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Sdng ché€ dé xudt quy trinh taolra hgp chat c¢6 cong thic I. Hop chat c6
cong thiic I 1a chat tc ch€ protein kinaza hoat héa boi chat phan bao/kinaza diéu
hoa tin hiéu ngoai bao (MEK) va do d6 c6 thé dugc ding dé diéu tri bénh ung
thu. Séng ché cling dé cap dén cic hop chét trung gian dung trong quy trinh nay.
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Linh vurc k§ thuét dwoc dé cip
Séng ché dé cip dén quy trinh diéu ché mot sd hop chét (rc ché MEK ma

c6 thé dugc ding dé diéu tri cac rdi loan ting sinh nhu bénh ung thu.

Tinh trang k§ thuit ciia sing ché

Cic hop chit nay dugc bdc 160 trong cong bd don qubc té sb
W02007044515, toan bd ndi dung cua ching duoc dua vao ddy bang cach vién
dan, va trong tai liéu: ACS Med. Chem Lett., 2012, 3, 416-421.

Giéng nhu viéc Uc ché Abl kinaza, viéc tc ché MEKI (MAPK/ERK
Kinaza) 1a mdt cach hira hen dé diéu tri cac bénh ung thu gdy ra bai chu trinh phét
tin hiéu ERK/MAPK khac thuong (Solit et al., 2006; Wellbrock et al., 2004). Mot
loat chu trinh tai nap tin hiéu MEK-ERK 1a chu trinh dugc bao toan ma diéu tiét
su sinh trudng, tang sinh, biét hoa cua té bao, va 1am chét té bao theo chuong trinh
dap lai cac yéu td sinh trudng, cac xytokin, va cac hormon. Chu trinh nay vén
hanh xudi theo Ras ma thuong dugc diéu tiét ting hoic bi dot bién & u coa nguoi.
MEK 13 chit tic dong quan trong ddi véi chic ning cia Ras. Chu trinh
ERK/MAPK duoc diéu tiét ting & 30% trong s tit ca cac khdi u, va cac dot bién
hoat héa gdy bénh ung thu & K-Ras va B-Raf da dugc xac dinh 14n luot & 22% va
18% trong sb tat ca cac bénh ung thu (Allen et al., 2003; Bamford S, 2004; Davies
et al., 2002; Malumbres and Barbacid, 2003). Phin 16n bénh ung thu & ngudi, bao
gbm 66% (B-Raf) sb cac khdi u hic td ac tinh, 60% (K-Ras) va 4% (B-Raf) sb cac
ca mic bénh ung thu tuy, 50% s cic ca mic bénh ung thu két trang (rudt két, cu
thé 13, K-Ras: 30%, B-Raf: 15%), 20% (K-Ras) s cac ca mic bénh ung thu phdi,
27% sb cac ca méc bénh ung thu nhi (B-Raf) va tuyén giap tu ghép, va 10% dén
20% (B-Raf) sé ca mic bénh ung thu budng trimg lac ndi mac tir cung, c6 dot

‘bién hoat héa Ras va Raf. Viéc rc ché chu trinh ERK, va cu thé 1a viéc tc ché
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hoat tinh ciia MEK kinaza, d4n dén tic dung chéng di cin va tic dung chéng tao
mach cha yéu 1 do giam mirc do tiép xuic té bao-té bao va mic do di chuyén cta
té bao ciing nhu viéc didu bién giam mirc d6 biéu hién cia yéu td sinh trudng ndi
mé mach (VEGF). Hon thé nita, sy biéu hién cia MEK hoic ERK 4m tinh trdi
1am gidm kha ning bién nap cia Ras dot bién nhu thiy & gidng cly t& bao va
trong qua trinh sinh trudng chinh va qua trinh sinh trudéng di cdn ctia md u cia
nguoi ghép khac loai in vivo. Do @4, chu trinh tai nap tin hiéu MEK-ERK 13 chu
trinh thich hop dé huéng dén dich nhim can thiép didu tri bénh va cac hop chét
ma huéng dén dich MEK 1a tiém néng didu tri bénh déng ké.

Do d6, hién c6 nhu ciu xac dinh cac hop chit ma e ché MEK dé diéu tri
bénh ung thu cling nhu quy trinh tao ra cac hop chit nay.

Ban chit k§ thuit ciia sang ché
Muc dich ctia séng ché 14 dé xut quy trinh tao ra cic hop chit c6 cong
thuc I:

trong do:

nhén A 12 arylen hogc heteroarylen ity y dwoc thé bing mét, hai, ba, hoic
bén nhém duge chon tir R® R’ R® va R’, mbi géc doc 1ap dugc chon tir hydro,
halo, (C;-Cg)alkyl, halo(C;-Cs)alkyl, hydroxy, (C;-Cg)alkoxy, va halo(C;-
Ce)alkoxy;

X 1a alkyl, halo, halo(C;-Cs)alkyl, hodc halo(C;-Cg)alkoxy;

R', R, R?, va R* d6c 1ap 14 hydro, (C;-Cg)alkyl, hodc halo(C;-Cg)alkyl;

R’ 12 hydro, halo, hoic (C;-Cg)alkyl;

bao gébm budc:
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cho hop chét c6 cong thirc I1,-1 tiép xuc véi hop chit c6 cong thirc II-1 dé

tao ra hop chét c6 cong thirc I, trong d6 X va R’ 1 nhu dugc xé4c dinh trén day, va
trong @6 R'* 13 F, Br, Cl, hoic -OSO,-CF; va R'! 1a H ho#ic nhém bao vé.

, « Os_ _N
NH, R0 R' R
+ A
5
R -1 -1

R‘|1 11
| s R R

3
R OHN R OHN
(0] N
2 R X H 1 R2
N R
e
RS |

R4

M0 ta chi tiét sang ché sing ché

Céc chir viét tit va cac dinh nghia

Céc chir viét tt va cac thudt ngir dudi ddy c6 nghia nhu dugc chira trong

toan bg ban mo ta nay:

Chir viét tat Nghia
Ac Axetyl
Aq Dung dich nuéc
Ar Argon
Boc Tert—butoxycacbonyl
Br Rong
°C D§ bach phan
c- Xyclo
calcd Theo tinh toan
CBZ CarboBenZoxy = benzyloxycacbonyl
d Vach d6i
dd Hai vach d6i
ddd Hai vach chap hai cta vach d6i
dt Hai vach ba
DMF N, N-dimetylformamit
DMSO Dimetyl sulfoxit
Dppf 1,1’-bis(diphenylphosphano)feroxen
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Chir viét tit Nghia
EA Phén tich nguyén t6
EI Ion héa boi tuong tac dién tir
eq Duong lugng
Fmoc Florenylmetyloxycacbonyl
g Gam
h hodc hr Gio
HPLC Sic ky 16ng cao ap
H, Hydro
L Lit
LiHMDS Lithi bis(trimetylsilyl)azit
M Mol (phén tir gam) hodc nong d6 phan tir gam
m Pa vach
MHz Megahertz (tan sb)
Min Phut
mL Mililit
Mp Nhi€t d6 ndng chay
m/z Ty 18 khdi luong so véi dién tich
pL Microlit
Mol Mol
MS Phén tich phd khoi
N, Nito
N Puong luong hoic nong do duong lugng
nM Nanomol (phén tir gam)
NMR Cong hudng tir hat nhan pho
Pd/C Paladi trén cacbon
Q Vach bén
RT Nhiét o trong phong
S Vach don
soln Dung dich
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Chir viét tat Nghia
S/C Ty 1& co chat/chat xtc tac
t hodc tr Vach ba
THF Tetrahydrofuran
TLC Sic ky 16p mong
v/iv Thé tich so v&i thé tich
Ky hiéu “-” c6 nghia 1a lién két don, “=" ¢ nghia 13 lién két doi.

Khi c4c cdu tric héa hoc dugc thé hién hodc duge mo ta, trir khi ¢ duge
chi 15 theo cach khéc, thi tit ca cac nguyén tir cacbon dugc cho 13 c¢6 thé hydro dé
dap tmg hoa tri bon. Vi dy, trong cdu tric & phia bén tay trai ctia so db dudi day,
c¢6 chin hydro duge 4m chi. Chin nguyén tir hydro niy dugc thé hién & cdu trac
phia bén tay phai. P6i khi nguyén tir cu thé trong ciu triic duoc bdc 16 trong cong
thirc nguyén vin 13 c6 nguyén tir hydro hodc cac nguyén tir hydro 1am phén tir thé
(nguyén tir hydro dugc xac dinh 10 rang), vi du, -CH,CH,-. Chuyén gia trong linh
vuc k¥ thuat nay hiéu duoc ring cac k¥ thust mang tinh mé ta néu trén 13 thong

thuong trong linh vuc hoa hoc dé md ta mot cach van tit va don gian vé cac cdu

tric vbn 13 phire tap.
HH H
Ci\ Br . H Br
H H

Néu nhém “R” duogc thé hién & dang “tr6i ndi” trén hé nhan, vi du nhu

trong cong thirc:

thi, trir khi c6 quy dinh khéac, phan tir thé “R” nay c6 thé nim & nguyén tir bat ky
ctia hé nhan, gia sir 14 thé cho nguyén tir hydro da dugc thé hién, ngu ¥, hoic x4c
dinh 18 tir mdt trong s cac nguyén tir cia nhan, chimg nio ciu tric duge tao ra

van 13 on dinh.
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Néu nhém “R” duoc thé hién & dang trdi ndi trén hé nhan duoc ngung tu,
nhu trong cac cong thurc:

R . H

<§, | AN i%. R N X
HN é' . R——
H , , hogc

thi, trir khi ¢6 quy dinh khéc, phan tir thé “R” ¢6 thé nim & nguyén tir bt ky cia
hé nhan dugc ngung tu, gia st thé nguyén tir hydro da dugc thé hién (vi du -NH-
trong cong thirc néu trén), nguyén tir hydro am chi (vi du nhu trong cong thire trén,
trong d6 hydro khéng duoc thé hién nhung dugc hiéu 1a c6 mit), hodc nguyén tir
hydro da dugc xac dinh rd (vi du trong cong thirc néu trén, “Z” 1a =CH-) tir mét
trong sb cac nguyén tir cia nhén, chimg nao ciu tric dugc tao ra 13 én dinh. Trong
vi du da néu nay, géc “R” ¢6 thé nim & nhan ¢ 5 canh hodc nhan cb 6 canh cia
hé nhan da dugc ngung tu. Néu gbc “R” duogc thé hién 13 cé mit trén hé nhan

chira cac nguyén tir cacbon no, vi du nhu trong cong thirc:

trong d6, trong vi du ndy, “y” c6 thé 16n hon mdt, gia st mdi nhém thé cho
nguyén tir hydro dang dugc thé hién, ngu y, hoic xac dinh 13 trén nhan; thi, trir
khi ¢6 quy dinh khac, khi cdu tric tao ra 13 6n dinh, hai gbc “R” c6 thé nim &
cling mot nguyén tir cacbon. Vi du don gian 13 khi R 13 nhém metyl, c6 thé ton tai
dimetyl sinh d6i trén nguyén tir cacbon ciia nhin d4 duogc thé hién (cacbon “vong
trdon”). Vi du khéc, hai R trén ciing m6t nguyén tir, ké ca nguyén tir cacbon dé, c6
thé tao ra nhan, bing cach d6 tao ra cdu tric nhan vong spiro (nhém “spiroxyclyl”)

v6i nhan d4 duoc thé hién vi du nhu cong thirc:

HNMz

Céc thuat ngir “halogen” hoic “halo” dugc dung dé chi flo, clo, brom, hoic

Thuat ngit “alkyl” dugce ding dé chi hydrocacbon mach nhanh hodc mach
thing gdm mét dén tAm nguyén tir cacbon, nhu metyl, etyl, n-propyl, isopropyl, n-
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butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl, va heptyl. (C;-C¢)alkyl 1a dugc uvu
tién.

Thudt ngit “alkoxy” dugc diing dé chi géc c6 cong thitc —OR?, trong d6 R®
1a gbc (C-Cg)alkyl nhu duge xac dinh trong ban md ta ndy. Cac vi du vé gbc
alkoxy bao gébm, nhung khong chi gii han &, metoxy, etoxy, isopropoxy, va cac
nhém tuong tu.

Thuit ngit “alkoxycacbonyl" dugc ding dé chi nhém -C(O)-R®, trong do
R® 14 (C;-Cg)alkoxy nhu dwogc x4c dinh trong ban mo ta nay.

Thuét ngir “aryl” cé nghia 1a nhan mot vong cacbon hodc hai vong cacbon
héa tri mét c6 sau dén mudi bdn canh, trong d6 nhan mot vong 13 thom va it nhét
mdt trong sd cc nhén trén nhan hai vong 1a thom. Trir khi duoc chi rd theo cach
khac, héa tri cia nhém nay c6 thé ndm trén nguyén tir bat ky ctia nhan bt ky
trong gbc niy, tudn theo cic quy ludt v& héa tri. Cac vi du dai dién bao gdm
phenyl, naphtyl, va indanyl, va cac nhém twong tu.

Thuit ngir “arylen” c6 nghia 1a nhan mot vong hodc hai vong hoa tri hai c6

sdu dén mudi bén canh, trong d6 nhan mot vbng 13 thom va it nhit mot trong s6
cdc nhan trén nhan hai vong 1a thom. Cic vi du dai dién bao gdm phenylen,
naphtylen, va indanylen, va cac nhém tuong tu. )
Thu4t ngit “(C;-Cg)xycloalkyl” dugc ding dé chi mot nhan vong cacbon bdo hoa
c6 ba dn tdm nguyén tir cacbon trén nhén, nhu xyclopropyl, xyclobutyl,
xyclopentyl, va xyclohexyl. Xycloalkyl c6 thé tily y dugc thé bing mot hodc
nhiéu phin tir thé, t6t hon 13 mot, hai, hoic ba phin tir thé. Tét hon, néu
xycloalkyl phan tir thé duoc chon tir nhém bao gdm (Cy-Cy)alkyl, hydroxy, (C;-
Ce)alkoxy, halo(C;-Cg)alkyl, halo(C;-Cg)alkoxy, halo, amino, mono- va di(C;-
Ce)alkylamino, hetero(C,-Ce)alkyl, axyl, aryl, va heteroaryl.

Thuat ngir “xycloalkyloxycacbonyl" ¢ nghia 1a nhém -C(O)-OR°, trong d6
R® 1a (C5-Cg)xycloalkyl nhu duge x4c dinh trong ban md ta ndy.

Thuat ngft “phenyloxycacbonyl” dugc ding @ chi nhém —C(O)-Ophenyl.

Thuat ngit “heteroaryl” c6 nghia 13 gbc héa trj mot gdbm mot vong, hai
vong da dugc ngung tu, hodc ba vong di dugc ngung tu, c6 5 dén 14 nguyén tir

trén nhén chira mdt hoic nhiéu, t5t hon 13 mot, hai, ba, hodc bdn nguyén tir khac

-8-
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loai trén nhéan ddc 1ap dugce chon tir -O-, -S(O),- (n bﬁng 0, 1, hodc 2), -N-

, -N(R")-, va cac nguyén tir con lai trén nhén 1a cacbon, trong d6 nhan chira gbc
mdt vong 1a thom va trong d6 it nhit mot trong sb cac nhan da duoc ngung tu
chira gbc hai vong hoic gbc ba vong la thom. Mot hodc hai nguyén tir cacbon trén
nhén ciia cdc nhan khong thom bét ky chira gbc hai vong hodic gbc ba vong c6 thé
duge thé bing nhém -C(O)-, -C(S)-, hoic -C(=NH)-. R* 14 hydro, alkyl, hydroxy,
alkoxy, axyl, hodc alkylsulfonyl. Trir khi dugc chi rd theo cach khac, héa tri co
thé nim trén nguyén tir bat ky ctia nhan bit ky ciia nhém heteroaryl nay, tuin theo
céc quy luat vé héa tri. Cu thé, khi diém hoa trj ndm trén nguyén tir nito, thi R*
khong c6 mit. Cu thé hon, thuit ngir heteroaryl bao gdm, nhung khong chi gigi
han ¢, 1,2,4-triazolyl, 1,3,5-triazolyl, phtalimidyl, pyridinyl, pyrolyl, imidazolyl,
thienyl, furanyl, indolyl, 2,3-dihydro-1H-indolyl (bao gf‘)m, vi duy, 2,3-dihydro-
1H-indol-2-yl hodc 2,3-dihydro-1H-indol-5-yl, va cac nhém tuong ty), isoindolyl,
indolinyl, isoindolinyl, benzimidazolyl, benzodioxol-4-yl, benzofuranyl,
xinnolinyl, indolizinyl, naphthyridin-3-yl, phtalazin-3-yl, phtalazin-4-yl,
pteridinyl, purinyl, quinazolinyl, quinoxalinyl, tetrazoyl, pyrazolyl, pyrazinyl,
pyrimidinyl, pyridazinyl, oxazolyl, isooxazolyl, oxadiazolyl, benzoxazolyl,
quinolinyl, isoquinolinyl, tetrahydroisoquinolinyl (bao gém, vi du,
tetrahydroisoquinolin-4-yl hodc tetrahydroisoquinolin-6-yl, va cac nhém tuong tu),
pyrolo[3,2-c]pyridinyl (bao gdm, vi du, pyrolo[3,2-c]pyridin-2-yl hoic
pyrolo[3,2-c]pyridin-7-yl, va cac nhém tuong tu), benzopyranyl, thiazolyl,
isothiazolyl, thiadiazolyl, benzothiazolyl, benzothienyl, va cac chit dn xuét cia
chiing, hodic N-oxit hoic chit din xut da duoc bao v¢ cda chung.

Thuat ngit “heteroarylen” c6 nghia 1 gbc héa tri hai mot vong, hai vong da
dwoc ngung ty, hoic ba vong dugce ngung tu, gdm 5 dén 14 nguyén tir trén nhan -
chira mot hoic nhiéu, t5t hon 12 mét, hai, ba, hoic bén nguyén tir khac loai trén
nhén doc 1ap dugc chon tir -O-, -S(0),- (n bang 0, 1, hoic 2), -N-, -N(R'®)-, va c4c
nguyén tir con lai trén nhén 13 cacbon, trong d6 nhan chira gbc mét vong 1a thom
va trong d6 it nhat mét trong sé cac nhan d3 dugc ngung tu chira gbc hai vong
hoic gbc ba vong 13 thom. Mot hodc hai nguyén tir cacbon trén nhan trong sb cac

nhén khéng thom bat ky chira gbc hai vong hodc gbc ba vong c6 thé dugc thé

-0-
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biang nhém C(0)-, -C(S)-, hodc -C(=NH)-. R"® 14 hydro, alkyl, hodc alkenyl. Trir
khi dugc chi rd theo céch khéc, héa tri c6 thé nam trén nguyén tir bat ky cia nhén
bét ky ciia nhém heteroarylen, tuan theo cic quy luat vé hoa tri. Cu thé, khi diém
héa tri nim trén nguyén tir nito, thi R* khong c6 mat. Cu thé hon, thuét ngit
heteroaryl bao gdm, nhung khéng chi giéi han &, thien-diyl, benzo[d]isoxazol-diyl,
benzo[d]isothiazol-diyl, 1 H-indazol-diyl (tily y duoc thé & vi tri N1 bing R'®),
benzo[d]oxazol-diyl, benzo[d]thiazol-diyl, 1 H-benzo[d]imidazol-diyl (tuy y duoc
thé & vi tri N1 bang R'®), 1H-benzo[d][1,2,3]triazol-diyl (tuy y dwoc thé & vi tri
N1 bang R'®), imidazo[1,2-a]pyridin-diyl, cinnolin-diyl, quinolin-diyl, pyridin-
diyl, 1-oxido-pyridin-diyl, [1,2,4]triazolo[4,3-a]pyridin-diyl, va 2,3-
dihydroimidazo[1,2-a]pyridin-diyl, va cdc nhdm tuong tu.

Thuat ngit “chit xtc tic hydro héa kim loai chuyén tiép khong ddng nhét”
(chit xtic tac hydro héa) dugc ding dé chi chét xic tc hydro héa kim loai chuyén
tiép ma hoat dong trong pha khac khong 13 nén. Pic biét, chét xuc tic hydro héa
kim loai chuyén tiép 1a & pha ran. “Lép nén d&” c6 thé chi 12 bé mat ma kim loai
nay dugc trai ra trén d6 dé ting dién tich bé mit. Cac 16p nén d& 1 nguyén liéu
x6p v6i dién tich bé mit 16n, théng thudng nhit 14 nhém oxit hodc céc loai cacbon
khac nhau. C4c vi du khac nita vé 16p nén d& bao gdm, nhung khong chi gidi han
0, silic dioxit, titan dioxit, canxi cacbonat, bari sulfat, diatomit, va dit sét. Chinh
ban than kim loai cfing c6 thé hoat dong nhu mét 16p nén dd, néu khong c6 16p
nén d& khac. Cu thé hon, thuat ngir “chit xic tc hydro héa kim loai chuyén tiép
khong ddng nhat” bao gém, nhung khéng chi gi6i han &, chét xdc tic Raney, Pd/C
Pd(OH),/C, vién vi nang polyure Pd(OAc), (NP Pd(0) Encat™ 30), Au/TiO,,
Rb/C, Rw/Al,O3, Ir/CaCOs, va Pt/C, hodc hdn hop ciia ching. NP Pd(0) Encat™

b

30 14 Paladi(0), da dugc tao vi nang trong chit nén polyure, va do Sigma Aldrich
cung cép v6i ma s6 san phdm 653667. Chit xic tic ndy c6 sin & dang hdn hop 45
phan trim gdém phan tir paladi ¢6 kich c¢& nano khoang 2nm trong nuéc, thong
thuong chira 0,4mmol/g Pd(0) (co s& khd), khi trong luong don vi bao gbm ca
trong lugng clia nudc. Xem tai li€u: Ley, S. V. et. al. Org Lett. 2003 Nov
27;5(24):4665-8. Theo mot phuong an cu thé, “chét xuc tac hydro héa kim loai
chuyén tiép khong ddng nhat” khong duge xir Iy so bd bing sulphua.

-10-
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Thuét ngit “bazo manh” duoc ding dé chi cac bazo tiép hop cia céc axit
yéu vGi pK,> 13 nhu cac mubi cia kim loai kiém cua carbanion, alkoxit, amit,
hydroxit, va hydrua, cu thé céc bazo manh 1a lithi, natri, kali, rubidi, hodc xezi cac
mudi clia carbanion, alkoxit, amit, hydroxit, va hydrua. Cu thé hon, thuat ngir
bazo manh theo sang ché dugc ding dé chi natri, kali, hoc lithi amit hoic
phenylithi, cu thé nhit 1 dugc ding dé chi butyllithi, t-butyllithi, lithi
diisopropylamit, lithi bis(trimetylsilyl)amit, lithi dietylamit, kali #-butoxit, lithi z-
butoxit, natri amit, va natri hydrua. Cu thé hon nita, bazo manh 13 butyllithi, lithi
diisopropylamit, lithibis(trimetylsilyl)amit, hodc lithi dietylamit.

Thuét ngit “axit manh” dugc ding dé chi axit ma phan ly hoan toan trong
dung dich nudc cé @6 pH < 2. C4c axit manh bao gdm, nhung khéng chi gi6i han
0. axit sulphuric (H,SO,), axit hydrohalogenua (tirc 18 HX” trong d6 X 1a I, Br,
Cl hoic F), axit nitric (HNO;), axit phosphoric (H;PO4), va hon hop ctia ching.
Cu thé, axit manh 13 H,SO, hoic axit hydrohalogenua, trong d6 X 1a Br hoédc CL
Cu thé nhét, axit manh 13 HCL Cu thé, néng d6 cia HCI trong nudc nim trong
khoang 10% dén 90%, cu thé hon 12 20% dén 40%, cu thé nhét 13 37%.

Thuit ngit “cac nhom bao v€ amin” dugce dung dé chi cac nhém béao vé
amin khong n dinh ddi véi axit hoic bazo, nhu C;-Cgalkoxycacbonyl, Cs-
Cexycloalkyloxycacbonyl, phenyloxycacbonyl, hoic toluensulfonyl. Cu thé, cac
vi du v& “cdc nhém bao vé amin” bao gém, nhung khong chi gigi han &, tert-
butoxycacbonyl (Boc), benzyloxycacbonyl (Cbz), p-toluensulfoﬁyl (Ts), va

~, 66

florenylmetyloxycacbonyl (FMoc). Cu thé, thuit ngir “c4c nhém bao vé amin”
dugc ding dé chi tert-butoxycacbonyl. (Xem tai liéu: Peter G. M. Wuts &
Theodora W. Greene, Greene’s Protective Groups in Organic Synthesis, 4™ ed.
(2006)).

Cu thé, cac thut ngit ma dinh nghia d4 dugc néu trén dugc minh hoa cu
thé bing vi du trong c4c vi du.

“Hiéu sudt” dbi v6i mdi phan tmg dwoc bdc 16 trong ban mé ta ndy duge
biéu hién ¢ dang ty 18 phin trim cta hiéu suit Iy thuyét.

Budc bét ky trong sb cac budc cua quy trinh ndy hodc cac trinh ty duoc

boc 16 trong ban md ti nay va‘hodc duoc yéu ciu bao hd theo sing ché cb thé
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dugc thuc hién trong khi tro, cu thé hon trong khi quyén argon hoic nito. Ngoai
ra, cic phuong phap theo sang ché c6 thé dugc thuc hién & dang quy trinh ban lién
tuc hodc quy trinh lién tuc, tt hon nita & dang quy trinh lién tuc.

Ngoai ra, nhidu budc trong sb cic budc ciia quy trinh ndy va cac trinh tur

ma dugc boc 10 trong ban mo ta nay c6 thé dugc 1ong vao nhau d€ rit ngan.

Céc phwong 4n thuc hién séng ché

Theo mot khia canh, sang ché @& xuit quy trinh tao ra hop chét c6 cong
thirc I, bao gdm budc cho hop chit ¢ cong thirc II,-1 tiép xic véi hop chét c6
cong thue 11-1, trong 46 X va R’ 1a nhu dugc x4c dinh trén day, va trong 46 R'% 13
F, CL, Br, I, hodc -OS0,-CF; va c4c bién khéc 14 nhu duogc x4c dinh trén ddy.

4 R 11
R \ s R I?

R3 OH N R OH N
« Ox N « Ox N
A A
R® l1,-1 II-1 R® l
Theo mot phuong 4n, X va R’ trong hop chét cé cong thirc II,-1 doc 1ap 14
F, Cl, Br, hodc I. Theo mot phuwong 4n khac, X AF vaR 1a 1.

Theo mét phuong 4n, hop chit ¢ cong thirc II-1 14 hop chét cé cong thirc
1I-2,

1I-2
trong @6 R'! 13 H hoic nhém bao vé va nhan A tlly y duogc thé bing mét, hai, ba,
hodc bbn nhém dugce chon tir R% R7, R® vaR’, mdi géc ddc 1ap dugc chon tir halo,
(C;-Cy)alkyl, halo(C;-Cg)alkyl, (C;-Cg)alkoxy, va halo(C;-Cg)alkoxy.
Theo phuong 4n cu thé ciia sang ché, nhan A 13 phenyl hoic pyridyl. Cu
th8 hon, nhan A 13 phenyl dwoc thé bing R'* va R*® ma doc lap 13 F, Cl, Br, I,
alkyl, haloalkyl, alkoxy, hodc haloalkoxy.
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Theo mét phuong 4n khéc, hop chét c6 cong thirc II-1 13 hop chét ¢ cong
thic I1-3,

R11
OH !

N
o N T )
R10
\%\;I R12b

K

R1Za
11-3

trong @6 R'' 13 nhu d4 duoc x4c dinh trén day va R 1a F, Cl, Br, I, hoic
OSO,CF;, va R va R doc 1ap 1a F, C, Br, I, alkyl, haloalkyl, alkoxy, hoic
haloalkoxy.

Theo mot phuong 4n vé hop chét ¢ cong thie II-1, 11-2, hodc II-3, R 1a
F, Cl, Br, hoic I, vA R'* va R'*® d¢c 1ap 1a F, Cl, Br, I, alkyl, haloalkyl, alkoxy,
hodc haloalkoxy.

Theo mét phuong 4n khac vé hop chét c6 cong thire II-1, 11-2, hodc 11-3,
R 13 F v R va R doc lap 12 F, C1, T, alkyl, hodc alkoxy. |

Theo phwong 4n khac hop chét cé cong thirc II-1, II-2 hogic II-3, R 1a F va
R'?*va R d6c l4p 14 F, C1, I, hoic alkyl.

Theo mot phuong 4n, sang ché d& xuit quy trinh tao ra hop chit c6 cong
thirc I’, bao gdm budc cho hop chit c6 cong thic 11, tiép xtic v6i v6i hop chét 6

cong thirc II, quy trinh téng hop né dugc mé ta dudi day.

0 O 9.0
e e
Osx N H O N H
F Fo
NH, F N
+ >
| F | F
F

I1, I r

Theo mét phuong 4n khac, sang ché dé xuit quy trinh tao ra hop chit ¢6
cong thirc I, bao gdm budc cho hop chét c6 cong thie 11, tiép xtic v6i hop chét c6

cong thic 11 v6i sy c6 mit ciia bazo manh. Theo moét phuong 4n cu thé, bazo
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manh duge chon tir nhém bao gém butyllithi, t-butyllithi, cdc mudi lithi, natri,
hoac kali cta alkyl duogc thé mot 1an hodc hai 14n hodc cac amin thom, va amin
silylalkyl hodc amin silyl thom.

Theo phuong 4n cu thé hon, bazo manh dugc chon tir nhém bao gbm céc
mudi lithi, natri, hoic kali cia diisopropyl amin, bis(trimetylsilyl)amin,
dietylamin, va dimetylamin.

Theo mot phuong an khac, bazo manh duge chon tir nhém bao gém cac
mudi lithi, natri, va kali ctia bis(trimetylsilyl)amin.

Theo mdt phuong an khac, bazo manh dugc chon tir nhom bao gém lithi
diisopropylamit, lithi bis(trimetylsilyl)amit, va lithi dietylamit. Cu thé hon, bazo
13 lithi bis(trimetylsilyl)amit.

Chuyén gia trong linh vuc k¥ thuit ndy can phai hiéu ring theo c4c phuong
4n ndy va cac phuong 4n khac, bazo manh c6 thé thu dugc vé mat thuong mai
hoc dugc tao ra tai chd bang cach 4p dung céc phuong phép thong thuong.

Phan Umg cta hop chit c6 cong thic II v6i hop chét c6 cong thuc I,
thuong dugc thuc hi€n véi sy ¢ mit cia dung mdi. N6i chung, dung moi duge
chon tir nhém bao gdm dung mai kiéu ete (vi du, tetrahydrofuran, diisopropyl ete,
t-butylmetyl ete, dibutyl ete, dimetyl axetal, dioxan, hodc 2-metyl tetrahydrofuran
(2-MeTHF)); dung moéi thom (vi du, toluen hodc t-butyl-benzen), dung méi
hydrocacbon béo (vi du, hexan, heptan, hodc pentan); dung moi hydrocacbon no
khong vc‘)ng (vi du, xyclohexan hodc xyclopentan); va dung méi khong proton
phan cuc (vi du, dimetylformamit hoic dimetyl sulfoxit), hoic hdén hop cua
ching. Cic dung méi dugc wu tién bao gbm toluen va tetrahydrofuran. Theo
phuong 4n cu thé, dung méi 1 tetrahydrofuran.

Hop chét c6 cong thirc II, thuong ¢é ban trén thi trudng hodc duge didu
ché mét cach d& dang bang cach 4p dung cic phuong phép ma chuyén gia trong
linh vuc k¥ thuat nay di biét. Vi du, hop chit c6 cong thirc II, 14 do Sigma Aldrich
cung cip & dang 2-flo-4-iodo-anilin (s ding ky CAS (CASRN) 29632-74-4).

Theo quy trinh dién hinh, bazo manh nhu lithi bis(trimetylsilyl) amit
(LiHMDS) dugc bd sung vao hdn hop gém hop chét c6 cong thirc II-1 nhu hop
chit c6 cong thirc IT va 2-flo-4-iodo anilin trong dung méi thich hop kiéu ete nhu
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THF. Hon hop phéan tmg nay thudng duoc t6i bing dung dich nu6c chira axit,
thudng 14 dung dich nudc chira axit sulphuric hodc axit clohydric, va sau d6 duogc
xtr Iy tiép theo cac phuong phép thong thuong dé tao ra hop chét c6 cong thirc I
nhu hop chét ¢ cong thirc I.

Theo mot phuong 4n khéc, sing ché dé xuét quy trinh tao ra hop chit ¢6

¥

cong thirc II, bao gdm budc khir bao vé hop chét c6 cong thic IIL.

HO O HO
W o
OgN~ L _oH O N
T
F
F

I II

Theo mgt phuong an, viéc khir bdo v€ dugc thuc hién trong dung mdi thich

hop bing cach sir dung H, véi sy c6 mit cta chit xic tac kim loai chuyén tiép
hydro héa khong ddng nhit, hoic bing cach xir 1y bang cloroetyl clorofomat véi
su ¢6 mit cia MeCN hoic Na/NH;. Tt hon, néu viée khir bao vé duge thuc hién
bang cach hydro phan c6 xdic tic v6i su c6 mit cia axit v co nhu HCI hodc axit

ghﬁ’u co nhur axit axetic hodc hén hop cta ching, ma thiic ddy phan tmg. Cu thé
hon, viéc khtr bdo v€ dugc thyuc hién thong qua hydro phan véi sy c6 mat cua
dung mdi thich hgp va véi su c6 mat cta axit nhu axit clohydric hodc axit axetic
hozc hdn hop cta ching. Cu thé nhét 13, viéc khir bao vé dugce thyuc hiénvéi su cd
mit cia HCI va axit axetic.

Chét xuc tac kim loai chuyén tiép hydro héa khong ddng nhét c6 thé 1a chét
xuc tic bat ky da biét trong linh vuc k§ thuat ndy. Chat xtic téc thuong 14 chét xic
tac kim loai chuyén tiép khong d6ng nhat ma thudng dugc chon tir nhém bao gdm
chit xuc tac Raney, Pd/C, Pd(OH),/C, vién vi nang polyure Pd(OAc), (NP Pd(0)
Encat™ 30),Aw/TiO,, Rh/C, Ru/Al,O; Ir/CaCOs, va Pt/C, hoic hdén hop cua
ching. NP Pd(0) Encat™ 30 13 Paladi(0), d4 duogc tao vi nang trong chit nén
polyure, va do Sigma Aldrich cung cip véi sb ding ky san phim 653667.
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Cu thé hon, chit xuc tac hydro héa dugc chon tir nhém bao gém chét xtc

tac Raney, Pd/C, Pd(OH),/C, Au/TiO,, Rh/C, Ru/AlL,O5 Ir/CaCO;, va Pt/C, hoac
hdn hop cta ching. Cu thé hon, chét xtc tac hydro héa 1a Pd/C, Pd(OH),/C,
AWTiO,, Rh/C, Ra-Ni, hoic Pt/C. Cu thé nhét, chét xuc tic hydro héa 1a Pd/C
hodc Ra-Ni. Paladi dugc dung véi lugng c6 tac dung xuc tac, vi du nam trong
khoang tir 0,001 dwong lugng dén 0,1 duong lwong, t6t hon 13 nim trong khoang
tir 0,01 dwong lwong dén 0,1 dwong luong, lién quan dén hop chét c6 cong thirc
II1.
Mirc d6 nap chét xtc tic dé hydro phan cé xic tac thuong nim trong khoang tir
0,1 phan trim dén 20 phén trim trong lwong. Théng thudng hon, mirc &6 nap chit
xtic tdc d& hydro phan c6 xuc tic thuong nim trong khoang tir 5 phan tram dén 15
phén trim trong hrong.

Nhu da néu, viéc hydro phan cé xuic tac co thé duoc thuc hién véi sy c6
mit cia dung méi thich hop. Cac dung méi thich hop bao gdm ruou (vi du,
metanol hodc etanol), ete (vi duy, tetrahydrofuran, diisopropyl ete, -butylmetyl ete,
dibutyl ete, dimetyl axetal, hodc dioxan), este (vi du, etyl axetat), hydrocacbon
thom (vi duy, toluen hodc t-butyl-benzen), hydrocacbon béo (vi du, hexan, heptan,
hoic pentan), hydrocacbon no khong vong (vi dy, xyclohexan hodc xyclopentan),
va cac dung méi phan cyc khdng proton (vi du, dimetylformamit, hodc dimetyl
sulfoxit) va chit ddng xuc tac 13 axit vo co hogc axit hiru co), duge ding riéng 1é
hoic & dang hdn hop. Cu thé hon, dung modi 1a toluen, etyl axetat hodc
tetrahydrofuran, hogc hdn hop clia ching, tiy y vé6i su ¢6 mit clia nuée. Theo mot
phwong 4n cu thé, dung moi 12 hdn hop gdm tetrahydrofuran va etyl axetat. Theo
phwong 4n cu thé khac, dung méi 14 toluen.

Quy trinh hydro phan c6 xuc tadc thudng dugc thuc hién & nhiét do nam
trong khoang tir 0°C dén 50°C. Théng thuong hon, viée khir bao vé duoc thuc
hién & nhiét d6 nim trong khoang tir 10°C dén 40°C. Theo phuong 4n cu thé,
nhiét 46 nim trong khoang tir 15°C dén 25°C.

No6i chung, H, dugc bd sung vao & ap suét it nhit 0,1 bar (10kPa), va tdt
hon nita & 4p sudt ndm trong khoang tir 0,1 bar (10kPa) dén 100 bar (10000kPa).
"Cu thé hon, H, duogc b sung vao & &p sudt ndm trong khoang tir 0,2 bar (20kPa)
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dén 30 bar (3.000kPa), va cu thé hon, H, duoc bd sung vao & ap suit nim trong
khoang tir 1 bar (100kPa) dén 10 bar (1000kPa). Theo phuong 4n dugc wu tién, H,
dugc bd sung vao & ap suit khoang 2 bar (200kPa).

Theo mot phwong 4n khéc, sang ché d& xuat quy trinh tao ra hop chét cé
cong thirc 11, bao gdm budc cho hop chit ¢ cong thirc IV tiép xtc v6i hop chét

5 )
O _CI /Hjo\\\o(Nj F /j\ \

F ' + HN \xk/O-H _ F N \\\,J\/OH

) "o

F _

F

IV, v - I
Hop chét c6 cong thirc IV, (CASRN 157373-08-5) thudng sin c6 tir cac

ngudn thuong mai hodc dugc chuyén gia trong linh vye k§ thudt nay diéu ché mot

c6 cong thuc IV,.

cach d& dang. Vi du, hop chét c6 cong thic IV, c6 thé duogc diéu ché tir axit
carboxylic trong tmg (CASRN 61079-72-9) bang cach sir dung thionyl clorua
hodc oxalyl clorua, hodc chét tuong tu, voi sy ¢ mat cua chét xtc tdc nhu pyridin,
dimetylformamit, trietyl amin, hodc diisopropyletyl amin.

Theo mdt phuong 4n khac, sang ché d& xuét quy trinh diéu ché hop chit c6
cong thirc III, bao gdm budc cho hop chét ¢ cong thirc IV tiép xtic véi hop chét
c6 cong thire IV, véi sy c¢6 mét cia bazo.

Theo phuong an cu thé cla sang ché, bazo 14 bazo vo co, ma t6t hon, néu
13 hydroxit, phosphat, hodc cacbonat cua kim loai kiém hoic kim loai kiém thd.
Cu thé hon, bazo v6 co dugc chon tir nhém bao gdm LiOH, NaOH, KOH, CsOH,
NH,4OH, RbOH, Mg(OH),, Ca(OH),, Ba(OH),, Li,CO;, Na,CO;, K,COs3, Cs,COs,
(NH,4),COs, va K3PO,. Theo phuong an cu thé, bazo 13 K;PO,, K,COs, hoic KOH.
Theo phuong an cu thé hon nita, bazo 1a K5PO,, K,CO;, hoic KOH. Bazo thudng
duoc dung 1am hén hop trong nude.

Theo mét phuong an, phan Ung dugce thuc hién trong dung mdi thich hgp
véi su b mit ciia bazo. Theo mdt phuong én, dung mdi duge chon tr nhém bao

gdm ete (vi du; tetrahydrofuran, diisopropyl ete, z-butylmetyl ete, dibutyl ete,
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dimetyl axetal, hodc dioxan, 2-MeTHF); rugu nhu metanol hodc etanol hoic ruou
tuong tu; toluen; hodc hdn hop ciia ching. Theo mét phuong 4n cu thé, dung moi
13 toluen. Theo phuong 4n cu thé khac, dung méi 13 hdn hop gdm tetrahydrofuran
va nuéc. Phan tmg thudng dugc thyc hién ¢ nhiét d6 ndm trong khoang tir 10°C
dén 20°C.

Theo mdt phuong 4n khéc, sang ché dé xuit quy trinh tao ra hop chét c6
cong thirc IV, bao gdm budc cho hop chét ¢6 cong thirc IV}, phan tmg véi oxalyl
clorua, thionyl clorua, hodc chét twong tir, voi sy c6 mit cia chit xuc tac nhu
pyridin, dimetylfdrmamit, trietyl amin, hodc diisopropyletyl amin.

Os_OH O _CI

\

F
IVy IV,

Theo mot phuong 4n cu thé, viée chuyén héa hop chét IV, thanh hop chét
c6 cong thuc IV, dugc thyc hién véi sy ¢6 mat cia pyridin hodc dimetylformamit,
dac biét 1a voi sy cé mit cua lugng vét cua pyridin, cy thé hon trong do ttr 0,001
duong lugng dén 0,02 dwong luong pyridin duoc sir dung, cu thé nhit 13 trong d6
khoang 0,005 duong lugng pyridin dugc st dung.

Theo médt phuong 4n khéc, sang ché @& xuit quy trinh tao ra hop chét c6
cong thirc IV, bao gdm budc khir bao vé hop chit ¢ cong thic V,

(] ()

HO HO
S @
pa-N~ L _oH HN~/ L _on
A" v

trong d6 PG 1a nhom bao v€ amino. Theo mdt phuong an, nhom bao vé amin la
nhom bao vé FMoc, CBz, hodc BOC. Theo phuong 4n cu thé, nhém bao vé amin
1a nhém bao vé BOC.

Viéc khir bao vé d6i voi hop chét c6 cong thirc V 6 thé duge thuc hién véi

sur ¢6 mit cia dung mdi, nhu rugu (vi dy, metanol hodc etanol), dung moi kiéu ete
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(vi du, tetrahydrofuran, diisopropyl ete, z-butylmetyl ete, dibutyl ete, dimetyl
axetal, hodc dioxan), dung méi kiéu este (vi du, etyl axetat), dung mdi thom (vi
dy, toluen hodc t-butyl-benzen), dung méi hydrocacbon béo (vi du, hexan, heptan,
hodc pentan), dung mdi hydrocacbon no khéng vong (vi du, xyclohexan hoic
xyclopentan), cic dung moéi phan cuc khong proton (vi dy, dimetylformamit),
hoic dimetyl sulfoxit va chit ddng xuc tac v6 co hoic hitu co, tdt hon 12 véi sy c6
mdt cua metanol, etanol, isopropanol, tert-butanol, tetrahydrofuran, 2-
metyltetrahydrofuran, toluen, hodc dimetylformamit va axit clohydric hoic axit
axetic. |

Theo mot phuong an cu thé, viéc khir bao vé duoc thuc hién trong dung
moi vGi su c6 mit cua axit vO co hodc axit hitu co manh, dic biét 13 axit
trifloaxetic, axit metansulfonic, axit p-toluensulfonic, axit Lewis, dic biét 1a
trialkylsilyl iodua, trimetylsilyl halogenua, bo triflorua dietyl eterat, kém
halogenua, thiéc halogenua, hoc axit vo co. Cu thé hon axit 13 axit sulfuric, HBr,
hoic HCL. Céc diéu kién chung bao gdm HCl/dioxan, axit trifloaxetic/metylen
clorua. Theo mét phuong 4n, viéc khir bao vé dugc thuc hién trong hén hop
khong ddng nhét chita dung dich nuéc HCI va toluen.

Theo mot phuong 4n khac, sing ché d& xuit quy trinh tao ra hop chét c6

cong thire V trong d6 PG 13 nhém bao vé amino, bao gém viéc khir hop chét co

cong thuc VL
o O o O)
/j N""o /j N
ps Cr\f\\j pg-N L_oH
VI \Y

Theo mdt phwong 4n, phan Umg xay ra v&i su cd mit ciia chit khir. Chét
khir c6 thé duge chon tir nhém bao gbm bohydrua. Cu thé, chit khir duge chon tir
nhém bao gdm NaBH,, NaBH(OAc);, va NaBH;CN. Tét hon nita, chit khir 13
NaBH;CN hodc NaBH, va LiCN, NaCN, hodc KCN trong cac diéu kién duogc ap
dung trong cAc quy trinh amin héa khir dién hinh. Quy trinh amin héa khir dién

hinh bao gém viéc két hop amin va hop chét cacbonyl v&i su cd mit cua phirc
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hydrua kim loai nhu NaBH,, LiBH,, NaBH;CN, Zn(BH,),, natri
triaxetoxybohydrua, hodc boran/pyridin trong cac diéu kién axit nhe, mot cach
thuan tién & d6 pH nim trong khoang tir 1 dén 5, ma thic dAy hinh thanh mudi
imini trung gian ma sau d6 dugc khir bing hydrua kim loai. Tét hon nita, chit khir
1a NaBH;CN.

Viéc diéu ché hop chit c6 cong thirc V ¢6 thé duge thuc hién véi su c6 mit
cia dung moéi, nhu dung mdi rugu (vi dy, metanol hoic etanol), dung méi kiéu ete
(vi du, tetrahydrofuran, diisopropyl ete, #-butylmetyl ete, dibutyl ete, dimetyl
axetal, hoic dioxan), dung méi kiéu este (vi du, etyl axetat), dung moi thom (vi
dy, toluen hodc t-butyl-benzen), dung méi hydrocacbon béo (vi du, hexan, heptan,
hodc pentan), dung méi hydrocacbon no khéng vong (vi du, xyclohexan hoic
xyclopentan), cac dung moi phan cyc khong proton (vi du, dimetylformamit),
hoic dimetyl sulfoxit va chit ddng xtic tac vd co hodc hitu co, tét hon 13 v6i su cb
mdt cua metanol, etanol, isopropanol, tert-butanol, tetrahydrofuran, 2-
Ihctyltetrahydrofuran, toluen, hoic dimetylformamit.

Theo mot phuong 4n khéc, sang ché d& xuét quy trinh tao ra hop chit ¢6
cong thirc VI bao gdm budce cho hop chit c6 cdng thirc VII (CASRN 106565-71-3)
phan tmg vé6i hop chit c6 cong thire VII,,

,\'1__/[/ Vil,
Q PG’ "3 W
NC” "N” o - N

- 0
pg-N~/ CN\L_/

@ O

VII VI
trong d6 PG la nhém bao vé amin nhu Fmoc, Cbz, hodc Boc hodc nhém tuong tu.

Hop chét c6 cong thirc VII, thudng 14 sin c6 tir cac ngudn thuong mai hodc duogc
diéu ché mot cach dB dang bing cch 4p dung céc phuong phdp ma chuyén gia
trong linh virc k¥ thuét nay d3 biét. (Vi dy, xem tai liéu: Rice, K. et al. Med. Chem.
Lett. 2012, 3, 416, va Podlech, J. and Seebach, D. Helv. Chim. Acta 1995, 1238).
Vi du, hop chit c6 cong thirc VII,, trong d6 PG 1a Boc, c6 thé mua duoc tir Sigma
Aldrich & dang 1-Boc-azetidinon (tert-butyl 3-oxo-1-azetidincarboxylat, CASRN
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398489-26-4). Theo cach tuong tir, hop chit c6 cong thirc VII thuong 14 s&n c6 tir
cac nguén thuong mai hodc dugc diéu ché mot cach da dang bing cach ap dung
cac phuong phap ma chuyén gia trong linh vuc k¥ thuat nay da biét. (xem, vi du:
N. R. Guz et al., Org. Proc. Res. Develop, 2010 14(6):1476). Vi du, hop chit c6
cong thirc VII cd bén trén thi trudng, tir Sigma Aldrich, & dang (35,5R,8aS)-3-
phenyl-hexahydro-oxazolo[3,2-a]pyridin-carbonitril (sé ding ky CAS 106565-71-
3).

Theo mot phuong &n, phan ing dugc thuc hién trong dung moi thich hop
v6i su ¢6 mit clia bazo. Theo mdt phuong 4n, dung méi nay 13 dung méi khong
proton phén cuc dugc chon tir ete nhu tetrahydrofuran, diisopropyl ete, z-
butylmetyl ete, dibutyl ete, dimetyl axetal, dioxan, hosic 2-MeTHF ho#c hdn hop
clia chung, dugc ding riéng r& hoic két hop voi dung méi khong proton phan cuc
nhu 1,3-dimetyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinon (DMPU). Theo phuong an
cu thé, dung méi 13 THF duoc sir dung két hop véi DMPU.

Theo phuong 4n nay va cac phuong an khic, bazo 1a amin bazo nhu cic
mudi lithi, natri, hoic kali cia alkyl dugc thé mét 1an hodic hai 14n hodc cac amin
thom, va amin silylalkyl hodc amin silyl thom. Theo phuong 4n cu thé, bazo
manh duoc chon tir nhém bao gdm céc mudi lithi, natri, hogc kali cia diisopropyl -
amin, bis(trimetylsilyl)amin, dietylamin, va dimetylamin. Theo mt phuong an
khac, bazo manh dugc chon tir nhém bao gdm cic mudi lithi, natri, va kali cia
bis(trimetylsilyl)amin. Cu thé hon, bazo manh dugc chon tir nhém bao gdm lithi
diisopropylamit, lithi bis(trimetylsilyl)amit, va lithi dietylamit. Cu thé hon, bazo
12 lithi diisopropylamit.

Phan tmg ndy thudng duogc thuc hién & nhiét ¢6 thip. Theo mét phuong 4n,
nhiét 49 ciia phan g nim trong khoang tir 0°C dén -80°C. Theo mdt phwong 4n
khac, nhiét @ ctia phan g nim trong khoang tir -20°C dén -80°C. Theo phuong
4n dugc wu tién hon, nhiét ¢ cua phan tng ndm trong khoang tir -50°C dn -
80°C. Theo phuong 4n dugc wu tién hon nita, nhiét do ciia phan ‘g nim trong
khoéng tir -70°C dén -80 °C.

Theo mdt phuong 4n khac, sang ché d& xuit quy trinh tao ra hop chét co

cong thirc V, bao gdm cac bude dudi diy:
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1) cho hop chit c6 cong thirc VII phan g v&i hop chét cé cong thic VII,

nhu néu trén dé tao ra hop chét c6 cong thuc VI;

0
,1:/( Vil

NCT N7 o /Hjo N""o
L/ pg-N~/ CNL/
VII VI

va
2) khir hop chit c6 cong thirc VI bang chét khir nhu néu trén dé tao ra hop
chét c6 cong thirc V.

HO HO O

N

/O - /j\\\u N
CN\_/ pe- N~ L _oH

V.

Theo m6t phuong 4n, cac bude 1 dén 2 bude c6 thé dugc 16ng vao nhau dé

N
PG

rit ngén.
Theo m6t phuong 4n khéc, sang ché dé xuét quy trinh tao ra hop chét c6
cong thirc IV, bao gdm céc bude dudi day: | |
1) cho hop chét c6 cong thirc VII phan tng voi hop chit c6 cong thirc VII,

nhu néu trén dé tao ra hop chit ¢ cong thirc VI;

.
_ W N "//O

P
N >
@ 7 PG’N/j CN\/
VII VI
2) khir hop chét ¢ cong thirc VI bing chat khir nhu néu trén d tao ra hop

NC

chét c6 cong thirc V;
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HO p HO O

pG’N Cf‘i:\\/ PG/N \\\CK/OH
VI \%

va

3) khir bao vé nhan azetidinyl ciia hop chit c6 cong thirc V nhu néu trén dé
tao ra hop chit c6 cong thic IV.

e Ne
A\ \\\‘ N

0y " Wl
pa-N~ L _oH HN~ L _on
\% Y
Cu thé, t6 hop bit ky gdm cac budc 1 dén 3 hoic tit ca cic budc ndy cb thé

duoc lé)ng vao nhau dé rat ngén. Cu thé hon, c4c bude 2 va 3 dugc l(“)ng vao nhau.
Theo mot phuong 4n khéac, sang ché dé& xuét quy trinh tao ra hop chét c6
cong thirc 111, bao gdm céc budc dudi day:
1) cho hop chit c¢6 cong thirc VII phan tmg v6i hop chét cé cong thirc VII,
nhur néu trén dé tao ra hop chét c6 cong thirc VI;

/(\/L ‘__/I/ Vi, o O
W N /O

PG N/j CN\:\\_/
VII VI

2) khir hop chét cé cong thitc VI bang chét khir nhu néu trén d8 tao ra hop

chit c6 cong thirc V;

HO HO O

7 P i 0
-N
o CN) PG A_on

O @
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VI \%
3) khtt bao vé nhan azetidinyl ctia hop chit c6 cong thirc V nhu néu trén dé

Ne
w N

PG’N/j L_oH HN/j A_oH
@ @ va;
\Y% 1A%
4) cho hop chét c6 cong thirc IV phan tmg v&i hop chét ¢6 cong thuc IV,

tao ra hop chét c6 cong thirc IV;

nhu néu trén dé tao ra hop chit c6 cong thirc 111

o Q AT

v, v 11

Cu thé, t6 hop bit ky gdm céc budc 1 dén 4 hodc tt ca cac budc co thé
dugc 16ng vao nhau dé rat ngén. Cu thé hon, cac budc 2 dén 4 duoc léng Vao
nhau.

Theo mot phuong 4n khac, sang ché dé xudt quy trinh tao ra hop chit co
cong thire IT, bao gdm cac budc duoi day:

1) cho hop chét ¢ cong thirc VII phan Gmg véi hop chit c6 cong thie VII,

nhu d3 néu trén;

N %O ’—_/(vu N/'S O
o S

VII VI
2) khtr hop chét ¢ cong thirc VI bing chit khir nhu da néu trén, dé tao ra
hop chit c6 cong thirc V;
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HO ‘ HO O
N \ N Y O - W N
7 - N
PG 6 PG \\\‘-K/OH
VI \%

3) khir bao vé nhan azetidinyl ctia hop chét c6 cong thirc V nhu néu trén dé
tao ra hop chit c6 cong thirc IV;

() ()

HO HO
/j N - /j N
pc-N~ [ _oH HN~/ L _oH
\% v
4) cho hop chit ¢6 cong thirc IV phan tmg véi hop chit c6 cong thuce IV,

nhu néu trén dé tao ra hop chét ¢ cong thic III;

va
5) hydro héa hop chit c6 cong thirc III, nhw d3 néu trén dé tao ra hop chit

c6 cong thue I1.

2 ()
)
O N~ Lo
F © T F
F
F

I II
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Céch két hop bt ky cac bude 1 dén 5 hodic tit ca cac budc cb thé dugc
16ng vao nhau d& rat ngén. Cu thé hon, cic budc 2 dén 5 duge 16ng vao nhau.

Theo mdt phuong 4n khéc, sang ché d& xuét quy trinh tao ra hop chit c6
cong thirc I’, bao gdm céc budc dusi day:

1) cho hop chét c6 cong thirc VII phan tmg v6i hop chét c6 cong thirc VII,

nhu néu trén dé tao ra hop chét c6 cong thirc VI

[i/ro
N Vi, HO O
- “I°N

PG
NC” N” Yo - ‘0
A pg-N~/ CNL

VII VI

2) khir hop chit c6 cong thirc VI bing chét khir nhu néu trén dé tao ra hop

chit c6 cong thirc V;

HO _ HO O
N NL";O - /j N
’ CN N
PG @ PG ©\\\CK/OH
VI \Y

3) khir bao vé nhén azetidinyl hop chit cé cong thirc V nhu néu trén dé tao
ra hop chit c6 cong thirc IV; |

() ()

HO HO
SN - /j N
PG”“/j \\\‘-K/OH HN@\\‘.K/OH

v IV

4) cho hop chét c6 cong thirc IV phan @ng véi hop chét cé cong thic IV,

nhu néu trén dé tao ra hop chit ¢ cong thire I1;
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o ()
Os_Cl /lS(Nj F /j N
F + AN «‘K/OH _ F N @"K/OH
S > ¢ o ©
F
F

I\'A v 11
5) hydro héa hop chét ¢ cong thirc IIT nhur néu trén d tao ra hop chét co

cong thic I1;
o () e
O N~ L on O N H
A0
F F
F F
111 II
va

6) cho hop chét c6 cong thirc II phan g v6i hop chét c6 cong thire II, nhur
néu trén dé tao ra hop chét c6 cong thirc I’

0 O 0 O

O A\ H N ”
N
F F ON

H
NH, F N
+ >
| F | F

10, I r

Cu thé, t6 hop bét ky gdm céc budc 1 dén 6 hoic tat ca cac budc co thé

dugc 1dng vao nhau dé rit ngin. Cu thé hon, cic budc 2 dén 5 duogc 16ng vao
nhau.

Theo mot phuong 4n khac, sang ché dé xuit quy trinh tao ra hop chit c6
cong thie I’, bao gdm céc budc dudi day:

(a) hydro hoa hop chét ¢ cong thirc III nhu néu trén @ tao ra hop chit c6
cong thuce II;

-27-



22059

o ()
i "
O N \sk/OH O N H
O
F
F

1 I
va
(b) cho hop chit cé cong thic II phan tmg véi hop chét c6 cong thue 11,

nhu néu trén dé tao ra hop chit c6 cong thirc L.

o ) o O)
o e
O._N H O-_N H

F Fooy

NH, F N

+ >

! F | F

F F

IL, I r

Cu thé, cac bude (a) va (b) c6 thé duoc 1dng vao nhau dé rut ngén.

Theo mot phuong 4n khéc, sang ché dé xuét quy trinh tao ra hop chit c6
cong thirc I, bao gém céc bude dudi day:
(a) cho hop chét cé cong thirc IV phan tmg véi hop chit c6 cong thirc IV,

nhu néu trén dé tao ra hop chét c6 cong thirc I1I;

Ne SYe
Oy Cl /j N /j N
F AN L ow CF N~ L _oH

IV, IV 111
(b) hydro héa hop chit c6 cong thirc III, nhu néu trén dé tao ra hop chit c6
cong thue II;
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HO O
7y
O N~ L _oH
A0
F
F

111 IT
va

(c) cho hop chét ¢ cong thirc II phan tng véi hop chét c6 cong thie 11,

¥

nhu néu trén dé tao ra hop chit c6 cong thirc I’.

w0 ()
N
F FoL
NH, F N
+ >
! F [ F
F

I, 1T ' r

HO.
oo 7

Cu thé, t6 hop bat ky gdm céc bude (a) dén (c) hodc tht ca cac bude cb thé
duogc 10ng vao nhau dé rat ngin. Cu thé hon, cic bude (a) va (b) dugc 16ng vao
nhau. |

Theo mot phuong 4n khéc, sang ché d& xuét quy trinh tao ra hop chét c6
cong thirc I’, bao gdm cac budce dudi day:

(a) khir bao vé nhan azetidinyl ctia hop chit ¢é cong thirc V nhu néu trén
dé tao ra hop chét c6 cong thic IV;

() 2 ()

HO
SIS - /j N
PG’N/j Aot HN~/ [ _oH

\Y% v
(b) cho hop chit c6 cong thirc IV phan tmg véi hop chét c6 cong thirc IV,

nhu néu trén dé tao ra hop chit c6 cong thirc I1I;
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IV, v I
(c) hydro héa hop chét c6 cong thirc III nhu néu trén dé tao ra hop chit c6

| w0 ()
/j N /j N
L_oH O N H

cong thuc II;

I I
va
(d) cho hop chit c6 cong thirc II phan tmg v6i hop chét c6 cong thuc II,

nhu néu trén dé tao ra hop chét c¢6 cc“)ng thirc I.

Ho ‘ Ho\w(j
& aiS Yoy

I, I r
Cu thé, td hop bat ky gdm céc budc a) dén d) hodc tt ca cac budc cb thé

dugc 16ng vao nhau dé rat ngin. Cu thé hon, céc budce (a) va (c) duogc 16ng vao
nhau.

Theo mdt phuong 4n khéc, sang ché dé xuit quy trinh tao ra hop chit c6
cong thirc I’, bao gdm céc bude dudi day:

a) cho hop chit c6 cong thirc VI phan tmg vé6i chit khir, nhu d3 néu trén;
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HO . HO O
| WISN "//O _ w N
. CN -N
PG @ PG \\e-K/OH
VI \Y

b) khir bdo vé nhén azetidinyl ctia hop chit c6 cong thirc V, nhur d3 néu

() ()

HO HO
p-N~ L _oH HN~/ L _oH
v v
¢) cho hop chét c6 cong thirc IV phan tmg véi hop chat cé cong thic IV,

nhu da néu trén;
t Ne
o o g@ . i
F . N L on o N~ Lo
‘ YT
F

F
IV, 1A% I

d) hydro hoa hop chit c6 cong thirc III, nhu d4 néu trén;

o O 0 O)
T T
O N~ L on O N H
S
F
F F

I I

trén;

va
e) cho hop chit cé cong thirc II phan tmg v&i hop chét c6 cong thic 1T,

nhu néu trén dé tao ra hop chét c6 cong thic I’.
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- O N H - H
/L:EJ/NHZ F . /[:E]/H
| F | F
F

I, II : r

Cu thé, t6 hop bat ky gém cac budc (a) dén (e) hodc tAt ca cac budc cb thé
duge 16ng vao nhau dé rat ngin. Cu thé hon, cc bude (a) dén (d) dugc 1dng vao
nhau.

Theo phuong 4n khac, sing ché dé xuét quy trinh tao ra hop chét c6 cong
thirc I thu dugc theo quy trinh bét ky trong sb cac quy trinh va diéu kién néu trén.

Theo khia canh khéc nita, sang ché dé xuit hop chit c6 cong thic VI;

HO
/:jw‘ N" "0
pg-N~/ CNL_/

O

VI
trong 6 PG 1a nhém bao v€ amino. Theo mt phuong an, PG 1a tert-
butyloxycacbonyl (Boc).
Theo khia canh khéc nita, sang ché d& xuit hop chit c6 cong thirc V:

()

&

w N

P’ : Soon
\Y%

trong d6 PG 1a nhém béao v€ amino. Theo mt phuong an, PG 1a tert-

butyloxycacbonyl (Boc).
Theo khia canh khéc nita, sang ché d& xuat hop chit c6 cong thirc IV.
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e
w N
HN/j L_on
v
Theo khia canh khéc nita, sang ché dé xuét hop chét c6 cong thire I11.

HO

K/OH

1
Theo khia canh khéc nita, sang ché d& xuét hop chét c6 cong thirc II.

I

Céc phuong 4n b sung
Sang ché con bao gdm céc phuong 4n bd sung dudi day.
Phuong 4n 1. Quy trinh tao ra hop chét c6 cong thirc I:

4
R3 R OHH

ﬂj%w .

trong do:
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A 13 arylen hodc heteroarylen tiy y duoc thé b%mg mét, hai, ba, hoic bdn
nhom duogc chon tir R6, R7, RS, va R9, mdi géc ddc lap dugce chon tir hydro, halo,
(Ci-Cs)alkyl, halo(C,;-Cs)alkyl, hydroxy, (C;-Cs)alkoxy, va halo(C;-C¢)alkoxy;

X 1a alkyl, halo, halo(C,-Cs)alkyl, hodc halo(C;-Cs)alkoxy;

R', R% R?, va R* doc 1ap 1 hydro, (C;-Cg)alkyl, hodc halo(C,-Cs)alkyl;

R’ 14 hydro, halo, hoic (C,-Cg)alkyl;
bao gdm cac budc:

cho hop chit c6 cong thirc II-1, trong d6 X va R® 13 nhur néu trén tiép xtc
v6i hop chét c6 cong thirc I1,-1, trong d6 R' 13 F, Br, Cl, hodc -OSO,-CF; va R
12 H hodc nhém bao vé véi sy ¢6 mit clia bazo manh dé tao ra hop chit ¢6 cong

thic L.

" 11
R* R R4 R
3 | 3 |
(0] N (0] N
X 10 R! R? —_— X H R! R2
A A
R® ll-1 I1-1 R® I

Phuong 4n 2. Quy trinh theo phwong 4n bét ky trong sb cic phuong 4n 1 hodc 2,
trong @6 X va R’ trong hop chét c6 cong thirc I,-1 doc lap 1a F, Cl, Br, hoic L.
Phuong 4n 3. Quy trinh theo phwong 4n bét ky trong s cac phuong an 1 dén 3,
trong 46 X AF vAR 1A T, |

Phuong 4n 4. Quy trinh theo phuong 4n bét ky trong sé cac phuong 4n 1 dén 3,
trong @6 hop chét c6 cong thic I1-1 13 hop chét c6 cong thirc I1-2,

11

11-2
trong ¢6 R"' 12 H hoc nhém bao vé va nhan A tiy y dwoc thé bing mot, hai, ba
hoic bdn nhém dugce chon tir R®, R7, R?, va R®, mbi gbc doc 18p dugc chon tir halo

(C4-Cy)alkyl, halo(C;-Cg)alkyl, (C;-Ce)alkoxy, va halo(C;-Ce)alkoxy.

b
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Phuong 4n 5. Quy trinh theo phuong 4n bét ky trong sé cac phuong 4n 1 dén 4,
trong d6 hop chét c6 cong thirc II-1 12 hop chit c6 cong thirc I1-3,

R12a
II-3

trong 6 R'" 1 nhu da dugc x4c dinh trén day; R' 13 F, Cl, Br, I, hodc OSO,CFs;

va R vaR'™ doc lap 14 F, Cl, Br, I, alkyl, haloalkyl, alkoxy, hodic haloalkoxy.

Phuong 4n 6. Quy trinh theo phuong 4n 5, trong 6 R'® & hop chét ¢6 cong thirc

II-3 13 F, Cl, Br, hoic I, va R va R doc 1ap 1a F, Cl, Br, alkyl, haloalkyl,

alkoxy, hodc haloalkoxy.

Phuong 4n 7. Quy trinh theo phuwong 4n bét ky trong sd cac phuong 4n 1 dén 6,

trong d6 R'® & hop chét ¢ cong thirc II-3 1a F va R?* va R'® doc lap 1a F, Cl,

alkyl, hodc alkoxy. |

Phuong 4n 8. Quy trinh theo phwong 4n bét ky trong cic phwong 4n 1 dén 7, trong

d6 bazo manh duge chon tir nhém bao gdm butyllithi, t-butyllithi, cac mudi lithi,

natri, hoic kali cta alkyl d4 duoc thé mot 14n hodc hai 14n hodc cac amin thom, va

silylalkyl hodc cac amin silyl thom.

Phuong 4n 9. Quy trinh theo phuong 4n bét ky trong cac phuong 4n 1 dén 8, trong

d6 bazo manh dugc chon tir nhém bao gdm cac muébi lithi, natri, hogic kali cia

diisopropyl amin, bis(trimetylsilyl)amin, dietylamin, va dimetylamin.

Phuong 4n 10. Quy trinh theo phuong 4n bat ky trong s cac phuong an 1 dén 9,

trong d6 bazo manh 13 lithi bis(trimetylsilyl)amit.

Phuong 4n 11. Quy trinh theo phuong 4n bit ky trong s cac phwong 4n 1 dén 10,

trong d6 phdn Ung ndy dugc thyc hi€n véi sy cd mat cia dung moi 1a

tetrahydrofuran.

Phuong 4n 12. Quy trinh theo phuong 4n bét ky trong cic phuong 4n 1 dén 11,

trong d6 hop chét c6 cong thirc II,-1 13 hop chat c¢6 cong thirc II,; hop chét c6
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cong thire I1-1 13 hop chit c¢6 cong thirc I; va hop chit c6 cong thire I 1a hop chét
0 O) 2 O)

9N 0N

O _N H O N H
F F
H
NH, F N
/@ ! ] D
| F | F
F F

II, II r

c6 cong thuc I

Phuong 4n 13. Quy trinh tao ra hop chét c6 cong thirc IT, bao gdm viée khir bao vé

2, ()

N
H

hop chét c6 cong thirc 111,

e O
i
O N~ L on O N
BT
F
F F

F

I I
trong d6 khir bao vé chira hydro héa béng cach str dung H, v6i sy c6 mit ciia chit
xic tac hydro héa kim loai chuyén tiép khéng ddng nhit hoic viéc diéu tri bénh
b%mg cloroetyl clorofomat vdi su ¢6 mét cia MeCN hoac Na/NHj;.
Phuong 4n 14. Quy trinh theo phuong 4n 13, trong d6 chit xtc tac hydro héa kim
loai chuyén tiép khong ddng nhit duoc chon tir nhém bao gbm chét Xtc tac Raney,
Pd/C, Pd(OH),/C, Pd(OAc),, Au/TiO,, Rh/C, Ru/AL,O; Ir/CaCO;, Pt/C, va
paladi(0) d3 dugc tao vi nang trong chit nén polyure & dang hdn hop 45 phén tram
gdm phén tir paladi c6 kich thudc nano khoang 2nm trong nude, chita 0,4mmol/g
Pd(0) (co s& khd), khi trong lwong don vi bao gdm ca trong hrgng cia nude (NP
Pd(0) Encat™ 30), hoic hdn hop ctia chiing.
Phuong 4n 15. Quy trinh theo phuong 4n 14, trong d6 chét xtc tac hydro héa kim
loai chuyén tiép khong ddng nhét 13 Pd/C.
Phuong 4n 16. Quy trinh diéu ché hop chét c6 cong thirc III, bao gdm budc cho
hop chét c6 cong thirc IV, tiép xic véi hop chit c6 cong thirc IV.

-36-



22059

LT QOH peVsg g

IV, 1A% III

Phuong 4n 17. Quy trinh theo phuong én 16 véi su c6 mét cua bazo vo co 1a

hydroxit, phosphat, hodc cacbonat ctia kim loai kiém hozc kim loai kiém thd.
Phuong 4n 18. Quy trinh theo phuong 4n bét ky trong s6 cic phuong 4n phuong
4n 16 dén 17, trong d6 bazo vO co duge chon tir nhém bao gém LiOH, NaOH,
KOH, CsOH, NH,OH, RbOH, Mg(OH),, Ca(OH),, Ba(OH),, Li,COs, Na,CO;,
K,COs3, Cs,CO3, (NHy),CO3, va K5PO,.

Phuong 4n 19. Quy trinh theo phuong 4n bit ky trong s6 cac phuong 4n 16 dén
18, trong d6 bazo vo co 1a K3PO4, K,CO;, hodc KOH.

Phuong 4n 20. Quy trinh tao ra hop chét c6 cong thirc IV, bao gdm budc khir bao

Ne
w N

PG’N/j \\\,-NK/OH ] HN/j AoH
9 ¥
A% v

trong d6 PG 1a nhém bao v€ amin dugc chon tir nhom bao gém FMoc, CBz, hoic
BOC nhém bao vé.

Phuong 4n 21. Quy trinh theo phuong an 20, trong d6 nhém bdo vé 14 nhém bao
vé BOC. ‘
Phuong 4n 22. Quy trinh tao ra hop chit c6 cong thirc V, trong d6 PG 13 nhém

vé hop chét ¢ cong thic V:

bao vé amino, bao gdm budc khir hop chét c6 cong thirc VI biang chét khir dugc

chon tir nhém bao gém bohydrua.
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HO HO O
-N
PG’ Cf\i PG \\\cK/OH
VI \%

Phuong 4n 23. Quy trinh diéu ché hop chit c6 cong thirc VI bao gdm viée cho hop
chit c6 cong thirc VII phan tng v&i hop chit ¢ cong thirc VI, véi su 6 mit cia

bazo, trong d6 PG 1a nhdm bao vé amino.

0]
IO I®
NC - TN

d

N PG
: 7 - pN~/ CNL
VI VI

Phuong 4n 24. Quy trinh tao ra hop chit c6 cong thirc I’

e

N
Os N H
H
jog
| F

ma bao gdém céc budc dudi day:

I’

1) cho hop chit c6 cong thirc VII phan tmg véi hop chét c6 cong thirc VII,
dé tao ra hop chét c6 cong thirc VI;

O
.
J\/\/L ¢ "
NC -

P - .,
N b
: /P pg-N~/ CNL_/
VII VI
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2) khir hop chat c6 cong thirc VI bing chit khir dwoc chon tir nhém bao
gbdm bohydrua d& tao ra hop chét c6 cong thirc V:

e o O)
/j N™ "o - /j \
pg-N

sV~ N @K/OH

S
N

O

VI \Y%
3) khir bdo vé nhén azetidinyl ciia hop chat c6 cong thirc V dé tao ra hop

o ()
\ N - w' N
PG’N/j A oH HN/j A on
A% v
4) cho hop chét c6 cong thirc IV phan tng v6i hop chit c6 cong thuc IV, dé

o ()
o. Cl - /'3\@ F /j\\m \
F » NS L oH N N~ L oH
\ e ©
F

IV, v III
5) hydro héa hop chét c6 cong thirc I dé tao ra hop chét c6 cong thirc II;

chét c6 cong thirc IV;

tao ra hop ‘chét cd cong thire I1I;

HO HO O
K/OH o N/j\\ i
" F
F
F
III II

va
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6) cho hop chét c6 cong thirc IT phan tng véi hop chét ¢6 cong thire 11, dé

tao ra hop chit c6 cong thirc I’.

o ()
N
F F

H

NH, F N

, _
| F | F
F

I, I r
Phuong 4n 25. Quy trinh tao ra hop chat c6 cong thirc I’ ma bao gdm viée cho hop

chit c6 cong thirc IT tiép xtic véi hop chit c6 cong thire IT, véi su ¢é mat ciia bazo

manh d& tao ra hop chét c6 cong thire I

e 0 O)
5 5
Os_N H O-_N H

F F

H

NH, F N

+ -

I F | F

F F

IL, II r

Phuong 4n 26. Quy trinh theo phuong 4n 25, con bao gdm buéc hydro héa hop

Y

chat c6 cong thirc III dé tao ra hop chit c6 cong thirc II.

HO O HO
/j\\“. N /j\\\\\
O N~ L on O N
F @ F
F
F

III II

Y

Phuong 4n 27. Quy trinh theo phuong 4n 26, con bao gdm budc cho hop chét co
cong thirc IV phan tmg vé6i hop chét c6 cong thire IV, dé tao ra hop chét co cong
thire II1.
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IV, v III
Phuong 4n 28. Quy trinh theo phuong an 27, con bao gdm budc khir bao vé nhan

()

HO
SN - /j N
PG’N/?Oj\\cK/OH HN@\sK/OH

\Y% v

azetidinyl ctia hop chét cé cong thic V.

Phuong an 29. Quy trinh theo phuong 4n 28, con bao gbm budce khir hop chét co
cong thic VI bang chit khir duoc chon tir nhém bao gdm bohydrua dé tao ra hop

chét c6 cong thirc V.

e 0. O

N "o N
pgN Y ON/ N~ L _on
VI -V

Phuong an 30. Quy trinh nay theo phuong 4n 29, con bao gbm budc cho hop chit
c¢6 cong thirc VII phén tmg v&i hop chit c6 cong thire VII, v6i su c6 mit ciia

bazo.

O

NC” N i /Hjo N" "o
\.L_/O pg-N CN\_/
VII VI
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Phuong 4n 31. Hop chit ma 1a:

HO
/j N""o
pa-N~/ CNL_/

@ (VI), trong d6 PG 1a nhém bao vé;
HO O
. N/j\ \\\.-NK/OH

@ (V), trong d6 PG 1a nhém bao vé amino;
o ()
N/j\ \\\\-NK/OH
@ (IV); hoac

P
H

Phuong 4n 32. Hop chét theo phwong 4n 31, trong d6 PG & hop chét ¢ cong thic
VIva V12 BOC. |

Quy trinh téng hop

Céc hop chit theo sang ché c6 thé dugc didu ché theo cic quy trinh tdng
hop boc 16 dudi ddy. Cac nguyén liéu ban ddu va cac chit phan img dugc dung dé
didu ché cac hop chét ndy c6 thé mua duoc tir cic nha cung cip thuong mai nhu
Sigma Aldrich Chemical Co. (Milwaukee, Wis.), hodc Bachem (Torrance, Calif.),
hoic duge diéu ché theo cic phuong phap ma chuyén gia trong linh vyc k§ thuat
hﬁy d3 biét theo cac quy trinh néu trong céc tai liéu vién din caa Fieser va Fieser,
Reagents for Organic Synthesis, tap 1 dén 17 (John Wiley and Sons, 1991); tai
liéu ctia Rodd: Chemistry of Carbon Compounds, tip 1 dén 5 va phin bd sung
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(Elsevier Science Publishers, 1989); Organic Reations, tip 1 d&n 40 (John Wiley
and Sons, 1991), tai liéu ctia March: Advanced Organic Chemistry, (John Wiley
and Sons, 4™ Edition) va tai liéu cua Larock: Comprehensive Organic
Transformations (VCH Publishers Inc., 1989). Cac so @ nay chi nhim muc dich
minh hoa mot s§ phuong phap tbng hop céac hop chét theo sang ché, va cac cai
bién khac nhau ddi véi céc so dd nay co thé dugc thuc hién va c6 thé dugc goi y
cho chuyén gia trong linh vuc k¥ thudt nay khi tham khao ban mo ta ndy. Cac
nguyén liéu ban d4u va cac chét trung gian cia phan tmg c6 thé duoc tach va tinh
ché néu mudn bellng‘céch ap dung cac k¥ thuat théng thuong, bao gdm, nhung
khong chi gidi han &, loc, chung cit, két tinh, sic ky, va cac k¥ thuat tuong tu.
Céc nguyén liéu ndy c6 thé dugc x4c dinh tinh chét bing cach 4p dung cac bién
phap thong thudng, bao gdm cac hing sb vat 1y va cac dit liéu phd.

Trir khi ¢6 quy dinh cu thé khac, cic phan tmg dugc boc 16 trong ban mo ta
ndy x4y ra & ap sudt khi quyén va trong khoang nhiét 6 tir -78°C dén 150°C, tbt
hon nita khodng tir 0°C dén 125°C, va t6t nhét 1 khoang nhiét do trong phong
(hodc nhiét d6 cua mdi truong xung quanh), vi du, khoang 20°C. Trir khi c6 quy
dinh khac (nhu trong trudng hop hydro hoa), tit ca cac phan ‘mg duoc thuc hién
trong khi quyén nito. '

Céc hop chit d3 boc 16 va duogc yéu cAu bao hd theo don nay cé cac
nguyén tir cacbon khong d6i xtmg hodic cic nguyén tir nito bac bén trong cu tric
ctia chiing va c6 thé dugc didu ché theo cac quy trinh téng hop duoc bcf)c 16 trong
ban mo ta ndy & dang cht dong phan 14p thé don 1€, chét triét quang, va dang hén
hop gdm cac chit ddng phan dbi anh va céc chét ddng phan khong dbi quang. Cac
hop chét con c6 thé tdn tai & dang céac chit dong phéan di hinh. T4t ca céc chét
ddng phan 1ap thé don 18, cac chét triét quang, va hon hop ctia chiing, va cac chét
d6ng phén dj hinh dwoc dy tinh trong pham vi ctia sang ché.

Mot vai hop chét trong sé cac hop chit theo sang ché c6 thé tdn tai & dang
cac chit hd bién. Vi dy, khi keton hoc aldehyt c6 mit, thi phan tir nay c6 thé tdn
tai & dang enol; khi amit c6 mit, thi phan tir c6 thé ton tai & dang axit imidic; va
khi enamin c¢6 mdt, thi phan tir c6 thé tdn tai & dang imin. T4t ca cac chit h3 bién

déu nam trong pham vi cuia sang ché.
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Céc phuong phép diéu ché va/hoic tach va phén 14p cic chit ddng phan lap
thé don 1€ tir cic hdn hop triét quang hoac cac hdn hgp khong triét quang bao gdm
cac chit ddng phan 1ap thé 13 d3 biét trong linh vuc k§ thuat ndy. Vi dy, cac chit
ddng phan quay quang (R)- va (S)- 6 thé dugc didu ché bang cach st dung céc
synthon khong ddi ximg hoic cic chit phan tng khong dbi xtmg, hodc dugc phan
giai bang cich 4p dung cic k§ thuat thong thudong. Cac chit ddng phan dbi anh
(cac chit dong phan R va S) c6 thé duoc phéan giai theo cac phuong phap ma
chuyén gia trong linh vuc k¥ thuat ndy da biét, vi du, bang cich: tao ra mubi cia
chit ddng phan khong d6i quang hoic céc phirc ma c6 thé duge tach, vi du, bing
cach két tinh; thong qua viéc tao ra cac chét din xuét d6ng phan khong dbi quang
ma c6 thé dugce tach, vi du, bfmg cach két tinh; phan {mg chon loc ctia mot chét
ddng phan d6i anh vé6i chat phan tmg dic hidu dbi véi chit ddng phan dbi anh, vi
dy, oxy héa hoic khir bing enzym, tip theo tach cac chét d6ng phan dbi anh da
duogc cai bién va cac chét dong phan dbi anh khéng dugc cai bién; hoic sic ky
khi-1éng hoic sic ky 16ng trong méi trudng khong dbi xtmg, vi du, trén nén khong
d6i xting, nhu silic dioxit voi phdi tir khong ddi xtmg lién két hodc véi su c6 mit
ctia dung moi khong ddi ximg. C6 thé thiy riang khi chit ddng phan @i anh mong
muén duge chuyén héa thanh don vi ciu trac héa hoc khic theo mot trong s cac
quy trinh tich néu trén, thi ¢6 thé can thyc hién budc nira dé giai phéng dang chét
dong phan d6i anh mong mudn. Theo céch khac, céc chat d6ng phan d6i anh cu
thé c6 thé duqc téng hop theo quy trinh téng hop bt dbi ximg bing cach st dung
cac chit phan img, cic co chét, cic chét xdc tic hoic cac dung moéi quay quang
hoic bang cach chuyén héa trén chit d6ng phan dbi anh thanh chét khac theo cach
chuyén héa khong d6i xtng. Pbi v6i hdn hop gbm céc chit ddng phan dbi anh,
giau chit déng phan ddi anh cu thé, thanh phin chit ddng phan dbi anh chinh c6
thé duoc 1am gidu tiép (ddng thoi giam hiéu suit) bing cach két tinh lai.

Ngoai ra, cac hgp chét theo sang ché c6 thé ton tai & dang chua dugc solvat
cling nhu céc dang d4 dugc solvat hda véi cac dung moi duge dung nhu nudc,
etanol, va cic dung moi tuong tu. N6i chung, cac dang di duoc solvat hda dugc
xem 12 twong dwong véi cac dang khong solvat hoa duge nhim cac muc dich cia

sang che.
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Céc phuong phap theo sang ché c6 thé dugc thuc hién theo quy trinh ban
lién tuc hodc quy trinh lién tyuc, tot hon nita theo quy trinh lién tuc.

Trir khi ¢6 quy dinh khac, sang ché nhu néu trén c6 thé dugc thuc hién véi
su ¢6 mit cia dung moi hodc hdn hop gbém hai hoic nhiéu dung moi. Cu thé 13,
dung moéi 1a dung méi nuéc hoic dung méi hitu co nhu dung méi kiéu ete (vi du,
tetrahydrofuran, metyltetrahydrofuran, diisopropyl ete, t-butylmetyl ete hoic
dibutyl ete), dung m6i hydrocacbon béo (vi du, hexan, heptan hoéc pentan), dung
moOi hydrocacbon no khong vong (vi du, xyclohexan hodc xyclopentan) hoic dung
moi thom (vi dy, toluen, o-, m- hodc p-xylen hoaé t-butyl-benzen) ho#ic hdn hop
cua chung.

Céc nguyén liéu ban diu va cac chédt phan (mg, ma quy trinh tdng hop
chung khong dugc boc 16 18 trong ban md ta ndy, thuong b sin tir cac ngudn
thwong mai hoic dugc diéu ché mot cach d& dang bang cach 4p dung cac phuong
phép ma chuyén gia trong linh vuc k¥ thuat nay da biét.

'Noi chung, danh phap dugc dung trong ban md ta nay 1a dua trén co so
AUTONOM™ 2000, hé théng d3 duoc may tinh hoa boi Beilstein Institute dé tao
ra danh phép hé théng TUPAC. C4c c4u tric héa hoc dugce thé hién trong ban mo
ta nay dugc didu ché bang cach 4p dung MDL ISIS™ phién ban 2.5 SP5. Héa tri
m& bt ky xut hién trén nguyén tir cacbon, nguyén tir oxy hodc nguyén tir nito
trong céc ciu triic néu trong ban mé ta ndy bidu thi sy c6 mit cia nguyén tir hydro.

Céc hop chit c6 c6ng thirc I, dc biét 13 hop chit c6 cong thic I, c6 thé
dugc didu ché nhr duge thé hién chung trén So d6 1. Phan img cia (35,5R,8aS)-3-
phenyl-hexahydro-oxazolo[3,2-a]pyridin-carbonitril ¢c6 cong thirc VII, c6 ban trén
thi trudng véi tert-butyl-3-oxo-1-azetidincarboxylat ¢6 cdng thitc VII ¢ ban trén
thi trudng véi sy cé mit cia bazo tao ra hop chét c6 cong thirc VI Hop chit c6
cong thirc VI duge xir 1y bang chét khir hydrua nhu natri xyanobohydrua véi sy ¢6
mit cla axit, tiép theo 13 xir Iy bing dung dich nu6c natri hydroxit, d& tao ra hop
chit c6 cong thirc V. Viéce khir bao vé dbi v6i hop chét c6 cong thirc V bing cach
sir dung axit tao ra hop chét cé cong thirc IV, ma dwoc lién hop véi axit clorua c6
cong thirc IV, v6i su c6 mit clia lugng xtc tac pyridin dé tao ra hop chét ¢ cong

thizc III. Viéc hydro héa hop chit c6 cong thirc III tao ra chit din xuét cia
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piperidin c6 cong thirc II. Cudi cling, viéc ngdu hop hop chit c6 cong thirc 1T véi

2-flo-4-iodo anilin c¢6 cong thirc II, tao ra hop chit mong mubn.

Sodb 1

/O PG-N_>=0 HO F\/] HO O
Vil N0 SN
Z N o (Viia) PG,N/j,(/ — /N/j \
@ vy @ Vi © V)

O ClI

N

N HO &
HN/j L_om F T (va) & S
J— N ©\\\ — O N @ —_—
F
(V) (i)
F

NH
HO ¢ e CN:H

F. i HO_ ¢
N
O
[ (tla) F O-N
F Il _— N
( ) /©/ )
F I F

Vi du thwe hién sang che
Céc vi du sau dugc néu nham muc dich minh hoa r& hon va khéng nhim dé

gi6i han pham vi cua sang che.
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Vidul
Téng hop tert-butyl este cia axit 3-((3S,5R,8aS)-5-xyano-3-phenyl-hexahydro-
oxazolo[3,2-a]pyridin-5-yl)-3-hydroxy-azetidin-1-carboxylic

/O Boc—N%o H p
w, W N “y
P s LI gL

N / —" Boc~

() o (D w

Hon hop gbm (35,5R,8aS8)-3-phenyl-hexahydro-oxazolo[3,2-a]pyridin-
carbonitril (20,0g, 87,6mmol, 1,0 duong lugong) va dimetyltetrahydropyrimidon
(DMPU;, 11,3g, 87,6mmol, 1,0 duong lugng) trong THF (95,1ml) dugc khqu
trong thdi gian 10 phit cho dén khi quan sat thdy dung dich trong. Sau d6, hdn
hop nay dugc 1am ngudi dén nhiét d6 ndm trong khoang tir -70°C dén -80°C va
lithi diisopropylamit (dung dich 28% trong heptan, THF va etylbenzen) (35,2g,
92mmol, 1,05 duong lugng) duge bd sung trong thdi gian 30 phit trong khi duy
tri nhiét 9 bén trong nim trong khoang tir -70°C dén -80°C. Sau khi bd sung vao
xong, hdn hop ndy dugc khudy & nhiét @6 nim trong khoang tir -70°C dén -80°C
trong thoi gian 2 gio nita, tiép theo dong dung dich chira este cta axit 3-oxo-
azetidin-1-carboxylic tert-butyl (16,2g, 94,6mmol, 1,08 duong lugng) trong THF
(16,4g) vao trong thoi gian 30 phut trong khi duy tri nhiét 3§ bén trong nhiét d6
nam trong khoang tir -70°C dén -80°C. Sau khi dong xong, hdn hop phéan ing nay
dugc khudy & nhiét d6 nam trong khoang tir -70°C dén -80°C trong thoi gian 1
gio.

Trong mét binh riéng &, dung dich chira natri clorua (10,3g), nudc da khir
ion (103,0g) va axit axetic (5,29g, 87,6mmol, 1,0 dwong luong) dugc diéu ché va
1am lanh dén 0°C. Hdn hop phan tmg dugc dong viao hdn hop t6i trong thdi gian
30 pht trong khi duy tri nhiét @6 bén trong thip hon 10°C. Binh chtra hén hop
phan tmg nay duoc rira bang THF (26,7g) va nudc ria duge két hop v6i hén hop
da duoc t6i. Sau khi khudy manh trong thoi gian 20 phit & 5°C, dimg khudy va
cac 16p dugc dé tach. Pha nude dudi duge gan Etyl axetat (61,8g) va nudc da khir

jon (68,5g) duoc bd sung vao 16p hiru co. Sau khi khudy manh & 5°C trong thoi
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gian 10 phut, dimg khudy, c4c 16p dugc dé tach, va pha nuéc dudi duge gan. Quy
trinh rira dugc 13p lai mot 14n véi nudce da khir ion (68,5 2).

Pha hitu co dugc ¢6 trong didu kién 4p suit giam (nhiét do cia 4o nim
trong khoang tir 40°C dn 45°C, 4p sudt = 200 mbar (20kPa) dén 180 mbar
(18kPa)) cho dén khi gom duoc tdng thé tich khoang 120ml dich chung cit tao ra
dung dich mau vang. Chén khong dugc giai phéng va heptan (102,0g) duge bd
sung vao trong thoi gian 10 phat. Chung cit trong diéu kién ap suét giam duoc
tiép tuc (nhiét d6 cia 40 nim trong khoang tir 35°C dén 40°C, 4p suét nim trong
khoang tir 250 mbar (25kPa) dén 110 mbar (11kPa)) bang c4ch bd sung heptan
(177g) vao & tdc d6 sao cho thé tich con lai duoc giit dn dinh. Sau 10 phut chung
cit, thu dugc huyén phu dic d& khudy. Chén khong duoc gidi phéng va
isopropanol (10,2g) dugc bd sung trong thoi gian 15 phit & 35°C. Huyén phi nay
dugc dun néng & 45°C va khudy trong thoi gian 30 phit. Sau do, huyén pha dugce
1am lanh dén 0°C trong thoi gian 2 gid va duge gitt ¢ 0°C trong thdi gian 1 gid.
Huyén phu nay dugc loc trén bd loc thuy tinh. Binh ndy va banh loc dugc rira
bing heptan (46,6g) di dugc 1am mat so bd (khoang 5°C), va banh loc uét duoc
1am kho qua dém & 40°C trong diéu kién 4p suét giam cho dén trong luong khong
d6i dé tao ra hop chét néu & d& muc nay & dang tinh thé mau be nhat. P9 tinh
khiét theo sic ky long cao ap: 91,9% dién tich. Mp. (DSC): pic ngoai suy:
151,80°C. 'H-NMR (600MHz, CDCL): & 7,30 - 7,50 (m, 5 H), 4,17 - 427 (m, 3
H), 3,94 — 4,01 (m, 2 H), 4,11 - 4,1 (m, 2 H), 4,09 (d, 1 H), 3,95 (d, 1 H), 3,87 (dd
1 H), 3,76 (dd, 1 H), 3,54 - 3,70 (br, 1 H), 2,85 - 3,03 (br, 1 H), 2,18 — 2,25 (m, 1
H), 2,12 (br, 1 H), 1,97 — 2,04 (m, 1 H), 1,85 - 1,94 (m, 1 H), 1,61 — 1,79 (m, 3 H)
1,41 (s, 9 H). MS (ED): m/z = 400,48 ((IM+H]", 100%).

]

M

Vidu?2
Téng hop tert-butyl este cua axit 3-hydroxy-3-[(S)-1-((S)-2-hydroxy-1-pehyl-
etyl)-piperidin-2-yl]azetidin-1-carboxylic
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Hbn hop gdm tert-butyl este cia axit 3-((3S, 5R, 8aS)-5-xyano-3-phenyl-
hexahydro-oxazolo[3,2-a]pyridin-5-yl)-3-hydroxy-azetidin-1-carboxylic ~ (12,0g,
30,0mmol, 1,0 duong lugng) va natri xyanobohydrua (3,18g, 50,6mmol, 1,68
duong lugng) trong EtOH (70ml) duoc ting nhiét d6 dén 30°C va dugc bd sung
tir tir trong vong hai gid vao hdn hop 4m (70°C) gdm axit axetic (3,63ml,
63,5mmol, 2,1 duong lugng) trong EtOH (20ml). Tiép d6, hdn hop thu duogc duoc
khudy trong thdi gian 3 gid nita & nhiét 46 ndm trong khoang tir 70°C dén 75°C.
Sau khi phan rng hoan thanh, hdn hop nay dugc giam nhiét 6 dén 23°C va dugc
dong tir tir trong vong 30 phat vao hdn hop gém toluen (100ml) va dung dich
nuéc NaOH (60g, 10% trong lwgng) va khudy trong thoi gian 15 phat. Binh phan
{mg nay dugc rira bing hdn hop d3 duoc tdi. Céac 16p duoc tich, va 16p hiru co
dugc rira bang toluen (30ml). Céc pha hitu co két hop dugc ¢ trong chan khong
(200 mbar (20kPa) dén 85 mbar (8,5kPa) & nhiét 6 cia 40 nim trong khoang tir
35°C dén 40°C) cho dén khi thu dwoc 80ml (70,82g) dung dich san phim mau
vang. Do tinh khiét theo séc ky 16ng cao ap: 97,6% dién tich.

Nhim muyc dich phan tich, dung dich san phdm dugc ¢ hoan toan trong
thiét bi 1am bay hoi kidu quay, xir Iy bang EtOH va lai ¢6 hoan toan dé tao ra
19,2¢ san phdm & dang bot. Cin duoc hoa tan trong hdn hop gdm etyl axetat
(30ml) vA MeOH (15ml) va tinh ché theo phwong phép séc ky cuc nhanh trén
120g silicagel bang cach sir dung etyl axetat 1am chét rira giai. Céc phéan doan 3
dén 5 trong s6 6 phan doan, mbi phan doan 100ml, dugc két hop va dugc cd hoan
toan trong chan khong trong thiét bi 1am bay hoi kiéu quay tao ra 14,6g bot khong
mau. Cin ndy lai dugc hoa tan it nhét trong hdn hop gdm heptan/etyl axetat theo
ty 18 2:1 (thé tich) va tinh ché theo phuong phap sic ky cuc nhanh trén 190g
silicagel bang cach sir dung heptan/etyl axetat theo ty 16 2:1 (thé tich) 1am chét rira
gidi. Sau Iugt chay ddu 700ml, mudi phan doan tiép theo (tdng cong 800ml) dugc
két hop, duge 1am bay hoi hoan toan trong thiét bi 1am bay hoi kiéu quay trong
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chan khong (nhiét d6 ciia bé 35°C, ap sudt > 20 mbar (2kPa)) va cin dugc lam
kho qua dém & 35°C va trong chan khong cho dén trong luong khong dbi dé tao ra
hop chit néu & d& muc ndy & dang rin khong mau. Mp. (DSC): pic ngoai suy:
220,9°C (néng chay kém theo phén hay c6 téa nhiét). 'H-NMR (600MHz, CDCls):
07,38 - 7,41 (m, 2 H), 7,34 - 7,38 (m, 2 H), 7,27 - 7,30 (m, 1 H), 4,28 - 4,50 (br, 1
H), 4,19 (dd, 1 H), 4,11 - 4,1 (m, 2 H), 4,09 (d, 1 H), 3,95 (d, 1 H), 3,87 (dd, 1 H),
3,83 (t, 1 H), 3,08 - 3,16 (m, 1 H), 2,85 (ddd, 1 H), 2,57 (ddd, 1 H), 1,76 - 1,84 (m,
1 H), 1,68 - 1,75 (m, 1 H), 1,53 - 1,58 (m, 1 H), 1,41 - 1,48 (bs, 9 H), 1,31 - 1,41
(m, 2 H), 1,21 - 1,31 (m, 2 H). MS (EI): m/z = 377,24 ((M+H]", 100%). EA d6i
v&i CyH3,N,04: theo tinh toan: C 66,99, H 8,57, N 7,44; theo thir nghiém C 67,38
H 8,50, N 7,29.

’

Vidu3
Téng hop 3-[(S)-1-((S)-2-hydroxy-1-phenyl-etyl)-piperidin-2-yl]-azetidin-3-ol di

hydroclorua
() 2 ()

HO
S G
Boc” N \sk/OH HN \\:K/OH

2 v 0w

Dung dich chira tert-butyl este cuia axit 3-hydroxy-3-[(S)-1-((S)-2-hydroxy-
1-phényl-etyl)-piperidin—Z—yl]azetidin—l-carboxylic (69,8g, 29,6mmol, 1,0 duong
lwong) trong toluen dugc xir Iy & nhiét d6 nim trong khoang tir 23°C dén 27°C
trong thoi gian 12 phit bing hdn hop gbm nudc (30,1g) va HCI (37%, 7,22g,
73,3mmol, 2,5 dwong lugng) va khudy trong thoi gian 10 phut. H6n hop hai pha
thu dugc duge ting nhiét o dén 50°C trong thoi gian 30 phut va duogc giir khudy
trong thoi gian 4 gi & 50°C. Sau khi hoan thanh chuyén d6i, hdn hop nay dugc
giam nhiét do dén nhiét do trong phong va cac pha dugc cho tach. Pha nudc dugce
rua bﬁng toluen (36ml) va cac pha dugc cho tach, tao ra 44,2g dung dich san
phidm mau vang trong nudc. Do tinh khiét theo sic ky léng cao ap: 96,3% dién

tich.
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Nhim muc dich phéan tich, dung dich san phém dugc cd hoan toan trong
thiét bi 1am bay hoi kiéu quay (nhiét 6 cua bé 45°C). Can diu mau vang duoc
hoa tan trong MeOH (190ml) va lai ¢6 hoan toan trong thiét bi 1am bay hoi kiéu
quay va trong chan khéng. Cin dugc dua vao it nhit hdn hop gdm MeOH/etyl
axetat 1:1 (thé tich) va tinh ché theo phuong phap sic ky cuc nhanh trén silicagel
(150g) bang cach st dung hdn hgp gdm MeOH/etyl axetat 1:1 (thé tich) 1am chét
rira giai. Luot chay trudc 400ml duge thuc hién va dugc gan va cac phan doan
tiép theo (1,5 lit) dugc két hop va dugc ¢d hoan toan trong thiét bj lam bay hoi
kiéu quay trong chan khong (nhiét 46 ciia bé 40°C, ap suit >20 mbar (2kPa)) tao
ra ddu mau vang ma duoc hoa tan trong MeOH (20ml). Dau duoc bd sung nh
giot & nhiét d6 trong phong vio etyl axetat (80ml), sau d6 san phim két tiia. Cac
chét rin duoc loc va rira bang etyl axetat (30ml). Lam kho qua dém & 30°C trong
chan khong cho dn trong lugng khong dbi tao ra hop chit néu & d&& muc nay
(22,0g) duéi dang chét rin khong mau. Mp. (DSC): Ths aau 114,2°C, pic ngoai suy:
123,4°C. '"H NMR (600MHz, DMSO-dg): & 9,50 — 9,64 (br, 1 H), 8,91 — 9,03 (br,
1 H), 7,78 (s, 1 H), 7,62 — 7,56 (m, 2 H), 7,41 - 7,52 (m, 3 H), 6,03 (bs, 1 H), 4,56
- 4,67 (m, 1 H), 4,45 (dd, 1 H), 4,25 - 4,33 (m, 2 H), 4,23 (dd, 1 H), 4,18 (dd, 1 H),
3,95 - 4,05 (m, 1 H), 3,83 (dd, 1 H), 3,45 - 3,54 (m, 1 H), 3,26 - 3,40 (m, 1 H),
1,67 - 1,86 (m, 4 H), 1,55 - 1,65 (m, 1 H), 1,37 - 1,51 (m, 1 H). MS (El): m/z =
277 (IM+H]" bazo tu do, 100%). EA dbi véi Ci6HyeN,0,Cl,, duoc chinh theo
nude (9,2% trong lﬁong) va HCl (2,1 duong lugng thay cho 2,0 duong lugng):
theo tinh toan: C 49,44, H 7,80, N 7,21, O 16,40, Cl 19,15; theo thir nghiém C
48,76, H 7,48, N 7,36, O 16,44, C1 19,11.
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Vidu4
{3-Hydroxy-3-[(S)-1-((S)-2-hydroxy-1-phenyl-etyl)-piperidin-2-yl]-azetidin-1-
yl1}-(2,3,4-triflo-phenyl)-metanon

F N E
O R0
ohol  (va)  ©

HO .
WS _(va)
HN/j s“K/OH " (i
| (Iv) F
2,3,4-Triflo-benzoyl clorua:

Axit 2,3,4-triflobenzoic (100g, 568mmol, 1,0 duong lugng) dugc tao
huyén pht trong toluen (1000ml) va dwoc xir Iy bing pyridin (0,254ml, 3,15mmol,
0,0055 duong luong). Huyén phii thu duoc ting nhiét do dén nhiét 6 nim trong
khoang tir 60°C dén 70°C, sau @6 hdn hop nay trd thanh dung dich trong mau
vang. O nhiét d6 nay, oxalyl clorua (94,4g, 729mmol, 1,3 duong luong) dugc bd
sung tir tir vao trong thoi gian 156 phut. Sau khi bd sung vao xong, hdn hop nay
duoc gitt khudy trong thoi gian 10 phut cho dén khi hoan thanh. Toluen (360ml)
duogc loai ra mot phan bang cach chung ct trong chin khéng (nhiét d6 4o: 60°C
dén 70°C, ap suit: 200 mbar (20kPa) dén 100 mbar (10kPa)). Dung dich nay duoc
gidm nhiét d6 dén nhiét d6 trong phong, tao ra 636g dung dich mau vang va hoi
duc ma dugc bao quan trong khi quyén N, va sir dung trong budc tiép theo khong

can xir 1y thém. D6 tinh khiét theo sic ky 1ong cao ap: 99,2% dién tich.

{3-Hydroxy-3-[(S)-1-((S)-2-hydroxy-1-phenyl-etyl)-piperidin-2-yl]-azetidin-1-
y1}-(2,3,4-triflo-phenyl)-metanon:

Dung dich nuéc chira 3-[(S)-1-((S)-2-hydroxy-1-phenyl-etyl)-piperidin-2-
yl]-azetidin-3-ol di hydroclorua (43,5g) dwugc xir 1y bang EtOH (24ml) va khudy
trong thoi gian 10 phut & nhiét d§ trong phong. Dung dich chira trikali phosphat
(28,8g, 136mmol, 4,7 duong lrgng) trong 261ml nudc duge bd sung vao hdn hop
nay trong thoi gian 14 phut & nhiét d6 ciia mé nim trong khoang tir 10°C dén
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20°C va hén hop ndy dugc khudy trong thoi gian 15 phut & 15°C (d6 pH =11,9).
34g dung dich 2,3,4-triflo-benzoyl clorua néu trén (34,0g, 29,8mmol, 1,0 duong
lrong) duge bd sung vao dung dich ndy qua phéu nho giot trong 32 phit & nhiét
do ctia mé nam trong khoang tir 10°C dén 20°C trong khi khudy manh. Ph&u nhé
giot dugc rira bing toluen (1,2ml) va hdn hop hai pha nay dugc khudy & nhiét do
trong phong trong thdi gian 60 phit. Cac 16p duoc dé tach, va pha nuéc dugce gan.
Lép hitu co dugce rira b'?mg dung dich chura natri cacbonat (3,36g, 31,5mmol, 1,09
duong lugng) trong nudc (42g) va khudy trong thot gian 30 phit & nhiét d6 trong
phong. Céc 16p dwoc dé tach, va 16p hitu co duoc rira bing trong nudce natri clorua
(30g, 10% trong lurgng). Trong thiét bi 1am bay hoi kiéu quay (nhiét do cua bé
50°C, 4p suit < 200 mbar (20kPa)), 16p hitu co duoc c6 dén thé tich khoang 30%.
Cin dugc dua vao EtOH (23ml) va khudy trong thoi gian 5 phit & nhiét d6 ndm
trong khoang tir 40°C dén 50°C. Dung dich dugc cb lai trong thiét bj 1am bay hoi
kidu quay (nhiét d6 ciia b& 50°C, ap suét thap hon 200 mbar (20kPa), 17ml dich
chung cét), tao ra diu rat nhét. Can lai dwoc dua vao EtOH (23ml) va khudy trong
thoi gian 10 phit va lai dugc pha lodng tiép bang EtOH (12ml) dé dat duoc thé
tich dich (53ml, 46,06g). D6 tinh khiét theo sic ky 16ng cao ap: 85,0% dién tich.
Nhim muc dich phén tich, dung dich san phim (90ml) dugc loc va cin loc
ndy dugc rira bang EtOH (15ml). Trong thiét bi 1am bay hoi kiéu quay (nhiét d6
ctia bé 40°C, ap sut < 150 mbar (15kPa)), dung dich dugc c6 hoan toan, va cin
dugc dua vao MTBE (40ml), tiép theo lai c6 hoéh toan, sau d6 dugc dua vao hdn
hop gom etyl axetat (29ml) va heptan (40ml), sau d6 duge cd hoan toan, sau d6 lai
duogc dua vao hdn hgp gbm MTBE (20ml) va heptan (50ml) va lai cd hoan toan
cudi cling tao ra chét rén bot (32,5g). Can rin (32,0g) duoc hoa tan trong etyl
axetat (20ml) v tinh ché theo phuong phép sic ky cuc nhanh trén silicagel (150g)
bing cach sir dung etyl axetat 1am chét rira giai. Sau luot chay truée 200ml, 6
phén doan (800ml) dugc két hop va dugc ¢ hoan toan trong thiét bj 1am bay hoi
kiéu quay (nhiét 6 bé: 40°C, 4p suét > 20mbar (2kPa) tao ra 28,0g diu mau vang
nhat. O nhiét d6 trong phong, cin diu dwoc dua vao diclometan (20ml), pha loang
bang heptan (150ml) va lai c6 hoan toan trong thiét bi lam bay hoi kiéu quay, tiép

theo hoa tan cin trong MTBE (20ml) va lai bang cach loai bd hoan toan dung moi
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trong thiét bj 1am bay hoi kiéu quay tao ra bot kiéu cao su. Bot nay dugc hoa tan
trong toluen (30ml, nhi€t d§ trong phong) va dugc dong trong thdi gian 20 phit
dugc bd sung nho giot bang phu nho giot & nhiét do trong phong vao heptan
(400ml), sau @6 san phim bit dau két tia. Phéu nho giot dwoc rira bing toluen
(4ml) va huyén phti dugc giir khudy trong thoi gian 1 gir & nhiét do trong phong.
Céc chét rin duoc loc bo va binh phan tng va banh loc dugce rira hai 14n béng dich
loc va tiép d6 bing heptan (15ml). Lam kho trong chan khong & 35°C, cho dén
khi khong thay dbi vé trong lugng, tao ra 17,88g chét rin khong mau. P§ tinh
- khiét theo sic ky 1ong cao ap: 97,0% dién tich, cic dung moi con lai: toluen (1,2%
trong luong) va heptan (2,3% trong lugng). nhiét d ndng chay (nhin bén ngoai):
Toi aau:  55°C dén 73°C (néng chay kém theo phan huy c6 téa nhiét). 'H NMR
(400MHz, DMSO-ds, 120°C): 6 7,41 — 7,47 (m, 2 H), 7,27 - 7,32 (m, 2 H), 7,21 -
7,26 (m, 2 H), 7,12 - 7,19 (m, 1 H), 5,21 (bs, 1 H), 4,35 (bd, 1 H), 4,22 (bs, 1 H),
4,05 (dd, 1 H), 3,91 - 4,01 (m, 1 H), 3,74 - 3,90 (m, 4 H), 3,01 (dd, 1 H), 2,75 -
2,84 (m, 1 H), 2,49 - 2,59 (m, 1 H), 1,68 — 1,81 (m, 1 H), 1,51 - 1,65 (m, 1 H),
1,23 - 1,50 (m, 3 H), 1,09 - 1,22 (m, 1 H). MS (EI): m/z = 435 ((M+H]", 100%).
EA dbi voi Cy3HpsF3N,Os, dd duge hiéu chinh cho toluen con lai (1,2% trong
luong) va heptan (2,3% trong lugng): theo tinh toan: C 64,38, H 6,07, F 12,66, N
6,22; theo thir nghiém C 64,01, H 6,04, F 12,63, N 6,35.

Vidu5s
Téng hop ((S)-3-hydroxy-3-piperidin-2-yl-azetidin-1 -yD-(2,3,4-triflo-phenyl)-
metanon hydroclorua
(s )
HO ¢ \/ o 3
< H2 &
o N TGN
F (i F )
F
F Pk
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Binh hép tiét tring thity tinh loai dung tich 185ml trong khi quyén argon
dugc nap Pd/C (3,37g, 1,3mmol, 0,04 duong lugng, 60,2% thé tich nuée, 10% thé
tich Pd trén C), nudc (0,22g) va dung dich chira {3-hydroxy-3-[(S)-1-((S)-2-
hydroxy-1-phenyl-etyl)-piperidin-2-yl]-azetidin-1-yl}-(2,3,4-triflo-phenyl)-
metanon trong EtOH (53ml, 46g, 29mmol, 1,0 duong Iugng). Hén hop nay dugc
xir ly bang EtOH (13ml), axit axetic (4,15ml, 72mmol, 2,5 duong lrong) va bing
dung dich nudc axit clohydric (2,5ml, 37% trong lugng, 30mmol, 1,0 duong
lwong). Binh hip tiét tring duoc 1am tro, dugc giy ap suit 2 bar (200kPa) H,, va
phan tmg dugc thuc hién & 4p suit 2 bar (200kPa) H, & 25°C trong thoi gian 12

gid. Ap sudt dugc x4 khoi binh hip tiét tring, va huyén pht duoc xir Iy bing
MeOH (25ml) va duoc giit khudy trong thoi gian 30 phut va loc trong khi quyén
bao vé 13 argon trén gidy loc. Binh hép tiét tring va cin loc ndy dugc rira bing
MeOH (4ml). Céc dich loc két hop nay dugc 1am bay hoi trong didu kién 4p suét
giam dén 20 phan trim dén 30 phén trim thé tich ban d4u. Cin dugc xt 1y bing
isopropanol (38,5ml) & nhiét d6 nim trong khoang tir 30°C dén 35°C, khudy trong
thoi gian 1 gio, 1am ngudi dén nhiét 46 nim trong khoang tir 20°C dén 25°C, va
xtr Iy bang nudc (0,58g) va bing dung dich nudc axit clohydric (2,5ml, 37% trong
lugng, 30mmol, 1,0 dwong hrong). Huyén phu thu dugc cb trong chin khong &
nhiét 46 ndm trong khoang tir 25°C dén 35°C cho dén khi dat dwoc thé tich
khoang 22ml, va MTBE (31ml) duoc b sung vao & nhiét d6 nim trong khoang tir
25°C dén 35°C. Huy?n phi cudi cling duoc gidm nhiét d6 dén nhiét d6 nim trong
khoang tir 5°C dén 10°C, khudy trong thoi gian 1 gidy, va sau d6 duogc loc. Banh
loc dugc rira bang MTBE lanh (12ml) va 1am kho trong chén khong & nhiét do
35°C cho dén khi khdi lugng khong thay ddi dé tao ra hop chét néu & d& muc nay
(5,08g) & dang chét rin khong mau. D6 tinh khiét theo sic ky 16ng cao ap: 99,6%
dién tich. Mp. (DSC): Ths aau: 246,3°C, pic ngoai suy: 248,8°C (ndéng chay kém
theo phan huy c6 téa nhiét). '"H NMR (400MHz, DMSO-ds, 120°C): 6 8,59 (bs, 2
H), 7,14 - 7,48 (m, 2 H), 6,54 (bs, 1 H), 4,39 (dd, 1 H), 4,23 (dd, 1 H), 3,85 - 3,97
(m, 2 H), 3,27 - 3,35 (m, 1H), 3,20 - 3,27 (m, 1 H), 2,80 — 2,95 (m, 1 H), 1,78 -
1,88 (m, 2 H), 1,64 - 1,78 (m, 2 H), 1,40 - 1,64 (m, 2 H).MS (EI): m/z = 315
([M+H]" ctia bazo tu do, 100%). EA dbi v6i C;sH;,F5N,0, x HCI: theo tinh toan:

-55-



22059

C 51,36, H 5,17, N 7,99, F 16,25; theo thtr nghiém C 51,19, H 4,89, N 7,91, F
16,06.

Vidu6
Téng hop [3,4-diflo-2-(2-flo-4-iodo-phenylamino)-phenyl]-((S)-3-hydroxy-3-

piperidin-2-yl-azetidin-1-yl)-metanon

NH,
L ®
HO_$ NH HO_ +—NH
& )
N — N
)

o Fo©
N
F an /©/
| F
F
F

F

Dung dich chira LIHMDS trong THF (149g, 20,7% trong luong, 184mmol,
4,3 duong luong) duge dong vao dung dich chira ((S)-3-hydroxy-3-piperidin-2-yl-
azetidin-1-yl)-(2,3,4-triflo-phenyl)-metanon hydroclorua (15,0g,42,8mmol, 1,0
duong luong) va 2-flo-4-iodo-anilin (11,1g, 47mmol, 1,1 duong lugng) trong
THF (90ml), trong thoi gian 88 phiit & nhiét d6 nim trong khoang tir 20°C dén
30°C. Tiép tuc khudy trong thoi gian 2 gid. Sau khi hoan thanh chuyén di, hdn
hop nay dugc dong vao hdn hop gdm axit sulfuric (12,0g, 96% trong lugng,
118mmol, 2,75 duong lugng) trong nude (75ml) trong thoi gian 25 phuat va dugce
giit khudy trong thoi gian 1 gid. Cac 16p duoc dé tach, va 16p hiru co duge rira
bing hdn hop gdm nudc (60ml) va toluen (96ml). Lop hitu co dugce cb trong chén
khong dén thé tich khoang 150ml. Toluen (250ml) dugc bd sung vao va THF con
lai duoc loai bd bang cach chung cit & nhiét do ctia 40 55°C va & &p sudt 84 mbar
(8,4kPa) trong khi gitr thé tich cia mé nay khong d6i bang cach dong lién tuc
toluen (400ml) vao, khién san phérn két tia cham. Sau d6, nhiét 6 cia mé nay
duoc giam dén 10°C trong thoi gian 2 gid, va huyén phil nay dugc giir khudy qua
dém & 10°C. San phém dugc loc ra, va banh loc duoc ria b??mg toluen lanh
(150ml). Lam kho qua dém trong chan khong & 35°C cho dén khi khéi luong
khong thay dbi tao ra hop chit néu & d& muc nay (20,66g) & dang san phdm khong
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mau. Do tinh khiét theo sic ky long cao ap: 99,7% dién tich. M.p (DSC): Ty giu:
166,7°C, pic ngoai suy: 168,2°C (91,5 J/g). 'H NMR (600MHz, CDCIs): 6 8,28 -
8,48 (br, 1 H), 7,39 (dd, 1 H), 7,32 (ddd, 1 H), 7,09 - 7,14 (m, 1 H), 6,75 - 6,86 (br,
1 H), 6,60 (ddd, 1 H), 4,10 (d, 2 H), 4,05 — 4,20 (br, 1 H), 3,93 - 4,04 (br, 1 H),
3,09 (d, 1 H), 2,70 (d, 1 H), 2,56 - 2,67 (br, 1 H), 1,68 - 1,87 (m, 1 H), 1,50 - 1,64
(m, 2 H), 1,25 - 1,38 (m, 2 H), 1,07 - 1,24 (m, 1 H).MS (EI): m/z = 532 ([M+H]",
100%). EA d6i v&i CyH, F3IN,05: theo tinh toan: C 47,47, H 3,98, N 7,91, F
10,73; theo thir nghiém C 47,68, H 4,00, N 7,66, F 10,80.

Céc phuong &n khéc

Phan mo t trén day dd duoc boc 10 mot cach chi tiét bﬁng cach minh hoa
va vi dy, nhdm muyc dich 1am r va hiéu. Sang ché da dugc boc 16 ¢ vién din dén
cac phuong an va céc k§ thuat cu thé khac nhau va cic phuong 4n va cac k¥ thuit
dugc uu tién. Tuy nhién, cn phai hiéu ring dugc ring nhiéu bién ddi va cai bién
c6 thé dugc tao ra trong khi vin ndm trong pham vi va y tudng cia sang ché. Bbi
v6i chuyén gia trong linh vuc k¥ thuat nay, hién nhién 14 cac thay ddi va cac cai
bién c6 thé duge thuc hién trong pham vi céac diém yéu ciu bao ho kém theo. Do
d6, cAn phai hiéu ring phin mé ta trén day chi nhim muc dich minh hoa va khéng
nhim giGi han pham vi cta sang ché.

Do d6, pham vi ctia sang ché can duoc xac dinh khong vién din dén phin
md ta trén ddy ma thay vao d6 cin duoc xé4c dlnh dua vao cac diém yéu ciu bao
h6 kém theo don, cing v6i pham vi ddy du cua cac phuong an twrong dwong voéi

cac yéu cau bao ho nay theo.
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1. Quy trinh diéu ché hop chét c6 cong thic (1):
R4 qu11

X 0 N
f n Rl R2
RS

trong do:

A 12 arylen hoic heteroarylen tity y duoc thé bang mot, hai, ba, hodc bén
nhém dugce chon tir R®, R7, R®, va R®, mdi géc ddc 1ap dugc chon tir hydro, halo,
(C;-Cy)alkyl, halo(C;-Cs)alkyl, hydroxy, (C;-Ce)alkoxy, va halo(C;-Cg)alkoxy;

X 13 alkyl, halo, halo(‘Cl—Cg)alkyL hodc halo(C;-Cg¢)alkoxy;

R', R% R, va R* doc 1ap 1a hydro, (C,-Cg)alkyl, hodc halo(C;-Cg)alkyl;

R’1a hydro, halo, hoéc (C;-Cy)alkyl,
bao gdm cac budc:

cho hop chét c6 cong thie (I1,-1) trong d6 X va R’ 13 nhu néu trén tiép xtic
v&i hop chét c6 cong thuc (II-1) trong d6 R 1aF, Br, Cl, I, hoic -0S0O,-CF; va
R'! 13 H hosic nhém bao vé dé tao ra hop chit c6 cong thirc (I):

11 11
s R R s R op®

R OHN R OHII\I
y Os N < Os N
NH R R RE - y RT R
o o)
5 5
R g1 11-1 R

|
2. Quy trinh theo diém 1, trong d6 quy trinh nay 14 quy trinh dé tao ra hop chét c6
cong thire (I7), bao gdm bude cho hop chét c6 cong thic (I1,) tip xtc véi hop
chét ¢6 cong thirc (ID):
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3. Quy trinh theo diém 2, trong @6 quy trinh ndy con chira bazo manh, trong d6
bazo manh dugc chon tir nhom bao gé‘)m butyllithi, t-butyllithi, cac mudi lithi,
natri, hodc kali caa alkyl dugc thé mét 1an hoic hai 14n hodc amin thom, va

silylalkyl hodc silylamin thom.

4. Quy trinh theo diém 2, trong d6 hop chit c6 cong thirc (I) duoc tao ra bing
cach hydro ho hop chét ¢ cong thirc (III) dé tao ra hop chit c6 cong thirc (II):

o () HO O
/j\\" N /j\\\" N
OxN L_oH ON
F © T F
F F
F F

H
I II .

5. Quy trinh theo diém 4, trong d6 hop chét cé cong thirc (III) dugc tao ra bing
céch cho hop chét ¢ cong thirc (IV) phan tmg v6i hop chit c6 cong thire (IV,) dé
tao ra hop chét c6 cong thie (I1I):

e Ne
O~_CI /j\““ \ F. /j\\\“ N
F , HN \@K/OH F N \\\\-K/OH
oG

v, 1AY I
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6. Quy trinh theo diém 5, trong d6 hop chét c6 cong thirc (IV) dugc tao ra bang
cach khir bao vé nhén azetidinyl ciia hop chét c6 cong thirc (V), trong d6 PG 1a

nhém bao vé amino, dé tao ra hop chét ¢ cong thirc (IV):

o () o O
" N WON

PG_N/j L_on j HN/j L_on

i: N

A% v

7. Quy trinh theo diém 6, trong d6 hop chét c6 cong thitc V duoc tao ra bang cach
khir hop chét ¢ cong thirc (VI) bing chét khir duoc chon tir nhém bao gdm cac
bohydrua & tao ra hop chit c6 cong thirc (V):

ey e ()
N - WOSN

ol

N CN\\/ PG’N/j A_oH

//

VI v

‘8. Quy trinh tao ra hop chét ¢ cong thirc (II), trong d6 quy trinh nay bao gdm
budc khir bao vé hop chit co cc“)ng thirc (ITD):

HO HO O

k/OH 0 N/j\ i

I II

9. Quy trinh tao ra hop chit cé cong thirc (III), bao gdbm budc cho hop chit c6
cong thirc (IV,) tiép xtc véi hop chét c6 cong thic (IV):
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0 )

W N N
HN/j \\sk/OH

: &

IV, v

e
Y
F N \\\'K/OH
- F

A

I

10. Quy trinh tao ra hop chét cé cong thirc (IV), bao gbm khir bao vé hop chét c6

- cong thure (V):

o ()

A
N __OH

o
N
N

PG~

v

trong d6 PG 1a nhém bao v€ amino.

HO
g HN/j

()

N
L on

IV

11. Quy trinh tao ra hop chét cé cong thic (V) trong d6 PG 1a nhém bio vé

amino, trong d6 quy trinh nay bao gdm budc khir hop chat c6 cong thirc (VI):

e

N\\w;o
N CN
PG &

VI

HO

lng
»

PG~

()

N
\\cK/OH

A%

12. Quy trinh diéu ché hop chit bao gbém (i) budc cho hop chét c6 cong thirc (VII)

phan mg véi hop chit cé cong thirc VII,:

o)
,\ll_—/[/ Vi,

G

P
NC” TN Yo
: \\"\\/

VII
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trong d6 PG 1a nhém bao v€ amino.

13. Quy trinh theo diém 12 con bao gém budc:
(ii) khir hop chit c6 cong thirc (VI) bang chit khir dugc chon tir nhém bao gdm
céc bohydrua dé tao ra hop chit c6 cong thirc (V):

HO HO O
WISN "'40 W

. N
N—/ CN ,N/j
PG \\/ PG \\c'K/OH

N

VI \Y%

14. Quy trinh theo diém 13 con bao gdm budec:
(iii) khir bao vé nhan azetidinyl ctia hop chit c6 cong thirc (V) dé tao ra hop chit
co6 cong thic (IV):

0 O 0. O

N - /j N
PG"“/j L o HN~ L _on

v IV

15. Quy trinh theo diém 14 con bao gém budc:
(iv) cho hop chét c6 cong thirc (IV) phan tmg v6i hop chét ¢ cong thic (IV,) dé
tao ra hop chét c6 cong thic (I1D):

e
0] Cl F

e
SN /j N

F N HN/j \@K/OH Fj@ﬁ(N \\\\-K/OH
oG

F .

IV, IV I

16. Quy trinh theo diém 15 con bao gém bude:
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(v) hydro hoa hop chét c6 cong thirc (IIT) dé tao ra hop chit c6 cong thirc

HO HO O
I

K/OH O H

{D):

I II

17. Quy trinh theo diém 16 con bao gém budc:
(vi) cho hop chét c6 cong thirc (IT) phan g v6i hop chét c6 cong thire (I1,) dé tao
ra hop chét ¢6 cong thirc (I'):

Juk 15 oﬁi

18. Hop chit dugc chon tir nhém gbm:
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@ av);

2 )
7
O N \\\‘-K/OH
F @
F
F

(IIT); hoac

w0 ()
3
Os_N H

F D;

trong d6 PG 1a C;-Cgalkoxycacbonyl, C;-Cexycloalkyloxycacbonyl,

phenyloxycacbonyl, hoic nhém toluensulfonyl.

19. Hop chét c6 cong thirc:

N

@ (VI); hoic
o ()

N

PG’ N/j Ao

@ V)
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va trong d6 PG dugc chon tir nhém bao gbm tert-butoxycacbonyl (Boc),

benzyloxycacbonyl (Cbz), p-toluensulfonyl (Ts), va florenylmetyloxycacbonyl
(FMoc).

20. Hop chét theo diém 18, trong d6 hop chit nay c6 cong thirc:

0 O)
0
Os_N H

F

F
F ().

21. Hop chét theo diém 18, trong d6 hop chit ndy c6 cong thirc:

0 ()
W N
o) N/j \\\‘.K/OH

O

|

(IID).

22. Hop chét theo diém 18, trong @6 hop chit nay c6 cong thirc:

e

SN
HN/j L_oH

‘i:::gs av).
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