dugce chuyén hoéa
thanh hop chat c6 cong thirc (12) nhd phéan tng dwoc tién hanh trong tir 1 dén 4
mol/l dung dich hydro clorua-etyl axetat & nhiét ¢ nim trong khoang tir -20°C
dén 40°C trong thoi gian 30 phit dén 1 ‘ngay dé loai bd nhém tert-
butoxycacbonyl va phan ung sau dé véi cacbon dioxit va hop chit L-R’ trong
N,N-dimetylformamit v&i sy c6 mit xesi cacbonat & nhiét d6 ndm trong khoang
tir -20°C dén 60°C trong thoi gian tir 1 gid dén 1 ngay. Theo cach khéc, hop chét
c6 cong thire (11) ¢6 thé dugc chuyén héa thanh hop chét ¢6 cong thirc (12) nhd
phan tmg dugc tién hanh trong 1 dén 4 mol/l dung dich hydro clorua-etyl axetat
& nhiét d6 nam trong khoang tir -20°C dén 40°C trong thoi gian 30 phut dén 1
ngdy dé loai bé nhém tert-butoxycacbonyl va phan tng sau d6 véi hop chat HO-
(ITa) trong cloroform véi su c6 mat N,N-diisopropyletylamin va triphosgen &
nhiét d6 nim trong khoang tir -10°C dén 40°C trong thoi gian tir 1 gio dén 1
ngay.

Budc 17: Hop chét c6 cong thic (12) ¢6 thé dugc chuyén héa thanh hop
chit c6 cong thire (I-5), hop chit theo sang ché, nho khir bao vé cac nhém bio
vé d6i v6i cac nhém carboxyl & céc vi tri 2- va 6-, mft cach tuwong ung, theo
cung cach nhu trong bude 4. Tét hon 14, hop chit c6 cdng thire (12) c6 thé dugc
chuyén héa thanh hop chét theo sang ché c6 cong thirc (I-5) nho phén tmg dugc
tién hanh trong cloroform véi sw c6 mit tetrakis(triphenylphosphin)paladi(0) va
axit 1,3-dimetylbarbituric & nhiét d6 niam trong khoang tir nhiét do trong phong
dén 50°C trong thoi gian tir 2 dén 8 gio.

Hop chit theo sang ché ¢ cong thire (I-6) c6 thé duoc tao ra bing quy
trinh tong hop dugc minh hoa bing so db 6.
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Cong thuc 11

<So do 6>
il i
H/“ o °R1 H/" _\\\\J\OR,'
"‘\\HO - y "“\HO
Buéc 18
OH w OH
£ NH, F NHR3

(1-1) (1-6)

trong d6 R' nhu dugc dinh nghia & trén; R’ 14 cdu tric ¢ cong thirc -
CO-0-(CR’R”)-0-CO-R '’ hozc -CO-0O-(CR’R”)-O-CO-O-R'" hogic cong thirc
(II); va R?, R”, R', R va céng thire (I1T) 1 nhu duoc dinh nghia & trén.

Budc 18: Hop chit c6 cong thic (I-1) ¢6 thé duoc chuyén héa thanh hop
chét theo sang ché c¢6 cong thirc (I-6) theo cling cach nhu trong budc 14. Tht
hon 13, hop chit c6 cong thie (I-1) ¢6 thé duge chuyén héa thanh hop chét theo
sang ché c6 cong thirc (I-6) nhd phan tmg vai cacbon dioxit va hop chat ¢6 cong
thire L-(CR’R”)-0-CO-R" hogc L-(CR’R”)-0-CO-O-R"" (trong mbi cong
thtc, L 1a nhom roi chuyén néu trén) trong N,N-dimetylformamit véi sy c6 mat
xesi cacbonat & nhiét d6 nim trong khoang tir -20°C dén 60°C trong thoi gian tir
1 gitr dén 1 ngay. Theo cach khéc, hop chét ¢ cong thire (I-1) c6 thé duge
chuyén hoa thanh hop chét theo sang ché c6 cong thirc (I-6) nhd phan tng véi
hop chit HO-(I1a) trong cloroform véi su ¢6 mit N,N-diisopropyletylamin va
triphosgen & nhiét d6 nim trong khoang tir -10°C dén 40°C trong thoi gian tir 1
gid dén 1 ngay.

Cong thuce 12
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<So dd 7>
o 1 i
H I H "'\\J\OH H "‘\‘L°R1
% " COH H »H
.&‘H ——— 0 — o ————
0 s 3
OH Bwéc 19 F H2+N~B./ Bwéc 20 H2+N~B-/ Bwéc 21
F NH2 / \R13 / \R13
R12 R12
(v)
(13) (14)
1
Hi .\“\koR“
.»“H
0
OH
F NH,

(1-1)

trong d6 R' nhu duoc dinh nghia & trén va R' va R" c6 thé giéng hoic
khac nhau, mdi nhém nay 1a nguyén tir hydro, nguyén t halogen, nhém C.
alkyl, nhém Cs_g xycloalkyl, nhém aryl, hodc nhom heteroaryl (nhém aryl hodc
nhom heteroaryl tuy y dugc thé br?lng mot dén ba nhoém duoc chon tir nguyeén tir
halogen va nhdém C,. alkyl), hodc R'? va RP ¢6 thé cing nhau gin két véi
nguyén ti bo 1ién k& dé tao ra vong di vong no cé tir 5 dén 8 canh (vong di vong
no ¢6 tir 5 dén 8 canh dugc lién két ngang tily ¥ qua C alkylen gifta hai nguyén

tr cacbon khac nhau trong vong).

Budc 19: Hop chét ¢6 cong thirc (IV) c6 thé duge chuyén héa thanh hop
chét c6 cong thire (13) qua viéc bao vé chung gbc axit a-amino ctia hop chét c6
cong thirc (IV) vdi nhdom bo (xem Protective Groups in Organic Synthesis,
fourth edition, John Wiley & Sons, Inc.). Su chuyén hoéa nay cé thé duoc hoan
thanh, vi dy, nhd phan tmg véi thudc thir phan tmg bo nhu trietylboran, natri
tetraphenyl-borat, 9-borabixyclo[3,3,1]nonan dime hodc boron triflorua, trong
dung mdi tro nhu dung mdi hydrocacbon (vi du, benzen, toluen, hexan), dung
moi halogen héa (vi duy, diclometan, cloroform, cacbon tetraclorua), dung moi
ete (vi du, tetrahydrofuran, dietyl ete, 1,2-dimetoxyetan), amit (vi du, N,N-
dimetylformamit, N-metyl-2-pyrolidinon), dimetyl sulfoxit hodc hdn hop bat ky
ctia chiing & nhiét d6 nam trong khoang tir -20°C dén 100°C trong thoi gian tir 1
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gid dén 2 ngay. Tt hon 14, hop chét c6 cong thirc (IV) c6 thé duge chuyén hoa
thanh hop chit c¢6 coéng thic (13) nhd phan Ung véi trietylboran trong
tetrahydrofuran & nhiét do nim trong khoang tir 0 dén 80°C trong thoi gian tir 2
gio dén 1 ngay.

Budc 20: Hop chét ¢6 cong thirc (13) c6 thé duge chuyén héa thanh hop
chét c6 cong thirc (14) nhd phéan tmg véi hop chét c¢6 cong thirc L-R' (trong d6 L
13 nhém rdi chuyén nhu nguyén tir halogen, nhém p-toluensulfonyloxy, nhém
metansulfonyloxy hoac nhom triflometansulfonyloxy) véi sy c6 mét hoac khong
c6 mat hoat chét thich hop nhu natri iodua hodc 18-crown-6, trong dung méi tro
nhu dung mdéi hydrocacbon (vi duy, benzen, toluen, hexan, xyclohexan), dung
moi dugc halogen hoéa (vi dy, diclometan, cloroform, cacbon tetraclorua), dung
mdi ete (vi du, tetrahydrofuran, dietyl ete, 1,2-dimetoxyetan), amit (vi du, N,N-
dimetylformamit, N-metyl-2-pyrolidinon), dimetyl sulfoxit ho#c hdn hop bat ky
cia ching, v6i sy ¢ médt bazo vd co (vi du, natri hydrua, kali hydrua, kali
cacbonat, natri cacbonat, natri bicacbonat, xesi cacbonat, xesi bicacbonat, natri
hydroxit, kali hydroxit), amit kim loai (vi du, lithi bis(trimetylsilyl)amit, lithi
diisopropylamit, natri amit), bazo hftu co (vi duy, trietylamin, pyridin,
diisopropyletylamin, 4-(N,N-dimetylamino)pyridin, 2,6-di-t-butylpyridin) hodc
bazo (vi du, kali t-butoxit). Tét hon 13, hop chit c6 cong thirc (13) ¢b thé duoc
chuyén héa thanh hop chit co cong thirc (14) nhd phan tng véi hop chit co
cong thire CI-R' hodic Br-R' trong dimetyl sulfoxit véi sw ¢ mit kali cacbonat
va 18-crown-6 & nhiét do trong phong dén 80°C trong thoi gian tir 2 gior dén 1
ngay.

Budce 21: Hop chét ¢ cong thirc (14) ¢6 thé dugc chuyén hoa thanh hop
chét theo sang ché c6 cong thirc (I-1) nho sy khir bao vé chung ciia gbc axit o-
amino cta hop chit c6 cong thiuc (14) (xem Protective Groups in Organic
Synthesis, fourth edition, John Wiley & Sons, Inc.). Su chuyén héa nay cé thé
duoc hoan thanh, vi du, nho viéc khir bao vé géc axit a-amino véi su c¢6 mat
thubc thr axit nhu hydro clorua, axit para-toluensulfonic hoic axit

benzensulfonic, vi dy, trong dung moéi tro nhu dung moi hydrocacbon (vi du,
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benzen, toluen, hexan), dung moéi dugc halogen hda (vi duy, diclometan,
cloroform, cacbon tetraclorua), dung méi ete (vi duy, tetrahydrofuran, dietyl ete,
1,2-dimetoxyetan), este (vi dy, etyl axetat, isopropyl axetat), amit (vi du, N,N-
dimetylformamit, N-metyl-2-pyrolidinon), dimetyl sulfoxit, nwéc hodc hdn hop
bat ky cta ching. Tt hon 14, hop chét c¢6 cong thirc (14) c6 thé dugc chuyén
hoéa thanh hop chit theo sang ché c6 cong thire (I-1) nhd phan tng dugc tién
hanh trong etyl axetat v4i sy c6 mét axit benzensulfonic hodc hydro clorua ¢

nhiét d6 trong phong dén 50°C trong thoi gian tir 2 gio dén 1 ngay.
Vi du thue hién sang ché

Sang ché s& dugc mo ta chi tiét hon dudi ddy dya vao cac vi du kém
theo, cdc vi du va céc thir nghiém ma khong nham gidi han pham vi cua sang

ché va c6 thé dugc cai bién trir khi ching tréch khoi pham vi cla sang che.

“Cac silicagel dang hdp” dugc str dung dé tinh ché bang séc ky cot trong
cac vi du tham khéo va céc vi du 1a Biotage (nhan hi€u déng ky) SNAPCartridge
KP-Sil va SNAPCartridge HP-Sil, ddy la cac san phém ctia Biotage. Pbi v6i
“séc k}'f cdt pha dao” trong khi tinh ché dugc thuc hién bang séc ky cot pha dao,
YMC-Actus Triart C18, 5,0 um, $30x50mM dugc st dung. Cac tim TLC
silicagel sir dung trong phép tinh ché bang TLC 1a céc tm silicagel 60F254
(Merck).

Dit liéu vé dung cu duoc thé hién trong cac vi du thu duoc béng cach do

bang cac dung cu sau day.

Phd LCMS: Shimadzu LCMS-IT-TOF, Shimadzu LCMS-2010EV,
Micromass Platform LC, Micromass GCT, Agilent 6150, Agilent 1290 Infinity,
va Agilent 1100

Phd NMR: ['H-NMR] 600 MHz: INM-ECA600 (JEOL Ltd.), 500 MHz:
JNM-ECA500 (JEOL Ltd.)

Phan tich cu trc tia X: R-AXIS RAPID II (Rigaku Corp.)

Diém néng chay: Thermo plus EVO TG 8120 (Rigaku Corp.), ma la may
phén tich nhiét vi sai (TG-DTA)
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Trong cac vi du, cac hop chit chit dugc néu st dung ACD/Name
(ACD/Labs 12,0, Advanced Chemistry Development Inc.).

Céc chit viét tht duge thé hién trong phd cong hudng tir hat nhan (NMR)

dugc str dung trong cac vi du 1a nhu sau:

s: vach don, d: vach doi, t: vach ba, q: vach tu, dd: vach déi kép, qd:
vach d6i boi tir, ddd: bd d6i kép b hai, ddt: bo ba kép cuia hd hai, dddd: bd doi
kép ctia ho dbi kép, m: da bdi, br: phd réng, J: hang sé ghép ndi, hz: hertz,
DMSO-d6: dimetyl sulfoxit dugc de-to-r1 hoa

Tét ca céc gid tri § duge thé hién theo ppm.
Vi du so sanh 1:

Téng hop axit (18,28,3S,5R,6S)-2-amino-6-(etoxycacbonyl)-3-
flobixyclo[3.1.0]-hexan-2-carboxylic (vi du so sanh 1)

(1) (18,28,3S,5R,6S)-3’-alyl 6-etyl 3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-
oxazolidin]-3’,6-dicarboxylat (vi du so sénh 1-1)

B6 sung xesi cacbonat (261mg) vao huyén phu cla axit
(18,28,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic thu dugc dudi day
trong vi du A-1 (A-1-2, 200mg) trong N,N-dimetylformamit (6ml), va khudy
hdn hop & nhiét do trong phong trong thoi gian 30 phut. B& sung etyl tosylat
(201mg) va khudy hdn hop & nhiét do trong phong trong thoi gian 1 gid. B6
sung nudc vao hdn hop phan ung, va hdn hop duge cd hai l4n bing etyl axetat.
Rira 16p hitu co két hop tudn tuy mot lan béng nudc va mot 1an béng nuée mudi,
va sau d6 16p etyl axetat dugce 1am kho trén natri sulfat khan. Chét khong tan
duoc loc, dich loc duge c6 dudi ap sut giam, va c@n thu dugc dugc tinh ché
bing séc ky cot silicagel (hdp silicagel, hexan:etyl axetat = 100:0 - 50:50) thu
duoc (1S,25,3S,5R,6S)-3’-alyl 6-etyl 3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-
2,4’-oxazolidin]-3’,6-dicarboxylat (vi du so sanh 1-1, 68mg) dudi dang chét vo
dinh hinh khong mau.

'H NMR (600 MHz, CLOROFORM-d) & = 6,01-5,92(m, 1H), 5,60(d, J

-30-



19462

= 4,5 Hz, 1H), 5,37-5,30(m, 1H), 5,29-5,21(m, 2H), 4,77-4,62(m, 3H), 4,20-
4,12(m, 2H), 2,62-2,46(m, 2H), 2,37-2,25(m, 1H), 2,22-2,17(m, 1H), 1,27(t, J =
1,0 Hz, 3H)

MS m/z; 350([M+Na]")

(2) Axit (18,25,3S,5R,6S)-2-amino-6-(etoxycacbonyl)-3-
flobixyclo[3.1.0]hexan-2-carboxylic (vi du so sanh 1)

Axit (18,2S,3S,5R,6S)-3’-alyl 6-etyl 3-flo-5’-oxospiro[bixyclo[3.1.0]-
hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (vi du so sanh 1-1, 68mg) dugc xur ly
theo cung cach nhu trong vi du A-1 (4) duéi day thu dugc hop chét néu & &

muc nay (vi du so sanh 1, 28mg) dudi dang chét rdn khéng mau.

'H NMR (600 MHz, DMSO-d6) & = 4,90-4,72(m, 1H), 4,12-3,95(m,
2H), 2,65-2,51(m, 1H), 2,15-1,82(m, 4H), 1,19(t, J = 7,2 Hz, 3H).

MS m/z; 232([M+H]")
Vi du so sanh 2:

Téng hop axit (18,28,3S,5R,6S)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylic (IV)

(1) (18,28,38,5R,6S)-etyl 2-amino-2-xyano-3-flobixyclo[3.1.0]hexan-6-
carboxylat (vi du so sanh 2-1)

B4 sung nho giot tudn tu tetraisopropyl orthotitanat (68,09g) va trimetyl-
silyl xyanua (23,03g) vao dung dich cua (1S,3S,5R,65)-etyl 3-flo-2-
oxobixyclo[3.1.0]hexan-6-carboxylat (trang cong bd WO 2000/37410, 37,17g)
trong 8 mol/l amoniac-metanol (250ml) trong khi lam lanh trén nudc da. Khuay
hdn hop trén nude da trong thoi gian 3,5 gid va sau do bd sung nho giot dung
dich dinatri xitrat trong nuéc 12,4% (848g) vao dung dich phéan ung. Hodn hop
duoc cb hai 14n bing toluen (743ml) va sau d6 16p hitu co két hop dugc lam kho
trén natri sulfat khan. Chéat khéng tan dugc gom lai béang céach loc va sau d6 rira
bang toluen (186ml), va dung dich chtira (1S,28,3S,5R,6S)-etyl 2-amino-2-
xyano-3-flobixyclo[3.1.0]hexan-6-carboxylat (vi du so sinh 2-1) dugc sir dung
cho phéan Ung tiép theo khong can ¢b va tinh ché dich loc.
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'H NMR (600 MHz, CLOROFORM-d) & = 4,84(dd, J = 5,6, 48,0 Hz,
1H), 4,13(qd, J = 7,4, 2,5 Hz, 2H), 2,59-2,49(m, 1H), 2,46-2,45(m, 1H), 2,36(dd,
1 =176, 15,9 Hz, 1H), 2,09(br s, 1H), 2,02-2,01(m, 1H), 1,81(br s, 2H), 1,27(t, J
= 7,4 Hz, 1H).

MS m/z; 213([M+H]")

(2) Axit (18,28,3S,5R,65)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic
av)

Dung dich thu dugc chta (18S,2S,3S,5R,6S)-etyl 2-amino-2-xyano-3-
flobixyclo[3.1.0]hexan-6-carboxylat (vi du so sanh 2-1) dugc c6 dudi ap suét
giam. B sung nuéce (30ml), axit axetic (30ml) va axit clohydric 35% (60ml) va
khudy hdn hop & nhiét d6 mdi trudong 1a 105°C trong thoi gian 22 gio. B& sung
than hoat tinh (3,0g) vao dung dich phéan umg & nhiét do trong phong, va khudy
hdn hop trong thoi gian 1 gio. Céc chét khong tan duoc loc va sau dé dich loc
duoc ¢6 duoi ap sudt giam. Cin thu duge dugc tinh ché béng sdc ky cdt trao dbi
anion (Dowex 1X8, axit axetic-nudc 0,5 mol/l) thu duoc axit (1S,2S,3S,5R,65)-
2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (IV, 25,48g) dudi dang chét

ran khong mau.

'H NMR (500 MHz, D20) & = 5,06(dd, J = 5,8, 53,2 Hz, 1H), 2,65(ddt, J
= 15,5, 42,0, 4,5 Hz, 1H), 2,36(dd, J = 16,0, 29,0 Hz, 1H), 2,21-2,17(m, 1H),
2,10(br s, 1H), 1,91-1,89(m, 1H).

MS m/z; 202([M-H])
Vidu A-1:

Téng hop axit (18,28,3S,5R,65)-6-(((adamantan-1-
cacbonyl)oxy)metoxy)cacbonyl-2-amino-3-flobixyclo[3.1 .0]hexan-2-carboxylic
(A-1)

(1) Axit (18,2S,3S,5R,6S)-2-(((alyloxy)cacbonyl)amino)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (A-1-1)

Bd sung nho giot alyl cloroformat (0,42ml) vao huyén phu cua axit
(1S,28,3S,5R,6S)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic Iv)
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(4,00g) trong dioxan (24ml) vao dung dich natri bicacbonat trong nuéc béo hoa
(48ml) trong thoi gian 15 phut, va khudy hén hop & nhiét d trong phong trong
thoi gian 20 gio. Sau khi bd sung axit clohydric 1 mol/l vao dung dich phan tng
dé didu chinh dén do pH = 1, hdn hop dugc chiét ba lan bang etyl axetat. Lép
etyl axetat két hop dugc lam kho trén natri sulfat khan, chét lam khd duogc loc va
sau d6 dich loc duge c6 dudi 4p suét giam dé thu dugc axit (18,2S,3S,5R,65)-2-
(((alyloxy)cacbonyl)amino)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic ~ (A-1-1,
6,23g) dudi dang chét vo dinh hinh khong mau.

'H NMR (600 MHz, DMSO-d6) § = 8,27(s, 1H), 5,98-5,81(m, 1H),
5,43-5,03(m, 3H), 4,59-4,36(m, 2H), 2,48-2,36(m, 1H), 2,22-1,93(m, 3H),
1,79(br s, 1H), 1,71(t, J = 3,1 Hz, 1H).

MS m/z; 310([M+Na]")

(2) Axit (18,2S,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’ -oxazolidin]-6-carboxy1ic (A-1-2)

Huyén phu cta axit (1S,28,3S,5R,68)-2-(((alyloxy)cacbonyl)amino)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic thu dugc trén diy (A-1-1, 6,23g),
paraformaldehyt (3,00g) va monohydrat clia axit p-toluensulfonic (45mg) trong
toluen (150ml) dugc dun & diém hoi luu dudi may tach nuéc Dean-Stark trong
thoi gian 34 gio. Huyén phu duoc dé ngudi va sau d6 pha lodng bang etyl axetat,
va 16p hitu co dugc ria hai 14n bang nudc mudi. Sau khi 16p hitu co duge lam
kho trén natri sulfat khan, chit khoéng tan dugc loc va dich loc duge ¢6 dudi ap
sudt giam dé thu duge axit (1S,2S,3S,5R,68)-3"-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 5,65g) dudi

dang chat ran khong mau.

'H NMR (600 MHz, CLOROFORM-d) & = 5,89-5,78(m, 1H), 5,49(d, J
= 4,5 Hz, 1H), 5,25-5,10(m, 3H), 4,65-4,48(m, 3H), 2,54-2,35(m, 2H), 2,27-
2,11(m, 2H), 1,96(dd, J = 3,3, 6,6 Hz, 1H).

MS m/z; 300([M+H]")

(3) (18,28,3S,5R,6S)-6-(((adamantan-1-cacbonyl)oxy)metyl) 3’-alyl 3-flo-5’-
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oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-1-3)

B6 sung (A-1-2, 1,05g) trong N,N-dimetylformamit (30ml) néu trén,
xesi cacbonat (1,37g) vao dung dich cta axit (1S,25,3S,5R,6S)-3’-
((alyloxy)cacbonyl)-3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-
carboxylic, va khudy hdn hop & nhiét d§ 60°C trong thoi gian 10 phit. Sau khi
1am ngudi hdn hop phén Gng t6i nhiét do trong phong, bd sung clometyl
adamantan-1-carboxylat (1,70g) (xem J. Med. Chem., 23, 474 (1980)) va khudy
hdn hop & nhiét dd 60°C trong thoi gian tir 1 gio. Hdn hop duoc dé ngudi va sau
d6 bd sung dung dich amoni clorua trong nudc bdo hoa. Lép nude duge cb hai
lan bing etyl axetat, va rira 16p hitu co két hop mot 1an bang nudc va hai 1an
bing nudc mudi va sau d6 1am khd trén natri sulfat khan. Céc chat khong tan
duoc loc va dich loc duge co dudi ap sudt giam. Cén thu dugc dugc tinh ché
bang séc ky cot silicagel (hop silicagel, hexan:etyl axetat = 90:10 - 50:50) dé thu
duoc (18,28,3S,5R,6S)-6-(((adamantan-1-cacbonyl)oxy)metyl) 3’-alyl 3-flo-5°-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-1-3,
894mg) dudi dang chét vé dinh hinh khéng mau.

'H NMR (600 MHz, CLOROFORM-d) & = 5,95(s, 1H), 5,79-5,71(m,
2H), 5,61(d, J = 5,0 Hz, 1H), 5,37-5,30(m, 1H), 5,30-5,24(m, 2H), 4,77-4,60(m,
3H), 2,68-2,61(m, 1H), 2,61-2,48(m, 1H), 2,38-2,28(m, 1H), 2,27-2,21(m, 1H),
2,12-2,07(m, 1H), 2,02(br s, 3H), 1,93-1,84(m, 6H), 1,77-1,65(m, 6H).

MS m/z; 514([M+Na]")

(4) Axit (18,28,3S,5R,65)-6-(((adamantan-1-cacbonyl)oxy)metoxy)cacbonyl-2-
amino-3-flobixyclo[3.1.0]hexan-2-carboxylic (A-1)

B6 sung axit 1,3-dimetylbarbituric (828mg) va
tetrakis(triphenylphosphin)paladi (102mg) vao dung dich cta (18,25,3S,5R,68)-
6-(((adamantan-1-cacbonyl)oxy)metyl) 3’-alyl 3-flo-5’-
oxospiro[bixyclo[3.1.0]Thexan-2,4’-oxazolidin]-3’,6-dicarboxylat thu dugc & trén
(A-1-3, 894mg) trong cloroform (30ml) dudi khi quyén nito, va khudy hdn hop
& nhiét do trong phong trong thoi gian tir 1 gid. Sau khi hén hop phan Uimg dugc

cd dudi &p suat giam, bd sung axetonitril vao can thu dugc va khuay hdn hop &
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nhiét do trong phong trong thoi gian 20 phut. Chét rén thu duoc duge gom lai
béing cach loc va rira bang nudc dé thu duogc hop chét néu & d& muc nay (A-1,

588mg) dudi dang chit ran khong mau.

'H NMR (600 MHz, DMSO-d6) § = 5,59(m, 2H), 4,82-4,65(m, 1H),
2,58-2,45(m, 1H), 2,07-1,96(m, 1H), 1,95-1,92(m, 1H), 1,90(br s, 3H), 1,86(br
s, 2H), 1,76-1,69(m, 6H), 1,65-1,51(m, 6H).

MS m/z; 396([M+H]")
[a]p> 37,6 (c 0,25, EtOH)
Vi du A-2:

Téng hop axit (18,28,3S,5R,6S)-6-(1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic
(A-2)

(1) 1-cloetyl adamantan-1 -carboxylat (A-2-1)

B6 sung natri cacbonat (3,53g) vao huyén phu cia axit 1-adamantan-
carboxylic (1,50g) trong nudc (22ml), va khudy hdn hop & nhiét & 100°C trong
thoi gian 20 phut. Sau khi lam ngudi dén nhiét d6 0°C, bd sung tetrabutylamoni
hydro sulfat (1,00g), cloroform (30ml) va 1-cloetyl sulfocloridat (1,94g) vao hdn
hop phan ung, va khudy hdn hop & nhiét d6 0°C trong thoi gian 1 gid va ¢ nhiét
do trong phong trong thoi gian 12 gio. B6 sung nudc vao dung dich phan tmg,
va hdn hop duoc co hai 14n bang cloroform. Rira 16p hitu co két hop bang nudc
mudi va sau d6 1am khé trén natri sulfat khan. Céc chét khong tan dugc loc va
dich loc dugc cd dudi ap suét giam. Cén thu dugc duogc tinh ché béng sic ky cot
silicagel (hop silicagel, hexan:etyl axetat = 100:0 - 50:50) dé thu duoc 1-cloetyl
adamantan-1-carboxylat (A-2-1, 1,10g) du¢i dang dau khéng mau.

'H NMR (600 MHz, CLOROFORM-d) & = 6,54(q, J = 5,8 Hz, 1H),
2,03(br s, 4H), 1,97-1,63(m, 14H).

(2) 1-Bromoetyl adamantan-1-carboxylat (A-2-2)

B sung tetrabutylamoni bromua (25,2mg) va trimetylsilyl bromua
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(0,80ml) vao dung dich cta 1-cloetyl adamantan-1-carboxylat thu dugc & trén
(A-2-1, 500mg) trong benzen (5ml), va khudy hdn hop & nhiét do 80°C trong
thoi gian 18 gio. Dung dich phan img duoc c6 dudi ap sudt giam va sau d6 pha
loding béang cloroform. Lép hitu co dugc ria bing nudc va nudc mudi va sau do
lam kho trén natri sulfat khan. Chét 1am khd duoc loc va sau d6 dich loc dugc cd
dudi 4p sult giam dé thu dugc 1-bromoetyl adamantan-1-carboxylat (A-2-2,
498mg) dudi dang d4u mau vang nhat.

'H NMR (600 MHz, CLOROFORM-d) & = 6,72(q, J = 5,8 Hz, 1H),
2,08-1,96(m, 6H), 1,96-1,84(m, 6H), 1,81-1,67(m, 6H).

(3) (18,28,38,5R,6S)-1-(((adamantan-1-cacbonyl)oxy)etyl) 3’-alyl 3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-2-3)

Axit (18,28,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-oxospiro[bixyclo
[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 800mg) va 1-cloetyl
adamantan-1-carboxylat (A-2-1, 1,62g) dugc xtr ly theo cung cach nhu trong vi
du A-1 (3) dé thu dugc (18,28S,3S,5R,6S)-1-(((adamantan-1-cacbonyl)oxy)etyl)
3’-alyl 3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat
(A-2-3, 500mg) dudi dang chat vo dinh hinh khéng mau.

'H NMR (600 MHz, CLOROFORM-d) & = 6,87-6,76(m, 1H), 6,03-
5,92(m, 1H), 5,64-5,57 (m, 1H), 5,39-5,22(m, 3H), 4,79-4,58(m, 3H), 2,62-
2,47(m, 2H), 2,39-2,27(m, 1H), 2,26-2,18(m, 1H), 2,11-2,05(m, 1H), 2,04-
1,97(m, 3H), 1,92-1,80(m, 6H), 1,77-1,64(m, 6H), 1,49-1,41(m, 3H).

MS m/z; 528([M+Na]")

(4) Axit (18S,2S,3S,5R,6S)-6-(((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl-2-
amino-3-flobixyclo[3.1.0]hexan-2-carboxylic (A-2)
(18,28,3S,5R,65)-1-(((adamantan-1-cacbonyl)oxy)etyl) 3’-alyl 3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-2-3,
700mg) dugc xUr ly theo cung cach nhu trong vi du A-1 (4) @& thu dugc hop chéit

néu & dé muc nay (A-2, 330mg) duéi dang chét rin khong mau.

'H NMR (600 MHz, DMSO0-d6) & = 6,70-6,65(m, 1H), 4,89-4,75(m,
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1H), 2,66-2,51(m, 1H), 2,14-2,04(m, 1H), 1,97(m, 4H), 1,93(m, 2H), 1,78(br s,
6H), 1,72-1,61(m, 6H), 1,42-1,37(m, 3H).

MS m/z; 410([M+H]")
Vi du A-3:

Téng hop axit (18,2S,3S,5R,6S)-2-amino-3-flo-6-((1-(((((1R,2S,5R)-2-
isopropyl-5- ,
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-3)

(1) (1S,285,3S,5R,6S)-3’-alyl 6-((((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etyl) 3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-3-1)

Axit (15,2S,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo-[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 350mg) va
1-cloetyl ((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)cacbonat (768mg) dugc
xtr Iy theo cting cach nhu trong vi du A-1 (3) dé thu dugce (18,28,3S,5R,68)-3’-
alyl 6-((((((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)oxy)cacbonyl)oxy)etyl)
3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-3-
1, 260mg) dudi dang dau khéng mau.

'H NMR (600 MHz, CLOROFORM-d) § = 6,79-6,69(m, 1H), 6,01-
591(m, 1H), 5,63-5,57 (m, 1H), 5,38-5,30(m, 1H), 5,30-5,22(m, 2H), 4,78-
4,59(m, 3H), 4,58-4,49(m, 1H), 2,64-2,47(m, 2H), 2,37-2,20(m, 2H), 2,13-
2,05(m, 2H), 1,97-1,88(m, 1H), 1,73-1,64(m, 2H), 1,54-1,36(m, SH), 1,05(dd, J
=2,1, 11,1 Hz, 2H), 0,96-0,82(m, 7H), 0,82-0,73(m, 3H).

MS m/z; 548([M+Na]")

(2) Axit (18S,2S,3S,5R,6S)-2-amino-3-flo-6-((1-(((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-3)

(18,2S,3S,5R,6S)-3-alyl 6-((((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etyl) 3-flo-5’-
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oxospiro[bixyclo[3.1.0]hexan-2,4’-0xazolidin]-3’,6-dicarboxylat (A-3-1,
260mg) dugc xtr ly theo cung cach nhu trong vi du A-1 (4) dé thu duoc hop chét
néu & d& muc nay (A-3, 133mg) duéi dang chét rén khong mau.

'H NMR (600 MHz, DMSO-d6) § = 6,65-6,51(m, 1H), 4,91-4,74(m,
1H), 4,53-4,37(m, 1H), 2,69-2,53(m, 1H), 2,15-1,99(m, 2H), 1,98-1,87(m, 3H),
1,86-1,75(m, 1H), 1,68-1,57(m, 2H), 1,52-1,39(m, 4H), 1,39-1,29(m, 1H), 1,11-
0,95(m, 2H), 0,93-0,80(m, 7H), 0,78-0,68(m, 3H).

MS m/z; 430([M+H]")

Vidu A-4:

Téng hop axit (18,28,3S,5R,6S)-2-amino-3-flo-6-(((((((1R,2S,5R)-2-isopropyl-
5-metylxyclohexyl)oxy)cacbonyl)oxy)metoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-4)

Axit (18,2S,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-0xazolidin]-6-carboxylic (A-1-2, 350mg) va
1-clometyl ((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)cacbonat (727mg) duoc
xit Iy theo cung cach nhu trong vi du A-1 (3) va (4) dé thu dugc hop chét néu &
dé muc nay (A-4, 140mg) duéi dang chét rdn khéng mau.

'H NMR (600 MHz, DMSO-d6) & = 5,74-5,64(m, 2H), 4,91-4,74(m,
1H), 4,53-4,42(m, 1H), 2,67-2,53(m, 1H), 2,15-2,02(m, 2H), 2,00-1,93(m, 3H),
1,86-1,77(m, 1H), 1,68-1,59(m, 2H), 1,53-1,42(m, 1H), 1,41-1,33(m, 1H),
1,04(s, 2H), 0,94-0,80(m, 7H), 0,75(d, J = 7,0 Hz, 3H).

MS m/z; 416([M+H]")

Vi du A-5:

Téng hop axit (1S,2S,3S,5R,6S)-2-amino-6-(1-((3,5-dimetyladamantan-1-
cacbonyl)oxy)etoxy)cacbonyl-3-flobixyclo[3.1.0]hexan-2-carboxylic (A-5)

(1) 1-Cloetyl 3,5-dimetyladamantan-1-carboxylat (A-5-1)

Axit  3,5-dimetyladamantan-1-carboxylic ~ (2,00g) va  1-cloetyl
sulfocloridat (2,58g) dugc xir ly theo cung cach nhu trong vi du A-2 (1) dé thu
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dugc 1-cloetyl 3,5-dimetyladamantan-1-carboxylat (A-5-1, 1,48g) dudi dang

dau khéng mau.
'H NMR (600 MHz, CLOROFORM-d) § = 6,59-6,48(m, 1H), 2,17-

2,08(m, 4H), 1,79(d, J = 5,8 Hz, 3H), 1,76-1,69(m, 1H), 1,60-1,43(m, 5H), 1,40-
1,29(m, 4H), 1,21-1,11(m, 2H), 0,90-0,82(m, 6H).

(2) Axit (18,2S,3S,5R,6S)-2-amino-6-(((3,5-dimetyladamantan-1-
cacbonyl)oxy)etoxy)cacbonyl-3-flobixyclo[3.1.0]hexan-2-carboxylic (A-5)

Axit (1S,2S5,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 500mg) va
1-cloetyl 3,5-dimetyladamantan-1-carboxylat (A-5-1, 1,13g) dugc xtr ly theo
cung cach nhu trong vi du A-1 (3) va (4) dé thu duoc hop chit néu & d& muc nay
(A-5, 70mg) dudi dang chét rén khong mau.

'H NMR (600 MHz, DMSO-d6) & = 6,69-6,58(m, 1H), 4,91-4,70(m,
1H), 2,65-2,50(m, 1H), 2,16-1,94(m, 2H), 1,94-1,75(m, 1H), 1,57(br s, 2H),
1,47-1,19(m, 7H), 1,16-1,03(m, 2H), 0,84-0,69(m, 6H).

MS m/z; 438([M+H]")

Vi du A-6:

Tbéng hop axit (18,28,3S,5R,6S)-2-amino-3-flo-6-
(((octanoyloxy)metoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic (A-6)

Axit (1S,28,3S,5R,6S)-3’~((alyloxy)cacbonyl)-3-flo-5-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 300mg) va
clometyl octanoat (483mg) dugc xur ly theo cung cach nhu trong vi du A-1 (3)
va (4) thu duoc hop chét néu & dé muc nay (A-6, 95mg) dudi dang chét rén
khong mau.

'H NMR (600 MHz, DMSO-d6) & = 5,72-5,63(m, 2H), 4,90-4,75(m,
1H), 2,67-2,51(m, 1H), 2,35(t, ] = 7,4 Hz, 2H), 2,14-2,00(m, 2H), 1,98-1,91(m,
2H), 1,56-1,47(m, 2H), 1,32-1,18(m, 8H), 0,89-0,82(m, 3H).

MS m/z; 360([M+H]")
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Vidu A-7:

Téng hop axit (15,28,3S,5R,6S)-2-amino-3-flo-6-
(((pivaloyloxy)metoxy)cacbonyl)bixyclo[3.1.0]Jhexan-2-carboxylic (A-7)

Axit (18,2S,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 400mg) va
clometyl pivalat (193mg) dugc xir ly theo cung cach nhu trong vi du A-1 (3) va
(4) dé thu dugc hop chit néu & @ muc nay (A-7, 60mg) dudi dang chét rin
khong mau.

'H NMR (600 MHz, DMSO-d6) & = 5,72-5,66(m, 2H), 4,89-4,74(m,
1H), 2,67-2,53(m, 1H), 2,14-2,04(m, 1H), 2,04-1,99(m, 1H), 1,97-1,92(m, 2H),
1,15(s, 9H).

MS m/z; 318([M+H]")

Vi du A-8:

Téng[hqp hydroclorua cua axit (18,28,3S,5R,6S)-2-amino-3-flo-6-((1-
(isobutyloxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic (A-8)

(1) (18,28,3S,5R,6S)-3’-alyl 6-(1-(isobutyryloxy)etyl) 3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-8-1)

Axit (18,28,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 1,43g) va
1-cloetyl isobutyrat (1,80g) dugc xur ly theo cing cach nhu trong vi du A-1 (3)
dé thu duoc (18,2S,3S, 5R,6S)-3’-alyl 6-(1-(isobutyryloxy)etyl) 3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-8-1,
307mg) dudi dang d4u mau vang nhat.

'H NMR (600 MHz, CLOROFORM-d) 8 = 6,84(dd, J = 5,4, 11,1 Hz,
1H), 6,03-5,87(m, 1H), 5,47-5,43(m, 1H), 5,43-5,29(m, 1H), 5,29-5,22(m, 2H),
4,79-4,58(m, 3H), 2,66-2,42(m, 3H), 2,39-227(m, 1H), 2,26-2,18(m, 1H),
2,05(s, 1H), 1,48(d, J = 5,4 Hz, 3H), 1,24-1,12(m, 13H).

MS m/z; 436([M+Na]")
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(2) Hydroclorua cua axit (1S,2S,3S,5R,65)-2-amino-3-flo-6-((1-
(isobutyloxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic (A-8)

(1S,28,3S,5R,6S)-3-alyl 6-(1-(isobutyryloxy)etyl) 3-flo-5’-
oxospiro[bixyclo[3.1 .0]hexan-2,4 ’-oxazolidin]-3’,6-dicarboxylat (A-8-1,
403mg) dugc xit Iy theo cliing cach nhu trong vi du A-1 (4) dé thu duoc dau mau
vang nhat (278mg) chira axit (1S,2S,3S,5R,6S)-2-amino-3-flo-6-((1-
(isobutyloxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic. B6 sung etyl
axetat (3ml) vao dau thu dugc, khudy hdn hop va sau d6 bd sung dung dich 4
mol/l hydro clorua-etyl axetat (3ml) trong khi lam lanh trén da. Khuéy hén hop
& nhiét d6 trong phong trong thoi gian 30 phut, sau d6 c6 dudi ap sudt giam va
1am khé dé thu duoc hop chit néu & d& muc nay (A-8, 200mg) dudi dang chét
rdn mau vang nhat.

'H NMR (600 MHz, DMSO-d6) § = 8,82-8,64(m, 1H), 6,80-6,63(m,
1H), 5,19-4,99(m, 1H), 3,49-3,30(m, 2H), 2,68-2,43(m, 1H), 2,37-2,18(m, 2H),
2,18-2,01(m, 2H), 1,49-1,38(m, 3H), 1,16-1,01(m, 6H).

MS m/z; 318([M+H]")

Vidu A-9:
Téng hop axit (18,28,3S,5R,6S)-2-amino-6-(((benzoyloxy)metoxy)cacbonyl)-3-
flobixyclo[3.1.0]hexan-2-carboxylic (A-9)

Axit (18,2S,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 500mg) va
clometyl benzoat (712mg) dugc xi ly theo cung cach nhu trong vi du A-1 (3) va
(4) dé thu dugc hop chét néu & d& muc nay (A-9, 198mg) dudi dang chét rén

khong mau.

'H NMR (600 MHz, DMSO-d6) & = 8,03-7,94(m, 2H), 7,77-7,68(m,
1H), 7,62-7,51(m, 2H), 6,00-5,89(m, 2H), 4,97-4,77(m, 1H), 2,67-2,53(m, 1H),
2,17-2,06(m, 2H), 2,05-1,95(m, 2H).

MS m/z; 338([M+H]")
Vi dy A-10:
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Tong hop axit (18,28,3S,5R,6S)-2-amino-6-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-2-
carboxylic (A-10)

Axit (1S,28,35,5R,65)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]Thexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 1,35g) va
1-cloetyl xyclohexyl cacbonat (2,06ml) dugc xir 1y theo clng cach nhu trong vi
du A-1 (3) va (4) dé thu dugc hop chit néu & &8 muc nay (A-10, 113mg) dudi

dang chat ran khong mau.

'"H NMR (600 MHz, DMSO-d6) & = 6,68-6,52(m, 1H), 4,92-4,75(m,
1H), 4,62-4,49(m, 1H), 2,70-2,52(m, 1H), 2,19-1,89(m, 4H), 1,89-1,78(m, 2H),
1,70-1,58(m, 2H), 1,53-1,12(m, 7H).

MS m/z; 374([M+H]")
Vidu A-11:

Tong hop axit (18,28,3S,5R,6S)-2-amino-6-((1-
(((xyclooctyloxy)cacbonyl)oxy)etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-2-
carboxylic (A-11)

(1) I-cloetyl xyclooctyl cacbonat (A-11-1)

B6 sung pyridin (1,13ml) vao dung dich cta xyclooctanol (1,79g) trong
cloroform (40ml), va sau d6 lam lanh dung dich phan tng dén -60°C. B4 sung
1-cloetyl carbonocloridat (1,53ml) vao dung dich phan tmg & cung nhiét do
trong thoi gian 10 phut. Dung dich phan tng sau d6 dugc dun dén nhiét do trong
phong va khudy & ciing nhiét do trong thoi gian 3 gio. Bb sung cloroform vao
dung dich phén tng va 16p hitu co duge rira ba lan bing nudc mudi va sau dé
1am kho trén magie sulfat. Chét khong tan dugc loc va dich loc dugce ¢6 dudi ap
sut giam dé thu duoc 1-cloetyl xyclooctyl cacbonat (A-11-1, 3,70g) duéi dang

dau khéng mau.

'H NMR (600 MHz, CLOROFORM-d) & = 6,48-6,37(m, 1H), 4,96-
4,81(m, 1H), 1,97-1,66(m, 7H), 1,64-1,42(m, 7H).

(2) Axit (18,28,38,5R,68)-2-amino-6-((1-
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(((xyclooctyloxy)cacbonyl)oxy)etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-2-
carboxylic (A-11)

Axit (185,2S,3S,5R,68)-3’~((alyloxy)cacbonyl)-3-flo-5°-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 380mg) va
1-cloetyl xyclooctyl cacbonat (A-11-1, 745mg) duge xtt Iy theo cling cach nhu
trong vi du A-1 (3) va (4) & thu duoc hop chit néu & dé muc nay (A-11, 93mg)
dudi dang chét réin khong mau.

'H NMR (600 MHz, DMSO-d6) & = 6,64-6 ,53(m, 1H), 4,92-4,76(m,

2H), 4,76-4,66(m, 1H), 2,68-2,53(m, 1H), 2,17-2,00(m, 2H), 2,00-1 89(m 2H),
1,85-1,57(m, 6H), 1,57-1,36(m, 11H).

MS m/z; 402([M+H])"
Vi du A-12:

Téng hop axit (18,28,3S,5R,6S)-2-amino-6-((1-((((4,4-
dimetylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-3-
flobixyclo[3.1.0]hexan-2-carboxylic (A-12)

(1) 1-cloetyl (4,4-dimetylxyclohexyl)cacbonat (A-12-1)

l-cloetyl carbonocloridat (1,19ml) va 4,4-dimetyl-1-xyclohexanol
(2,00g) dugc xtr ly theo cung cach nhu trong vi du A-11 (1) dé thu duoc 1-
cloetyl (4,4-dimetylxyclohexyl)cacbonat (A-12-1, 4,37g) duéi dang dau khong
mau.

'H NMR (200 MHz, CLOROFORM-d) & = 6,49-6,36(m, 1H),
4,68(dddd, J = 4,4, 4,4, 8,8, 8,8 Hz, 1H), 1,94-1,38(m, 9H), 1,35-1,16(m, 2H),
0,94(s, 3H), 0,92(s, 3H).

(2) Axit (18,2S,3S,5R,6S)-2-amino-6-((1-((((4,4-
dimetylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-3-
flobixyclo[3.1.0]hexan-2-carboxylic (A-12)

Axit (18,285,3S,5R,65)-3’-((alyloxy)cacbonyl)-3-flo-5’-

oxospiro[bixyclo[3.1.0]Thexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 300mg) va
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1-cloetyl (4,4-dimetylxyclohexyl)cacbonat (A-12-1, 588mg) duogc xir 1y theo
cung cach nhu trong vi du A-1 (3) va (4) & thu duoc hop chit néu & d& muc nay
(A-12, 70mg) dudi dang chét rdn khong mau.

'H NMR (600 MHz, DMSO-d6) & = 6,64-6,55(m, 1H), 4,89-4,73(m,
1H), 4,60-4,50(m, 1H), 2,67-2,51(m, 1H), 2,15-1,99(m, 2H), 1,99-1,89(m, 2H),
1,78-1,70(m, 2H), 1,61-1,50(m, 2H), 1,47-1,41(m, 3H), 1,40-1,32(m, 2H), 1,28-
1,18(m, 2H), 0,94-0,84 (m, 6H).

MS m/z; 402([M+H]")

Vidu A-13:

Tong hop axit (18,28,3S,5R,6S)-6-(((((adamantan-1-
yloxy)cacbonyl)oxy)metoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-
carboxylic (A-13)

Axit (18,285,3S,5R,685)-3’-((alyloxy)cacbonyl)-3-flo-5-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 500mg) va
adamantan-1-yl(clometyl)cacbonat (1,02g) dugc xir ly theo cing c4ch nhur trong
vi du A-1 (3) va (4) & thu dugc hop chét néu & d& muc nay (A-13, 120mg) dudi

dang chat ran mau vang nhat.

'H NMR (600 MHz, DMSO-d6) & = 5,67-5,60(m, 2H), 4,94-4,77(m
1H), 2,67-2,54(m, 1H), 2,21-1,94(m, 13H), 1,62(br s, 6H).

>

MS m/z; 412([M+H]")
Vidu A-14:
Tdng hop axit (18,2S,3 S,5R,68)-6-((1-(((adamantan-1-

yloxy)cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-
carboxylic (A-14)

Axit (185,28,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 500mg) va
adamantan-1-yl(1-cloetyl)cacbonat (1,08g) duoc xir Iy theo cing cach nhur trong
vi du A-1 (3) va (4) d¢ thu dugc hop chit néu & dé muc nay (A-14, 164mg) dudi
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dang chat ran mau vang nhat.

'H NMR (600 MHz, DMSO-d6) & = 6,60-6,48(m, 1H), 4,92-4,72(m,
1H), 2,69-2,42(m, 1H), 2,20-1,86(m, 13H), 1,61(br s, 6H), 1,41(dd, J = 1,7, 5,4
Hz, 3H).

MS m/z; 426([M+H])"
Vidu A-15:

Toéng hop trifloaxetat cua axit (1S,25,3S,5R,6S)-2-amino-3-flo-6-((1-
((isopropyloxycacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic
(A-15)

(1) (18,28,38,5R,6S)-3"-alyl 6-(1-((isopropyloxycacbonyl)oxy)etyl) 3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-15-1)

Axit (18,25,38,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5-
oxospiro[bixyclo[3.1.0]Thexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 400mg) va
1-cloetyl isopropyl cacbonat (204mg) dugc xi ly theo cung cach nhu trong vi du
A-1 (3) dé thu dugc (18S,28,3S,5R,6S)-3’-alyl 6-(1-
((isopropyloxycacbonyl)oxy)etyl) 3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-
oxazolidin]-3’,6-dicarboxylat (A-15-1, 95mg) duéi dang dau khong mau.

'H NMR (600 MHz, CLOROFORM-d) & = 6,79-6,70(m, 1H), 6,02-
5,90(m, 1H), 5,63-5,56(m, 1H), 5,38-5,30(m, 1H), 5,27(m, 2H), 4,94-4,84(m,
1H), 4,78-4,57(m, 3H), 2,63-2,47(m, 2H), 2,38-2,20(m, 2H), 2,13-2,05(m, 1H),
1,52(m, 3H), 1,33-1,29(m, 6H).

MS m/z; 452([M+Na])"

(2) Trifloaxetat cua axit (1S,2S,3S,5R,6S)-2-amino-3-flo-6-((1-
((isopropyloxycacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1 .0]hexan-2-carboxylic
(A-15)

(18,25,35,5R,6S)-3-alyl 6-(1-((isopropyloxycacbonyl)oxy)etyl) 3-flo-
5’-oxospiro[bixyclo[3.1.0]Jhexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-15-1,
95mg) dugc xir ly theo cling cach nhu trong vi du A-1 (4) dé thu duoc chét rén
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chura axit (18,28,3S,5R,6S)-2-amino-3-flo-6-((1-
((isopropyloxycacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]Thexan-2-carboxylic.
B6 sung dimetyl sulfoxit vao chét rén thu duoc, va dung dich dugc tinh ché
bang sic ky cot pha déo (pha dong: TFA MeCN/H,0 0,1%= 10/90 - 90/10; v/v).
Doan dugc trung hoa béng dung dich natri bicacbonat trong nudc bdo hoa, duoc
chiét bang cloroform va duoc loc qua bd tach pha. Dich lgc dugc c6 dudi ap
suét giam dé thu dugc hop chit néu & dé& muc ndy (A-15, 65mg) dudi dang chét

rdn khong mau.

'H NMR (600 MHz, DMSO-d6) 6 = 6,66-6,58(m, 1H), 5,14-5,01(m,
1H), 4,82-4,75(m, 1H), 2,65-2,51(m, 1H), 2,33-2,05(m, 4H), 1,48-1,41(m, 3H),
1,26-1,20(m, 6H).

 MS m/z; 334((M+H])'
Vi du A-16:

Téng hop axit (18,28,35,5R,6S)-2-amino-3-flo-6-(((5-metyl-2-oxo-1,3-dioxol-
4-yl)metoxy)cacbonyl)bixyclo[3.1.0]Jhexan-2-carboxylic (A-16)

Axit (18,28,3S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 660mg) va
4-(bromometyl)-5-metyl-1,3-dioxol-2-on (639mg) dugc xit ly theo cling cach
nhu trong vi du A-1 (3) va (4) dé thu dugc hop chit néu & d& muc nay (A-16,

188mg) dudi dang chét rin mau vang nhat.

'"H NMR (600 MHz, DMSO-d6) & = 4,96(s, 2H), 4,93-4,78(m, 1H)
2,68-2,52(m, J = 14,9 Hz, 1H), 2,19-2,01(m, SH), 2,01-1,89(m, 2H).

b

MS m/z; 316([M+H]")
Vidu A-17:

Téng hop hydroclorua 6-(3-phthalidyl) este cua axit (15,2S,3S,5R,6S)-2-amino-
3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (A-17)

(1) (18,28,35,5R,6S)-3-alyl 6-(3-oxo-1,3-dihydroisobenzofuran-1-yl) 3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-17-1)
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Axit (18,28,38S,5R,6S)-3’-((alyloxy)cacbonyl)-3-flo-5’-
oxospiro[bixyclo[3.1.0]Thexan-2,4’-oxazolidin]-6-carboxylic (A-1-2, 640mg) va
3-bromophtalit (456mg) duoc xtr Iy theo cung cach nhu trong vi du A-1 (3) dé
thu dugc (18S,28,3S,5R,6S)-3-alyl 6-(3-0x0-1,3-dihydroisobenzofuran-1-yl) 3-
flo-5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazolidin]-3’,6-dicarboxylat (A-17-1,
380mg) duéi dang chat v6 dinh hinh mau vang nhat.

'H NMR (600 MHz, CLOROFORM-d) 6 = 7,98-7,89(m, J = 7,4 Hz,
1H), 7,83-7,55(m, 3H), 7,46-7,40(m, 1H), 5,92-5,82(m, 1H), 5,65-5,58(m, 1H),
5,30-5,25(m, 1H), 5,25-5,19(m, 1H), 5,18-5,10(m, 1H), 4,77-4,54 (m, 3H), 2,74-
2,65(m, 1H), 2,64-2,50(m, 1H), 2,39-2,28(m, 2H), 2,21-2,16(m, 1H).

MS m/z; 454([M+Na]")

(2) Hydroclorua 6-(3-phtalidyl) este cia axit (1S,2S,3S,5R,6S)-2-amino-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (A-17)

(18,28,38,5R,6S)-3-alyl 6-(3-0xo0-1,3-dihydroisobenzofuran-1-yl) 3-flo-
5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-0xazolidin]-3’,6-dicarboxylat  (A-17-1,
380mg) dugc xir ly theo cling cach nhu trong vi du A-8 (2) dé thu duge hop chét
néu & dé muc nay (A-17, 120mg) duéi dang chét ran khéng mau.

'H NMR (600 MHz, DMSO-d6) 6 = 7,98-7,73(m, 4H), 7,53-7,47(m,
1H), 5,18-5,03(m, 1H), 2,67-2,51(m, 1H), 2,40-2,24(m, 3H), 2,21-2,15(m, 1H).

MS m/z; 336([M+H]")

Vi du A-18:

Tong hop axit (1S,2S,3 S,5R,6S5)-2-amino-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-
isopropyl-5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]-
hexan-2-carboxylic (A-18)

(1) (185,28,38,5R,6S)-6-carboxyl-2,2’-dietyl-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-1)

B6 sung dung dich nhé giot 1 mol/l trietylboran-tetrahydrofuran (362ml)
vao axit (18,28,3S,5R,65)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic
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(IV) (70,0g) trong thdi gian 20 phut trong khi 1am lanh trén d4, va khudy hén
hop trén d4 trong thoi gian 4 gid. BS sung nhod giot duﬁg dich phan tng vao
heptan (4200ml) trong thoi gian 1 gio va khudy hdn hop & nhiét do trong phong
trong thoi gian 30 phat. Chét rén thu duge dugc gom lai bang cach loc va ria
bing heptan (140ml) d& thu dugc (18S,2S,38,5R,685)-6-carboxyl-2,2’-dietyl-3-
flo-5’-oxospiro-[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-
1, 89,68g) dudi dang chét rin khéng mau.

"H NMR (600 MHz, DMSO-d6) & = 6,89-6,80 (m, 1H), 6,15-6,04 (m,
1H), 4,95-4,81 (m, 1H), 3,33 (s, 1H), 2,53-2,37 (m, 1H), 2,25-2,15 (m, 1H),
2,06-2,02 (m, 1H), 2,00-1,93 (m, 1H), 1,82-1,76 (m, 1H), 0,77-0,69 (m, 6H),
0,35-0,22 (m, 4H).

MS m/z; 272([M+H]")

(2) (S)-1-cloetyl ((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)cacbonat (A-18-2-
1) va (R)-1-cloetyl ((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)cacbonat (A-18-
2-2)

Dung dich cua 1-cloetyl ((IR,28,5R)-2-isopropyl-5-
metylxyclohexyl)cacbonat (146g) trong heptan (146ml) dugc khudy & nhiét do -
25°C trong thdi gian 1,5 gio. Chét ran thu dugce duoc gom lai bing cach loc dé
thu duoc chét rdn khéng mau chua (S)-1-cloetyl ((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)cacbonat. Khudy dung dich cta chét rén khong mau thu duoc
(46,8g) chira (S)-1-cloetyl ((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)cacbonat
trong heptan (94ml) dugc khudy & nhiét d6 -40°C trong thoi gian 1,5 gio. Chét
rén thu dugc duge gom lai béng céach loc dé thu dwoc (S)-1-cloetyl ((1R,2S,5R)-
2-isopropyl-5-metylxyclohexyl)cacbonat (A-18-2-1, 37,87g) dudi dang chit rin
khong mau. Ngoai ra, 1-cloetyl ((1R,2S,5R)—2-i$opropyl-5-
metylxyclohexyl)cacbonat (300mg) dugc didu ché bing séc ky cot chiral
(CHIRALCEL OD, hexan) dé thu dugc (S)-1-cloetyl ((1R,2S,5R)-2-isopropyl-
5-metylxyclohexyl)cacbonat (A-18-2-1, 117mg) duéi dang chét rin khéng mau
va (R)-1-cloetyl ((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)cacbonat (A-18-2-
2, 129mg) dudi dang ddu khong mau. Ciu trac tuyét dbi ctia hop chét thu dugc
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(A-18-2-1) dugc xéc dinh bang phép phan tich cu tric tia X.

Pho cta hop chit (A-18-2-1): "H NMR (600 MHz, CLOROFORM-d) &
= 6,43(q, J = 5,8 Hz, 1H), 4,58(dt, J = 4,5, 10,9 Hz, 1H), 2,15-2,10(m, 1H),
2,00-1,90(m, 1H), 1,83(d, J = 2,8 Hz, 3H), 1,72-1,66(m, 2H), 1,52-1,41(m, 2H),
1,12-1,02(m, 2H), 0,94-0,86(m, 7H), 0,79(d, J = 7,0 Hz, 3H).

Phé clia hop chét (A-18-2-2): 'H NMR (600 MHz, CLOROFORM-d) &
= 6,43(q, J = 5,8 Hz, 1H), 4,60(dt, J = 4,1, 10,9 Hz, 1H), 2,10-2,05(m, 1H),
1,98-1,91(m, 1H), 1,83(d, J = 5,8 Hz, 3H), 1,72-1,67(m, 2H), 1,53-1,40(m, 2H),
1,11-1,03(m, 2H), 0,94-0,86(m, 7H), 0,81(d, ] = 7,0 Hz, 3H).

(3) (18,28,3S,5R,68)-2,2’-dietyl-3-flo-6-(((S)-1 -(((((1R,28,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-3)

B6 sung kali cacbonat (13,38g) (475ml), vao dung dich cua
(18,28,35,5R,6S)-6-carboxyl-2,2’-dietyl-3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-
2,4’-oxazaborolidin]-3’-ium-8-uide thu dugc trong bude (1) (A-18-1, 25,0g)
trong dimetyl sulfoxit, va khudy hdn hop & nhiét d9 trong phong trong thdi gian
30 phut. B6 sung (S)-1-cloetyl ((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)cacbonat thu dugc trong bude (2) (A-18-2-1, 29,08g) va 18-
crown-6 (25,60g) vao hén hop phan tng trong luc rira k¥ bang dimetyl sulfoxit
(25ml), va khudy hdn hop & nhiét do trong phong trong thoi gian 4,5 gid. Hon
hop phén ting dugc pha lodng bang etyl axetat (750ml) trong Iuc lam lanh trén
da va bd sung hdn hop phan tmg dugc 1am lanh bang d4 vao dung dich hén hop
ctia dung dich amoni clorua trong nude bdo hoa (250ml) va nuéc (250ml) trong
thoi gian 20 phit. Etyl axetat (250ml) dugc st dung ¢ rira binh phan mg va bd
sung vao hdn hgp. Hon hop phan tmg két hop duoc didu ché va sau d6 bd sung
heptan (500ml) vao 16p hitu co thu duge. Lép hitu co thu duoc duge rira mot 1an
bang nuéc mubi va sau d6 lam khd trén natri sulfat khan. Cac chat khong tan
dugc loc va sau d6 dung dich chua (18,28,3S,5R,6S)-2,2’-dietyl-3-flo-6-(((S)-1-
(((((1R,28,5R)-2-isopropyl-5-metyl-
xyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-5’-
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oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-3)

dugc str dung cho phan ting tiép theo khong cin c6 va tinh ché dich loc.

'H NMR (600 MHz, DMSO-d6) & = 6,94-6,85(m, 1H), 6,64-6,54(m,
1H), 6,19-6,09(m, 1H), 4,99-4,84(m, 1H), 4,51-4,43(m, 1H), 2,49-2,39(m, 1H),
2,24-2,15(m, 1H), 2,14-2,09(m, 1H), 2,08-2,02(m, 1H), 1,98-1,92(m, 1H), 1,83-
1,72(m, 2H), 1,67-1,58(m, 2H), 1,50-1,42(m, 4H), 1,39-1,30(m, 1H), 1,08-
0,98(m, 2H), 0,91-0,84(m, 7H), 0,78-0,67(m, 9H), 0,37-0,21(m, 4H).

MS m/z; 520([M+Na]")

(4) Benzensulfonat cta axit (18,2S,3S,5R,6S)-2-amino-3-flo-6-(((S)-1-
(((((1R,2S, 5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18-4)

B6 sung monohydrat cua axit benzensulfonic (19,50g) vao dung dich
chira (18,28,3S,5R,68)-2,2’-dietyl-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-3) thu
dugc trong bude (3), va khudy hdn hop & nhiét do trong phong trong thoi gian
18 gio. Chét ran thu duoc dugc gom lai bing céach loc va rira bing hdn hop dung
moi cia etyl axetat va heptan (50 ml va 25 ml, twong Ung) dé thu duoc
benzensulfonat cua axit (1S,28,3S,5R,6S)-2-amino-3-flo-6-(((S)-1-
(((((1R,28,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18-4, 33,0g) duédi dang chét rin khéng mau. Cau tric tuyét dbi
clia hop chét thu duoc (A-18-4) duogc xé4c dinh bang phép phan tich cu tric tia
X.

'"H NMR (600 MHz, DMSO-d6) § = 7,62-7,56(m, 2H), 7,34-7,27(m,
3H), 6,61-6,57(m, 1H), 5,17-5,05(m, 1H), 4,50-4,44(m, 1H), 2,65-2,51(m, 1H),
2,29-2,18(m, 2H), 2,15-2,10(m, 1H), 2,10-2,06(m, 1H), 1,97-1,92(m, 1H), 1,83-
1,74(m, 1H), 1,67-1,59(m, 2H), 1,50-1,43(m, 4H), 1,38-1,31(m, 1H), 1,09-
0,98(m, 2H), 0,91-0,81(m, 7H), 0,75(d, J = 7,0 Hz, 3H).
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MS m/z; 428([M-H])
[a]p** -5,8 (c 1,02, EtOH)
Diém néng chay: 178°C (nhiét do phan huy)
(5) Axit (18S,28,3S,5R,6S)-2-amino-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-

5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18)

B6 sung nudc (25ml) vao huyén phu cia benzensulfonat cia axit
(1S,28,38,5R,65)-2-amino-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-5-metyl-
xyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic
thu duoc trong budc (4) (A-18-4, 33,0g) trong axeton (125ml) dé hoa tan. BS
sung nho giot dung dich thu dugc vao nuéce (1225ml) trong thoi gian 30 phut va
khudy hén hop & nhiét do trong phong trong thoi gian tir 2 gid. Chét rin thu
dugc dugc gom lai béng cach loc va rira béng nude (50ml) dé thu duoc hop chét

néu & dé muc nay (A-18, 24,08g) dudi dang chét rin khong mau.

'H NMR (600 MHz, DMSO-d6) 6 = 6,61-6,55(m, 1H), 4,90-4,77(m,
1H), 4,50-4,43(m, 1H), 2,67-2,54(m, 1H), 2,11-2,00(m, 2H), 1,97-1,89(m, 3H),
1,83-1,75(m, 1H), 1,66-1,59(m, 2H), 1,51-1,41(m, 4H), 1,38-1,31(m, 1H), 1,09-
0,97(m, 2H), 0,91-0,80(m, 7H), 0,75(d, J = 7,0 Hz, 3H).

MS m/z; 428([M-H]")

Diém néng chay: 175°C (nhiét d6 phan huy)

(6) Metansulfonat cua axit (1S,2S,3S,5R,6S)-2-amino-3-flo-6-(((S)-1-
(((((1R,2S, 5R) -2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18-6)

(18,28,3S,5R,65)-2,2’-dietyl-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-
5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-3) thu
dugc trong budce (3) va axit metansulfonic dugc xir Iy theo cling cach nhu trong

vi du A-18 (4) dé thu dugc metansulfonat cia axit (1S,2S,3S,5R,68)-2-amino-3-
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flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18-6) dudi dang chét ran khong mau.

Diém néng chay: 160°C (nhiét d6 phan hiy)

(7) Etansulfonat cua axit (1S,2S,3S,5R,6S)-2-amino-3-flo-6-(((S)-1-
(((((1R,28,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]Thexan-2-
carboxylic (A-18-7)

(18,28,3S,5R,65)-2,2’-dietyl-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-
5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-3) thu
duogc trong budc (3) va axit etansulfonic dugc xr ly theo cling cach nhu trong vi
du A-18 (4) dé thu duoc etansulfonat cua axit (18,2S,3S,5R,6S)-2-amino-3-flo-
6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18-7) dudi dang chit rén khong mau.

Diém néng chay: 195°C (nhiét d6 phén hiy)

(8) P-toluensulfonat cua axit (1S,2S,3S,5R,6S)-2-amino-3-flo-6-(((S)-1-
(((((1R,28, 5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18-8)

(18,28,3S,5R,6S)-2,2’-dietyl-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-
5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-3) thu
dugc trong budc (3) va monohydrat cla axit p-toluensulfonic dugc xir ly theo
cing cach nhu trong vi du A-18 (4) @& thu dwoc p-toluensulfonat cla axit
(18,28,38,5R,6S)-2-amino-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18-8) dudi dang chat rin khong mau.
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Diém néng chay: 175°C (nhiét d phan huy)

(9) (-)-10-camphorsulfonat cia axit (1S,2S,3 S,5R,6S)-2-amino-3-flo-6-(((S)-1-
(((((1R,28,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0Thexan-2-
carboxylic (A-18-9)

(18,28,38,5R,6S)-2,2’-dietyl-3-flo-6-(((S)-1 -(((((1R,2S,5R)-2-isopropyl-
5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-3) thu
dugc trong bude (3) va axit (-)-10-camphorsulfonic duge xir Iy theo cung cach
nhu trong vi du A-18 (4) dé thu duoc (-)-10-camphorsulfonat cla axit
(15,28,3 S,5R,68)-2-amino-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-18-9) duéi dang chét rén khéng mau.

Diém néng chay: 174°C (nhiét d6 phan hiy)
Vi du A-19:

Téng hop axit (18,28,35,5R,68)-2-amino-3-flo-6-((R)-1-(((((1R,2S,5R)-2-
isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic (A-19)

(18,28,38,5R,6S)-6-carboxyl-2,2 ’-dietyl-3-ﬂo;5 -
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-1,
33mg) va (R)-1-cloetyl ((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)cacbonat
(A-18-2-2, 51mg) duoc xur Iy theo cing cach nhu trong vi du A-18 (3) &n (5)
dé thu dugc hop chét néu & d& muc nay (A-19, 7,0mg) dudi dang chét rin khong
mau. |

'H NMR (600 MHz, DMSO-d6) 6 = 6,60(m, 1H), 4,89-4,71(m, 1H),
4,44(dt, J = 4,1, 10,9 Hz, 1H), 2,56-2,40(m, 1H), 2,11-2,01(m, 2H), 1,98-
1,93(m, 1H), 1,91(br s, 2H), 1,85-1,77(m, 1H), 1,90-1,60(m, 2H), 1,49-1,42(m,
4H), 1,39-1,31(m, 1H), 1,08-0,98(m, 2H), 0,91-0,83(m, 7H), 0,74(d, J = 7,0 Hz,
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3H).

MS m/z; 428([M-H])
Vidu A-20:
Tong hop axit (18,28,3S,5R,6S)-6-(((S)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]Thexan-2-carboxylic
(A-20)
(1) (S)-1-cloetyl adamantan-1-carboxylat (A-20-1-1) va (R)-1-cloetyl
adamantan-1-carboxylat (A-20-1-2)

1-cloetyl adamantan-1-carboxylat (A-2-1, 600mg) duoc diéu ché bing
sic ky cot chiral (CHIRALPAK AD-H, hexan/etanol = 95/5) dé thu dugc (S)-1-
cloetyl adamantan-1-carboxylat (A-20-1-1, 230mg) dugc rira gidi trudc tién
dudi dang chét ran khong mau va (R)-1-cloetyl adamantan-1-carboxylat (A-20-
1-2, 200mg) dugc rita giai tht hai duéi dang chét rin khong mau. Céu trac tuyét
ddi cta hop chét thu dugc (A-20-1-2) dugc xac dinh bang phép phan tich ciu
truc tia X.

Pho ctia hop chét (A-20-1-1): 'H NMR (600 MHz, CLOROFORM-d) § =
6,54(q, J = 5,8 Hz, 1H), 2,03(br s, 4H), 1,97-1,63(m, 14H).

[a]p? 112,7 (¢ 1,11, EtOH)

Phé clia hop chét (A-20-1-2): 'H NMR (600 MHz, CLOROFORM-d) &
= 6,54(q, J = 5,8 Hz, 1H), 2,03(br s, 4H), 1,97-1,63(m, 14H).

[alp? -111,7 (¢ 1,09, EtOH)
(2) Axit (18,285,3S,5R,6S)-6-(((S)-1-((adamantan-1-

cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic
(A-20)

(1S,28,35,5R,6S)-6-carboxyl-2,2’-dietyl-3-flo-5’- ,
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3 ’_jum-8-uide (A-18-1,
1,85g) va (S)-1-cloetyl adamantan-1-carboxylat (A-20-1-1, 1,10g) dugc xir ly
theo ciing cach nhu trong vi du A-18 (3) dén (5) dé thu duoc hop chét néu & dé
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muc ndy (A-20, 636mg) dudi dang chét rin khong mau.

'H NMR (600 MHz, DMSO-d6) 6 = 6,70-6,65(m, 1H), 4,38-4,75(m,
1H), 2,66-2,51(m, 1H), 2,14-2,05(m, 1H), 2,02-1,95(m, 4H), 1,95-1,90(m, 2H),
1,79-1,76(m, 6H), 1,71-1,62(m, 6H), 1,42-1,38(m, 3H).

MS m/z; 408([M-H])

[a]p> 42,9 (¢ 0,57, MeOH)

(3) Metansulfonat ctia axit (1S,2S,3S,5R,65)-6-(((S)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic
(A-20-3)

Theo cung cach nhu trong vi du A-18 (6), metansulfonat cia axit
(18,28,3S,  5R,68)-6-(((S)-1-((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl)-2-
amino-3-flobixyclo[3.1.0]Thexan-2-carboxylic (A-20-3) thu dwgc dudi dang chét
rin khong mau.

Diém néng chay: 154°C (nhiét d6 phan hiy)

(4) Etansulfonat cua axit (1S,2S,3S,5R,6S)-6-(((S)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]Thexan-2-carboxylic
(A-20-4)

Theo cung cach nhu trong vi du A-18 (7), etansulfonat cua axit
(18,28,38,  5R,685)-6-(((S)-1-((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl)-2-
amino-3-flobixyclo[3.1.0]hexan-2-carboxylic (A-20-4) thu dugc dudi dang chéit
rén khong mau.

Diém néng chay: 171°C (nhiét d6 phan huy)

(5) Benzensulfonat cta axit (18S,2S,3S,5R,6S)-6-(((S)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]Thexan-2-carboxylic
(A-20-5)

" Theo cung cach nhu trong vi du A-18 (4), benzensulfonat cta axit
(18,28,35,5R,6S)-6-(((S)-1-((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl)-2-
amino-3-flobixyclo[3.1.0]hexan-2-carboxylic (A-20-5) thu dugc dudi dang chit
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rin khong mau.
Diém néng chay: 147°C (nhiét d6 phan hiy)

(6) P-toluensulfonat cta axit (1S,2S,3S,5R,6S)-6-(((S)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic
(A-20-6)

Theo cung céch nhu trong vi du A-18 (8), p-toluensulfonat cla axit
(18,28,  38,5R,65)-6-(((S)-1-((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl)-2-
amino-3-flobixyclo[3.1.0]hexan-2-carboxylic (A-20-6) thu dwoc dudi dang chét
rén khong mau.

Diém néng chay: 146°C (nhiét do phén huy)

Vidu A-21:

Tong hop axit (18,2S,3S,5R,6S)-6-((R)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic
(A-21)

(1) (18,28,35,5R,65)-6-(((R)-1-((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl)-
2,2’-dietyl-3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-
8-uide (A-21-1)

(1S,28,3S,5R,6S)-6-carboxyl-2,2’-dietyl-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-18-1,
1,45g) va (R)-1-cloetyl adamantan-1-carboxylat (A-20-1-2, 2,08g) dugc xir ly
theo cing cdch nhu trong vi du A-18 (3) dé thu dugc dung dich chtra
(18,28,38,5R,65)-6-(((R)-1-((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl)-2,2’-
dietyl-3-flo-5’-oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-
uide (A-21-1), ma duge st dung cho phan tng tiép theo.

(2) Hydroclorua cta axit (1S,25,3S,5R,6S)-6-(((R)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0Jhexan-2-carboxylic
(A-21-2)

B6 sung dung dich hydro clorua-etyl axetat 4 mol/l (2,7ml) vao dung
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dich thu dugc chwra (1S,285,3S,5R,6S)-6-(((R)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2,2’-dietyl-3-flo-5’-
oxospiro[bixyclo[3.1.0]hexan-2,4’-oxazaborolidin]-3’-ium-8-uide (A-21-1) &
nhiét do trong phong, va khudy hdn hop & nhiét do trong phong trong thoi gian 7
gio. Chét ran thu duoc duge gom lai bing cach loc va duoc rira béing hdn hop
dung moéi cuia etyl axetat va heptan (10 ml va 10 ml, twong tmg) dé thu dugc
hydroclorua cia axit (18S,2S,3S,5R,6S)-6-(((R)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic
(A-21-2, 1,20g) duéi dang chat rin khong mau.

'H NMR (600 MHz, DMSO-d6) § = 6,72-6,68(m, 1H), 5,14-5,02(m,
1H), 2,61-2,51(m, 1H), 2,32-2,20(m, 2H), 2,13-2,04(m, 2H), 1,98(br s, 3H),
1,80-1,76(m, 6H), 1,71-1,62(m, 6H), 1,42(d, J = 5,4 Hz, 3H).

MS m/z; 410([M+H]")

Diém néng chay: 164°C (nhiét do phén huy)

(3) Axit (18S,285,3S,5R,6S)-6-(((R)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic
(A-21)

Hydroclorua . cta axit (1S,2S,3S,5R,6S)-6-(((R)-1-((adamantan-1-
cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic
(A-21-2, 2,20g) dugc xir ly theo ciing cdch nhu trong vi du A-18 (5) dé thu dugc
hop chét néu & d& muc ndy (A-21, 1,36g) dudi dang chét rin khong mau.

'H NMR (600 MHz, DMSO-d6) 6 = 6,68 (q, J = 5,6 Hz, 1H), 4,90-
4,74(m, 1H), 2,66-2,52(m, 1H), 2,12-2,04(m, 1H), 2,01(dd, J = 2,9, 6,6 Hz, 1H),
1,97(br s, 3H), 1,96-1,90.(m, 1H), 1,88(m, 1H), 1,78(d, J = 2,5 Hz, 6H), 1,71-
1,61(m, 6H), 1,40(d, J = 5,4 Hz, 3H).

MS m/z; 410([M+H]")

[a]p>* 24,0 (c 0,53, MeOH)

Vi du B-1:
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Téng hop axit (1S,28,3S,5R,6S)-2-amino-2-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-6-
carboxylic (B-1)

(1) Axit (18,28,3S,5R,6S)-6-((alyloxy)cacbonyl) 2-(((alyloxy)cacbonyl)amino)-
3-flobixyclo[3.1.0]hexan-2-carboxylic (B-1-1)

Dung dich cta hén hop gbém axit (1S,28,3S,5R,6S)-2-
(((alyloxy)cacbonyl)amino)-3-flobixyclo[3.1 .O]hexan-2,6-dicarboxylic (A-1-1,
1,41g), alyl alcohol (336pl), N,N-diisopropyletylamin (837ul) va N,N-
dimetylaminopyridin (60mg) trong cloroform (30ml) dugc 1am ngudi dén nhiét
d6 0°C. Bb sung 1-etyl-3-(3-dimetylaminopropyl)carbodiimit hydroclorua
(837mg) vao dung dich nay, va sau d¢6 hdn hop duoc dun dén nhiét d§ trong
phong va khudy trong thoi gian tir 2 ngay. BS sung cloroform vao dung dich
phan tng, va 16p hitu co dugc rira hai 1in béng axit clohydric 0,25 mol/l, tudn tu
mdt 14n béng nude va mot lan béng nuéc mudi. Sau khi 16p hitu co duoc lam
kho trén magie sulfat khan, chit khong tan duoc loc va dich loc dugc c6 dudi 4p
sut gidm dé thu duge axit (1S,25,3S,5R,6S)-6-((alyloxy)cacbonyl) 2-
(((alyloxy)cacbonyl)amino)-3-flobixyclo[3.1 .0]hexan-2-carboxylic (B-1-1,
1,30g) dudi dang chit vo dinh hinh khong mau.

(2) Axit (185,285,3S,5R,6S)-2-amino-2-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)-3-flobixyclo[3.1 .0]hexan-6-
carboxylic (B-1)

Axit (18,28,38,5R,65)-6-((alyloxy)cacbonyl) 2-
(((alyloxy)cacbonyl)amino)-3-flobixyclo[3.1 .OJhexan-2-carboxylic (B-1-1,
701mg) va 1-cloetyl xyclohexyl cacbonat (664mg) dugc xir Iy theo cung cach
nhu trong vi du A-8 (1), (2) dé thu duoc hop chit néu & dé muc nay (B-1,
115mg) dudi dang chit rin mau vang.

'H NMR (600 MHz, DMSO-d6) 6 = 6,79-6,64(m, 1H), 5,26-4,93(m,
1H), 4,64-4,51(m, 1H), 2,38-2,13(m, 2H), 2,13-1,94(m, 2H), 1,91-1,80(m, 2H),
1,73-1,58(m, 2H), 1,53(dd, J = 5,4, 8,3 Hz, 7H), 1,38-1,17(m, 3H).
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MS m/z; 374([M+H]")
Vi dy B-2:
Tong hop axit (1S,2S,3 S,5R,6S)-2-amino-3-flo-2-(((5-metyl-2-o0x0-1,3-dioxol-
4-yl)metoxy)cacbonyl)bixyclo[3.1.0]hexan-6-carboxylic (B-2)

Axit (185,28,35,5R,6S)-6-((alyloxy)cacbonyl) 2-
(((alyloxy)cacbonyl)amino)-3-flobixyclo[3.1.0]hexan-2-carboxylic (B-1-1,
650mg) va 4-(brommetyl)-5-metyl-1,3-dioxol-2-on (384mg) dugc xir ly theo
ctng cach nhu trong vi du A-1 (3) va (4) dé thu dugc hop chit néu & dé muc nay
(B-2, 262mg) dudi dang chét rin mau vang nhat.

'H NMR (600 MHz, DMSO-d6) & = 5,05(s, 2H), 4,84-4,68(m, 1H),
2,42-2,27(m, 1H), 2,18(s, 3H), 2,16-2,07(m, 1H), 2,07-1,99(m, 1H), 1,83-
1,76(m, 1H), 1,76-1,70(m, 3H). '

MS m/z; 316([M+H])"

Vidu C-1:

Téng hop (1S,2S,3 S,5R,68)-bis((1-(((xyclohexyloxy)cacbonyl)oxy)etyl) 2-
amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat (C-1)

Axit (185,28,3S,5R,6S)-2-(((alyloxy)cacbonyl)amino)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (A-1-1, 573mg) va 1-cloetyl xyclohexyl
cacbonat (905mg) dugc xur ly theo cling cach nhu trong vi du A-1 (3) va (4) dé
thu dugc hop chét néu & &8 muyc nay (C-1, 124mg) duéi dang diu mau vang .

'H NMR (600 MHz, CLOROFORM-d) § = 6,84-6,75(m, 1H), 6,75-
6,69(m, 1H), 4,85-4,55(m, 3H), 2,55-2,37(m, 1H), 2,37-2,20(m, 2H), 2,10-
1,88(m, 6H), 1,79-1,70(m, 4H), 1,66-1,42(m, 13H), 1,42-1,30(m, 4H), 1,30-
1,20(m, 2H).

MS m/z; 544([M+H]")

Vidu C-2:

Téng hop (18,28,3 S,5R,68)-bis((5-metyl-2-o0xo0-1,3-dioxol-4-yl)metyl) 2-
amino-3-flobixyclo[3.1.0]Thexan-2,6-dicarboxylat (C-2)
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Axit (185,28,35,5R,6S)-2-(((alyloxy)cacbonyl)amino)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (A-1-1, 660mg) va 4-(bromometyl)-5-
metyl-1,3-dioxol-2-on (639mg) dugc xtr ly theo cung cach nhu trong vi du A-1
(3) va (4) dé thu duoc hop chét néu & dé muc ndy (C-2, 207mg) dudi dang dau
mau vang nhat.

'H NMR (600 MHz, CLOROFORM-d) & = 4,95(d, J = 8,3 Hz, 2H),
4,82(s, 2H), 4,80-4,65(m, 1H), 2,56-2,40(m, 1H), 2,38-2,25(m, 2H), 2,20(s, 3H),
2,17(s, 3H), 2,07-1,98(m, 2H), 1,87-1,77(m, 1H).

MS m/z; 428([M+H]")

Cac cong thuc cAu tao cla cac vi du tir A-1 dén A-21, B-1,B-2,C-1, C-2

va vi du so sanh 1 dugc thé hién trong cc bang tir 1-1 dén 1-6.
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Bang 1-2

Hop chat sb R1 R2 Mudi

0
Vi dy A0 O H

0
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Bang 1-4

Hop chét sb Ri R2 Mudi
z O

Vi du A-18-6 o )J\O\“.. H CH4SO4H
)

Vi du A-18-7 s /:\o )LO\W_EE H C,H5SOzH

: axit p-
’ = 0
Vi du A-18-8 1{\ J\ 9 H toluensulfonic
207 o

.0 axit (--10-

Vi du A-18-9 %&/;\OJJ\O\““ H camphorsulfonic
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Bang 1-5
Hop chét sb Ri - R2 Mudi
- 0
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Bang 1-6
Hop chat sé R1 R2 Mudi
Vi dy B-1 H 0 /O HCI
i du B-
%J\O/Lko
=
Vi dy B-2 H }(Y(O
’ O«
o)
2O LD
Vi du C-1 %L %J\
o~ Mo 0~ o
= =
Vi du C-2 ){\(40 MO
: 0
o\\< \<
o) (@]
Vi du so sanh 1 Et H
Vi du D-1:

Téng hop hydroclorua cua axit (18,28,3S,5R,6S)-2-((S)-2-amino-4-
(metylthio)butanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-1)

(1) (18,28,3S,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]Thexan-2,6-
dicarboxylat (D-1-1)

B6 sung nho giot thionyl clorua (3,59ml) vao metanol (40ml) & nhiét do
-20°C va khudy hén hop & ciing nhiét do trong thoi gian 30 phut. Sau d6 bd sung
axit (1S,25,35,5R,65)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (IV,
2,00g) va hdn hgp duge dun & hdi luu trong thoi gian 4 gid. Hn hop phan tng
dugc dé ngudi va sau d6 cd dudi ap suit giam. BS sung dung dich natri
bicacbonat trong nude bdo hoa vao hdn hop phan tng, va hdn hop duoc ¢b hai
lan béng cloroform. Sau khi 16p hitu co dugc 1am khé trén natri sulfat khan, chét
khong tan duoc loc va dich loc duge c6 duédi ép sut giam dé thu duoc
(18,28,3S,5R,6S)-dimetyl ~ 2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat
(D-1-1, 2,03g) dudi dang ddu mau vang .
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'"H NMR (600 MHz, CLOROFORM-d) & = 4,86-4,71(m, 1H), 3,81(s,
3H), 3,67(s, 3H), 2,57-2,42(m, 1H), 2,33-2,23(m, 2H), 2,05-1,96(m, 2H).

MS m/z; 232([M+H]")

(2) (15,28,35,5R,6S)-dimetyl 2-((S)-2-((tert-butoxycacbonyl)amino)-4-
(metylthio)butanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat (D-1-2)

B6 sung N-metylmorpholin (0,265ml) vao huyén phd cia axit (S)-2-
((tert-butoxycacbonyl)amino)-4-(metylthio)butanoic (600mg) trong cloroform
(6ml), bd sung nhod giot isobutyl cloroformat (0,312ml) & nhiét d6 -20°C, va
khudy hdn hop & cung nhiét do trong thoi gian 15 phit. B4 sung nho giot dung
dich chtra (1S,2S, 3S,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 464mg) trong cloroform (4ml) vao hén hop phan tmg &
nhiét d6 -20°C, va sau d6 khudy hén hop & nhiét do trong phong trong thoi gian
40 phut. B6 sung dung dich natri bicacbonat trong nudc bdo hoa vao hdn hop
phén tng, va hdn hgp dugc chiét ba 1an bang cloroform. Rua 16p hitu co két hop
mot 14n bang nuéc mudi va sau d6 lam kho trén natri sulfat khan. Chat khong
tan duoc loc, dich loc dugc ¢6 dudi ap suét giam, va cin thu duoc dugc tinh ché
bang sic ky cot silicagel (hop silicagel, hexan:etyl axetat = 100:0 - 0:100) dé thu
dugc  (1S5,28,3S,5R,6S)-dimetyl  2-((S)-2-((tert-butoxycacbonyl)amino)-4-
(metylthio)butanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat (D-1-2,
895mg) dudi dang chat vé dinh hinh khong mau.

'H NMR (600 MHz, CLOROFORM-d) & = 5,37-5,20(m, 1H), 4,36-
4,28(m, 1H), 3,76(s, 3H), 3,69(s, 3H), 2,64-2,51(m, 2H), 2,38-2,25(m, 2H),
2,12(s, 4H), 2,00(br s, 2H), 1,95-1,88(m, 1H), 1,60-1,51(m, 1H), 1,46(s, 9H),
1,26(s, 2H).

MS m/z; 485([M+Na]")

(3) Axit (185,28,3S,5R,68)-2-((S)-2-((tert-butoxycacbonyl)amino)-4-
(metylthio)butanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-1-3)

B6 sung dung dich natri hydroxit trong nuéc 2mol/l (2,92ml) vao dung
dich cua (18,28,3S,5R,6S)-dimetyl 2-((S)-2-((tert-butoxycacbonyl)amino)-4-
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(metylthio)butanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat (D-1-2,
895mg) trong tetrahydrofuran (10ml) ¢ nhiét do trong phong, va khudy hén hop
& clng nhiét d6 trong thoi gian 6 gid. Hon hop phan ting dugc rira bang tert-
butyl metyl ete, sau d6 tao tinh axit béng 1 mol/l axit clohydric & nhiét o 0°C,
va dugc chiét ba 1an bing etyl axetat. Lép hitu co két hop dugc 1am khé trén
natri sulfat khan. Cac chét khong tan duoc loc va dich loc duoc ¢o duéi 4p suét
giam dé thu duoc axit (1S,28,38S, 5R,65)-2-((S)-2-((tert-
butoxycacbonyl)amino)-4-(metylthio)butanamit)-3-flobixyclo[3.1.0]Thexan-2,6-
dicarboxylic (D-1-3, 795mg) dudi dang chét v6 dinh hinh khong mau.

'"H NMR (600 MHz, CLOROFORM-d) & = 5,43-5,22(m, 1H), 4,40-
4,30(m, 1H), 2,60-2,46(m, 2H), 2,40-2,19(m, 1H), 2,18-2,06(m, 4H), 2,02-
1,90(m, 1H), 1,45(br s, 9H), 1,26(t, J = 7,0 Hz, 2H).

MS m/z; 433([M-H])

4) Hydroclorua cua axit (18,28,3S,5R,6S)-2-((S)-2-amino-4-
(metylthio)butanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-1)

B6 sung dung dich hydro clorua-etyl axetat 4 mol/l (11,0ml) vao huyén
phu cia axit (1S,25,3S,5R,68)-2-((S)-2-((tert-butoxycacbonyl)amino)-4-
(metylthio)butanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-1-3,
795mg) trong etyl axetat (Sml) & nhiét d6 0°C, va khudy hdn hop & nhiét d6
trong phong trong thdi gian 4 gio. Chét rén thu dugc sau d6 duge gom lai bing
cach loc va 1am khé dé thu duoc hop chét néu & d& muc nay (D-1, 543mg) dudi

dang chat ran mau trang.

'H NMR (600 MHz, DEUTERIUM OXIDE) & = 5,30-5,14(m, 1H),
4,25-4,13(m, 1H), 2,73-2,50(m, 3H), 2,50-2,42(m, 1H), 2,39-2,26(m, 1H), 2,26-
2,16(m, 2H), 2,16-2,09(m, 4H), 1,95-1,84(m, 2H).

MS m/z; 335([M+H]")
Vi du D-2:

Téng hop hydroclorua cua axit (18,28,3S,5R,6S)-2-((S)-2-aminopropanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-2)
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(18,28,35,5R,685)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 1,27g) va axit (S)-2-((tert-
butoxycacbonyl)amino)propanoic (1,10g) dugc xir ly theo cing cach nhu trong
vi du D-1 (2), (3) va (4) dé thu dugc hop chét néu & dé muc nay (D-2, 1,50g)
duéi dang chét rin khéng mau.

'H NMR (600 MHz, DMSO-d6) 6 = 9,12(s, 1H), 5,36-5,12(m, 1H),
3,97-3,82(m, 1H), 2,63-2,52(m, 1H), 2,25-2,11(m, 1H), 2,11-2,02(m, 1H), 1,89-
1,82(m, 1H), 1,76-1,69(m, 1H), 1,40(d, J = 7,0 Hz, 3H).

MS m/z; 275([M+H]")

Vi du D-3:

Tong hop hydroclorua clia axit (18,28,3S,5R,685)-2-(2-aminoaxetamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-3)

Axit (18,28,35,5R,65)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 500mg) va 2-((tert-butoxycacbonyl)amino)axetic (455mg)
duoc x1r ly theo cung cach nhu trong vi du D-1 (2), (3) va (4) dé thu dugc hop
chét néu & d& muc nay (D-3, 300mg) dudi dang chét rin khong mau.

'H NMR (600 MHz, DMSO-d6) 6 = 9,18(s, 1H), 8,21-8,04(m, 1H),
5,35-5,12(m, 1H), 3,62(s, 2H), 2,58-2,39(m, 1H), 2,24-2,11(m, 1H), 2,11-
2,03(m, 1H), 1,87(br s, 1H), 1,77-1,69(m, 1H).

MS m/z; 261([M+H]")

Vi du D-4:

Téng hop hydroclorua cta axit (1S,2S,3S,5R,6S)-2-((S)-2-amino-4-
metylbutanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-4)

(18,25,35,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]Thexan-2,6-
dicarboxylat (D-1-1, 500mg) va axit (S)-2-((tert-butoxycacbonyl)amino) 3-
metylbutanoic (564mg) dugc xur ly theo cung cach nhu trong vi du D-1 (2), (3)
va (4) dé thu dugc hop chét néu & dé muc nay (D-4, 133mg) dudi dang chit rén

khong mau.

-69-



19462

'H NMR (600 MHz, DMSO-d6) & = 9,09(s, 1H), 5,32-5,13(m, 1H),
3,74(d, J = 4,1 Hz, 2H), 2,65-2,35(m, 1H), 2,31-2,12(m, 2H), 2,12-2,03(m, 1H),
1,93-1,82(m, 1H), 1,80-1,70(m, 1H), 1,05-0,90(m, 6H).

MS m/z; 303([M+H]")

Vi du D-5:

Téng hop hydroclorua cia axit (1S,25,3S,5R,65)-2-((S)-2,6-
diaminohexanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-5)

Axit (18,28,35,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 200mg) va (S)-2,6-bis((tert-
butoxycacbonyl)amino)hexanoic (360mg) dugc xir ly theo ciing cach nhu trong
vidu D-1 (2), (3) va (4) dé thu duoc hop chit néu & dé muc nay (D-5, 281mg)
duéi dang chét rén khong mau.

'H NMR (600 MHz, DMSO-d6) 6 = 9,21(s, 1H), 8,27(br s, 1H), 8,03(br
s, 1H), 5,32-5,13(m, 1H), 3,95-3,85(m, 1H), 2,81-2,70(m, 2H), 2,62-2,40(m,
1H), 2,27-2,10(m, 1H), 2,07(dd, J = 2,7, 6,4 Hz, 1H), 1,95-1,69(m, 4H), 1,66-
1,51(m, 2H), 1,47-1,36(m, 2H), 1,17(t, J = 7,2 Hz, 2H).

MS m/z; 332([M+H]")

Vi du D-6:

Téng hop hydroclorua cta axit (1S,28,3S,5R,6S)-2-((2S,3S)-2-amino-3-
metylpentanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-6)

Axit (1S,28,3S,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 500mg) va (2S,3S)-2-((tert-butoxycacbonyl)amino)-3-
metylpentanoic (600mg) dugc xir 1y theo clng cach nhu trong vi du D-1 (2), (3)
va (4) dé thu dugc hop chét néu & d& muc nay (D-6, 662mg) dudi dang chét rén

khong mau.

"H NMR (600 MHz, METANOL-d4) & = 5,40-5,21(m, 1H), 3,84(d, J =
4,5 Hz, 1H), 2,75-2,53(m, 1H), 2,37-2,17(m, 2H), 2,08-1,86(m, 3H), 1,76-
1,57(m, 1H), 1,32-1,17 (m, 1H), 1,10(d, J = 7,0 Hz, 3H), 1,04-0,93(m, 3H).

-70-



19462

MS m/z; 317([M+H])*
Vi du D-7:

Téng hop hydroclorua cia axit (18S,2S,3S,5R,65)-2-((S)-2-amino-4-
metylpentanamit)-3-flobixyclo[3.1.0]Thexan-2,6-dicarboxylic (D-7)

Axit (18,28,35,5R,68)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 300mg) va (S)-2-((tert-butoxycacbonyl)amino)-4-
metylpentanoic (360mg) dugc xir ly theo ciing cach nhu trong vi du D-1 (2), (3)
va (4) & thu dugc hop chit néu & d& muc nay (D-7, 240mg) duéi dang chét rin
khong mau.

'H NMR (600 MHz, METANOL-d4) & = 5,42-5,23(m, 1H), 4,01-
3,91(m, 1H), 2,74-2,56(m, 1H), 2,34-2,19(m, 2H), 2,00-1,89(m, 2H), 1,86-
1,75(m, 2H), 1,73-1,63(m, 1H), 1,03(d, ] = 6,2 Hz, 3H), 1,01(d, J = 6,2 Hz, 3H).

MS m/z; 317(IM+H]")

Vi du D-8:

Téng hop hydroclorua cia  axit (1S,28,3S,5R,6S5)-2-((S)-2-((S)-2-
aminopropanamit)propanamit)-3-flobixyclo[3.1.0]Thexan-2,6-dicarboxylic (D-8)

Axit (185,25,3S,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]Thexan-2,6-
dicarboxylat (D-1-1, 300mg) va (S)-2-((S)-2-(tert-butoxycacbonyl)propanamit)-
propanoic (405mg) duogc xir Iy theo cung cach nhu trong vi du D-1 (2), (3) va
(4) dé thu duogc hop chét néu & d& muc ndy (D-8, 452mg) dudi dang chét rin
khong mau.

'H NMR (600 MHz, METANOL-d4) 6 = 5,37-5,20(m, 1H), 4,57(d, J =
7,0 Hz, 1H), 3,91(d, J = 7,0 Hz, 1H), 2,70-2,54(m, 1H), 2,31-2,18(m, 2H), 1,97-
1,86(m, 2H), 1,48(d, J = 7,0 Hz, 3H), 1,39(d, J = 7,0 Hz, 3H).

MS m/z; 346([M+H])"
Vi du D-9:

Tdng hop hydroclorua cta axit (18S,28,3S,5R,6S)-2-((S)-2-amino-3-
phenylpropanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-9)
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(18,28,3S,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 150mg) va axit (S)-2-((S)-2-(tert-butoxycacbonyl)-3-
phenylpropanoic (207mg) dugc xtt ly theo cling cach nhu trong vi du D-1 (2),
(3) va (4) d thu dugce hop chét néu & @& muc nay (D-9, 205mg) duéi dang chét

rdn khong mau.

'H NMR (600 MHz, METANOL-d4) § = 7,43-7,28(m, SH), 5,41-
5,25(m, 1H), 4,24-4,15 (m, 1H), 3,46-3,37(m, 1H), 3,05-2,95(m, 1H), 2,73-
2,58(m, 1H), 2,38-2,21(m, 2H), 2,04-1,92(m, 2H).

MS m/z; 351([M+H]")

Vidu D-10:

Tong hop hydroclorua cia axit (1S,28,3S,5R,68)-3-flo-2-((S)-pyrolidin-2-
(carboxyamit))bixyclo[3.1.0]hexan-2,6-dicarboxylic (D-10)

(1S,2S,35,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 150mg) va axit (S)-1-(tert-butoxycacbonyl)pyrolidin-2-
carboxylic (168mg) dugc xtr ly theo cing cach nhu trong vi du D-1 (2), (3) va
(4) & thu duoc hop chit néu & d& muc nay (D-10, 182mg) dudi dang chét rin

khong mau.

'H NMR (600 MHz, METANOL-d4) § = 5,40-5,23(m, 1H), 4,32(dd, J =
6,6, 8,7 Hz, 1H), 3,46-3,37(m, 1H), 3,34-3,25(m, 1H), 2,73-2,59(m, 1H), 2,51-
2,41(m, 1H), 2,33-2,22(m, 2H), 2,21-2,13(m, 1H), 2,11-2,00(m, 2H), 2,00-
1,95(m, 1H), 1,94-1,89(m, 1H).

MS m/z; 301([M+H]")
ViduD-11:
Tong hop hydroclorua cia axit (1S,2S,35,5R,6S)-2-((R)-2-amino-4-
(metylthio)butanamit)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-11)

(1S,28,3S,5R,6S)-dimetyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 200mg) va axit (R)-2-((tert-butoxycacbonyl)amino)-4-
(metylthio)butanoic (258mg) dugc xir ly theo cling cach nhu trong vi du D-1 (2),
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(3) va (4) dé thu duoc hop chét néu & d& muc nay (D-11, 54,0mg) dudi dang
chét rén khéng mau.

'H NMR (600 MHz, DMSO-d6) 6 = 9,28(s, 1H), 5,35-5,12(m, 1H),
4,01-3,93(m, 1H), 2,66-2,36(m, 3H), 2,29-2,10(m, 2H), 2,08-1,82(m, 6H), 1,73-
1,64(m, 1H).

MS m/z; 335(IM+H]")

ViduD-12:

Tdng hop hydroclorua cua axit (18,28,3S,5R,65)-2-((R)-2-aminopropanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-12)

(18,28,3S,5R,6S)-dimetyl 2-amino-3 -flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-1-1, 200mg) va axit (R)-2-((tert-
butoxycacbonyl)amino)propanoic (196mg) dugc xtt ly theo cling cach nhu trong
vi du D-1 (2), (3) va (4) dé thu dugc hop chit néu & d& muc nay (D-12, 128mg)
duéi dang chét rén khéng mau.

'H NMR (600 MHz, DMSO-d6) 6 = 9,15(s, 1H), 5,34-5,11(m, 1H), |
3,98-3,85(m, 1H), 2,56-2,40(m, 1H), 2,23-2,05(m, 2H), 1,91-1,83(m, 1H), 1,75-
1,65(m, 1H), 1,35(d, J = 7,0 Hz, 3H).

MS m/z; 275([M+H]")

Vi du D-13:

Tong hop axit (18,28,3S,5R,6S)-2-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)amino-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-13)

(1) Axit (18,28,3S,5R,6S)-2-((tert-butoxycacbonyl)amino)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-13-1)

Axit (185,28,38S,5R,68S)-2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylic (IV, 1,00g) va di-tert-butoxycacbonyl (4,30g) duge xtt 1y theo cling
céch nhu trong vi du A-1 (1) dé thu duogc axit (18,28,38,5R,6S)-2-((tert-
butoxycacbonyl)amino)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-13-1,

-73-



19462

1,30g) duéi dang chét v dinh hinh khéng mau.

(2) (18,25,35,5R,6S)-dialyl 2-((tert-butoxycacbonyl)amino)-3-flobixyclo[3.1.0]-
hexan-2,6-dicarboxylat (D-13-2)

B6 sung alyl bromua (1,09ml) va kali cacbonat (1,18g) vao dung dich
cua axit (18,28,35,5R,68)-2-((tert-butoxycacbonyl)amino)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic ~ (D-13-1, 1,30g) trong N,N-
dimetylformamit (25ml) & nhiét do trong phong, va khudy hén hop & cung nhiét
do trong thoi gian 18 gid. BS sung nuée vao dung dich phén mg, va hdn hop
duoc chiét ba lan bang etyl axetat. L6p hitu co két hop 1an lugt duge rira ba 1an
bang nuwéc mudi 5% va mot 1an bang nudc mudi. Sau khi 16p hitu co dugce lam
khd trén natri sulfat khan, chét khong tan dugc loc, dich loc dugc c6 dudi ap
suét giam, va cin thu duoc duoc tinh ché bang sic ky cot silicagel (hop silicagel,
hexan:etyl axetat = 100:0 - 60:40) dé thu dugc (18,28,3S,5R,6S)-dialyl 2-((tert-
butoxycacbonyl)amino)-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat (D-13-2,
1,49g) duéi dang dau khong mau.

(3) (15,25,35,5R,65)-dialyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat
(D-13-3) '

B sung dung dich hydro clorua-etyl axetat dung dich 4 mol/l (24ml) vao
(18S,28,3S,5R,6S)-dialyl 2-((tert-butoxycacbonyl)amino)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylat (D-13-2, 1,49g) & nhiét d6 0°C, va
khudy hdn hop & nhiét do trong phong trong thoi gian 18 gid. Dung dich phan
g sau d6 dugc ¢ dudi 4p suat giam, bd sung dung dich natri bicacbonat trong
nude bdo hoa, va hdn hop dugc chiét ba 1an bing etyl axetat. Sau khi rira 16p
hitu co két hop mét 1an bing nude mudi va 1am khd trén natri sulfat khan, cac
chét khong tan dugc loc va dich loc dugc c6 duéi ap sut giam dé thu duogc
(18,28,3S,5R,6S5)-dialyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat (D-
13-3, 949 mg).

(4) (1S,28,3S,5R,6S)-dialyl 2-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)amino-3-
flobixyclo[3.1.0]Thexan-2,6-dicarboxylat (D-13-4)
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B6 sung xesi cacbonat (4,05g) va xyclohexyl (1-iodoetyl)cacbonat
(2,23g) vao dung dich coa (1S,2S,3S,5R,6S)-dialyl 2-amino-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylat  (D-13-3, 880mg) trong N,N-
dimetylformamit (20ml) & nhiét d6 trong phong, va khudy hdn hop & cung nhiét
do trong thoi gian tir 2 gid trong khi cacbon dioxit dugc phun vao hdn hop. Viéc
phun sau d6 dugc ding lai va khudy hdn hop & ciing nhiét do trong thoi gian 18
gi0. B6 sung nuéce vao dung dich phan tmg, va hdn hop duoc chiét ba 1in bing
etyl axetat. Sau khi 16p hitu co két hop 1an lugt duoc rira ba lan bang nudc mudi
5% va mot lan bang nudc mudi va lam khé trén natri sulfat khan, chét khong tan
duoc loc, dich loc duge c6 dudi 4p sut giam, va cin thu dugc dugc tinh ché
bing séc ky cot silicagel (hop silicagel, hexan:etyl axetat = 100:0 - 50:50) dé thu
dugc (1S,2S,3S,5R,6S)-dialyl 2-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)amino-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylat (D-13-4, 840mg) dudi dang dau mau
vang .

(5) Axit (1S,28,3S,5R,6S)-2-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)amino-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic (D-13)

(1S,2S,35,5R,6S)-dialyl 2-((1-
(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)amino-3-
ﬂobixyclo[3.1.0]hexan—2,6-dicarboxylat (D-13-4, 958mg) dugc xit 1y theo clng
cach nhu trong vi du A-1 (4) dé thu duoc hop chit néu & dé muyc nay (D-13,
537mg) dudi dang chat vé dinh hinh khong mau.

'H NMR (600 MHz, CLOROFORM-d) & = 6,79-6,62(m, 1H), 5,85(br s,
1H), 5,36-5,14(m, 1H), 4,73-4,55(m, 1H), 2,69-2,46(m, 1H), 2,45-2,26(m, 1H),
2,20-1,84(m, 4H), 1,80-1,68(m, 2H), 1,59-1,42(m, 5H), 1,41-1,18(m, 6H).

MS m/z; 440([M+Na]")

Vi du D-14:

Tong hop axit (18,2S,3S,5R,6S)-3-flo-2-((1-
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(isobutyloxy)etoxy)cacbonyl)aminobixyclo[3.1.0]Thexan-2,6-dicarboxylic (D-14)

(185,28,35,5R,68)-dialyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-
dicarboxylat (D-13-3, 800mg) va 1-iodoetyl isobutyrat (1,37g) dugc xi Iy theo
cung cach nhu trong vi dy D-13 (4) va (5) & thu duoc axit (1S,2S,3 S,5R,6S5)-3-
flo-2-((1-(isobutyloxy)etoxy)cacbonyl)aminobixyclo[3.1.0]Thexan-2,6-
dicarboxylic (D-14, 87mg) duéi dang chit v dinh hinh khong mau.

'"H NMR (600 MHz, DMSO-d6) & = 8,51(br s, 1H), 6,69-6,49(m, 1H),
5,25-4,98(m, 1H), 2,49-2,36(m, 1H), 2,22-2,06(m, 1H), 2,05-1,90(m, 1H),
1,79(br s, 1H), 1,75-1,62(m, 1H), 1,45-1,34(m, 3H), 1,05(m, 6H).

MS m/z; 384([M+Na]")
Vi du D-15:

Téng hop axit (1S,2S,3 S,5R,68)-3-flo-2-((((5-metyl-2-oxo0-1,3-dioxol-4-yl)-
metoxy)cacbonyl)amino)bixyclo[3.1.0]hexan-2,6-dicarboxylic (D-15)

(1) (18,28,38,5R,6S)-dialyl 3-flo-2-((((5-metyl-2-oxo0-1,3-dioxol-4-
yl)metoxy)cacbonyl)amino)bixyclo[3.1.0]hexan-2,6-dicarboxylat (D-15-1)

B6 sung 4-(hydroxymetyl)-5-metyl-1,3-dioxol-2-on (45,9mg) va dung
dich N,N-diisopropyletylamin (0,18ml) trong tetrahydrofuran (4ml) vao dung
dich cta triphosgen (35mg) trong cloroform (4ml) & nhiét d6 trong phong. Sau
khi khudy hén hop & cung nhiét do trong thdi gian 30 phut, bd sung dung dich
cua (18,28,3S, 5R,6S)-dialyl 2-amino-3-flobixyclo[3.1.0]hexan-2,6-dicarboxylat
(D-13-3, 100mg) trong cloroform (4ml) vao hén hop phan ung, va khudy hdn
hop & cing nhiét d9 trong thoi gian 3 gid. B sung etyl axetat vao hdn hop phan
g, va 16p hitu co 1an luot duge rira mot 1an bing nudc va mot 1an bing nudc
mudi. Sau khi 16p hiru co duogc 1am kho trén natri sulfat khan, chét khong tan
duge loc, dich loc dugc c6 dudi ap suét giam, va cin thu dugc duge tinh ché
bang sic ky cot silicagel (hop silicagel, hexan:etyl axetat = 90:10 - 70:30) dé thu
dugc (18S,28,3S,5R,6S)-dialyl 3-flo-2-((((5-metyl-2-0x0-1,3-dioxol-4-
yl)metoxy)cacbonyl)amino)bixyclo[3.1.0]hexan-2,6-dicarboxylat (D-15-1,
60,0mg) duéi dang chat vé dinh hinh khong mau.
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(2) Axit (18S,285,3S,5R,6S)-3-flo-2-((((5-metyl-2-0x0-1,3-dioxol-4-
ylmetoxy)cacbonyl)amino)bixyclo[3.1.0]hexan-2,6-dicarboxylic (D-15)

(18S,2S,3S,5R,6S)-dialyl 3-flo-2-((((5-metyl-2-0x0-1,3-dioxol-4-
yl)metoxy)cacbonyl)amino)bixyclo[3.1.0]hexan-2,6-dicarboxylat (D-15-1,
1,25g) dugc xtr ly theo cing cach nhu trong vi du A-1 (4) dé thu dugc hop chét
néu & d& muc nay (D-15, 94mg) dudi dang chét rin khong mau.

'H NMR (600 MHz, DMSO-d6) & = 5,25-5,07(m, 1H), 4,88(s, 2H),
2,55-2,44(m, 1H), 2,21-2,07(m, 4H), 2,02-1,94(m, 1H), 1,83-1,75(m, 1H), 1,72-
1,65(m, 1H).

MS m/z; 382([M+Na]")

Vi du D-16:

Téng hop axit (18,28,35,5R,6S)-3-flo-6-((1-(isobutyloxy)etoxy)cacbonyl)-2-
(((1-(isobutyloxy)etoxy)cacbonyl)amino)bixyclo[3.1.0]hexan-2-carboxylic  (D-
16)

Hydroclorua cua axit (1S,28,3S,5R,6S)-2-amino-3-flo-6-((1-
(isobutyloxy)etoxy)cacbonyl)bixyclo[3.1.0]Jhexan-2-carboxylic (A-8, 152mg) va
1-iodoetyl isobutyrat (208mg) dugc xur ly theo cung cach nhu trong vi du D-13
(4) va (5) dé thu dugc hop chét néu & @& muc nay (D-16, 108mg) dusi dang chét
v06 dinh hinh khong mau.

'H NMR (600 MHz, DMSO-d6) 6 = 8,68-8,51(m, 1H), 6,76-6,65(m,
2H), 6,65-6,57(m, 2H), 5,23-5,05(m, 1H), 2,61-2,39(m, 3H), 2,27-2,13(m, 1H),
2,11-1,97(m, 1H), 1,95-1,82(m, 1H), 1,81-1,69(m, 1H), 1,46-1,35(m, 6H), 1,13-
0,98(m, 12H).

MS m/z; 498([M+Na])"

ViduD-17:

Téng hop axit (1S,28S,3S,5R,6S)-3-flo-6-(((5-metyl-2-0x0-1,3-dioxol-4-
yl)metoxy)cacbonyl)-2-((((5-metyl-2-o0xo-1,3-dioxol-4-
yl)metoxy)cacbonyl)amino)bixyclo-[3.1.0]hexan-2-carboxylic (D-17)
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Axit  (1S,25,35,5R,6S)-2-amino-3-flo-6-(((5-metyl-2-o0xo-1,3-dioxol-4-
yl)metoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic (A-16, 340mg) va 4-
(hydroxymetyl)-5-metyl-1,3-dioxol-2-on (154mg) dugc xtt ly theo clng céach
nhu trong vi du D-15 (1) dé thu dwoc hop chét néu & dé& muc nay (D-17,
53,0mg) duéi dang chét rin khong mau.

'"H NMR (600 MHz, DMSO-d6) & = 5,25-5,09(m, 1H), 4,99-4,86(m,
4H), 2,56-2,43(m, 1H), 2,23-2,10(m, 7H), 2,08-2,01(m, 1H), 1,95-1,87(m, 1H),
1,81-1,73(m, 1H).

MS m/z; 494([M+Na]")

Céc vi dy tir D-1 dén D-17 dugc thé hién trong cac bang 2-1 va 2-2.
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Bang 2-1
N
H4 o 1
“H OR
F NHR3OM
Hop chit sb. R1 R3 Mudi
.
Vi du D-1 H ‘ HCI
HoN™ s~
o)
Vi du D-2 H HCI
HoN®
o)
Vi dy D-3 H HCl
Vi du D-4 H HCl
o]
Vi dy D-5 H ~ 2HCI
HN™ NH,
}{'\io/\
Vi du D-6 H HCI
tau HaN"
Vi du D-7

0
H | HCl
HoN™
Oo
Vi du D-8 H )K(

N NH, HCI
H
o}
Vi du D-9 H ‘ HCl
HoNY
Vi du D-10

0
H HCl
HN
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Bang 2-2
Hop chét s6 R1 R3 Muéi

o)
Vi du D-11 H ﬁ/\ HCI
H,N s~
O
Vi du D-12 H HCI
HoN

?ifo
Vi dy D-13 H 00O .0
T O
?H\’//O
Vi du D-14 H o) o\ﬂ/k
T
o)

) ?ifo o//<
Vi du D-15 H

O .
, 0
Vi du D-16 ?i( m)\ o 071)\
oy

oA | 0 ok

Vi du D-17 X/K(

Thir nghiém 1: Thit nghiém d¢ 6n dinh cta dung dich

Cac hop chét theo sang ché (I) duoc thir nghiém vé& d6 6n dinh cta no
trong cac dung dich bang céach kich thich dich tiét ra tir da day va rudt non duoc
xac dinh bén dudi.

Ty 1& cin clia cac hop chit theo sang ché (I) trong dung dich axit
clohydric (pH=1,2) va dém phosphat 20mM (pH = 6,5) dugc do theo phuong
phép thir nghiém sau day.

Hoa tan hop chat thir nghiém trong dung dich axit clohydric (pH=1,2)
chira axit clohydric va natri clorua hodic dém phosphat 20mM (pH=6,5) chita
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dinatri hydrophosphat, natri dihydrophosphat va natri clorua d didu ché dung
“dich v6i ndng d6 khoang 50pg/ml (gan tan néu khong hoa tan). Dung dich dugc
U & nhiét d6 37°C trong thoi gian mot gid va ndng d6 ctia hop chét trude va sau
khi & duoc dinh luong bang sic ky 1éng hiéu ning cao dé tinh toan phan trim

cén cua hop chat.

Phin tram c3n cla cic hop chit twong Umg trong dung dich axit

clohydric (pH=1,2) va dém phosphat 20mM (pH=6,5) duoc thé hién trong bang

3 sau day.
Bang 3
Phan tram can cua
cac_hop chat (%)

Vi du sé pH=1,2 pH=6,5
Vi dy A-1 100 99
Vi du A-2 101 101
Vi du A-3 100 100
Vi du A-4 99 98
Vi du A-7 100 99
Vi du A-8 100 101
Vi dy A-10 100 97
Vi du A-13 93 93
Vi du A-14 95 97
Vi du A-15 102 101
Vi du A-16 99 98
Vi du A-17 99 97
Vi du D-1 103 102
Vi du D-2 100 103
Vi du D-3 100 102
Vi dy D4 101 100
Vi du D-6 101 101
Vi du D-7 99 102

Nhu duoc minh hoa & trén, cac hop chét theo sang ché c¢6 @ 6n dinh cao
trong cac dung dich béng céch kich thich dich tiét tir da day va rudt non, nén cé

thé gia sir ring cac dung dich nay ton tai dudi dang tién duoc chét 6n dinh trong
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~ duong tiéu hoa.
Thir nghiém 2: Thir nghiém sinh ra hop chét ¢ cong thirc (IV) trong cac tiéu thé
0 gan

Thir nghiém xéc dinh phan trim sinh ra hop chét c6 cong thirc (IV) trong
cac tiéu thé & gan ngudi va khi duoc tién hanh dbi véi cac hop chét theo sang
ché (I) theo phuong phap sau day. Khi kiém soét viéc so sanh, dang etyl este ctia
hop chét c6 cong thire (IV) (vi du so sanh 1) dugc st dung.

Hop chét thir nghiém dwoc @ (¢ nhiét d6 37°C, trong thoi gian 15 phut)
trong dém phosphat 0,250 M (pH=7,4) chtra KCl 69mM, cung véi phan doan
tiéu thé & gan ngudi (Ms) (Xenotech/H630B/lot, 0810472) hodc phan doan Ms &
khi (BD Biosciences/452413/16, 94518) c¢6 mit hé théng sinh ra NADPH
(0,16mM NADP", 2,4mM MgCl,, 1,5mM glucoza-6-phosphat). Cac ndng do
cudi cing cta hop chét thir nghiém va protein Ms cﬁa gan dugc didu chinh
twong tmg dén 3uM va 1mg protein/ml. BS sung 2 1dn DMSO vao hdn hop phan
ng da 0, tiép d6 khudy va ly tAm & téc d6 3000 vong/phut (nhiét do 4°C, thoi
gian 10 phut). Chat nbi bé mit thu duge duge phén tich bing hé théng séc ky
16ng - phé khéi tandem (LC-MS/MS). Giéi han duéi dinh lwong 13 0,3uM dbi
v6i ca hai hop chit thir nghiém va hop chét ¢ cong thic (IV).

Dit liéu phan trdm sinh ra ctia hop chit c6 cong thirc (IV) trong tiéu thé &
gan nguoi va khi da dugc biét trong bang 4 sau dy dua vio cac hop chét twong

ung.
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Bang 4
Ty 1¢ phan trim (%) cia
O
Hop chit sb Nguwoi Khi
Vi du A-1 100 90
Vi du A-2 100 82
Vi du A-3 101 78
Vi du A-4 94 72
Vi du A-5 72 NT
Vi du A-6 90 NT
Vi du A-7 19 NT
Vi du A-8 36 38
Vi du A-9 56 NT
Vi du A-10 69 97
Vi du A-11 93 NT
Vi dy A-12 94 NT
Vi dy A-13 86 75
Vi du A-14 51 NT
Vi du A-15 22 NT
Vi du A-16 29 46
Vi du A-17 86 80
Vi du A-18 84 NT
Vi du A-18-4 NT 75
Vi dy A-19 87 NT
Vi dy A-21 87 93
Vi du tham khao 1 <10 NT

NT: Khong thir nghiém

Hop chét cta vi du so sanh 1 duoc chuyén héa tiéu thé & gan & nguoi
thanh hop chét ¢é cong thire (IV) & muc rét thp, xép xi 100% phan con lai
khong thay d6i (vi du so sanh 1). Mt khéc, cac hop chét theo sang ché duogc
chuyén héa thanh hop chét cé cong thirc (IV) & cdc mic cao va su chuyén héa
dugc dién ra & ca tiéu thé & gan nguoi va khi, do vay cho phép mang su chuyen

héa tir cac tién dugc chit thanh hop chit gdc ctia chiing.

Thir nghiém 3: Thir nghiém sinh ra hop chét ¢6 céng thirc (IV) trong huyét
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thanh

Thir nghiém x4c dinh phén trim sinh ra cta hop chét ¢ cong thic (IV)
trong huyét thanh ngudi va khi duoc tién hanh di v6i cac hop chét theo sang
ché (I) theo phuong phap sau day. Nhu’ su kiém soat sy so sanh, dang etyl este
ctia hop chét c6 cong thirc (IV) (vi du so sanh 1) dugce st dung.

B6 sung hop chét thir nghiém vao huyét thanh ngudi hodc khi dé thu
duoc ndng d6 14 3uM va hén hop dugc G & nhiét d6 37°C trong khoang thoi gian
nhét dinh. Tiép dén, bd sung 200ul hdn hop axetonitril/metanol 10ng chira chét
chuén trong vao 50ul mdi mu v, tiép d6 khudy va ly tdm (6 nhiét d6 4°C trong
thosi gian 10 phat). Chat ndi bé mit thu duoc duge phan tich LC-MS/MS. Gidi
han duéi dinh lwong 1 0,03uM dbi véi ca hai hop chit thir nghiém va hop chat
c6 cong thuce (IV).

Dit liéu phan trdm sinh ra ctia hop chét c6 cong thirc (IV) trong huyét

thanh nguoi va khi duge thé hién trong bang 5 sau dy twong tng véi cac hop

chét tuong tng.

Bang 5
Ty 1€ (%) cua hgp chét’cc’)
cong thitc IV trong huyét thanh
Hop chét sb Nguoi Khi
Vi du A-16 75 80
Vi du A-17 37 NT
Vi du tham khao 1 <5 NT

NT: Khong thtr nghiém

Hop chét cta vi du so sanh 1 dwoc chuyén héa bdi huyét thanh nguoi
thanh hop chit c6 cong thire (IV) & muc rat thip. Mat khac, cac hop chit theo
sang ché duoc chuyén héa thanh hop chét c6 cong thirc (IV) & cac muc cao va
su chuyén hoa dién ra & ca huyét thanh ngudi va khi, do vay cho phép chuyén

hoa cac tién dugc chit nay thanh hop chét gbe cta chiing.

Thir nghiém 4: Thtr nghiém xéc dinh ty 1é phan tram sinh ra cta hop chit c6

cong thire (IV) trong rudt non nguoi S9
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Thir nghiém d& xac dinh phan trim sinh ra cta hop chéit ¢6 cong thuc
(IV) trong rudt non ngudi S9 dugc tién hanh dbi véi cac hop chit theo sang ché

(I) theo phuong phép sau day.

Céc hop chét theo sang ché duoc u (& nhiét d6 37°C trong thoi gian 1
gio) trong dém phosphat 0,1 M (pH=7,4) cung véi doan rudt non ngudi S9
(Xenotech, LLC/CP710571/Lot, 710571) ¢6 mit Mg®* (5mM), Ca** (5mM) va
Zn** (0,1mM). Cac ndng d6 cudi cing cia mdi hop chét theo sang ché va
protein rudt non S9 1an luot duge didu chinh dén 3uM va 1mg protein/ml. BS
sung 3 1an DMSO vao hdn hop phan tmg d3 1, tiép d6 khudy va ly tam & tbc do
3000 vong/phut (nhiét d6 4°C trong thoi gian 10 phut). Chét ndi bé mit thu dugc
duoc phan tich bing hé thdng séc ky 16ng - phd khdi tandem (LC-MS/MS). Gi6i
han dudi dinh lugng 13 0,3uM dbi véi ca hai hop chét theo sang ché c¢6 cong
thirc (I) va hop chét ¢6 cong thirc (IV).

Hé théng LC-MS/MS dugc st dung trong phép do duoc lap thiét bi
Waters XBridge Amit (3,5um, 50mM X 4,6mM L.D.), Waters Atlantis T3 (3um,
50mM x 4,6mM 1.D.), hoac Shimadzu Shim-pack XR-ODS (2,2 um, 30mM x
3,0mM L.D.) dudi dang cdt tach. Pha dong 1a dung dich axit formic /axetonitril
0,1% hodc dung dich axit formic /metanol 0,1% (téc do chay: 0,7-1,3ml/phut) va
chét phan tich dugc rira giai & ché d gradient tuyén tinh. Su phat hién MS/MS
clia cac hop chét theo sang ché c6 cong thire (I) va hop chét c6 cong thirc (IV)
duoc tién hanh bang cach sir dung hé théng API4000 hoic Triple quad 5500 véi
giao dién TurbolonSpray (ca hai 14 san phdm ctia AB SCIEX) trong hodc ché d6

phat hién ion duong hodc am.

Phén trdm tao thanh cta hop chét ¢ cong thirc (IV) trong rudt non ngudi
S9 duoc thé hién trong bang 6 sau ddy twong tmg véi cac hop chét theo sang

ché.
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Béang 6
L, Ty 1€ (%) tao thanh cua
Hop chat so hop chit c6 cong thic IV
trong rudt non ngudi S9
Vi du D-1 20,9
Vi du D-2 17,8
Vi du D-3 <10
Vi du D-4 <10
Vi du D-5 25,9
Vi du D-6 <10
Vi du D-7 11,7
Vi dy D-8 11,7
Vi du D-9 <10
Vi du D-10 <10
Vi du D-11 <10

Khi dén ruét, sy chuyén hoa cia cac hop chat thir nghiém theo sang ché

(I) thanh hop chét ¢ cong thirc (IV) tién hanh trong rudt non ngudi S9.

Thir nghiém 5: Po céc ndng d6 huyét twong cta hop chit c6 cong thic (IV)
trong khi

Thir nghiém dé do ndng d6 huyét twong ciia hop chét c6 cong thirc (IV)
khi ding qua dudng miéng céc hop chit c6 cong thirc (IV) va cac hop chit theo
sang ché (I) dwoc tién hanh theo phuong phap sau day.

Hop chét c6 cong thirc (IV) hodc cac hop chét theo sang ché c6 cong
thie (I) dugc cho khi dudi dai duc ding qua dudng miéng (diéu kién an) & lidu
lwong 4,92umol/kg (chit mang: dung dich metyl xenluloza (MC) 0,5%; cho
ding & liéu luong 5ml/kg).

Hai va 4 git sau khi st dung qua dudong miéng, xap xi 0,7ml mau dugc
liy tir ven & ddu (chét chbng két tu: EDTA-2K). Huyét thanh khéi phyc bang
cach ly tam (3000 vong/phut, nhiét d§ 4°C, trong thoi gian 10 phit) dugc bao
quan déng lanh & nhiét d6 -80°C cho dén khi sir dung dé phén tich. Trong
truong hop phan tich, 50pl miu huyét thanh dwoc rd dong dudi sy lam lanh

bing d4 va sau khi b sung 200pl hdn hop axetonitril/metanol long chira chat
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chuan trong, hdn hop thu duge dwoc khudy va ly tAm (nhiét do 4°C, trong thoi
gian 10 phut); chat ndi bé mit thu dugc phan tich LC-MS/MS. Céc gidi han
dudi dinh lugng cia cac hop chét theo sang ché c6 cong thire (I) va hop chét c6
coéng thire (IV) 14n luot 13 1ng/ml va 3ng/ml.

Dit lidu vé& ndng d6 huyét thanh ctia hop chét c6 cong thirc (IV) sau khi

ding qua dudng miéng céc hop chat twong ting duge thé hién trong bang 7 sau

day.
Bang 7
Nong d (ng/ml) cia_
~hop chéat IV trong huyét
thanh khi
Hop chat s Sau 2 gio | Sau 4 gio
Hop chét IV 8,15 18,8
Vi dy A-1 197 270
Vi dy A-2 305 302
Vi du A-3 2717 271
Vi du A-10 94,9 119
Vi du A-16 55,5 52,0
Vi du A-184 309 412
Vi du A-21 364 387
Vi du D-1 141 128

Nhu duge thé hién trén day, viéc ding qua dudng miéng cac hop chét
theo sang ché (I) ghi lai sy gia ting ndi bat v& ndng d6 huyét thanh cua hop chét
c6 cong thie (IV) so véi hop chét ¢é cong thire (IV) dung qua dudng miéng.
Khé nang Umg dung trong cong nghiép

D3 phét hién ra rang cac hop chét theo sang ché 1a rit hitu ich lam céc
tién dugc chét cua hop chét c6 cong thic (IV) ma c6 hoat tinh manh trén thu thé
glutamat hudng chuyén héa nhém 2. Do d6, cac hop chét theo sang ché hodc cac
mubi duoc dung cua chung cé thé duge st dung lam chit dé phong hozc diéu tri

cac tinh trang bénh ma dugc kiém soét béng chit chu van thu thé glutamat
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hudng chuyén héa nhém 2, nhu bénh tAm than phan liét, rbi loan lo 4u va cac
tinh trang bénh lién quan cda nd, bénh trAm cam, rdi loan ludng cuc, bénh dong
kinh va céc tinh trang bénh tAm-than kinh khéc, va chting nghién thudc, rdi loan
nhén biét, bénh Alzheimer, bénh mua giat Huntington, bénh Parkinson, rdi loan
van dong lién quan dén tinh ctng co, ching thiéu mau n3o, ching thiéu ning

n3o, rdi loan tiy sdng, bénh dau va céc tinh trang bénh than kinh khac.
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YEU CAU BAO HO

1. Hop chét c6 cong thirc (I):

i
F NHR3
(1)

OR?

trong d6 R' va R? c6 thé gidng hodc khéc nhau, mdi nhém nay 13 nguyén tir
hydro, cong thic -(CR*R*)-0-CO-R’ hoic -(CR*R®)-0-CO-O-R’, hodc cong
thirc (Ila) hodc (IIb) dudi day:

R8 0
t‘i/\(ko o
o\< 5%
o)
(lla) () .

R’ 13 nguyén tir hydro, céng thirc -(AA)n-H, -CO-O-(CR’R”’)-0-CO-R"® hoic -
CO-0O-(CR’R”’)-0-CO-0O-R", hosc cong thirc (IIT) dudi day:

?J\ R12
.

O
()

trong d6 R* va R* c6 thé giéng hodc khac nhau, m3i nhém nay 14 nguyén tir
hydro hoac nhém C,_4alkyl;

R’ 12 nhém C,.yo alkyl, nhém Cs.g xycloalkyl (nhém Cs.g xycloalkyl tly y
dugc thé bing mét &én ba nhém C,6 alkyl), nhém adamantyl (nhém adamantyl
tly v duoc thé bang mot dén ba nhém C, alkyl), hodc nhém phenyl (nhém
phenyl tiy ¥ dugc thé bang mot dén ba nhém dugc chon tir nguyén tir halogen
va nhom C,¢ alkyl);

R® va R” c6 thé gidng hodc khac nhau, méi nhém nay la nguyén tir
hydro hoac nhom C,¢ alkyl;

R’ 1a nhém Cj.9 alkyl, nhém Cs.5 xycloalkyl (nhém C;.g xycloalkyl tuy y
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duoc thé bing moét dén ba nhém Cy¢ alkyl), nhém adamantyl (nhém adamantyl
tly ¥ dugc thé biang mot dén ba nhém Cp alkyl), hoac nhém aryl (nhom aryl
tly v dugc thé bing moét dén ba nhém duge chon tir nguyén tir halogen va nhém
C,. alkyl);

R® 14 nhém C alkyl hodc nhém phenyl;

R’ va R” c6 thé gibng hodc khac nhau, mdi nhém nay la nguyén tu
hydro hoac nhém C, ¢ alkyl,;

R' 14 nhém C,. alkyl, nhém Csg xycloalkyl (nhom Cj;_g xycloalkyl tuy
y dugc thé bing mot dén ba nhém Cig alkyl), nhdm adamantyl (nhém
adamantyl tlly ¥ duoc thé bing mot dén ba nhém Ci6 alkyl), hodic nhém phenyl
(nhém phenyl ty y dwoc thé bing moét dén ba nhém dwoc chon tir nguyén tu
halogen va nhém C,_¢ alkyl);

- R'"1anhém C,g alkyl, nhém Cs¢ xycloalkyl (nhém Cs.g xycloalkyl tiry

y dugc thé bing mot dén ba nhém C alkyl), nhém adamantyl (nhém
adamantyl tiy y dugc thé bang mot dén ba nhém C,¢ alkyl), hodc nhém aryl
(nhém aryl tiy y dwoc thé bing mot dén ba nhém dwoc chon tir nguyeén tu
halogen va nhém C, ¢ alkyl);

R'? 12 nhém C ¢ alkyl hodc nhom phenyl;

AA 14 nhém aminoaxyl; va

n 14 s6 nguyén tir 1 dén 3,
v6i didu kién cac hop chét trong d6 mdi nhom R, R* va R® 1a nguyén tu hydro
duoc loai trir, hodc mubi duoc dung cua chung.
2. Hop chét theo diém 1, trong d6 trong cong thie (I), R’ 1a nguyén ti hydro,
hodc mubi duoc dung cta ching.
3. Hop chét theo diém 2, trong d6 trong coéng thic (I), R' co cong
thirc -(CR*R*)-0-CO-R’ (trong d6 R*, R¥’ va R’ 1a nhu duoc dinh nghia trong
diém 1) hoic -(CR°R®)-0-CO-O-R’ (trong d6 R%, R® va R’ 1a nhu duge dinh
nghia trong diém 1) hodc cong thirc (Ila) hodc (IIb) dudi day:
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trong do R® 13 nhu dugc dinh nghia trong diém 1, hodc mudi duoc dung cua

ching.

4. Hop chét theo diém 3, trong d6 trong céng thuc (I), R' c¢6 cong
thirc -(CR*R*)-0-CO-R’ (trong @6 R*, R” va R’ 1a nhu duogc dinh nghia trong
diém 1) hodc -(CR*R*)-0-CO-O-R’ (trong d6 R®, R® va R 1a nhu dugc dinh

nghia trong diém 1), hodc mubi dugc dung ctia ching.

5. Hop chét theo diém 4, trong d6 trong coéng thuc (I), R' c6 cong
thizc -(CR*R*)-0-CO-R’ hodc -(CR°R®)-O-CO-O-R’, trong d6 R’ 13 nhém
adamantyl (nhém adamantyl tiy y dugc thé bang mot hodic ba nhém metyl); R’
1a nhém C;.g xycloalkyl duoc thé bang tir mot &én ba nhém C, alkyl hodc 1a
nhém adamantyl (nhém adamantyl tiy ¥ dugc thé bing mét dén ba nhém C, ¢
alkyl); va R* R*, R® va R® 13 nhu duoc dinh nghia trong diém 1, hodc mudi

dugc dung cta chung.
6. Hop chét theo diém bat ky trong s cac diém tlr 2 d&én 5, trong d6 trong cong
thire (I), R? 1 nguyén tir hydro, hodc mudi dugc dung ctia ching.
7. Hop chét theo diém 1, trong d6 trong cong thic (I), R' va R’ 13 nguyén ti
hydro; R® ¢6 cong thirc (AA)n-H, trong dé6 AA 13 nhém aminoaxyl va n 1a 1
hoic 2, hodc mudi duoc dung ciia ching.
8. Hop chét theo diém 7, trong dé trong cong thirc (I), R ¢6 cong thic -(AA)n-
H, trong d6 AA 13 nhém aminoaxyl c6 ngudn gdc tir axit amin tu nhién va n 13
1, hodc mudi duoc dung cua ching.
9. Hop chét theo diém 1, trong d6 hop chit nay duoc chon tir nhém bao gdm
hop chit dudi day hoic mudi duge dung ciia né:

axit (18S,2S,3S,5R,6S)-6-(((adamantan-1-

cacbonyl)oxy)metoxy)cacbonyl-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic,
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axit (1S,285,3S,5R,65)-6-(1-((adamantan-1-cacbonyl)oxy)etoxy)-
cacbonyl- 2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (1S,28,3S,5R,6S)-2-amino-3-flo-6-((1-(((((1R,2S,5R)-2-isopropyl-
5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic,

axit (1S,28S,3S,5R,6S)-2-amino-3-flo-6-(((((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)metoxy)cacbonyl)bixyclo[3.1.0]hexan-2-
carboxylic,

axit (1S,28S,3S,5R,6S)-2-amino-6-(1-((3,5-dimetyladamantan-1-
cacbonyl)oxy)etoxy)cacbonyl-3-flobixyclo[3.1.0]Thexan-2-carboxylic,

axit (1S,28S,3S,5R,6S)-2-amino-3-flo-6- ‘
(((octanoyloxy)metoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic,

axit (18,2S,3S,5R,6S)-2-amino-6-(((benzoyloxy)metoxy)cacbonyl)-3-
flobixyclo[3.1.0]hexan-2-carboxylic,

axit (18,2S,3S,5R,6S)-2-amino-6-((1-(((xyclohexyloxy)cacbonyl)oxy)-
etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (1S,28S,3S,5R,6S)-2-amino-6-((1-(((xyclooctyloxy)cacbonyl)-
oxy)etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (18,2S,3S,5R,6S)-2-amino-6-((1-((((4,4-dimetylxyclohexyl)oxy)-
cacbonyl)oxy)etoxy)cacbonyl)-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (1S,28S,3S,5R,6S5)-6-(((((adamantan- 1-yloxy)cacbonyl)oxy)metoxy)-

cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (18,2S,3S,5R,65)-6-((1-(((adamantan-1-yloxy)cacbonyl)oxy)etoxy)-

cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic,

axit (18,2S,3S,5R,68)-2-amino-3-flo-6-(((5-metyl-2-oxo0-1,3-dioxol-4-
yl)metoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic,

6-(3-phthalidyl) este cua axit (1S,2S,3S,5R,6S)-2-amino-3-flobixyclo-
[3.1.0]hexan-2,6-dicarboxylic,
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axit (1S,2S,3S,5R,65)-2-((S)-2-amino-4-(metylthio)butanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (1S,2S,3S,5R,65)-2-((S)-2-aminopropanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (1S,2S,3S,5R,65)-2-(2-aminoaxetamit)-3-flobixyclo[3.1.0]hexan-
2,6-dicarboxylic,

axit (1S,2S,35,5R,65)-2-((S)-2-amino-4-metylbutanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (1S,28S,3S,5R,65)-2-((S)-2,6-diaminohexanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (1S,285,3S,5R,6S)-2-((S)-2-amino-4-metylpentanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (1S,2S,3S,5R,6S)-2-((S)-2-((S)-2-aminopropanamit)propanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (1S,28S,3S,5R,6S)-2-((S)-2-amino-3-phenylpropanamit)-3-
flobixyclo[3.1.0]hexan-2,6-dicarboxylic,

axit (1S,2S,3S,5R,6S)-2-amino-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-
isopropyl-5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]-
hexan-2-carboxylic,

axit (1S,2S,3S,5R,6S)-2-amino-3-flo-6-(((R)-1-(((((1R,2S,5R)-2-
isopropyl-5-metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]-
hexan-2-carboxylic,

axit (1S,2S,3S,5R,6S5)-6-(((S)-1-((adamantan-1-cacbonyl)oxy)etoxy)-
cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic, va

axit (1S,2S,3S,5R,6S)-6-(((R)-1-((adamantan-1-cacbonyl)oxy)etoxy)-
cacbonyl)-2-amino-3-flobixyclo[3.1.0]hexan-2-carboxylic.
10. Hop chét theo diém 1, trong d6 hop chét nay 14 axit (1S,2S,3S,5R,6S)-6-

(((adamantan-1-cacbonyl)oxy)metoxy)cacbonyl-2-amino-3-
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flobixyclo[3.1.0]hexan-2-carboxylic hodc mudi duge dung cia né.

11. Hop chét theo diém 1, trong d6 hgp chét nay la axit (1S,2S,3S,5R,6S)-6-(1-
((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl-2-amino-3-

flobixyclo[3.1.0]hexan-2-carboxylic hodc mudi duge dung cia né.

12. Hop chét theo diém 1, trong d6 hop chét nay 13 axit (1S,2S,3S,5R,6S)-2-
amino-3-flo-6-((1-(((((1R,2S,5R)-2-isopropyl-5-
metylxyclohexyl)oxy)cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-

carboxylic hodc muoi dugc dung ctia né.

13. Hop chét theo diém 1, trong d6 hop chét nay 14 axit (18,2S,3S,5R,6S)-2-
amino-6-((1-(((xyclohexyloxy)cacbonyl)oxy)etoxy)cacbonyl)-3-

flobixyclo[3.1.0]hexan-2-carboxylic hodic mubi dugc dung cia no.

14. Hop chét theo diém 1, trong d6 hop chét nay la axit (18S,2S,3S,5R,6S)-2-
amino-3-flo-6-(((S)-1-(((((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)oxy)-
cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]hexan-2-carboxylic hodc mubi

duoc dung cua no.

15. Hop chét theo diém 1, trong d6 hop chit nay la axit (1S,28,3S,5R,6S)-2-
amino-3-flo-6-(((R)-1-(((((1R,2S,5R)-2-isopropyl-5-metylxyclohexyl)oxy)-
cacbonyl)oxy)etoxy)cacbonyl)bixyclo[3.1.0]Thexan-2-carboxylic hodc mudi

dugc dung cta né.

16. Hop chit theo diém 1, trong d6 hop chit nay 13 axit (18,2S,3S,5R,6S)-6-
(((R)-1-((adamantan-1-cacbonyl)oxy)etoxy)cacbonyl)-2-amino-3-

flobixyclo[3.1.0]hexan-2-carboxylic hoic mudi dugc dung ciia nd.

17. Thudc chira hop chét theo diém bét ky trong sé cac diém tir 1 dén 16 hosc

muodi dugc dung cta ching.

18. Thudc chira hop chét theo diém bt ky trong sb cac diém tir 1 dén 16 hoic
mudi duge dung cua chung, dé phong ngtra hodc diéu tri bénh duogc chon tur
nhom bao gém bénh tAm than phan liét, rdi loan lo &u va céc bénh lién quan,
bénh trAm cam, rdi loan ludng cuc, bénh dong kinh, rdi loan phat trién, rdi loan

giac ngu va cac bénh tam-than kinh khac, va chimg nghién thudc, réi loan nhan
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biét, bénh Alzheimer, bénh mua giat Huntington, bénh Parkinson, rdi loan van
dong lién quan dén tinh cting co, chung thiéu méau n3o, ching thiéu ning no,

roi loan tiy song, bénh dau va cac roi loan than kinh khic.
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