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(57) Sang ché dé cap dén quy trinh cai tién diéu ché chat dbi khang thu thé androgen duoc
cdu tao tir carboxamit nhu N-((S)-1-(3-(3-clo-4-xyanophenyl)-1H-pyrazol-1-yl)-propan-2-
y1)-5-(1-hydroxyetyl)-1H-pyrazol-3-carboxamit (1A) va chit trung gian ctia né nhu 2-clo-
4-(1H-pyrazol-3-yl)benzonitril (V). Chat 601 khang AR 13 hitu hiéu trong viéc diéu tri bénh
ung thu, dac biét la bénh ung thu tuyén tién liét va cac bénh khac trong d6 chat d6i khang
AR 13 duge mong mudn.
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Linh vuc ky thuit dwgc dé cap

Sang ché dé cip dén quy trinh cai tién dé didu ché chit dbi khang thu thé
androgen dugc cAu tao tir carboxamit nhu N-((S)-1-(3-(3-clo-4-xyanophenyl)-1H-pyrazol-
1-yl)-propan-2-yl)-5-(1-hydroxyetyl)-1H-pyrazol-3-carboxamit (1A) va chit trung gian
ctia né nhu 2-clo-4-(1H-pyrazol-3-yl)benzonitril (V).

Tinh trang ky thuit clia sing ché

Hop chét N-((S)-1-(3-(3-clo-4-xyanophenyl)-1H-pyrazol-1 -yl)-propan-2-yl)-5-(1-
hydroxyetyl)-1H-pyrazol-3-carboxamit ¢6 cong thirc (1A) va dan xuét ciia n6 duoc mo ta
trong cong b don qudc té s6 WO 2011/051540, Hop cht c6 cong thic (1A) va din xuét
cta né 12 chit d6i khang thu thé androgen (androgen receptor: AR) tiém ning, chit nay 12
hitu hiéu trong viéc didu tri bénh ung thu, dic biét 12 bénh ung thu tuyén tién liét va céc

bénh khac trong d6 co ché d6i khang AR 1a dugc mong mudn.

o N-
N-NH

Uﬁf -

Cl SN HO

NC (1A)

Cong b don quéc t& s6 WO 2011/051540 md ta quy trinh diéu ché hop chét c6

cobng thic (1A) bing chit trung gian 2-clo-4-(1H-pyrazol-3-yl)benzonitril ¢é cong thirc
(V). Chét trung gian c6 cong thic (V) duoc didu ché nhu duoc thé hién trong So do I:
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Quy trinh ndy bao gom buédc cho pinacol este cia axit 1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-5-boronic (I) phan tng véi 4-bromo-2-clobenzonitril (I) trong phan ung
Suzuki dé thu duoc 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril c6
cong thtc (II). Phan Ung Suzuki duoc thuc hién vdi sy c6 mat cua chét xtc tac
bis(triphenylphosphin)Paladi (II) clorua va natri cacbonat bazo trong dung mo6i THE-
nude. Sau khi phan ung hoan thanh, dung méi dugc cat dén gan nhu khé va nude duoc
thém vao dé lam két tia hop chat c6 cong thire (IIT). Hop chét c6 cong thic (I11) da duoc
tach ra dugc xir 1y tiép bang dung dich HCI 10% trong etanol dé thu dugc mudi 2-clo-4-
(1H-pyrazol-3-yl)benzonitril hydroclorua c6 cong thirc (IV), mudi nay duogc tach ra. Cudi
cung, 2-clo-4-(1H-pyrazol-3-yl)benzonitril c6 cong thire (V) thu duoc bing cach xu 1y

hop chét ¢ cong thire (IV) bang natri hydroxit trong dung méi nuge-metanol.

Quy trinh twong tr dé diéu ché hop chét co cong thice (V) duge mé ta trong cong
bb don qudc té sé6 WO 2012/143599. Phan tmg Suzuki duoc thuc hién trong dung moi
THF-toluen-nudc va chét xic tic chuyén pha (phase transfer catalyst: TBAB) cling dugc
str dung. Viéc tach hop chat c6 cong thirc (II) dugc thuc hién biang cach thém nudce va cét
pha hitu co di duoc tach ra dén gan kho, tiép theo thém etanol va loc san pham két tinh.
Hop chét da dugc tach ra c6 cong thie (IIT) duoce xir 1y bing dung dich HCI 10% trong
etanol dé thu duoc hop chét c6 cong thirc (IV). Hop chét nay dugc hoa tan trong metanol
dé xtr 1y bang cacbon hoat tinh va xelit. Mot phdn metanol duoc cit hét va nuéc va dung
dich NaOH 50% duoc thém vao. Sau khi phan g hoan thanh, metanol dwgc cit hét va
nudc duge thém vao dé két tiia hop chit co cong thire (V). Tng hiéu sudt cta tat ca 3 giai

doan la 84,5%.

Cac quy ftrinh néu trén c6 rat nhi€u tré ngai. Luong chat xlGc tac

bis(triphenylphosphin)Paladi (IT) clorua dit dé cén dé thuc hién phan tng Suzuki mot
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cach hitu hi¢u 1a cao, khodng Smol-%. Viéc sit dung HCI etanolic 1a khong thuc té va viéc
thuc hién quy trinh 14 v6 cling phirc tap do nhidu lan cit dén kho, budc nay 1a khé van
hanh & quy mé 16n. Hon nita, nhiéu budc tach s& lam cho quy trinh cbng kénh va lam

giam hiéu suat.

Do d6, van can mot quy trinh thuc té va kinh t& hon, thich hop dé tao ra chit

trung gian nhu hop chét c6 cong thure (V) & quy mé lon.
Ban chit k§ thuit ciia sing ché

D3 phat hién ra rang, hop chat ¢ cong thirc (V) c6 thé dugc diéu ché biang cach
sir dung quy trinh thuc té va kinh té hon va thich hop dé st dung ¢ quy mé 16n. Cu thé,
lwong chit xtc tac paladi dit do gan nhu co thé dugc giam va cac bude cit cong kénh
cling nhu viéc st dung HCI etanolic 1a tranh dugc. Ngoai ra, sb bude tach duoc giam
xudng dan dén hiéu suit cao hon. Mitrc chét cin paladi duoc tim théy trong san phdm cubi

cung cling gan nhu dugc gidm.

Do d6, sang ché dé xuat quy trinh diéu ché 2-clo-4-(1H-pyrazol-3-yl)benzonitril

c6 cong thue (V)

cl NH

/

NC

quy trinh nay bao gdm céc budc:

a) cho 1-(tetrahydro-2H-pyran-2-yl)-5-(4.,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-
1H-pyrazol c6 cong thuce (I):

\
o L
!
()
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phéan tmg v61 4-bromo-2-clobenzonitril cé cong thuce (11):
Cl j@/ Br
NC
(In

¢ nhiét d§ gia tang vo1 sw 6 mdt ctia PA(OAc),, triphenylphosphin va bazo trong dung
mdi axetonitril-nudc dé tao ra 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)- 1 H-pyrazol-5-yl)-

benzonitril c6 cong thuce (111):

Cl

NC 0\5

an

b) xit Iy hop chat c6 cong thire (IIT) bang lugng xuc tac cia HCI trong dung moi

metanol;
c¢) thém bazo vao dé trung hoa hon hop thu dugc; va
d) tach hop chat c6 cong thirc (V).

Theo khia canh khéc, sang ché dé xudt quy trinh diéu ché 2-clo-4-(1H-pyrazol-3-
yl)benzonitril ¢6 cong thuc (V):

cl - NH

NC
M)

quy trinh nay bao gom cac budc:

a) cho 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-
1H-pyrazol c6 cong thirc (1):
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phan g vé1 4-bromo-2-clobenzonitril c6 cong thie (II):
Clj@/ Br
NC
(n

O nhi¢t do gia tang voi s c6 mat cua Pd(OAc),, triphenylphosphin va bazo trong dung

moi axetonitril-nudc;

b) tach pha axetonitril;

¢) thém nudc vao pha axetonitril da dugc 1am lanh;

d) tach 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril da dugc
két tha c6 cong thirc (II1):

Cl

NC o\j

any

e) xu ly hop chét c6 cong thire (III) bang lwong xtc tac cua HCI trong dung moi

metanol;
f) thém bazo vao dé trung hoa hdn hop thu duoc;
g) thém nude vao hon hop thu duoc; va

h) tach hop chét co cong thire (V) di duogc két tua.
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Theo khia canh khéc nita, sang ché dé xuat quy trinh diéu ché 2-clo-4-(1H-
pyrazol-3-yl)benzonitril c¢6 cong thirc (V):

cl - NH

NC
V)

quy trinh ndy bao gdm cac budc:

a) xu 1y 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril c
cong thtre (I11):

Cl

NC o\j

(n
bang luong xtc tac cia HC trong dung méi metanol;
b) thém bazo vao dé trung hoa hon hop thu duoc;

¢) tach hop chat c6 cong thire (V) da duogc két taa.

Theo khia canh khéc nita, sdng ché d& xuét quy trinh diéu ché 2-clo-4-(1H-
pyrazol-3-yl)benzonitril c6 cong thic (V):

cl - NH

NC
)

quy trinh ndy bao gdm cac budc:
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a) xu 1y 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril ¢6
cong thtrc (I1I):

(n
bang luong xuc tic ciia HCI trong dung méi metanol;
b) thém bazo vao dé trung hoa hdn hop thu duoc;
¢) thém nude vao hon hop thu duoc; va
d) tach hop chét c6 cong thire (V) dd duge két tua.

Theo khia canh khac nita, sing ché dé xuat viéc sir dung hop chit cé cong thirc
(V) trong viéc diéu ché hop chit ¢ cong thirc (1A), trong d6 hop chét c6 cong thie (V)

duogc didu ché theo phuong phap bét ky duge mé ta & trén.

Theo khia canh khéc nita, séng ché dé xuédt quy trinh didu ché 2-clo-4-(1-

(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril cé cong thirc (I1I):

Cl

NC o\j

(I
quy trinh nay bao gdm cac budc:

a) cho 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-
1 H-pyrazol c6 cong thirc (I):
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phan ung véi 4-bromo-2-clobenzonitril ¢6 cong thue (II):
Cl j@/ Br
NC
(In

¢ nhiét do gia tdng véi sy cd mat cua Pd(OAc),, triphenylphosphin va bazo trong dung

moi axetonitril-nudec.

Theo khia canh khac nita, sang ché dé xuat quy trinh diéu ché 2-clo-4-(1-

(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril c¢6 cong thixc (III):

Ci

NC o\j

(n
quy trinh nay bao gdm céc budec:

a) cho 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-
1H-pyrazol ¢6 cong thtc (I):

N
O-g”™N

i

M

phéan trng v&1 4-bromo-2-clobenzonitril ¢ cong thire (I1):
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CID/BF
NC
(1)

¢ nhiét do gia tang véi sy c6 mat cua Pd(OAc),, triphenylphosphin va bazo trong dung

moi axetonitril-nudc;

b) tach pha axetonitril;

¢) thém nudc vao pha axetonitril da dugc lam lanh;
d) tach da duoc két tua hop chit co cong thuc (III).

Theo khia canh khac nita, sang ché d& xuat viéc st dung hop chét co cong thirc
(IIT) trong viéc diéu ché hop chit c6 cong thirc (1A), trong d6 hop chét co cong thire (I1I)

duogc diéu ché theo phuong phap bét ky duoc md ta o trén.
MO ta chi tiét sang ché

Nhu duge sir dung trong sang ché nay, thudt ngit “mol-% Pd(OAc),”, dung dé chi
phan trim lwong chét xic tac Pd(OAc), (tinh theo mol) duoc sir dung trong buge phan
tng lién quan dén luong hop chit ban dau (tinh theo mol). Vi dy, néu 0,005mol Pd(OAc),
duoc str dung trén mdi mol bromo-2-clobenzonitril trong buéc phan tmg a), mol-% of

Pd(OAc), dugc st dung trong bude a) 1a (0,005/1) *100 mol-% = 0,5 mol-%.

Hién tuong hd bién: Vi nguyén tir hydro ctia vong pyrazol co thé tdn tai & dang

can bang ho bién gitta 1 va 2 vi tri, ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuat
nay s& biét ré rang, cac cong thirc va tén hoa hoc duoc mé ta & day bao gdm nguyén tir
hydro trong vong pyrazol 1a bao gdm ca chat dong phan tautome ctia hop chat dang duoc
quan tam. Vi duy, tén hda hoc la “2-clo-4-(1H-pyrazol-3-yl)benzonitril” va cong thic
twrong tmg (V) 1a bao gdm céa chat ddng phan hd bién cia hop chét nay, chinh 14 “2-clo-4-
(1H-pyrazol-5-yl)benzonitril”.

Theo sang ché, 2-clo-4-(1H-pyrazol-3-yl)benzonitril c6 cong thirc (V):

-10-
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cl - NH

NC
W)

dugc diéu ché bang cach

a) cho 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-
1H-pyrazol c6 cong thuc (I):

\
!
0
phéan tmg v&1 4-bromo-2-clobenzonitril c6 cong thic (1I):
CID/BF
NC
(in

¢ nhiét do gia tang voi sy ¢6 mét cua Pd(OAc),, triphenylphosphin va bazo trong dung
moi axetonitril-nuée dé tao ra 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)-

benzonitril c6 cong thirc (I1I):

C

NC o\j

b) x 1y hop chét c6 cong thire (III) bang lugng xuc tac cua HCI trong dung moi

metanol;
c¢) thém bazo vao dé trung hoa hén hop thu dugc; va

d) tach hop chét ¢6 cong thirc (V).

-11-
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Theo sang ché, cu thé 13, 2-clo-4-(1H-pyrazol-3-yl)benzonitril cé cong thic (V):

cl - NH

NC
V)

duogc diéu ché bang cach

a) cho 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-
1H-pyrazol c6 cong thuc (I):

A\
/
)

(
phan Uimg véi 4-bromo-2-clobenzonitril ¢ cong thue (11):
ClD/Br
NC
(I

¢ nhi¢t do gia tdng voi sy c6 mat cua Pd(OAc),, triphenylphosphin va bazo trong dung

moi axetonitril-nudc;

b) tach pha axetonitril;

¢) thém nudc vao pha axetonitril da dugc lam lanh;

d) tach 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril da dugc
két ta co cong thirc (I11):

Cl

NC %f:l

an

-12-
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e) xir 1y hop chat cé cong thirc (IIT) bang lwong xuc tac caa HCI trong dung moi

metanol;
f) thém bazo vao dé trung hoa hdn hop thu duoc;
g) thém nude vao hon hop thu duoc; va
h) tach hop chit c6 cong thie (V) di duoc két taa.

Nguodi ta phat hién ra rang, viéc thay d6i dung mdi trong budc a) thanh hdn hop
axetonitril-nudc va chit xuc tac thanh Pd(OAc), va triphenylphosphin, luong chét xuc tac
Pd dit do co6 thé duoc giam di. Cu thé 13, lvong Pd(OAc), trén mdi lwong 4-bromo-2-clo-
benzonitril ¢6 cong thirc (IT) can dé thuc hién phan tng Suzuki mdt cach hiru hiéu 14 thap
0 khoang tr 0,5 dén 2 mol-%, tt hon 1a trong khoang tir 0,6 dén 0,8 mol-%. Hon nita, sau
khi hoan thanh phan ng Suzuki, dung mo1 axetonitril-nudc s€ tao ra hai pha long tach
biét va viéc tach hop chit c6 cong thirc (IIT) ra khoi pha axetonitril 14 d& dang ma khong

can bude cat bét ky.

Hop chat co cong thirc (I) va (IT) 14 ¢6 ban san trén thi trudng hodc ching c6 thé

duoc diéu ché theo cac phuong phép da biét trong linh vuc k¥ thuét nay.

Pé thuc hién phan ng Suzuki, hdn hop gdm axetonitril, nuéc, bazo va 4-bromo-
2-clobenzonitril ¢6 cong thic (IT) trude hét co thé duoc hdi luu trong médi trudng nito
trong thoi gian khoang tir 15 dén 60 phut, vi du khoang 30 phut. Tét hon 13, phan tng
dugc thuc hién trong dong nito. Do do, khong khi s€ dugc loai bo, vi du, béng cach hoi
lvu va duoc thay thé bang nito. Trong dung méi axetonitril-nuée, ty 1& cia axetonitril voi
nuée thudng nam trong khoang tir 25:75 dén 75:25, tét hon 1a trong khoang tir 35:65 dén
65:35, tot hon nita 1a trong khoang tir 40:60 dén 60:40, vi du 50:50, tinh theo thé tich.

Bazo thich hop la bazo vo co, tdt hon 1a kali cacbonat.

Tiép theo, hon hop thu dugc dwoc 1am ngudi 1 cach thich hop dén 60-70°C va
Pd(OAc), va triphenylphosphin dugc thém vao. Ty 1é mol cuia Pd(OAc), voi
triphenylphosphin dugc st dung trong quy trinh nay thich hop 1a khoang 1:3, Lugng

-13-
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Pd(OAc), trén luong 4-bromo-2-clobenzonitril ¢6 cong thirc (II) thuong nam trong
khoéang tr 0,5 dén 2 mol-%, tét hon 13 trong khoang tir 0,6 dén 0,8 mol-%. Hop chét c6
cong thire (I) ¢ thé duoc hoa tan trong axetonitril va duoc thém vao tir tlr, vi du trong
khoang thoi gian 0,5 gi®, vao hdn hop thu duge. Tiép theo, hdn hop phan tng duogc khudy
& nhiét d6 ndm trong khoang tir 60 dén 75°C, t6t hon 14 & nhiét d6 70 + 3°C, trong khoang
thoi gian di dé hoan thanh phan Gng, thurong 1a khoang 1 dén 5 gio, vi du 2 gio. Cac pha
nudc va axetonitril riéng biét dugc hinh thanh va pha nudc cé thé duoc gan ra khoi hon
hop thu dwogc mét cach thich hop & nhiét d6 ndm trong khoang tir 65 dén 70°C. Bazo, nhu
nudc amoniac (25%), co thé duoc thém vao pha axetonitrl da dugc tach riéng & giai doan
ndy dé ngin chin kha ning phan tach cé thé xay ra ctia vong tetrahydropyranyl ra khoi
hop chét c6 cong thie (II1). Tiép theo, hop chit co cong thic (II1) ¢o thé duoc két tia
béng cach lam ngudi hon hop thu duoc, vi du dén 20 + 5°C, va bé“mg cach thém tur ttr nude
vao hon hop dd duoc lam ngudi. Luong nude duoc thém vao thich hop 1a khoang 80 —
120%, vi du khoang 100%, tinh theo thé tich cua dung moi axetonitril. Hon hop thu duoc
c6 thé dugc khudy & nhiét d6 20 + 5°C trong mot khoang thoi gian dé hoan thanh budc
két tua hop chét c6 cong thic (IIT), vi du trong thoi gian khoang tir 6 dén 24 gid. San
phém da duoc két taa c6 thé duoc tach ra, vi du béng cach loc, va rira bi“mg axetonitril-

nudce va duoc lam kho vi du & 4p sudt giam ¢ nhiét d6 khoang 50-60°C.

Hon nita, ngudi ta con phéat hién ra rang, viéc chuyén héa hop chét c¢6 cong thic
(IIT) thanh hop chét ¢6 cong thuc (V) co thé duoc thuc hién theo quy trinh mot mé ma
khong cin tach hop chét c6 cong thie (IV). Bude cét 1a khong can thiét va quy trinh nay
c6 thé duoc thuc hién br?mg cach chi st dung lugng xtc tdc dung dich HCI 30% trong
nudc, lugng nay la thuc t€ hon viéc st dung HCI etanolic. Viéc tach hop chét co cong

thire (V) 1a dé dang va quy trinh nhu thé s& tao ra hiéu sut dugc cai thiét.

Viéc chuyén hoa hop chit ¢6 cong thirc (IT1) thanh hop chit c6 cong thic (V) ¢o
thé duoc thuc hién béng céach tron hop chit ¢6 cong thice (III), metanol va mot lwgng nho
dung dich HC1 30% (trong nudc) mot cach thich hop ¢ nhiét do thép, nhu 0 — 15°C, vi du
10 = 3°C. Lugng HCI ¢6 thé nam trong khoang tir 0,05 dén 0,1, vi du 0,08, duong luong

mol trén moi mol hop chét ¢ cong thirc (I11). Hon hop thu dugc duoc khuéy O nhiét do

-14-
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trén déy trong khoang thoi gian can thiét dé viéc tach vong tetrahydropyranyl xay ra, nhu
tir 0,5 dén 5 gi0, vi du 2 gio. Bazo, vi du dung dich nudc amoniac (25%), tiép theo duoc
thém vao hon hop thu duge & nhiét do trén day. Sau do, nuée duoc thém vao tir tir, vi du
& 10-20°C, va hdn hop thu dugce duoc khudy, vi du trong mét khoang thoi gian tir 6 dén
24 gio. Lugng nudc dugc thém vao mot cach thich hop 1a khoang 30 — 50%, vi du 35 —
40%, tinh theo thé tich ctia dung moéi metanol. Hop chét ¢ cong thirc (V) c6 thé duge két
tha béng cach 1am lanh hdon hop thu duoge, vi du dén 0 — 5°C, va khuéy o nhiét do nay
trong mot khoang thoi gian thich hop dé hoan thanh budc két tia, thich hop 1a tir khoang
1 dén 8 gio, vi du tir khoang 3 dén 5 gio. San pham da duoc két tiia c6 thé duogc tach ra, vi
du béng cach loc, va rira béng hon hop nudcmetanol lanh véi ty 18 3:1 va duoc lam khd

vi du & 4p sudt giam & khoang 50-60°C.

Hop chét c6 cong thie (1A) c6 thé duoc diéu ché tir hop chat ¢6 cong thirc (V), vi
du, bang cach sit dung phuong phdp dugc mé ti trong Coéng bd don quic t& WO
2011/051540 va WO 2012/143599. Vi dy, theo mét phuong 4n, quy trinh diéu ché hop

chit c6 cong thirc (1A) bao gom céac bude sau:
i) cho hop chét ¢6 cong thire (V):

cl - NH

NC
V)

phan tng v&i hop chat ¢ cong thirc (VI):

dé thu duoc hop chét c6 cong thic (VII):
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iz

_— NH
cl N
\
NC

(Vi)

j) cho hop chét ¢ cong thire (VII) phan tng voi hop chét co cong thire (VILL):

dé thu duoc hop chét co cong thic (IX); va

N-
> NH

. ~—NH =
N—
Cl \N/ e}
NG (IX)

k) khir hop chét co cong thirc (IX) dé thu dugc hop chat c6 cong thurc (1A).

Phan trng cua budc 1) co thé duoc thuc hién, vi dy, béng cach sir dung cac diéu
kién cua phan tGng Mitsunobu, vi du ¢ nhiét do trong phong véi sy c6 mat cua
triphenylphosphin va DIAD (diisopropylazodicarboxylat) trong dung méi thich hop, vi du
THF hoic EtOAc, tiép theo 1a Boc-deprotection bang cach xtr Iy bang HCI va cudi cing
bang bazo nhu NaOH.

Budc phan tmg j) co thé duogc thuc hién & nhiét do trong phong v&i sy c6 mat cua
hé tac nhéan hoat hoa va tac nhan két hop thich hop nhu hdn hop ciia DIPEA (N,N-
diisopropyletylamin), EDCI (1-etyl-3-(3-dimetylaminopropyl)carbodiimit) va HOBt khan
(1-hydroxy-benzotriazol) trong dung moéi thich hgp, vi du DCM. Theo céach khéac, HOB,
HBTU (O-(benzotriazol-1-yl)-N,N,N",N"-tetrametyluroniumhexafluorophosphate ) c6 thé
duoc str dung. Theo cach khic nita, hdn hop ctia DIPEA va T3P (anhydrit vong cua axit

1-propanphosphonic) ¢6 thé duoc sir dung 1am hé tac nhan hoat hoa va két hop.
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Budc phan Gng k) c¢6 thé duoc thuc hién ¢ nhiét do trong phong bang cach xir Iy
hop chit co cong thirc (IX) véi tic nhan khir, vi du natri bohydrua, trong dung moi thich

hop, vi du etanol, tiép theo xir Iy hén hop thu dugc bang dung dich HCI trong nuéc.
Vi du thue hién siang ché

Sang ché s& dwoc minh hoa thém bing cac vi du khong lam giéi han sau day.
Vidul

Diéu ché 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-1H-
pyrazol cé cong thuc (I)

1-(Tetrahydro-2H-pyran-2-yl)-1H-pyrazol (5kg), THF (7,0 lit) va toluen (28 lit)
duoc tron v6i nhau 6 nhiét do trong phong (RT) trong méi trudng nito. Hon hop thu duoc
duoc 1am lanh dén 0°C, n-BuLi (17,9kg, 1,42M trong hexan) duogc thém vao tung giot ¢
0-5°C trong thoi gian 2-3 gid va hén hop thu duge duoc khudy ¢ 0-5°C trong 1 gio.
Triisopropyl borat (6,8kg) duge thém vao ting giot & 0-5°C trong thoi gian 45 phit. Hon
hop thu duoc duoc dua dén nhiét 6 trong phong va duoc khudy trong 1-2 gid. Pinacol
(3,88kg) dugc thém tung phén vao vao hon hop thu dugc ¢ nhiét do trong phong trong
thoi gian 20-30 phat rdi khudy trong 45 phut. Hon hop thu dwuoc dugce 1am lanh dén 0°C
va axit axetic (3,9kg) duoc thém vio ting giot trong thoi gian 30 phut & 0-5°C. Hon hop
thu duoc duoc dua dén nhiét do trong phong va dugc duy tri trong 12-14 gio. Tiép theo,
hon hop thu duoc dugc lam lanh dén 0°C va nudc (20 lit) dugc thém vao tung giot ¢ 0-
5°C trong thoi gian 30 phut. Hdn hop thu dwoc duoc dua dén nhiét d trong phong va
dugc khudy trong 30 phut. Lép nude dwoc tich ra va duoc chiét bang toluen (20 lit). Lop
hitu co thu gom dugce duoc rira bang dung dich NaHCO; 10% (22 lit) roi bang nudc (20
lit). Lép hiru co duoc cb dudi 4p sudt giam & nd thip hon 60°C. Tiép d6, hop chét tho thu
duge duoc ddng cét véi heptan (7 lit). Heptan thu duge (5 1it) dwgce thém vao phan cin va
hdn hop thu duoc duoc khudy ¢ 0-5°C trong 1-2 gio. Tiép theo, chét rin duoc loc, rira
bang heptan lanh (5 lit) va duoc lam khd & 25-30°C trong 2-3 gid. Hiéu suit 6,2kg
(67,8%), Do tinh khiét theo HPLC 99.8.
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Vidu2

Diéu ché 2-clo-4-(1-(tetrahydro-2H-pyran-2yl)-1H-pyrazol-5-yl)benzonitril ¢6 cong thirc
(1IT)

Axetonitril (50ml), nu6c (50ml), kali cacbonat * H,O (21,7g, 2,07 duong luong)
va 4-bromo-2-clobenzonitril (IT) (14,0g, 1,00 duwong lugng) dugc nap vao. Hoén hop thu
dwoc duoc hdi luu trong méi trudng nito trong thoi gian khoang 0,5 gid. Hon hop thu
dwoc duoc lam lanh dén 60-70°C trong diéu kién bao vé nito. Paladi (IT) axetat Pd(OAc),
(0,10g, 0,007 duong lwgng) va triphenylphosphin (0,40g, 0024 dwong luong) dugc thém
vao trong diéu kién bao vé nito. 1-(Tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-
1,3,2-dioxabolan-2-yl)-1H-pyrazol (I) (21,0g, 1,17 duong luong) duwoc hoa tan trong
axetonitril (30ml). Khong khi duoc loai bé bang chin khong va dugc thay thé bang nito.
Dung dich ndy duoc thém vao hdn hop phan tmg trong khoang 0,5 gio ¢ 70 + 3°C. Hon
hop phan tng duoc khudy trong 2 gid & 70 + 3°C. Pha nuéc dugce tach ra va duoc loai bo
ra khoi hdn hop phan ting ¢ 65-70°C. 2ml nuéc amoniac (25%) duoc thém vao hdn hop
phan tng, tiép theo, dugc 1am lanh dén 20 + 5°C. Nuédc (80ml) duoc thém vao tir tir & 20
+ 5°C. Hdn hop thu duoc duoc khudy qua dém & 20 + 5°C. San pham két tinh dugc loc va
duoc rira hai 14n bing axetonitril:nude véi ty 18 1:1 (20ml). San phdm dugc lam kho dudi

ap suat giam & 50-60°C. Hiéu suét 17,18g (92,3%). Do tinh khiét theo HPLC 99,8%.
Vidu3
Diéu ché 2-clo-4-(1H-pyrazol-3-yl)benzonitril (V)

2-Clo-4-(1-(tetrahydro-2H-pyran-2yl)-1H-pyrazol-5-yl)benzonitril (IIT) (10,0g,
1,00 dwong lwong) va metanol (40ml) dugc nap vao. Dung dich HC1 30% (0,3ml, 0,08
duong lugng) dugc thém vao ¢ 10 +3°C. Hon hop thu duoc duoc khudy trong 2 gi & 10
+ 3°C. Nudc amoniac (25%) dugc thém vao (3,0ml, 1,1 dwong lugng) ¢ 10 £ 5°C. Nudce
(15ml) duoc thém vio tir tir & 10-20°C. Hon hop thu dugc duoc khudy qua dém & 20 =
5°C. Tiép theo, hdn hop thu dugc duroc 1am lanh dén 0-5°C va duoc khudy trong 4 gio &

0-5°C. San phim két tinh dugc loc va rira bang hdn hop nudc:metanol lanh véi ty 1€ 3:1
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(30ml) va duogc lam kho ¢ 50-60°C. Hiéu sudt 6,78g (95,8%). B¢ tinh khiét theo HPLC
99,7%.

Vidu4
Diéu ché (S)-4-(1-(2-aminopropyl)-1H-pyrazol-3-yl)-2-clobenzonitril (VII)

15g (73,7mmol) 2-Clo-4-(1H-pyrazol-3-yl)benzonitril (V), 26,5g (151mmol) (S)-
tert-butyl-1-hydroxypropan-2-ylcarbamat (VI), triphenylphosphin (39,6g, 151mmol) va
84ml EtOAc dwoc dua vao binh phan tng trong moi truong nito. Hon hop thu dugc dugce
lam lanh dén 10 + 5°C. DIAD (29,7ml, 151mmol) dwgc thém vao tr tr trong khoang thoi
gian 4 gio két hop khudy trong khi van giit nhiét d6 ¢ 10 = 10°C. Hon hop thu dugce duoc
lam 4m dén 20 + 5°C va duoc khuéy qua dém. Dung dich HCI dac (31,1ml, 295mmol)
duoc thém vao tirng giot trong khoang thoi gian 10 - 30 phut két hop khudy trong khi vin
gitt nhiét do ¢ 30 + 5°C. Hén hop thu duoc duoc khuéy & 45 + 5°C cho dén khi phan tng
duoc hoan thanh. Nudc (82,5ml) duge thém vao va nhiét d6 duoc diéu chinh dén 35 +
5°C. Tiép theo, DCM (105ml) dugc thém vao va hdn hop thu duge duge khudy manh
trong it nhat 1 phut va cac 16p duge dé tach riéng trong 10 phit. Lép hitu co dugc tach ra
va duge rira bing 60ml nude 4m. Cac Pha nude duoc két hop lai va rira bang 75ml DCM.
Sau do, 75ml DCM va 19,3ml (125mmol) dung dich amoni 25% (NH4OH) dugc thém
vao pha nudc. B pH dugc dua 1én hon 9 bang cach thém dung dich NaOH 50% va hdn
hop thu duoc dwoc khudy ¢ 40 + 5°C cho dén khi phan Gng duoc hoan thanh. Do pH
duoc dua 1én hon 9 bang cach thém dung dich NaOH 50%. Dung dich phan tng dugc loc
bang xelit & 35°C, cic 16p duogce tich riéng va pha hitu co duoc tach riéng. DCM duoc cét
hét & 4p sudt binh thuong cho dén khi 25ml dung dich phdn tng con lai. 2-Propanol
(4,65ml) duoc thém vao va nhiét 6 duge diéu chinh dén 50°C. Sau @6, 90ml N-heptan
duoc thém vao trong khoang thoi gian 1 gid. Dung dich phdn Uimg dugc gieo mam két tinh
khi khoang 22ml N-heptan dugc thém vao. Hon hgp thu duoc dugce lam lanh dén 0 + 5°C
trong khoang thoi gian 6 gio va sau do dugc khudy qua dém. San phim di duogc két tia
duoc tach ra b?mg cach loc, rera béng N-heptan (30ml) va duoc 1am kho trong chan khong

& 50°C. Hiéu suat 81,8%.
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Vidus
Diéu ché axit 3-axetyl-1H-pyrazol-5-carboxylic (VIII)

3-Axetyl-1H-pyrazol-5-carboxylat (5g, 29,7mmol), nu6c (30ml) va natri hydroxit
48% (2,83ml, 52,0mmol) duoc thém cin than vao binh phan tng. Hon hop thu duge duoc
lam &m dén 60-65°C va duoc khudy cho dén khi phan tmg dwoc hoan thanh. Tiép theo,
hdn hop thu duoc duoc lam ngudi dén 50°C. Dung dich HCI 30% (2,83ml, 26,8mmol)
duoc thém vao & 50°C trong khoang thoi gian 1 gio va hon hop thu dugc duoc gieo mam
két tinh tai thoi didm cudi khi thém dung dich HCL. Hén hop thu dugc dwoc khudy trong 2
gio. Dung dich HCI 30% bd sung (2,451ml, 23,19mmol) dugc thém vao O 50°C trong
khoang thoi gian 3 gio rdi khudy & 50°C trong 30 phit. San pham di dugc két tia duoc
tach ra bang céch loc, rua bang nude (Sml) va tiép theo 12 bang metanol (2,5ml) va duoc

1am kho trong chan khong ¢ 60°C. Hiéu suit 92,8%.
Vidu6

Pidu ché (S)-S-axetyl-N—(l-(3-(3-clo-4-xyanophenyl)-1H—pyrazol-l-yl)propan-Z-yl)—lH-
pyrazol-3-carboxamit (IX)

6,80g (44,1mmol) axit 3-axetyl-1H-pyrazol-5-carboxylic (VIII), DCM (76ml),
10,33g (38,3mmol) (S)-4-(1-(2—amin0pr0pyl)-1H—pyrazol-3-yl)-2-clobenzonitril (VII) va
DIPEA (18,04ml, 104mmol) duoc dua vao binh phan ting trong moi truong nito ¢ khoang
20°C. Hon hop thu dugc dugc lam lanh dén 5°C. Sau d6, 28,2ml (49,9mmol) T3P
(anhydrit vong cua axit 1-propanephosphonic) trong EtOAc (50%) dugc thém vao trong
khoang thoi gian 2 gio trong didu kién khudy manh & khoang 10°C. Hén hop thu duogc
duoc khudy ¢ 10 = 3°C qua dém. Sau dé, etanol (30ml) dugc thém vao vao hon hop thu
duge. Tiép d6, khoang 70ml DCM dugc cit & khoang 60°C va hon hop thu duoc dugc
gieo mam két tinh & khoang 60°C roi khudy trong 30 phut ¢ nhiét d6 nay. Tiép theo, hon
hop cua nuGe (40ml), 0,75ml dung dich HC1 30% trong nudc va etanol (10ml) dugc thém
vao trong khoang thoi gian khoang 2 gi& roi khudy & 60 = 5°C trong thoi gian khoang 2

gid. Hon hop thu dugc duogc lam lanh dén nhiét @6 5 -10°C trong khoang thoi gian 4 gio
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rdi khudy & nhiét do nay qua dém. San phim dd dugc két tia duoc tach ra bang cach loc,
rira bang 2 x 30ml nude va 1 x 20ml etanol, va dugc 1am khd trong chan khong ¢ 60°C

qua dém. Hiéu suat 87,5%.
Vidu?7

Piéu ché N-((S)-1-(3-(3-clo-4-xyanophenyl)-1H-pyrazol-1-yl)-propan-2-yl)-5-(1-
hydroxyetyl)-1H-pyrazol-3-carboxamit (IA)

100mg (0,25mmol) (S)-5-axetyl-N-(1-(3-(3-clo-4-xyanophenyl)-1H-pyrazol-1-
yl)propan-2-yl)-1H-pyrazol-3-carboxamit (IX) va Sml EtOH dwgc dua vao binh phan tng
va 19mg (0,5mmol) natri bohydrua dwoc thém vao tir tr nhu la huyén phu EtOH. Hén
hop phan ung duoc khudy qua dém cho dén hoan thanh. 0,5ml nuéc va 1ml 0,5M HCI
duoc thém vao ting giot. Dung dich phan tng duoc lam bay hoi dén khé va 20ml DCM
duogc thém vao. Hon hop thu duoc duge rua bé“mg 10ml dung dich NaHCO; 1M va 10ml
nudc, tiép theo 1am kho trén Na,SO,4. Sau khi loc va lam bay hoi, thu dugc 76mg san

pham. Hiéu suét 76%.
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Yéu cau bao ho

L. Quy trinh diéu ché hop chat 2-clo-4-(1 H-pyrazol-3-yl)benzonitril c6 cong thirc (V):
CID/EI\;NH
NC

quy trinh nay bao gdm cac budc:

a) cho [-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-
IH-pyrazol c6 cong thic ([): ‘

\
0
phan Umg vdi 4-bromo-2-clobenzonitril c6 cong thirc (II):

Cl Br
e
(1
& nhiét d§ gia tdng véi su c6 mét cua PA(OAc),, triphenylphosphin va bazo trong dung
méi axetonitril-nudc dé tao ra 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)-
benzonitril co cc‘)'ng thac (II0):

! \

. N
Cl NG

"NC 0

a1
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b) xtr ly hop chét ¢ cong thirc (III) trong dung mdi metanol bang luong xuc tac

cua HCI;
¢) thém bazo vao dé trung hoa hon hop thu duoc; va
d) tach hop chat c¢6 cong thirc (V).
2. Quy trinh theo diém 1, trong dé quy trinh ndy bao gdm céc budec:

a) cho 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxabolan-2-yl)-
1 H-pyrazol c6 céng thuc (I):

\
0 L
Es
)

(
phan tmg véi 4-bromo-2-clobenzonitril c6 cong thie (II):
CID/BF
NC
(1)

¢ nhiét do gia tdng vai su c6 mat ciia PA(OAc),, triphenylphosphin va bazo trong dung

mdi axetonitril-nudce;

b) tach pha axetonitril;

c¢) thém nudc vao pha axetonitril da dugc lam lanh;

d) tach 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril d2 dugc
két tia c6 cong thic (II): |
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Cl

NC o\j

(i

. e) xu ly hop chat ¢6 cong thirc (III) trong dung méi metanol béﬁg luong xtc tac

cua HCI;
f) thém bazo vao dé trung hoa hon hop thu dugc;
) thém nude vao hon hop thu dugc; va
h) tach hop chit c6 cong thie (V) di duogc két toa.

3. Quy trinh theo diém 1 hodc 2, trong d6 lugng Pd(OAc), duge sit dung cho luong hop
chét c6 cong thirc (II) trong budc a) 1a ndm trong khoang tir 0,5 dén 2, t6t hon 1a trong

khoang tir 0,6 dén 0,8, mol-%.

4. Quy trinh theo diém 1, 2 hodc 3, trong d6 ty 1&¢ mol cia Pd(OAc), véi
triphenylphosphin 1a 1:3.

5. Quy trinh theo diém bt ky trong s cac diém néu trén, trong d6 bazo 1a kali cacbonat.

6. Quy trinh theo diém bat ky trong s cac diém néu trén, trong d6 nhiét do phan tng &

budc a) 1a tir khoang 60 dén 75°C, t6t hon 1a 70 + 3°C.

7. Quy trinh theo didm bt ky trong sb cac diém néu trén, trong d6 budc a) duge thuc hién

trong dong nito.

8. Quy trinh theo diém bét ky trong sb cac diém tir 2 dén 7, trong d6 bazo dugc thém vao

pha axetonitrl da dugc tach ra trude bude c).

9. Quy trinh theo diém 8, frong do6 bazo 1a dung dich nudc amoniac.
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10. Quy trinh theo diém bit ky trong s cac diém tr 2 dén 9, trong d6 nhiét do cta hdn
hop thu dugc sau bude ¢) 14 ndm trong khoang tir 10 dén 40°C, tét hon 1a 20 + 5°C.

1 1. Quy trinh theo diém bit ky trong sé cac diém néu trén, trong d6 thoi gian phan tng &

budc a) 1 tir | dén 8 gio, tot hon [a tir 2 dén 4 gio.

12. Quy trinh theo diém bat ky trong sé cac diém tir 2 dén 11, trong d6 lugng HCI duoc
st dung cho luong hop chit c¢6 cong thire (IIT) trong budc e) 14 tir khodng 0,05 dén 0,2, tét

hon 1a trong khoang tir 0,07 dén 0,10, duong lugng mol.

13. Quy trinh theo diém bét ky trong sé cac diém tir 2 dén 12, trong d6 nhiét do phan tng
& budce e) 14 0 - 20°C, tét hon 1a 10 + 5°C.

14. Quy trinh theo diém bét ki trong s cac diém tir 2 dén 13, trong d6 thoi gian phan tmg

& budc e) 1a 1 - 8 giv, tothon 14 2 — 4 gid.

15. Quy trinh theo diém bat ky trong s6 cac diém tir 2 dén 14, trong dé bazo dugc & budc

f) 1a dung dich nudc amoniac.

16. Quy trinh theo diém bét ky trong sb cac diém tir 2 dén 15, trong d6 nhiét do ctia hén

hop thu duge sau bude g) 1a nam trong khoang tir 10 dén 20°C.

17. Quy trinh theo diém bat ky tfong s6 cac diém tir 2 dén 16, trong d6 viée tich & budc

h) dugc thuc hién & nhiét do nam trong khoang tir 0 dén 5°C.

18. Quy trinh diéu ché hop chét 2-clo-4-(1H-pyrazol-3-yl)benzonitril c6 cong thic (V):

Cl N

NC

trong do, quy trinh nay bao gdm céc budc:
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a) xtr ly 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril co
cong thuce (III):

Cl

NC ob

(i
trong dung méi metanol bang lugng xtc tac ctiia HCI;
b) thém bazo vao dé trung hoa hdn hop thu dugc;
¢) tach hop chét c6 cong thie (V) di duge két tia.
19. Quy trinh theo diém 18, quy trinh nay bao gdm céc budc:

a) xur ly 2-clo-4-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)benzonitril co
cong thac (III):

(D)
trong dung mdi metanol bang luong xuc tac ctia HCI;
b) thém bazo vao dé trung hoa hdn hop thu dugc;
¢) thém nudc vao hdn hop thu dugc; var
d) tach hop chét c6 cong thirc (V) da dugc két tua.

20. Quy trinh diéu ché hop chit c6 cong thic (1A):
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O N
MN~NH

_ ",.« NH —
ijf i
NC (1A)
quy trinh nay bao gdmdiéu ché hop chét ¢6 cong thuc (V) theo quy trinh theo diém bat ky
trong s cac diém tir 1 dén 19; va
i) cho hop chat c6 cong thire (V):

cl - NH

NC
V)
phan tmg v6i hop chit ¢6 cong thie (VI)
C:)H3 (0]
HO\/@Tm)ko/Li
V1)

dé thu dugc hop chét c6 cong thire (VII):

~

. —NH
Cl v
"
NC

(vin)

j) cho hop chét ¢ cong thirc (VII) phan (mg véi hop chét c6 cong thirc (VIII)

dé thu dugc hop chét c6 cong thire (IX); va
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—

. —NH
N—
C| \N/ O
NG (1X)

k) khtr hop chét c6 cong thirc (IX) dé thu duoc hgp chit c6 cong thic (1A).
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