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Linh vie ki thuat dwoe dé cip

Sang ché dé cap dén quy trinh diéu ché axit 4-alkoxy-3-hydroxypicolinic. Cu
thé hon, sang ché d& cap dén quy trinh diéu ché axit 4-alkoxy-3-hydroxypicolinic tir
furfural.
Tinh trang k¥ thuit ciia sing ché

Patent M§ sb 6,521,622 B1 va don yéu ciu cip patent My sb 61/747,723 va
14/142,183 mb ta mot sb hop chét amit di vong thom c6 cong thirc chung va vige sur

dung céc hop chit nay 1am thudc tri nim.

Céc don ndy con md ta viéc diéu ché axit 4-alkoxy-3-hydroxypicolinic nhu
mot chit trung gian chi chét trong viée diéu ché hop chét amit di vong thom nay. S&
13 hitu ich néu c6 mot quy trinh hiéu qua va c6 thé bién dbi v& mit quy mé dé diéu tri
axit 4-alkoxy-3-hydroxypicolinic tir cic nguyén li¢u tho khong dat.

Ban chit ky thuit ciia sing ché

Muc dich ctia sang ché 1a dé cip dén quy trinh diéu ché hop chit c6 cong thirc
A, chit ndy 13 chéit trung gian hitu hiéu trong viéc didu ché axit 4-alkoxy-3-
hydroxypicolinic.
{
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Hop chét c6 cong thirc A c6 thé duge diéu ché theo mot quy trinh bao gbm

céc budce sau day:

a) tao ra hdn hop thir nhit bang cich két hop ngudn amoniac, ngudn

xyanua va furan-2-aldehyt c6 cong thirc B véi nhau trong dung moi:
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&

B
b) tach hop chét c6 cong thirc C ra khoi hdn hop thir nhit;
NH,
WA
C
c) thém axit v6 co vao hop chét c6 cong thirc C dé tao ra hdn hop thit hai;
d) tach hop chat c6 cong thirc D ra khoéi hdn hop thit hai:
NH;" X
e
D
trong d6, X 1a Br, HSO,4, NO; hodc H,POy;

e) thém tic nhin brom hoéa va nudc vao hgp chat c6 cong thuc D de tao ra

hdn hop thir ba; va

f) tdch hop chét c6 cong thirc A ra khoi hdn hop thir ba. Theo mot sb
phuong an, axit vé co la axit bromhydric. Theo mot s6 phuong 4n, X 1a Br. Theo

mot sO phuong 4n, tic nhan brom hda la brom.

Hop chét c6 cong thirc A con c6 thé dugc didu ché theo mot quy trinh bao

gdm céc budc sau day:

a) tao ra hdn hop bing cach két hop tac nhan brom héa, nuréc va hgp chét

¢6 cong thirc D véi nhau:

trong do, X 1a Br, HSO4, NO; hodc H,POy4; va
b) tach hop chit c6 cong thirc A ra khéi hdn hop.

Hop chét ¢ cong thirc A con c6 thé duoc didu ché theo quy trinh gdm céc
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budc sau day:

a)  taora hdn hop thtr nhit bang cach két hgp ngudn amoniac, ngudn

xyanua va furan-2-aldehyt cé cong thirc B v§i nhau trong dung moi:

b) két hop tac nhan brom héa véi hdn hop thir nhit dé tao ra hdn hop thir hai;
va

¢) tach hop chét ¢ cong thirc A ra khoi hdn hop thir hai. Theo mét sé phuong

an, tac nhan brom hda 13 brom.

Hop chét c6 cong thirc A con c6 thé duge didu ché theo quy trinh gbm cac

buédc sau day:

a) tao ra hon hop thir nhét bang cach két hop tac nhan brom héa, nudc va hop

chét ¢6 cong thirc D v6i nhau:

trong d6, X dugc chon tir nhom bao gém: Br, HSO,4, NOshodc HyPOy;
b) tach hop chit c6 cong thirc J ra khéi hdn hop thir nhét:

QOft

7

O

J

¢) tao ra hdn hop thir hai bang cach két hop tac nhan brom héa va hop chit ¢6

cong thire J véi nhau; va
d) tach hop chét c6 cong thirc A ra khéi hdn hop thir hai.

Hop chit c6 cong thire J c6 thé duoc diu ché theo quy trinh hai pha gdm céc

budc sau day:

a) tao ra hén hop thir nhat bang cach két hop hé dung méi hai pha nuée-hiru

co, ngudn amoniac, nguon xyanua va furan-2-aldehyt cé cong thirc B v4i nhau:

-4-



26759

e

B
b) tach hdn hop thir hai ra khéi hdn hop thir nhit chira hop chét c6 cong thirc
C duéi dang dung dich trong dung méi hiru co;
HH,
\ / M
C
¢) thém dung dich nuéc ctia axit vo co vao hdn hop thir hai dé tao ra hdn hop
~ tht ba;
d) tach hdn hop thir tir ra khéi hdn horp thir ba ma 13 hdn hop nuéc chira hop
chét c6 cong thirc D;
NH,* X
0.
Wm
trong d6, X dugc chon tir nhém bao gém: Br, HSO,4, NO; hodc H,POy;
e) thém tac nhin brom héa vao hén hop thir tur dé tao ra hdn hop thir nam; va
f) tach hop chat c6 cong thirc J ra khoi hdn hop thir nam.
Mot s6 khia canh ctia sang ché bao gdm quy trinh diéu ché hop chit c6 cong
thirc A:

|

8 ON

=

e
N
A

Theo mét sb phuong 4n, quy trinh ndy c6 thé bao gdm cc budc sau day:
a)  taora hdn hop thir nhit bang cach két hop ngudn amoniac, ngudn

xyanua va furan-2-aldehyt c6 cong thﬁrc B v6i nhau trong dung moi:
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b) két hop tac nhan brom héa v&i hdn hop thir nhit dé tao ra hdn hop thit hai;

¢) tach hop chit ¢ cong thirc A ra khéi hén hop thit hai.
Theo mot sb phuong an, tdc nhan brom hoéa 1a brom.

Theo mot sb phwong 4n, quy trinh didu ché hop chét c6 cong thirc A:

QOH

|

Br CN

Br
=
S

N

A
bao gdm céc budce sau day:

a) tao ra hdn hop thir nhit bang cach két hop ngudn amoniac, ngudn

xyanua va furan-2-aldehyt c6 cong thirc B v§i nhau trong dung moi:

o
O,

/A
B

b) tach hop chét c6 cong thirc C ra khéi hdn hop thir nhit;

HHy
0.
O
C
¢) thém axit vo co vao hop chit c6 cong thirc Cdé tao ra hdn hgp thit hai;

d) tach hop chét c6 cong thitc D ra khéi hdn hop thit hai;

NH,* X
Cr e
D
trong d6, X dugc chon tir nhém bao gém: Br, HSO,4, NO;hodc H,POy;

e) thém tac nhan brom héa va nude vao hop chét c6 cong thirc D dé tao ra

hén hop thit ba; va

f) tach hop chit c6 cong thitc A ra khéi hén hop thit ba.
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Theo mét sd phuong 4n, axit v6 co 12 axit bromhydric. Theo mét sé phwong
an, X 1a Br. Theo mot sb phuong an, tac nhan brom hoa 1a brom.
Mot s6 khia canh ciia séng ché bao gdm quy trinh diéu ché hop chét ¢ cong

thirc A:

/{oﬁ
. [
87 N7 OeN
A

bao gdbm céc budc sau day:

a) tao ra hdn hop bang cach két hop tic nhan brom héa, nude va hop chit c6

cong thire D véi nhau:

trong do, X dugc chon tir nhom bao gﬁ‘)m: Br, HSO4, NO; hodc H,POy; va

b) tach hop chét c6 cong thirc A ra khéi hdn hop.

Theo mét sé phuong 4n, X 1a Br. Theo mét sé phuong 4n, tac nhan brom hoa
1a brom.

Khia canh khac nita ctia sang ché bao gdm quy trinh didu ché hop chét c6

cong thirc A:

OH

Z N

CH

bao gdm céc budce:

a) tao ra hdn hop thir nhét bang cach két hop tac nhan brom hoéa, nudce va hop

chét c6 cong thire D vé6i nhau:
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o

D
trong do6, X 1a Br, HSO4, NO; hodc H,POy;
b) tach hop chit c6 cong thirc J ra khéi hdn hop thir nhét:
N N
J

¢) tao ra hdn hop thtr hai bang cach két hop tac nhan brom héa va hop chét ¢6
cong thirc J; va
d) tach hop chét c6 cong thirc A ra khéi hdn hop thir hai.
Theo mdt s phuong 4n, X 1a Br. Theo mét sd phuong 4n, tic nhan brom héa 13
brom.
Mot s6 khia canh ciia sang ché bao gdm quy trinh hai pha dé& diéu ché hop

chit c6 cong thire J:

& z O
b
N N

quy trinh nay bao gém cic budc:

a) tao ra hdn hop thir nhit bang cach két hop hé dung méi hai pha nurée-hitu co,

nguodn amoniac, ngudn xyanua va furan-2-aldehyt cé cong thirc B véi nhau:

B
b)  tich hdn hop thir hai ra khoi hdn hop thir nhit chira hop chit c¢6 cong thic C

duéi dang dung dich trong dung mdi hitu co:
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c) thém dung dich nudc cia axit vo co vao hdn hop thir hai dé tao ra hdn hop thir
ba;
d)  tach hdn hop thir tir ra khoi hdn hop thir ba ma 13 hdn hop nuée chira hop cht

c6 cong thiac D;

NH«; X
\/ <
D
trong d6, X 1a Br, HSO,4, NO; hodc H,POy;
€) thém tac nhan brom héa vao hdn hop thir tw dé tao ra hdn hop thi nim; va

f)  tach hop chit c6 cong thirc J ra khoi hdn hop thir nam.

Theo mot sb phuong 4n, dung méi hitu co dugc chon tir nhém bao gdm dietyl
ete, metyl t-butyl ete, metylen clorua, etyl axetat, 2-metyltetrahydrofuran, toluen va
xylen. Theo mot s& phuong 4n, axit v6 co 13 axit bromhydric. Theo mdt s phuong én,
X 12 Br. Theo mét s6 phuong 4n, tac nhan brom hoéa 1 brom.

M0 ta chi tiét sang ché

Nhu duogce sir dung trong ban md ta ndy, thudt ngit “tach” 1a dé chi viéc loai
b6 mot phan hozic hoan toan san phdm mong mudn ra khoi cac thanh phan khéc cia
hén hop cubi ciia 1 quy trinh héa hoc bing cach sir dung cac phuong phép tidu chudn
nhu, nhung khong bi gi6i han &, loc, chiét, cit, két tinh, ly tAm, nghién lai, tach pha
16ng-1éng hodic cac phwong phap khac ma ngudi cé hiéu biét trung binh trong linh
vuc k§ thuat nay da biét. San phdm d3 dugc tach ra ¢6 thé c6 do tinh khiét nim trong
khoang tir <50% dén > 50%, va c6 thé dugc tinh ché tiép cho dén mirc do cao hon
bang cach st dung cic phuong phép tinh ché tiéu chuén. San phdm di duoc tach ra
nay con c6 thé duge st dung trong bude didu ché tiép theo ma ¢ hoic khéng tinh ché
tiép.

Trong quy trinh dugc mo ta & ddy, axit 4-alkoxy-3-hydroxypicolinic dugc
diéu ché tir furfural theo mot loat cic budc hoéa hoc cé lién quan dén sy amin héa
xyano, hinh thanh mudi amoni, brom hoéa/su sép xép lai, thé brom béng nhom alkoxit,

thily phan nitril, va khir halogen. Mot sb6 bude dugce thuc hién theo trinh ty khac nhau.
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Mudi xyano(furan-2-yl)metanamini clorua cé coéng thirc 1a dugc didu ché va
dugc st dung 1am chét trung gian trong viéc diéu ché 3-hydroxpicolinonitril va 3-
hydroxy-picolinoamit c¢é cong thirc 1b nhu dugc mo ta trong tai liéu Auto Chem.
Scand. 19 (1965) pg. 1 147-1152.

”Hg’ o R?
3 OH
'\ 11 N R# l
Eli ;{2 \24 R*
1a L

trong do, R’1aH hodc metyl, R*1aH hodc 2 -propyl, va R*1a CN hoac C(O)NH,.
A. Diéu ché hop chét c6 cong thirc A

Theo quy trinh dugc mé ta & ddy, cac budce quy trinh a, b va ¢ dugce thuc hién

nhu dugc mo ta trong So d6 I dé didu ché duge dibromohydroxypicolinonitril A.

Sodol
. gr
0 e v !
\Oj ' ab o NHs™ X o L § OH
> CN I
\t ; fr N N
8 D A

Mubi xyano(furan-2-yl)metanamini halogenua c6 cong thirc D dugc didu ché
bang cach trude hét cho furfural (Cong thirc B) phan tmg véi it nhét 1 duong lugng

ngudn amoniac va

o NH, NHy" X
= 3
\_/ . \_4 R

D

ngudn xyanua (Budc a) trong phan tmg di biét trong linh vuc k¥ thuat 13 phén Gng
tbng hop Strecker - aminonitril 13 phan tng dugc mo ta trong tai liéu Organic
Syntheses, Coll. Vol. I, page 21 va Coll. Vol. Ill, pages 84 va 88 dé tao ra
amino(furan-2-yl)axetonitril c6 cong thirc C. Ngudn amoniac thich hgp bao gbm:
mudi amoni nhu, nhung khéng chi gidi han &, amoni axetat, amoni bromua, amoni
clorua, amoni format, amoni sulfat va amoni xyanua; amoniac dugc hoa tan trong
dung moéi hitu co nhu, vi dy, amoniac trong metanol, amoniac trong etanol va

amoniac trong dioxan; amoniac trong nudc (tic 13, amoni hydroxit); va amoniac 16ng,
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amoniac khan hodc amoniac khi. Ngudn xyanua thich hop bao gdm: mubi xyanua
nhu, nhung khong chi giéi han &, natri xyanua, kali xyanua va amoni Xyanua; va
hydro xyanua ma c6 thé duoc thém vao theo cach thém lién tuc cung v&i amoniac vao
furfural. Phan tmg c6 thé dugc thuc hién trong dung mdi sinh proton hodc mdi truéng
phan Umg nhu nudc hodc ruou, hodc hdn hop cuia nudc va rugu nhu, vi dy, nude-
metanol hoic nude-etanol, hodc hdn hgp ciia nuée v6i dung méi hitu co phan cuc hoa
tan trong nudc nhu, vi duy, tetrahydrofuran, DMSO, dioxan va axetonitril, hodc hén
hop ctia ching. Theo céch khéac, phan tmg nay (Budc a) c6 thé duge thuc hién trong
hé dung mdi hai pha chira nuwéc va it nhit 1 dung méi khong tron 13n véi nude duge
chon tir, nhung khong bi giéi han &, dietyl ete, metyl t-butyl ete (MTBE), etyl axetat,
metylen clorua, 2- metyltetrahydrofuran (2-MeTHF), toluen va xylen. Kiéu phan tng
nay dugc mé ta trong cong bd don qudc té s6 W02000049008, trang 55. Phan tmg
ctia sang ché thudmg duge thuc hién két hop v6i khudy du dé duy tri hdn hop cac chat
phan tng ddng nhit cin thiét. Phan Gmg thong thuong thuong cé thé can tir 1 dén 50
gi&r & din dén hoan thanh. Phan tng kiéu niy c6 thé dugc thuc hién & nhiét d6 nim
trong khoang tir 0°C dén 50°C, hozc t6t hon 13 & nhiét d6 nim trong khoang tir 0°C
dén 30°C. Sau khi phan (mg hoan thanh, amino(furan-2-yl)axetonitril cé céng thirc C
c6 thé duge thu hoi béng cach st dung céc k¥ thuat tach va tinh ché tiéu chuin hoic
n6 c6 thé duge chuyén hoa truc tiép thanh hop chét ¢6 cong thirc D ma khéng cin
tach cén than san phdm c6 cong thirc C. Tét hon 13 ¢6 thé chuyén hoa truc tiép san
phim c6 cong thire C thanh mudi c6 cong thirc D hon 13 bdo quan né trong thdi gian
dai.

Trong Budc b ciia trinh tw phan Gmg dé diéu ché duoc hop chit c6 cong thire
D, it nhit 1 duong luong axit v6 co dugc thém vao san phidm amino(furan-2-
yl)axetonitril trung gian c6 coéng thirc C dugc hoa tan trong dung moi khong tron 1an
véi nude nhu, vi dy, dietyl ete, MTBE, etyl axetat, 2-MeTHF, toluen, xylen, hodc hdn
hop cia ching, d& tao ra mudi xyano(furan-2-yl)metanamini mong mudn c6 cong
thirc D. Axit vd co thich hop c¢6 thé bao gdm, nhung khong bi giéi han &, axit
bromhydric (HBr), axit nitric (HNO3), axit sulfuric (H,SOy4), va axit phosphoric
(H;PO,). Phan tng cta sang ché c6 thé duoc thuc hién & nhiét d6 nim trong khoang
tir 0°C dén 25°C. Sau khi phén tmg hoan thanh, sin phdm mong mudn dugc thu hdi

bang céch sir dung cac k¥ thuat tach va tinh ché tiéu chuin.
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Trong phén mg brom héa/sép xép lai (So d6 I, Buéc c), mudi xyano(furan-2-
yl)metanamini c¢é cdng thitc D dugc cho phan Ung véi tdc nhén brom héa dé tao ra
san phim brom héa/sip xép lai ¢6 cong thic A. Nguyén liéu diu ¢ cong thirc D duéi
dang mudi bromua, vi du, c6 thé dugc xir ly béng t4c nhan brom héa thich hop nhu
brom, 1,3-dibromo-5,5-dimetylhydantoin hodc N-bromosucxinimit. Tir 3 dén 6 duong
lwong mol tic nhén brom héa c¢6 thé dugc st dung. Phan ting t6t hon 1a dugc thuc
hién bing céch sir dung khoang 3-5 dwong lugng mol brom va mudi bromua cia hgp
chit ¢6 cong thitc D (X = Br). Thuén tién néu st dung mot lugng du tac nhan brom
héa nhu lugng du 5%, 10% hoic 15%m01, d& dam bao cho phan mg tién dén hoan
thanh. Phan tmg t6t hon 13 duoc thuc hién trong dung méi sinh proton hodc moi
trudng phan @ng nhu nuéc, hoic hdn hgp ciia nude va dung méi hitu co tan trong

nudc nhu, vi du, metanol,

NHs"X brom héa H

-
g})\cu " I
N

etanol, tetrahydrofuran, dioxan hodc axetonitril. Nhi¢t d0 ma & d6 phan Ung dugc
thyc hién 12 nim trong khoéng tir 0°C dén 60°C va tt hon 12 nim trong khoang tir
0°C dén 40°C. Sau khi hoan thanh viéc thém tic nhan brom héa, hdn hop phan tng
c6 thé duoc dé khudy & nhiét do trong phong trong thoi gian tir 10 dén 48 giv. Tuy ¥,
thoi gian phan tng c6 thé dugc rit ngin bang cach thém bazo, nhu, vi du, 2-4 duong
lrgng mol natri axetat, vao phan tng. Tuy ¥, sau khi viéc thém tidc nhan brom hoa
hoan thanh, phan Gng c6 thé dwoc dun néng & 30-60°C dé hoan thanh viée chuyén
héa thanh san pham c6 cong thirc A.

Sau khi phan tmg hoan thanh, san phdm mong mudn dugc thu hdi bang cach

sir dung céc k§ thuét tach va tinh ché tiéu chuén.

Mot phuong 4n cta sang ché lién quan dén viéc diéu ché hop chét c6 cong
thirc A theo quy trinh “mot mé” tir furfural. Theo quy trinh nay, tit ci cac budc phan
tmg c6 thé duoc thyc hién trong mdt binh phin tng duy nhét nho d6, cac chét phan
ng dugc thém vao binh 14n luot va tiép d6, sau khi hoan thanh cac buéc quy trinh a

va ¢, budc tach duge thue hién d& tach san phdm c6 cong thirc A. Bing céch sir dung
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c4c chit phan tmg héa hoc dugc md ta & ddy, ngudn xyanua, ngudn amoni va furfural
dugc két hop véi nhau trong binh phan tng v6i dung méi va dugc khudy & muc thich

hop & nhiét do thich hop va

trong thoi gian thich hop dé tao ra san phdm amino(furan-2-yl)axetonitril c6 cong
thirc C. HOn hop phéan ting tao thanh chira san phém ¢6 cong thire C dugce xir 1y tiép
bang tac nhan brom héa, nhu brom, tity ¥ bang cach sir dung bazo, va sit dung céc
diéu kién phan ung thich hop (thdi gian, nhiét d6 va/hoic dung méi) nhu dugc mo ta
trong sang ché nay dé tao ra san pham c6 Cong thic A. Tiép theo, san phdm c6 cong
thirc A duge thu hdi tir hdn hop phan tmg va duoc tinh ché néu can bang cach st

dung céc k¥ thudt tch va tinh ché tiéu chuén.

Phuong 4n khéc cta sang ché lién quan dén viéc didu ché hop chét c6 cong
thirc A bang quy trinh sau ddy duoc goi 13 quy trinh hai pha. Nhu dugc st dung &
day, thuat ngir “quy trinh hai pha” 13 @ chi quy trinh ma sir dung hé dung moéi 2 pha.
Nhu thé, hé dung mdi 2 pha déi v6i phan tng téng hop Strecker-aminoaxetonitril cé
cong thirc C dugce stir dung béng cach s dung céc diéu kién, chét phan tng hoéa hoc
dugc md ta trong sang ché nay. Viée sir dung hé dung mdi 2 pha, bao gdbm nudce va
dung méi hitu co khong trén 14n v6i nude, cho phép tach d& dang mudi hoa tan trong
nudc ¢6 mat sau phan ung Strecker (tic 13, mubi xyanua va axetat). San phim
aminoaxetonitril con lai trong dung méi hitu co duoc chiét tiép trong dung dich axit
bromhydric (HBr) trong nuéc bang cach hinh thanh mudi HBr hoa tan trong nudc
tuong ng (hop chit ¢ cong thire D; X = Br). Viéc xtr ly dling dich mubi HBr trong
nude tao thanh ciia aminoaxetonitril bing brom s& thu dugc san phdm c6 cong thirc
A. Tiép theo, san phim c6 cong thirc A dugc thu héi tir hdn hop phéan tmg cubi cing
va dugc tinh ché néu cin bf‘mg'céch str dung céac k¥ thudt tach va tinh ché tiéu chuin.
Quy trinh hai pha c6 thé dwoc thuc hién & nhiét d6 ndm trong khoang tir 0°C dén
50°C hoic tét hon 12 ndm trong khoang tir 15°C dén 35°C. Phuong 4n khéc clia sing
ché lién quan dén viéc didu ché hop chit c6 cong thic A theo quy trinh gdm 2 budc

quy trinh (ttc 13, quy trinh 2 budc) tir mudi xyano(furan-2-yl)metanamini cé cong
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thﬁc D, trong d6, X 13 nhu duge md ta trong sang ché niy. Theo quy trinh nay, hop
chét ¢6 cong thire D trude hét duge cho phan tmg véi tir 1 d&én 2 duong lwong mol tac
nhén brom héa dé tao ra san phim 3-hydroxy-picolinonitril ¢6 céng thic J. Tiép theo,
san phim c6 cong thirc J duge thu hdi bang cach sir dung cac ky thuit tich va tinh
ché tidu chuén va dugc xir Iy tiép bang tir 2 dén 3 duong lwong mol tic nhan brom

héa dé thu duoc san phdm c6 cong thic A.

8r
NH." X X
7] 3 B, & OH . H
ey —e [ —— ;
e X oy
) N N Bt N N
D 4 \ Brz / A
H /i H
Br
N N

Chét trung gian 4- va/hoic 6-Br

Quy trinh 2 bude ¢ thé dugc thuc hién b%mg cach st dung brom va mubi
~ bromua ctia hop chét c6 cong thirc D (X = Br). Thuén tién néu st dung mét luong du
t4c nhan brom héa nhu lrong du 5%, 10% hodc 15%mol, d& dam bao cho mdi phan
mg tién dén hoan thanh. C6 thé c6 mot lugng nhoé san phadm trung gian dugc brom
héa mét 1an (tic 13, 4-bromo-va/hoic 6-bromo-3-hydroxypicolinonitril) c6 mit trong
san phim c6 cong thirc A d3 dugc tach ra. Phan tng cia quy trinh 2 bude c6 thé dugc
thuc hién trong dung mdi sinh proton hodc méi trudng phan tmg nhu nuée, hoic hdn
hop cla nudc va dung modi hitu co tan trong nudc nhu, vi du, metanol, etanol,
tetrahydrofuran, dioxan hodc axetonitril. Nhi¢t d0 ma & do cac phan ng co6 thé dugc
thuc hién 1a trong khoang tir 0°C dén 75°C. Sau khi hoan thanh viéc thém tic nhin
brom héa, hdn hop phan tmg c6 thé dugc dé khudy & nhiét do trong phong trong thoi
gian 0-48 gi®. Thy ¥, viée chuyén héa hop chit c6 cong thirc J thanh hop chit ¢ cong
thirc A bang tac nhan brom hoéa c6 thé duoc thuc hién cling vé6i bazo dugc thém vao
nhu, vi dy, 2-4-duong lugng mol natri axetat. Sau khi cédc phan ing duge hoan thanh,
san phdm mong muén duoc thu hdi bang cach sir dung cic k§ thuat tach va tinh ché

tiéu chuén.
B. Diéu ché hop chit c6 cong thirc H:

Céc budc quy trinh d, e va f c6 thé dugc thuc hién nhu dugc mo ta trong So
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dd 1I theo hai trinh ty khac nhau dé didu ché duoc axit 4-alkoxy-3-hydroxypicolinic
¢6 cong thirc H. Trong phan tmg thé dé thay thé nhém 4-bromo ciia hop chét c6 cong
thirc A bang nhém alkoxy (Budc d), viéc sir dung alkoxit kim loai kiém c6 cong thirc
MOR! (M 14 kim loai kiém ; R’ 13 C1-C3 alkyl) s& tao ra hop chit 4-alkoxy-6-
bromo-3-hydroxypicolinonitril c6 Céng thirc F. it nhit 2 dwong lugng, va tot hon 13 2-
5 duong lugng, alkoxit kim loai kiém duoc sir dung trong phan ting nay. Alkoxit kim

loai kiém thudng duoc st dung trong phan g niy bao gdm natri.

So @5 I
&“
# i
CR / B Sy 0;;.4\
d_ 7 ¢ & ;
BN | , OR' < J o
t 2] ] N L
F T A ’{' H
X
N N

hodc kali, metoxit, etoxit, 1-propoxit hodc 2-propoxit. Phan trng c6 thé dugc thyc hién
trong dung moi sinh proton hodc méi truong phan ing nhu metanol (d6i v6i metoxit),

etanol (d6i véi

etoxit), 1-propanol (dbi v&i 1-propoxit) hodc 2-propanol (d6i v6i 2-propoxit), hoic
hdn hop ciia metanol, etanol, 1-propanol hodc 2-propanol véi ddng dung méi phan
cuc khong sinh proton nhu DMSO, DMF, sulfolan hodgc NMP. Phan ng nay con cé
thé dugc thuc hién cing véi alkoxit kim loai kiém trong mot hodc nhidu dung méi
phan cuc khéng sinh proton khi khong ¢6 mit ddng dung méi rugu. Nhiét do ma & d6
phan mg duoc thuc hién 13 ndm trong khoang tir 20°C dén 150°C, tét hon 13 nim
trong khoang tir 40°C dn 100°C. Phan tng thé thuong cin thoi gian tir 1 dén 48 gio
d& din dn hoan thanh va c6 thé dugc thuc hién dudi 4p sult trong mot binh ddy kin
dé ngan ngira sy tdn hao dung méi do dé bay hoi. Sau khi phan ting dugc hoan thanh,

san phim mong mudn dugc thu hdi bing cach sir dung cac k¥ thuét tich va tinh ché
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tiéu chudn.

Theo mdt sé phuong én,‘viéc diéu ché hop chét c6 cong thirc F tir hop chét c6
“cong thirc A c6 thé duoc thyuc hién bing cach st dung hdn hop dung méi chira it nhét
1 dung mbi sinh proton va dung mdi phan cuc khéng sinh proton nh& d6, ty 16 % thé
tich (% thé tich) ctia dung mdi sinh proton véi dung méi phan cuc khdng sinh proton
trong toan bd hdn hop dung mdi nim trong khoang tir 100:0 dén 0:100. Theo mot sd
phuong 4n, ty 18 % thé tich (% thé tich) ctia dung moi sinh proton véi dung médi phan
cuc khong sinh proton trong toan bd hdn hop dung méi 1a 80-100% thé tich dung moi
sinh proton v&i 0-20% thé tich dung mdi phén cuc khong sinh proton, 60-80% thé tich
dung moi sinh proton vé&i 20-40% thé tich dung moi phan cuc khong sinh proton, 40-
60% thé tich dung méi sinh proton véi 40-60% thé tich dung méi phan cuc khong
sinh proton, 20-40% thé tich dung méi sinh proton véi 60-80% thé tich dung mdi
phan cuc khéng sinh proton, hogic 0-20% thé tich dung mdi sinh proton véi 80-100%
thé tich dung méi phan cuc khong sinh proton. Tét hon 13, ty 18 phan tram thé tich (%
thé tich) ctia dung mdi sinh proton véi dung mdi phﬁn cuc khong sinh proton 13 nam
trong khoang tir 0,01-10% thé tich dung méi sinh proton v&i 90-99,99% thé tich dung
modi phan cuc khong sinh proton. Theo mét sé phuong an, hdn hop dung méi duge st
dung dé didu ché duoc hop chét c6 cong thirc F (R' = CHj) tir hop chét ¢ cong thirc
A 1a metanol va DMSO, metanol va DMF, metanol va sulfolan, hodc metanol va
NMP.

Trong phan tng thity phan nhém nitril cia 4-alkoxy-3-hydroxypicolino-nitril
c6 Cong thirc F va I dé 14n Iuot tao ra axit 4-alkoxy-3-hydroxypicolinic c6 Cong thirc
G va H (cac Budc e trong So dd II), picolinonitril ban ddu thuong dugc tao huyén phu
trong moi trudng phan Ung axit vé co trong nudc manh va dugec dun néng trong mat
khoang thdi gian & nhiét do gia ting két hop khudy tron manh. Axit vé co manh hitu
hiéu trong céc phan tmg thiy phdn bao gdm axit sulfuric, axit phosphoric, axit
clohydric va axit bromhydric. Méi trudng phén ing axit vo co manh dugce uu ti€n bao
gdm hdn hop axit sulfuric trong nuéc nhu, hdn hop axit sulfuric trong nude c6 ndng
do khoang 25%, khoang 30%, khoang 35%, khoang 40%, khoang 45%, khoang 50%,
khoang 55%, khoang 60%, khoang 65%, khoang 70%, khoang 75% hodc khoang 80%
trén co s& khéi lugng. Tét nhit 13, axit sulfuric nim trong khoang tir 25% dén 70%

trong nude ¢ thé duge sir dung. Nhiét d0 ma & d6 phan tng thiy phan cé thé duge
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thyc hién thuong ndm trong khoang tir 75°C dén 15°C va tbt hon 1a nim trong
khoang tir 80°C dén 120°C. Phan tmg thity phan thuong cin tir khoang 8 dén 48 gid,
t6t hon 12 tir khoang 8 dén 36 gid, d8 hoan thanh. Sau khi phan tmg hoan thanh, san

pham mong mudn

OR!?

fkf
X
(Hhoac B~ N N

F,1 GH

duogc thu hdi bing cach 1am lanh va rét tir tir hdn hop phén ng vao nuéc lanh va sir

dung c4c k§ thuat tach va tinh ché tiéu chuén.

Theo mdt s6 phuong 4n, phan Ung thity phan nh(’)rh nitril cua 4-alkoxy-3-
hydroxypicolinonitril ¢6 Céng thitc F va I dé lan luot tao ra axit 4-alkoxy-3-
hydroxypicolinic ¢6 Cong thirc G va H (cac Budc e trong So dd II), picolinonitril ban
dau thudng duoc tao huyén phil trong méi truong phan tng trong nuée chira bazo
manh, nhu hydroxit cia kim loai kiém hodc kim loai kiém thd, va dugc dun néng
trong mot khoang thoi gian & nhiét d6 gia ting két hop khudy trén manh. Bazo manh
dé st dung trong budc thiy phan picolinonitril bao gém natri hydroxit va kali
hydroxit. Nong do ctia bazo manh duoc sir dung trong budc thity phan picolinonitril
c6 thé ndm trong khoang tir 10 dén 40% khéi luong (% khéi lugng), nim trong
khoéng tir 15 d&n 40% khébi lrong, nim trong khoang tir 20 dén 40% khéi lugng, nim
trong khoang tir 30 dén 40% khéi luong, hoic nim trong khoang tir 15 dén 25% khéi
luong. Ty 18 duong luong mol ciia bazo manh véi chit ban dau nitril cho phan tng
thity phan c6 thé nim trong khoang tir 3:1 dén 10:1, t6t hon 14 ndm trong khoang tir
4:1 @&n 7:1. Nhiét d6 ma & d6 phan tng thity phan bazo manh cé thé duge thuc hién
thudng nim trong khoang tir 75°C dén 150°C va tét hon 13 ndm trong khoang tir 80°C
dén 120°C. Phan tmg thuy phan bazo manh thudng cin tir 8 dén 48 giv, tét hon 1a
nim trong khoang tir 8 dén 36 giod, dé hoan thanh phan tmg. Sau khi phan tmg thiy
phan hoan thanh, sin phdm mong mudn c6 thé duoc tach ra bang cach axit héa hdn

hop phan tng va sir dung cac k§ thuat tach va tinh ché tiéu chuin.

Vié€c loai bé nhém bromo ra khéi vi tri 6 cua hop chét c6 Cong thic F hoic
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hop chét ¢6 cong thirc G, dé tao ra san phdm da dwoc khir 14n lugt c6 Cong thirc I va
H, (cac Buéc f trong So dd II), ¢6 thé duge thuc hién bang cach: (1) khir xic tac bang
cach str dung ngudn hydro va chét xuc tac kim loai chuyén tiép, hodc (2) khir bing

kim loai nhu k&m va bazo nhu kali hydroxit hoéc natri hydroxit.

Trong phan tng khir xtic tic bing hydro, ngudn hydro thich hop bao gdm khi
hydro hozc chét phan tng chuyén hydro nhur amoni, kali hodc natri format. Chét xtic
tac kim loai chuyén tiép thich hop bao gdm, nhung khong bi gi6i han &, paladi trén
cacbon (Pd/C) va niken Raney (Ra/Ni). Cic chét xtc tac ndy c6 thé duogc sir dung &
mirc d6 ndm trong khoang tir 0,01% dén 10% trén co s& khdi luong kim loai so véi

chét nén bromopyridin.

Dung mdi tiéu biéu dé sir dung trong phan tmg niy bao gdm metanol, etanol,
isopropanol, etyl axetat, va axit axetic. Bazo hda tan nhu, vi dy, trietylamin thudng

dugce str dung trong phan tmg khir xtic tic bing hydro.

0;{1 . oad

H2ichat xiic tac
& H 7 OH
Br hodic N NEN

N (CN ar COM) 7pmaoy trong neée
F,G hF

Tir 2 dén 4 duong luong mol bazo hoa tan thudng dugc st dung. Néu khi
hydro duoc sir dung 1am ngudn hydro, phan tmg khir ¢6 thé duoc thuc hién duéi ap
sudt khi quyén cta khi hydro, hoic & muc 4p suét khi hydro gia ting nhu 10, 20, 30,
40, 50, 60, 70, 80, 90, 100 pao hodc 16n hon, tfén mdi in-so vudng (psi) 16n hon ap
suat khi quyén, hodc 4p suét khi hydro gia ting gifra cdc gia tri nay. T6t hon 14 sir
dung phép khir hoa hoc bang chit xuc tac d& khir axit 6-bromopicolinic c6 cong thirc
G @& tao ra axit picolinic c¢6 cong thirc H. Sau khi hoan thanh phan tmg khtr xuc téc,
san phdm mong mudn dugc thu hdi bang cach sir dung cac k¥ thuat tach va tinh ché
tiéu chuén.

Trong budc khir hop chét c6 Cong thirc F va G bang cach str dung kim loai
nhu k&m, chét nén bromopyridin (F,g) dugc hoa tan trong mdi truong dung mébi bazo
trong nudc va tiép theo duge xir 1y bang kim loai kém. Tir 1 dén 4 dwong lugng mol

kim loai k&m (tirc 13, bui Zn, bt Zn, hodc Zn dang rén c6 dién tich bé mit cao), tot
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hon 12 tir 1 dén 3mol duong lugng, c6 thé dugc st dung. Budc khir thuong duge thuc
hién trong mdi truong dung moi nude cua nude chira kim loai hydroxit nhu kali hodc
‘natri hydroxit, ma ndng do cta hydroxit kim loai trong nuéc c¢6 thé nim trong khoang
tir 10% khéi lvgng dén 30% khéi Iugng. Phan Gmg c6 thé dugc thuc hién & nhiét dd
nim trong khoang tir 10°C dén 60°C, t5t hon 13 ndm trong khoang tir 20°C dén 55°C,
trong khoang thoi gian tir 5 dén 36 gio. Puge wu tién 13 st dung phép khir kim loai
(ttrc 13, Zn/hydroxit kim loai) d& khir 6-bromopicolinonitril cé cong thirc F dé tao ra
picolinonitril c6 cong thirc I. Sau khi phan ung khir kim loai hoan thanh, san phdm
mong mudn dugc thu hdi bing cach st dung axit vo co hodc axit hitu co d dugc
hoa tan va tiép theo sir dung cac k¥ thuat tich va tinh ché tidu chuin.

Theo mdt phuong an, viéc loai bd b%lng cach khit nhém bromo va thiy phén
nhém nitril ctia hop chit c6 cong thirc F @& tao ra hop chit c6 cong thirc H c6 thé
duge thuc hién trong quy trinh mot mé bang cach sir dung kim loai kém (tirc 13, bui
Zn, bdt Zn, hoic Zn dang rén c6 dién tich bé mat cao) va kali hydroxit & nhiét do gia
téng. Nhiét hdc} ma & d6 quy trinh mdt mé c6 thé dugc thuc hién thudng nim trong
khoéng tir 75°C dén 125°C va tét hon 12 nim trong khoang tir 80°C dén 100°C. Sau
khi phan tmg hoan thanh, san phAm mong mudn c6 thé duoc tach ra bing cach axit

héa hdn hop phan tmg va sir dung cac k¥ thuat tach va tinh ché tiéu chuén.

Rt RY
/&a " znskoH &
B N 0 \ﬂ oH

F H

San phdm thu dugc bing quy trinh bat ky ndy c6 thé dugc thu hdi bang cac
phuong phap thong thudong, nhu 1am bay hoi, loc hodc chiét, va c6 thé duoc tinh ché
bang cac quy trinh tiéu chuin, nhu béng cach tai két tinh hoic sic ky.

Vi du thue hién sang ché
Céc Vi du sau dy s& dugc trinh bay dé minh hoa cho séng ché.

Vi du la. Xyano(furan-2-yl)metanamini bromua

1 NHOAS NH3" B
» KON, HeOH 0.
_ e A
\J 2 B \_J "

-19-



26759

Furan-2-carbaldehyt (28,8g, 300mmol) duoc thém vao huyén phu di duge
khudy bang tir cha kali xyanua (29,3g, 450mmol) va amoni axetat (116g,
* 1500mmol) trong metanol (200ml) & 0-5°C. Hn hop phan tmg dugc khudy & 0-5°C
trong 40-50 gid. Sau khi phan tmg dugc hoan thanh nhu duoc thé hién bing phép
phan tich HPLC, hdn hop phan tng duoc pha lodng bing CH,Cl, (300ml) va dung
dich NaHCO; 5% (300ml). Lép nuéc duge chiét bang CH,C1, bd sung (4 X 150ml).
Cac 16p hiru co duoc két hop lai va dugc co trong chan khong cing véi EtOAc. Dung
dich cén tao thanh dugc hoa tan trong EtOAc bd sung (600ml) va dugce 1am lanh dén
5°C. Dung dich chira HBr 33% (66,lg, 270mmol) trong axit axetic dugc cho tir tir vao
dung dich EtOAc dé 1am Kkét tha chit rin. Chéit rin duge loc ra va duge rira béng
EtOAc. Chét rin di duoc thu gom duogc 1am kho trong khong khi & nhiét do trong
phong dé thu dugc hop chét xyano(furan-2-yl)metanamini bromua (47g) v6i hiéu suit
77%:

'H NMR (400MHz, DMSO-ds) & 9,39 (s, 3H), 7,94 (dd, J= 1,9, 0,8Hz,
1H), 6,80 (dt, J= 3,4, 0,7Hz, 1H), 6,63 (dd, J= 3,4, 1,9Hz, 1H), 6,29 (d, J= 1,8Hz,
1H); >C MR (101MHz, DMSO-de) & 145,60, 142,13, 1 14,28, 112,43, 11 1,53, 37,54;
mudi HBr HRMS-ESI (m/z) theo tinh toan déi véi [CeHgN,O]", 122,048 theo thuc
nghiém, 123,055 [M+H]"; diém néng chay phan hay >120°C.

Vi du 1b. Xyano(furan-2-yl metanamini bromua

QO 1. REGCL NaON NH3" B

Furan-2-carbaldehyt (28,8g, 300mmol) va dung dich chira natri xyanua
(17,20g, 351mmol) trong nuéc (80ml) duge thém vao huyén phi di dugc khudy bing
tir chira amoniun clorua (25,03g, 468mmol) trong MTBE (250ml) & nhiét d§ trong
phong. Hdn hop phéan tng dugce khudy & nhiét d6 trong phong trong 15 gio. Sau khi
phan tmg dugc hoan thanh, 16p nude duge loai bo. Lép hiru co dugce rira bang dung
dich NaHCOs bdo hoa ( 2x100ml). Lép hitu co duge lam khd trén Na,SO,4 va duge
loc. Dich loc tao thanh duge 1am lanh dén 5°C va dung dich chira HBr 33% (57,4g,
234mmol) trong axit axetic dugc thém tir tir vio dung dich phan tng dé 1am két tia
- chét rin. Chét rin dugc loc ra va duge ria bﬁng MTBE. Chét rin d3 dugc thu gom

dugc 1am kho trong khoéng khi & nhiét d6 trong phong dé thu dugc hop chit
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xyano(furan-2-yl)metanamini bromua (29g) véi hiéu suit 54%. MAu nay c6 dic tinh
phé tuong tu v6i miu duge didu ché trong Vi du la. ’

Vi du Ic. 4,6-Dibromo-3-hydroxypicolinonitril

o JHTBC sy ineone
[P ———
\ / N HA0 7 MeOH

Br, (225g, 1409mmol) dugc thém tir tir tir phéu giot trong khi vin duy tri
nhiét d6 & <15°C vao dung dich di duoc khudy co chira xyano(furan-2-yl)metanamini
bromua (143g, 704mmol) trong nudc (1408ml) ¢ 5°C. Sau 10-15 phit nira (sau khi
viéc thém brom dugc hoan thanh), natri axetat (144g, 1761 mmol) va metanol (281ml)
duoc thém vao hdn hop phan tmg, tiép theo thém timg giot phan thir hai cia Br,
(109ml, 338g, 2113mmol) trong khi vin duy tri nhiét d6 & <20°C. Tiép theo, hdn hop
phan tmg dugc khudy qua dém & nhiét do trong phong. Sau khi phan tmg dugc hoan
thanh nhu dugc thé hién bing phép phan tich HPLC, hdn hop phan tmg dugc 1am
lanh dén 5-10°C, va dugc thém tir tl‘I. cung v6i dung dich nudc cua NaHSO; 20%
(704ml) trong khi vAn gift nhiét 46 & <20°C. Huyén phu tao thanh dugc khudy trong
0,5 gidr va tiép theo dugc loc. Banh loc duoc rira bang nudc, 1am kho trong khong khi
trong nhiéu gir va tiép theo trong 10 chan khong & 50°C qua dém dé thu dugc hop
chit 4,6- dibromo-3-hydroxypicolinonitril (137g) du6i dang chit rin mau vang sang
v6i hidu suét 70%:

"H NMR (400MHz, DMSO-d¢) & 8,28 (s, 1H); *C NMR (101MHz, DMSO-
dg) 8 155,55, 135,72, 129,81, 125,96, 121,61, 114,58; HRMS-ESI (m/z) theo tinh toan
d6i v6i [CeH,Br,N,0]", 275,8534; theo thuc nghiém, 275,851; mp (diém noéng chay)
183-185°C.

Vi du 1d. 4,6-Dibromo-3-hydroxypicolinonitril (quy trinh 1 mé)

o] ¢ H

A 1. KON 7 NH,OA Z § O
B

- i 2.8, 1H0 Y "

Furan-2-carbaldehyt (9,61g, 100mmol) duoc thém vao huyén phi d3 dugc khudy
béang tir chira kali xyanua (7,16g, 110mmol) va amoni axetat (10,02g, 130mmol) trong
metanol (50ml) & nhiét d6 trong phong. Hn hop phan tmg dugc khudy & nhiét d¢ trong
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phong qua dém. Sau khi phan tmg duoc hoan thanh nhu duge thé hién bang phép phan
tich HPLC, hén hop phan tmg duoc pha loing bang nudc (100ml) va dugc 1am lanh dén
5°C. Brom (80g, 500mmol) dugc cho tir tir vao phan tmg trong khi van duy tri nhiét d6 &
<20°C. Hdn hop phan tng dugc 1am 4m va duoc khuy qua dém & nhiét d6 trong phong.
Sau khi phan tmg dugc hoan thanh nhu dugc thé hién bing phép phan tich HPLC, hén
hop phan tmg duoc 1am lanh dén 5-10°C, va dung dich nuéc cia NaHSO310% (100ml
duoc thém vao tir ta trong khi van duy tri nhiét @6 & <20°C. Huyén phu tao thanh duge
khuéy trong 0,5 gio va tiép theo dugc loc. Banh loc dugc rira béng nudc, 1am khé trong
khong khi trong nhidu gid va tiép theo trong trong chén khong & 50°C qua dém dé thu
duoc hop chét 4,6-dibromo-3-hydroxypicolinonitril (8g) dudi dang chat rin mau nau véi
hiéu suét 28%. |

'"H NMR (400MHz, DMSO-d6) & 1 1,67 (s, 1H), 8,19 (dd, J= 4,4, 1,3Hz, 1H),
7,56 (dd, J=8,6,4,4Hz, 1H), 7,47 (dd, J= 8,6,1,4Hz, 1H); ,

13C NMR (101MHz, DMSO) 5 157,69, 142,01, 128,86, 124,41, 120,31, 115,99.
Vi du le. 4,6-Dibromo-3-hydroxypicolinonitril (quy trinh 2 buéc)

NHS B gy, am NaGhc ,&[o

& = QI e

Br, (15,98g, 100mmol) dugc thém tir tir vao dung dich da dugc khuéy co chura
xyano(furan-2-yl)metanamini bromua (10415g, 50mmol) trong nudc (100ml) ¢ 5°C tur
phéu giot trong khi vin duy tri nhiét @6 & <15°C. Sau 30 phut nita, hén hgp phan ung
duoc thém tir tir cing véi dung dich nudc ciia NaHSO; 20% (50ml) trong khi van giit
nhiét @6 & <20°C. Huyén phu tao thanh duoc khudy trong 0,5 gids va tiép theo duoge loc.
Bénh loc dugc rira bing nude, 1am kho trong khong khi trong nhidu gid va tiép theo trong
16 chan khong & 50°C qua dém d& thu dugc hop chét 3-hydroxypicolinonitril (2,4g) dudi
dang chét rin mau niu v6i hiéu sult 40%:

TH NMR (400MHz, DMSO-d) & 157,69, 142,01, 128,86, 124,41, 120,31,
115,99; mp 203°C.

BC NMR (101MHz, DMSO0) § 157,69, 142,01, 128,86, 124,41, 120,31, 115,99;
mp 203°C.

Br, (47,9g, 300mmol) dugc thém tir tir vao dung dich di dugc khudy co chia
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3-hydroxypicolinonitril (12,01g, 100mmol) va natri axetat (16,4g, 200mmol) trong nudc

(150ml) va metanol (50ml) & 5°C tir phéu giot trong khi vin duy tri nhiét d6 & <20°C.

Tiép theo, hdn hop phan tmg duoc khudy qua dém & nhiét d6 trong phong. Sau khi phan

mg duoc hoan thanh nhu dugc thé hién bang phép phan tich HPLC, hdn hgp phan tmg-
duge 1am lanh dén 5-10°C, va dugc thém tir tir cing véi dung dich nude ciia NaHSO;

(20%.100ml) trong khi vAn gitr nhiét d6 & <20°C. Huyén pht tao thanh dugc khudy

trong 0,5 gio va tiép theo dugc loc. Banh loc duoc ria béng nudc, lam kho trong khong
khi trong nhidu gitr va tiép theo trong 10 chan khéng & 50°C qua dém dé thu duge hop

chét 4,6-dibromo-3-hydroxypicolinonitril (27g) duéi dang chét rin mau vang sang vdi

hiéu sudt 97%. Miu c6 dic tinh phé twuong ty v6i miu khic cta 4,6-dibromo-3-

hydroxypicolinonitril nhu dugc diéu ché trong séng ché nay.

Vi du 1f. 4,6-Dibromo-3 -hydroxypicolinonitril (quy trinh hai pha)

1. KCN 7 NHOAC
o Sttt
N\ 7/ H 2 HB TR

3 Bra i H0

Furan-2-carbaldehyt (144g, 1500mmol) duoc thém vao vao huyén phu da
duoc khudy bing tir chira kali xyanua (103g, 1575mmol) va amoni axetat (347g,
4500mmol) trong etyl axetat (1500ml) va nudc (375ml) & nhiét dd trong phong. Hon
hop phan tmg dugc khudy & nhiét d6 trong phong qua dém. Sau khi phan tmg dugc
hoan thanh nhu dugc thé hién bing phép phan tich "H NMR, hén hgp phan ting duge
pha logng bang dung dich Na,COj; 20% (750ml). Sau khi tach pha, 1ép hitu co duge
rira bang dung dich NaCl bio hoa trong nudc (375ml). Lép hitu co chira 2-amino-2-
(furan-2-yl)axetonitril dugc chiét bing 1953ml dung dich axit bromhydric 3,7%
(HBr). Lép hitu co dugc chiét bing nude bd sung (2 X 200ml). Lép nuée thu gom
duoc dugc 1am lanh dén 5°C va brom (959g, 6000mmol) duoc thém vao tir tir bang
céch sir dung bom nhu dong va din dng Teflon vio dung dich HBr trong khi van duy
tri nhiét 46 & <20°C. Tiép theo, hdn hop phan Gng dugc 1am 4m va duge khudy qua dém
& 25°C. Sau khi phan tmg duoc hoan thanh, nhu duoc thé hién bang phép phan tich
NMR, hén hop phan tmg dugc 1am lanh dén 5-10°C, va tiép theo dung dich nudc cua
NaHSO; 40% (400ml dugc thém vao tir tir trong khi vAn duy tri nhiét d6 & <20°C.
Huyén phu tao thanh dugc khuéy trong 0,5 gid va tiép theo duogc loc. Banh loc dugc rira
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bing nude (2 x 200ml), va 1am kho & nhiét d6 méi trudng trong khong khi dé thu dugc
hop chét 4,6-dibromo-3-hydroxypicolinonitril (251g) dudi dang chat rin mau vang niu
v6i hidu suit 60%. ’ '

"H NMR (400MHz, DMSO-d6) & 8,28 (s, 1H);

3C NMR (101MHz, DMSO-d¢) & 155,57, 135,72, 129,77, 125,97, 121,60,
1'14,59, HRMS-ESI (m/z) theo tinh toan ddi v6i [CsH,Br,N207", 275,8534; theo thuc
nghiém, 275,8510.

Chét rin mau vang niu theo thuc nghiém chira khoang 94,5% 4,6-dibromo-3-
hydroxypicolinonitril va it hon khoang 6% san phdm trung gian dugc brom héa mot 14n,
san phdm nay dugc tam thoi chi dinh 13 4~bromo-3-hydroxypicolinonitril hoic 6-bromo-
3 -hydroxypicolinonitril nhu dugc xac dinh bing phép phéan tich MS.

Vi du 1g. 4 6-dibromo-3-hydroxypicolinonitril (quy trinh hai pha)

o 1, KON/ NHOAz 7 i O
R e
M .,
\ /) 2. HBr i 4,0 A
3BniHo  BY N7 TCN

Binh phén tng thiy tinh c¢6 vo bén ngoai dung tich 30 lit dugc nap amoni axetat
(3371g, 43,73mol), etyl axetat (13, 144g), kali xyanua (13000g, 15,38mol)s va tiép theo 12
nude (1819g). Viée khudy duoc chuyén sang tc do 150 vong/phit, va tiép theo furfural
(1,398g, 14,56mol) dugc nap vao binh phan tmg bing bom & nhiét do trong phong. Phan
g dugce dé khudy qua dém & nhiét d trong phong, tai thoi diém ndy phan tmg dugc
hoan thanh hon 97% nhu dugc x4c dinh b.%lng phép phén tich NMR. Dung dich chtra natri
cacbonat 16% trong nuéc (7300g) duoc thém vao hdn hgp phan ting. Hon hop phan tmg
duoc @ khudy trong 1 gid. Sau khi d& 1ing, pha nudc dugc loai bo, va tiép theo pha hitu
co dugc rira bing nude mubi bio hoa (5677g, 23%). Sau khi loai bd nuéc mubi, dung
dich hitu co duge chuyén sang binh phéan tng thiy tinh c6 vo 4o dung tich 50 lit bing
bom, binh phan Ung nay chirta nudc da khir ion (8896g). Dung dich HBr 48% trong nudc
(2466g, 14,6mol) duoc pha 1oang bling nude di khir ion (5668 gam) va tiép theo, dung
dich HBr tao thanh dugc bom vao binh phéan g dung tich 50 lit két hop khudy & téc do
150 vong/phit & nhiét do trong phong. Sau khi dé hdn hgp phan tng dugc khudy trong 1
gidy, cac pha duoc dé tach ra trong 45 phiit. Pha nudc duge rit vao 2 binh phan tng c6 vo

boc ngoai dung tich 5 galon. Tiép theo, pha hitu co duge rira 2 14n bang khoang 2.000
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gam nudc da dugc khir ion. Nude rira chira nuée di khir ion duge dua vao binh phén tmg
161 ¢6 v6 ngodi. Pha hitu co dugc gan ra va tiép theo binh phan tmg dung tich 50 lit dugc
rira bing 500ml etyl axetat va 500ml nuéc di duge khir ion. Pha nudc (24,536 gam)
trong 2 binh phan tng 16n c6 vd ngoai dugce chuyén ngugc trd lai binh phan Ung dung
tich 50 lit, va tiép theo mudi HBr cdn lai trong binh phan tmg 16n ¢6 vo ngoai duge ria
trong binh phan mg chira tong cong 1945 gam nudc da duge khir ion. Pha nudce trong
~ binh phan tng tiép theo duoc 1am lanh dén dén 0°C va duoc dé khudy tron qua dém.
Tiép theo, brom (9311 gam, 56,1mol) dugc thém vao hdn hgp phin mg trong 45 phut
(nhiét d6 ban du 13 khoang 0°C), qu4 trinh ndy s& dan dén nhiét d6 ting 1én dén 25°C.
Trong subt qua trinh thém brom, c6 chét két tua tir dung dich va tiép theo dugc hoa tan
lai. Sau khoang 1 gid viéc thém brom duoc hoan thanh, chit rédn bit du tai tao ra trong
dung dich.'Tiép theo, hén hop phan tmg dugc dun néng Y 35°C trong khoang 24 gio.
Tiép theo, hdn hop phan tmg dugc 1am lanh dén <10°C, va tiép theo dung dich natri
bisulfit 40% trong nuéc (3757g) duge thém vao dé t6i luong brom du. Chét rin duoc thu
gom bing cach loc va dugce rira bang nude da khir ion (5 lit) cho dén khi chét long da
duogc rira tré nén khdng mau. Banh loc 4m thu duoc dugc dé khod trong khay thuy tinh
cho dén khi khéng quan sat thiy su ton hao khdi lugng thém nita, qué trinh nay thu dugc
2590 gam bdt mau vang néu chay tu do. Phép phén tich "H NMR cho thiy ring, chét rin
1a 4,6-dibromo-3-hydroxy-picolinonitril véi 97,8% khéi lugng. Hiéu suét dua trén thu
nghiém 12 62,6%.

'"H NMR (400MHz, DMSO-d6) & 8,28 (s, 1H), 7,75 (d, J = 8Hz, 0,03H), 7,43 (d,
J = 8Hz, 0,03H);"*C NMR (101MHz, DMSO) § 155,47, 135,68, 129,86, 125,88, 125,88,
121,63, 114,50, HRMS (m/z) Kiéu ion duong [M+1] theo tinh toan d6i vdi
[CsH3Br,N,0]" 276,8607; theo thuc nghiém 276,8609.

Vi du 1h. 3-Hydroxypicolinonitril (Quy trinh hai pha)

1, KON NHOAC 7
e

/A 2 HBH 1.0 >
2 Bry i H;0 N

i

N

346 gam amoni axetat (4500mmol), 1500ml etyl axetat (EtOAc), 300ml nudc da
dugc khir ion, va 102,5 gam kali xyanua (KCN, 1574mmol) dugc thém vao binh phan
{mg tro ¢6 40 bao ngoai duoc chia vach thing dung tich 6 lit. Tiép theo, binh KCN va
phéu nap dugc rira bing khoang 75ml nude dé rira KCN con lai bt k¥ trong binh phan
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tmg. Binh phén tmg duoc déng lai, 1am lanh dén 15°C va tiép theo viéc khudy duoc thiét
1ap dén tdc do 260 vong/phit. Tiép theo, furfural (144g, 1500mmol) duge thém vao binh
phan tmg bang xylanh trong 5 phut. Nhiét d6 trong binh phan tmg tang 1én dén khoang tir
15°C dén 22°C. Hdn hop phan tmg dugc dé khudy qua dém (22°C). Ché d6 khudy duoc
tit di d& cho phép cac pha dugc tach ra. Tiép theo, pha hitu co dugc 14y mau cho phan
tich 1H NMR. Phan tmg duoc thiy 12 >99% di duoc chuyén héa thanh sin phim mong
mudn. Két hop khudy (250 vong/phat), 750ml dung dich natri cacboﬁat 20% dugc thém
vao binh phan tmg va dugc dé khudy trong 10 phat. Pha nudc chira dung dich natri
cacbonat dugc loai bd va tiép theo pha hiru co con lai dugc rira b%mg 400ml nuéc mudi
bao hoa. 170ml dung dich HBr 48% (1 duong lugng, 1345mmol) dugc pha lodng trong
khoang 1300 ml nu6c dad khir ion duge thém vao binh phan Uing chira pha hitu co. Binh
phén ung chtra pha hitu co chita HBr trong nuéc dugce tron (250 vong/phut) trong 15
phut. Sau khi @ ling, 16p nudc duge rit vao binh nhan dung tich 5 lit. Tiép theo, 16p hiru
co duge rira bang 250ml nude da khir ion bd sung, 16p ndy ciing dugc riit vio binh phan
tmg dung tich 5 lit. Tiép theo, binh phan tng 'duq'c‘ rit kiét va dugc rira bang 300ml
EtOAc. Tiép theo, 16p nuéc trong binh phan tmg 5 lit dugc chuyén trong chan khong
ngugc lai binh phan tmg dugc chia véach thing dung tich 5 lit. Binh nhéan dung tich 5 lit
dugc rira bang 200ml nuéce, nude ciing dugc thém vao binh phan tng. Tiép theo, céc chat
bén trong binh phan tng dugc khudy, dugc 1am lanh dén 0°C va tiép theo brom (240g,
1500mmol) dugc thém vao theo dudng Teflon qua bom nhu déng trong 30 phut, quy
trinh ndy s& dén dén nhiét d6 ting 1én dén 19°C va hinh thanh chit két tia. Phan tmg
dugc dé khudy qua dém & nhiét d6 trong phong. Tiép theo, dung dich natri bisulfit 40%
trong nudc (250ml) duge thém tir tir vao hdn hop phan tmg phan tmg dé duy tri nhiét do
<40°C. Sau khi brom duoc t6i, chit rin dugc thu gom trén phdi liéu thily tinh va dugc
rira bang nudc va 1am khé dé thu dugc 3-hydroxypicolinonitril v6i hidu sudt 47% (85g)
dué6i dang chét rdn két tinh mau do.
'H NMR (400MHz, DMSO-d6) & 11,67 (s, 1H), 8,21 (dd, J=4,4, 1,4Hz, 1H),
7,56 (dd, J=8,6,4,4Hz, 1H), 7,50 (dd, J= 8,6, 1,4Hz, 1H);
BC NMR (101MHz, DMSO) & 157,66, 141,92, 128,72, 124,35, 120,34, 115,97,

HRMS (m/z) Kiéu ion duong [M-H] theo tinh toan dbi véi [CeHsN,0]* 121,0397; theo
‘thuc nghiém 121,0400.

Vi du 2a. 6-Bromo-4-metoxy-3-hydroxypicolinonitril
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Dung dich chita NaOMe 30% trong MeOH (492g, 2,73mol) dugc thém vao dung
dich d3 dugc khudy bang tir chira 4,6-dibromo-3-hydroxypicolinonitril (152g, 547mmol)
trong DMSO (820ml) & nhiét d6 trong phong. Hon hop phan tmg dugc 1am 4m dén 50-
55°C va dugc khudy qua dém. Tiép theo, hdn hop phan mg dugc 1am ngudi dén 15-
20°C, duoc t6i bang cach thém tir tir dung dich HCI 1,5N (1500ml) ¢ diéu chinh d6 pH
dén 2-3, va tiép theo dugc chiét bang dung dich CH,Cl, (2 x 1000ml). Lép hitu co thu
gom dugc duge rira bing dung dich HCI 0,IN (1000ml) va duge cd dic dén thé tich
khoéng 500ml, duge nap 100ml axetonitril (ACN), va cudi ciing duge cd dén kho. San
phim thé thu duge duge rira bang dung dich HC1 0,1N (1000ml) va duoc loc. Banh loc
duoc rira bang nudc, 1am kho trong khong khi trong nhidu gid va tiép theo trong 16 chén
khong & 50°C qua dém d& thu dugc hop chit 6-bromo-3-hydroxy~4-metoxypicolinonitril
(83g) v6i hidu sudt 66% dudi dang chit rin mau néu:

'H NMR (400MHz, DMSO-d6) & 11,64 (s, 1H), 7,48 (s, 1H), 3,97 (s, 3H);

BC NMR (101MHz, DMSO-d6) & 156,54, 149,35, 131,02, 118,54, 114,91,
114,57, 57,20; HRMS-ESI (m/z) theo tinh toan d6i véi [C7HsBN,0,]", 227,9533; theo
thuc nghiém, 227,9534; m.p. 168°C. Dich loc trong nudc duge chiét bing CH,Cl, (hai
14n). Cac 16p hitu co dugc két hop lai va duoc c6 bing ACN nhu duge mb ta trong sang
ché ndy. Chét rén thd dugc hoa tan trong ACN (50ml) va dugc thém tir tir vao dung dich
HCI 0,1N (400ml) & nhiét d6 trong phong. Chét rén két tiia dugc khudy trong 1 gid va
duoc loc. Banh loc dugc rira béng nuée va 1am khé dé thu duge thém hop chit 6-bromo-
3-hydroxy-4-metoxypicolinonitril (13g) v&i hiéu sudt 10%.
Vi du 2b. 6-bromo-4-metoxy-3-hydroxypicolinonitril

it e

7 ] H NaOuio 7 l OH
—_—
[ OH {
B Ny HeDH/OMBO ar \N N

4,6-Dibromo-hydroxypicolinonitril (500 gam, 1806mmol) dugc hoa tan trong
hdn hop ctia 500ml DMSO khan va 20ml MeOH khan & nhiét d trong phong trong moi
truong tro. Tiép theo, natri metoxit (250 gam, 4606mmol) va 500ml DMSO khan dugc
nap vao binh phén tmg 4 ¢ dung tich 5 lit, binh nay di dugc tiy sach bing nito. Binh
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phan g duoc 14p khit véi bd ngung tu (dong w/N2), cdp nhiét, thanh khudy co va vach
ngin (v6i dudng kinh dong nap vao 13 1/8 in-so). Tiép theo, dung dich phan tmg chira
4,6-dibromo-hydroxypicolinonitril trong DMSO-MeOH dugc nap vao binh phan ing &
tbc d6 15-20g/phiit qua bom nhu dong thong qua éng Teflon 1/8 in-so. Khi nhiét d6 phan
ung dat t6i 55°C, thung nude lanh dugc dua vao xung quanh binh phan tmg. Hn hop
phan tmg duoc duy tri & nhiét d6 nim trong khoang tir 50 dén 55°C trong subt qua trinh
thém. Tiép theo, hdn hop phan tmg dugc giit & khoang 54°C trong 1,5 gid sau khi viéc
thém d3 hoan thanh. Sau khi x4c dinh 14 phan tmg d4 hoan thanh bing phép phén tich 'H
~ NMR, hdn hop phén tmg dugc lam ngudi dén < 30°C bing thung nuée da. O 30°C, 2 lit
nude duge thém Véo hén hop phan tmg, qua trinh ndy s& 1am cho dung dich phan tng 4m
1én dén >40°C. Hdn hop phén tmg dugc 1am ngudi dén 30°C, va tiép theo dung dich axit
sulfuric 10N duogc thém vao qua phéu nap cho dén khi d6 pH dat t6i khoang 2,5, qué
trinh ndy din dén két taa chéit rin mau tring. O d6 pH = 2,5, phan tmg duoc dé khudy
trong 30-60 phit, trong sudt thdi gian nay, hdn hop phan tng dugc 1am lanh dén 15°C.
Chét rén duoc loc ra va tiép theo dugc rira béng nude cho dén khi dich loc tré nén khéng
mau. Chét rdn dugc 1am khé trong 16 chan khéng & 50°C cho dén khéi lugng khong dbi.

Chét rén 12 bot mau vang niu nhat (344g; hidu sut 83%):
'H NMR (400MHz, DMSO-d6) § 11,64 (s, 1H), 7,48 (s, 1H), 3,97 (s 3H);

BC NMR (101MHz, DMSO-d6) & 156,54, 149,35, 131,02, 118,54, 114,91,
157,20.
Vi du 2c. 6-bromo-4-metoxy-3-hydroxypicolinonitril

B He
P ’ OH NaOie P [ oH
. NsOH £ OMSO

B SN oy Br” W7 “CN

25,1kg dimetyl sulfoxit (DMSO) duoc nap vao binh phan ting bang thép cé chia
vach (GLS) va duge dun néng trong diéu kién kiém soat nhiét 6 vé & 100°C bing cach
suc nito & tdc do 4 lit/phut & 4p sudt khi quyén trong 18 gid. Nhiét d6 vo duge giam
xubng dén 35°C va DMSO dugc dé ngudi. 4,6-dibromo-3-hydroxypicolinonitril (8,0kg,
28,8mol) dugc nap vao binh phan tng qua 15 m& va dong nito tiy tap & tdc do 1 lit/phiit.
Binh phan tg duoc dit ché d6 kiém soét 4p sudt & 25mm Hg (4p suét thuc té dugc kiém
so4t & 4p suat danh nghia 13 35 - 60mmHg), duoc khudy & téc d6 90 vong/phit va dugc
dit & ché d6 kidm soat nhiét do, ché do nay str dung hdn hop phan tmg thue té, 13 30°C.
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Sy trao dbi nhiét & phia trén, duoc sir dung d& ngung tu metanol, dugc thuc hién & nhiét
d6 nim trong khoang tir -5 dén -10°C. Hon hop natri metoxit 25% khéi lugng trong
metanol (16,51kg, 76,4mol) dugc bom vao binh phan tmg trong khoang tir 30 dén 45
phiit. Metanol dugc rit can tir hdn hop phan tmg va dugc ngung tu. Sau khi metoxit d
duoc thém vao, phan tmg nhiét d6 sé& ting 1én dén 53°C trong 1,5 gid. Khoéng 5,5 gid sau
khi dat t6i nhiét d6 52 - 53°C, hdn hop phan tng duoc 14y miu va dugc khing dinh 13
hoan thanh bing phép phan tich 'H NMR. Hdn hop phan tng duoc 1am lanh trong didu
kién nhiét d6 kidm sodt vé ngodi 13 35°C va metanol dugc ddi qua san phim ctia quy
trinh va natri metoxit duoc thém vao bing bom nap. 25kg nudc d3 duge khir ion dugc
thérh vao hdn hop phéan tmg va toan bd cac chét bén trong dugc chuyén sang binh phan
tmg bang thép khong gi (Stainless Steel: SS). 25kg nudc di duge khir ion bd sung dugc
rnap vao binh phan tmg GLS va cac chét bén trong dugc chuyén sang binh phan tmg SS.
26,6kg hdn hop axit sulfuric 20% trong nudc duge thém vao san phdm ciia phan tmg 13
dung dich natri 6-bromo-2-xyano-4-metoxypyridin-3-olat trong nuéc c6 do kiém
(pH=13), tao ra dd pH < 2. Dung dich 6-bromo-4-metoxy-3-hydroxy picolinonitril da
dugc trung hoa duge tach ra bing cach st dung thiét bi ly tdm. Banh loc uét duoc rira
béng cach sir dung 5 galon nudc da khir ion ma dugc nap vao binh phan tng SS dé doi
~chét rin con lai vao thiét bj ly tAm. Chét rén dugc 1am kho bing cach quy trong moi
trudng nito trong thiét bi ly tim va banh loc uét dugc 1am kho tiép trong diéu kién tiy
sach bang nito kho cho dén khi khong quan sét thy s t6n hao khéi lugng thém nita. Thu
dugc 5,011kg 6-bromo 4-metoxy-3-hydroxypicolinonitril d3@ dugc lam khd dudi dang
chét rén mau tring nhd (hidu sudt 76%). Phép phan tich 1H NMR v chit cho thdy ring,
san pham c6 d¢ tinh khiét >99,5%.

Vi du 2d. 6-bromo-4-metoxy-3-hydroxypicolinonitril

'y ONe
o i H NaOMe 7~ [ H
e OMSQ
B SN e B SN e

Dung dich chira 4,6-dibromo-3“hydroxypicolmonitril (30g, 108mmol) trong
DMSO khan (30ml) duoc thém vao huyén phii dic chira natri metoxit (15,2g, 282mmol)
trong 35ml dimetyl sulfoxit khan (DMSO). Dung dich phan tmg dugc thém vao trong 30
phat va hdn hop phan tmg dugc duy tri thip hon 55°C trong sudt qua trinh thém. Dung

dich phan tmg dugc dun néng trong 1,5 gid nita sau khi viéc thém dugc hoan thanh. Hén
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hop phan tmg tao thanh dugc 1am lanh d&n <30°C, va tiép theo 120ml nuéc di khir ion
duoc thém vao. Hon hop phan tmg duoc d& ngudi dén 25°C. Do pH cia hdn hop phan
tmg duoc didu chinh dén 2 bing dung dich axit sulfuric 40%, qua trinh nay dén dén sy
két tha chét rin. Chét rin duoc thu gom b.':ing cach loc, dugc rra br:ing 75ml axit sulfuric
¢6 d6 pH = 1,5, tiép theo bing 25ml nudc di dugce khir ion. Tiép theo, chét rin dugc dé
kho dé thu duoc 20,7g (hiéu suét 83,7%) san phdm mong mubn.

'H NMR (400MHz, DMSO-dg) 5 11,60 (s, 1H), 7,47 (s, 1H), 3,98 (s, 3H).

BC NMR (101MHz, DMSO) § 156,52, 149,35, 130,99, 118,55, 114,89, 114,52,
57,18.

Vi duy 2e. 6-bromo-4-metoxy~3-hydroxypicolinonitril

oMb
/’“‘
™

B N7 e

Dung dich chita NaOMe 25% khdi lugng trong MeOH (2,59g,.12mmol) dugc
thém vao dung dich chira 4,6-dibromo-3-hydroxypicolinonitril (1,1 1g, 4,0mmol) trong
metanol (7,5ml) trong dng duing trong 16 vi séng dung tich 40ml. Dung dich phan tng
dugc dun néng & 110°C trong 10 vi séng trong 12 gid. Tiép theo, hdn hop phéan tng dugc
1am ngudi dén 15-20°C, dugc t6i bang cach thém tir tir dung dich HCI 2M dé diéu chinh
d6 pH dén 4-5. Hdn hop phan tmg dugc cd biang cach 1am bay hoi kiéu quay. Hon hop
phan tng dugc tinh ché bing cich sic ky nhanh trén silicagel, rira giai bing
metanol/CH,Cl, d& thu dugc 0,53g hop chét rin (hiéu sudt 58%) (mp = 177- 180°C).

"HNMR (400MHz, Metanol-d,) § 7,33 (d, J = 1,0Hz, 1H), 4,01 (s, 3H).

BC NMR (101MHz, Metanol-dy) & 157,96, 150,91, 132,58, 119,91, 115,50,
115,09, 57,66.
Vi du 2f. 6-bromo-4-etoxy-3-hydroxypicolinonitril

T

o i OH = aoe
S t————
\ EIOH j ONSO
N~ ol

Dung dich NaOEt 21% trong EtOH (31,5g, 97mol) dugc thém vao dung dich da
dugc khudy bang tir chira 4,6-dibromo-3-hydroxypicolinonitril (5,40g, 19,4mmol) trong
DMSO (30ml) ¢ nhiét d trong phong. Hdn hgp phan tmg duge dun néng & 55°C trong
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18 gid. Tiép theo, hdn hop phan tmg duoc 1am ngudi dén 15-20°C va dugce rét vao hdn
hop ciia 25ml axit HCI dic va 80g nudc da. Chét két tha mau vang nau duge tao thanh.
Hén hop phan tmg duoc chiét trong EtOAc (4 x 75ml). Chét hitu co thu gom dugc dugc
rira bing nudc (5 x 100ml) va tiép theo nuée mudi. Dich chiét duge lam kho (MgSOy) va
duoc 1am bay hoi kidu quay d& thu dugc chit rdn mau Véng nau. Chét rin ndy duoc
nghién véi hexan-ete (3 x 20ml) v6i ty 18 1:1 va tiép theo 1am khé trong khéng khi dé thu
dugc chét rdn mau vang nau sang (4,39g, hiéu suit 93%, m.p. = 175-177°C).

'"H NMR (400MHz, DMSO-d) & 11,42 (s, 1H), 7,45 (s, 1H), 4,’25 (g, J= 7,0Hz,
2H)s 1,38 (t, J=7,0Hz, 3H).

3C NMR (101MHz, DMSO) & 155,81, 149,32, 131,15, 118,63, 114,94, 114,87,
65,74, 13,94, HRMS-ESI (m/z) theo tinh toan ddi v&i [CsH;Br,0,]", 241,9691; theo thuc
nghiém, 241,9690.

Vi du 2g. Axit 6-bromo-3-hydroxy-4-metoxypicolinic

Me t?Me
A l OH _SsRHSO;
8 Sy N ao-ss°c

Dung dich H,SO, 66% (384ml) duoc thém vao mau rin d3 duoc khudy tir chira
6-bromo-3-hydroxy-4-metoxypicolin-onitril (88g, 384mmol) & nhiét d§ trong phong.
Hbn hop tao thanh dugc 1am 4m va duoc khudy qua dém & 90-95°C. Sau khi phép HPLC
chi ra ring, phan tmg d3 hoan thanh, hdn hop phén tmg duoc 1am ngudi dén 30-40°C va
duoc chuyén tir tir sang binh dd duoc nap nude (3072g) dé 1am két tia san phim. Huyén
phu tao thanh dugc khudy trong 0,5 gid. Chét két tia tao thanh dugc loc, dugc rira bing
nuée, va 1am khé trong khéng khi qua dém dé fhu dugc hop chit axit 6-bromo-3-
hydroxy-4-metoxypicolinic (95g) du6i dang chét rin mau tring nhd véi hidu suét 100%:

"HNMR (400MHz, DMSO-dq) & 7,48 (s, 1H), 3,97 (s, 3H);

3C NMR (101MHz, DMSO-d) & 170,12, 156,58, 149,09, 130,19, 129,86,
114,46, 56,79; HRMS-ESI (m/z) [M+H]+ theo tinh toan d6i véi C;H¢BrNO4, 246,948;
theo thuc nghiém, 246,948; m.p. 167~170°C.

Vi du 2h. Axit 6-bromo-4-etoxy-3-hydroxypicolinic
Et
r%/\o:' 65% K504 /&
B N so-ss"c
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6-bromo-4-etoxy-3-hydroxypicolinonitril (906mg, 3,73mmol) dugc thém vao
dung dich H,SO, 66% (15ml) & nhiét d6 trong phong. Hn hop tao thanh dugc khudy
bing tir va duge dun néng & 90°C trong 17 gid, duge 1am lanh dén nhiét d6 méi truong,
va dugc rot vao 12 g nude da. Dung dich chira NaOH 50% dugc'thém vao cho dén khi
chét rin mau vang nau két tia. Chét rin dugc chiét trong EtOAc (3 x25ml), 1am kho trén
MgSO,, va dugc 1am bay hoi kiéu quay dé thu dugc 923mg chét rin két tinh mau tring
(hiéu suit 94%, m.p. = 152 - 155°C). |

'H NMR (400MHz, DMSO-dg) s 11,5 (br, 1H), 7,36 (s, .IH), 4,19 (g, J= 7,0Hz,
2H), 1,36 (t, J= 7,0Hz, 3H). HRMS-ESI (m/z) [M+H]-theo tinh ton d6i v6i CsHsBrNO,,
260,9637; theo thuc nghiém, 260,964

Vi du 2i. Axit 3-hydroxy-4-metoxypicolinic

ffa
a;zssspdzc & | H
o Et;N EIOH X OH

Mé 1: bTrietylamin (40,7g, 402rﬁmol) dugc thém vao axit 3-hydroxy-6-bromo- 4-
metoxypicolinic (47,5g) va EtOH (576ml) trong binh 1ic Parr (2 lit). Tiép theo, trong moi
truong nito Pd/C 5% (20g, 9,6mmol; 5% mol) duoc thém vio binh ndy. Huyén phti phan
mg dugc dua vao binh lic Parr va binh ndy dugc dit vao moéi trudng khi hydro (40-45

“psi) va duge lac. Sau khi hoan thanh phan ng nhu duoc thé hién bang phép phan tich
HPLC, khi hydro duoc loai bé trong chan khéng va duoc thay thé bang khi nito. Huyén
phi phan tmg duoc loc qua dém xelit va dém xelit dugc rira bing etanol m&i.

Mg 2: Trietylamin (40,7g, 402mmol) dugc thém vao dung dich chira axit 3-
hydroxy-6-bromo-4-metoxypicolinic (47,5g) va EtOH (576ml) trong mdt binh lic Parr (2
1it). Tiép theo, dung dich Pd/C 5% (10g, 4,8mmol; 2,5mol%) duoc thém vio trong moi
trudng nito. Phan tng thir hai dugce hoan thanh nhu duge mé ta d6i v6i mé thtr 1. Dich
loc chira etanolic cho ca 2 mé dugc két hop lai va dugc ¢o dé thu duogc chit rdn. Chét rin
ndy duoc pha loing bang dung dich HCI 0,2N (400ml) d& diéu chinh d6 pH dén 1-2 va
huyén phu tao thanh dugc khudy trong 10-15 phit & nhiét d6 trong phong. Tiép theo, chét
rin duoc thu gom bing cach loc, duoc rira biang nudc va 1am kho trong khong khi trong
nhiéu gid va tiép theo trong 10 chan khéng & 50°C dé thu dugc hop chét axit 3-hydroxy-
4-metoxypicolinic (55g) dudi dang chét rén mau tréng nhd vé6i hiéu sudt 85%:

'H NMR (400MHz, DMSO-de) 5 8,04 (d, J= 6,4Hz, 1H), 7,40. (d, J= 6,5Hz, 1H), 4,04 (s,
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3H); 13C NMR (101MHz, DMSO-d) & 164,16, 162,03, 152,52, 132,32,
126,57, 109,13, 57,35; HRMS-ESI (m/z) theo tinh todn ddi véi C;H;NO,, 169,0379;
theo thuc nghiém, 169,0375; m.p. 219°C.

Yi du 2j. Axit 3-hydroxy-4-etoxypicolinic

Et
_Heishpac o | H
N ol a,n EOH S NcogH

Trietylamin (599mg, 5,92mmol) dugc thém vao dung dich chira axit 6-bromo-4-
etoxy-3-hydroxypicolinic (739 mg) va EtOH (20ml) trong binh lic Parr (0,5 lit). Dung
dich Pd/C 5% (300mg, 0,141mmol; 5mol%) dugc thém vao binh ndy. Hon hop phan tmg
duoc l4c trong didu kién khi hydro (45 psi) trong 22 gid. Hdn hop phan tmg duoc loc; qua -
dém xelit, va dém xelit dugc rira bﬁng etanol. Dich loc dugc 1am bay hoi kiéu quay dé thu
duoc chét rdn mau tring (1,047g), chit rin nay dugc tao huyén phu tiép troﬁg 15ml dung
dich HC1 0,1M va duoc loc. Chét rin duoc rira bing 5ml dung dich HCI0,1M va tiép theo -
14 5ml nu6e. Chét rin nay duoc 1am kho trong khong khi dé thu duoc 402mg (hiéu suét
78%, m.p. = 216-219°C) bdt mau tring nhd. Phuong phap 'H NMR cho thiy sy c6 mit
ctia Et;NHCI 7% ngoai sy cong hudng cia san pham. ' ' |

'"H NMR (400MHz, DMSO-d) 6 14,4 (br, 1H), 8,01 (d, J = 6,4Hz, 1H), 7,38 (d,
J=6,4Hz, 1H), 4,32 (q, J= 7,0Hz, 2H), 1,41 (t, J= 7,0Hz, 3H).

BC {'H} NMR (DMSO-ds. 126MHz) & 164,33, 161,13, 152,37, 132,44, 126,92,
109,53, 66,02, 14,05, HRMS-ESI (m/z) [M+H]+ theo tinh todn d&i v&i
CgHyBr0O,4,183,0532; theo thuc nghiém, 183,0536.

Vi du 2k. 3-hydroxy-4-metoxypicolinonitril

fe
/! R zaskon
—_—
H
B SN oN «©

Huyén phu chia 6-bromo-3-hydroxy-4-metoxypicolinonitril (7,5g, 32,7mmol),
b6t Zn (4,28g, 65,5mmol) va dung dich KOH 20% trong nuéc (100ml) duoc khudy qua
dém & nhiét d6 trong phong. Sau khi hoan thanh phéan tmg nhu dugc thé hién bang phép
phan tich HPLC, hdn hop phan tmg duogc loc qua xelit. Dich lgc trong nuéc duge 1am
lanh dén 5°C va dugc didu chinh dén d6 pH 1a khoang 3-4 bing dung dich HCI 3N
(~125ml). Chét rin két tia duogc loc, dugc rira bang nude va 1am khé trong khong khi va
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tiép theo trong 15 chan khéng & 50°C d& thu dugc hop chit 3-hydroxy-4-
metoxypicolmonitril (4g) dudi dang chat rén mau niu véi hiu suét 81%:

'H NMR (400MHz, DMSO-dg) & 11,12 (s, 1H), 8,08 (d, J= 5,3Hz, 1H), 7,28 (d,
J=5,3Hz, 1H), 3,94 (s, 3H);

13C NMR (101MHz, DMSO-d¢) & 154,69, 148,59, 143,51, 119,84, 116,07,
110,54, 56,36; HRMS-ESI (m/z) theo tinh toan dbi véi C;HgN,0,, 150,043; theo thuc
nghiém, 150,0429; m.p. 224°C.

Vidu 21. Axit 3 -hydroxy-4-metoxypicolinic

e Me
&QH KOH trong nwéc &ﬂ
R
. CN 8690 7C X Ot ’

Binh day tron 3 ¢b dung tich 1 lit duoc nap 125 gam KOH (1952mmol, 88% thir
nghiém d6i véi KOH) va tiép theo 12 400 gam nudc. Binh duge I4p khit v6i thanh khudy

co, vach nhiét va bd ngung tu (ctra vao N2). Dung dich phan ing dugc tron cho dén khi
: KOH duoc hoa tan. Tiép theo, 3-hydroxy-4-metoxypicolinonitril (50g, 334mmol) dugc
thém vao dung dich phéan Umg, qua trinh nay khong giy ra tda nhiét. Hon hop phéan tng
duge dun néng dén 90°C. Sau khi phan tmg dugc coi 12 hoan thanh theo phén tich NMR
(12 gid), dung dich phan ting duoc dé hgu@i dén nhiét d6 méi truong va dugc dé yén qua
dém. Dung dich HCI 12N dugc thém vao cho dén khi do pH 14 2-3, qua trinh nay s€ lam
cho san phdm dugc két tia tir dung dich. Chat rdn duoc thu gom bing cach loc va dugc
rita bing 10ml dung dich MeOH va tiép theo bing 10ml MTBE. San phdm dugc dé kho
qua dém va tiép theo dugc dat vao 10 chin khong trong 4 gid & 60°C. Thu dugc 49,2
gam axit 3-hydroxy-4-metoxy picolinic dudi dang chit rin mau tring nhd (hiéu suét
87,2%);

'HNMR (400MHz, DMSO-dq) § 8,04 (d, J= 6,4Hz, 1H), 7,39 (d, = 6,5Hz, 1H),
4,04 (s, 3H);

BCNMR (101MHz, DMSO-ds) 6 164,16, 162,03, 152,52, 132,32, 126,57,
109,13, 57,35; HRMS-ESI (m/z) theo tinh toan dbi véi C;H,NO,, 169,0379; theo thuc
nghiém, 169,0375.

Vi du 2m. Axit 3 -hydroxy-4-metoxypicolinic
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Me
Zn fKOR ZOH
. H0 N J
a0°C N COH

Binh d4y tron 3 cb dung tich 1 lit c6 thanh khudy co dugc nap 6-bromo3-
hydroxy-4-metoxypicolinonitril (45,8g, 200mmol) va bui kém (14,3 8g, 220mmol) trong
nudc (200ml). Dung dich KOH 45% (125g, 1000mmol) dugc thém vao tir tir & nhiét do
trong phong. H3n hop phan tmg duge dun néng dén 90°C. Sau khi phan tmg dugc coi 13
hoan thanh theo phép phan tich HPLC (20 gid), dung dich phan tmg dugc dé ngudi dén
nhiét 6 moi trudng. HOn hop phan tmg duge loc qua xelit. Dich loc dugc 1am lanh bang
thing nudc da tiép theo dung dich HCI 12N (khoang 90ml) dugc thém vao cho dén khi
do pH 1a 0,9. Chét ran dugc thu gom bing cach loc va dugce rira bang dung dich HCI
0,IN va nudec. San phim dugc dé kho qua dém va tiép theo dugc dit vao 10 chan khéng
qua dém & 50°C. Thu dugc axit 3-hydroxy-4-metoxy picolinic dudi dang chit rin mau
trang nhd (26,9g, hidu suit 80%): '

"H NMR. (400MHz, DMSO-de) s 8,04 (d, f= 6,4Hz, 1H), 7,39 (d, J= 6,5Hz, 1H),
4,04 (s, 3H); |

BC NMR (101MHz, DMSO-dq) & 164,16, 162,03, 152,52, 132,32, 126,57,
109,13, 57,35; HRMS-ESI (m/z) theo tinh toan d6i véi CTHTNO,, 169,0379; theo thuc
nghiém, 169,0375.

Vi dy 2n. Axit 3 -hydroxy-4-metoxypicolinic

(57N e
S OH o wyen, Q H
D ———
~
N7 e wee S N0z

Dung dich H,SO4 40% trong nudc (125ml) dugc thém vao phin rin di duoc
khudy tir ctia axit 3-hydroxy-6-bromo-4-metoxypicolinic (3,9g, 26mmol) & nhiét d6 trong
phong. Tiép theo, hdn hop phéan tmg duoc 1am 4m va dugc khudy qua dém & 90°C. Sau
khi phép phan tich HPLC cho thdy ring, phan tmg di hoan thanh, hdn hop phéan tGng
duoc 1am lanh d&n 5°C, va dung dich NaOH 25% trong nudc (~250ml) dugc cho tir tir
vio hdn hop phan tng dé didu chinh d6 pH dn 1-2. Huyén phu tao thanh duoc khudy
trong thoi gian 10-15 phat & nhiét do trong phong va san phdm rén duogc thu gom bang
cach loc. Banh loc duoc rira bang nuéc va 1am khoé trong khong khi trong nhidu gio va

tiép theo trong 16 chan khéng & 50°C dé thu dugc axit 3-hydroxy-4- metoxypicolinic
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(3,lg) dué6i dang chit rin mau nau véi hidu sudt 70%: m.p. 227°C.
'HNMR (400MHz, DMSO-ds) & 8,04 (d, J = 6,4Hz, 1H), 7,40 (d, J= 6,5Hz, 1H),
4,04 (s, 3H); |
BC NMR (101MHz, DMSO-d¢) & 164,16, 162,03, 152,52, 132,32, 126,57,
109,13, 57,35.
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Yéu cau bao hd

1. Quy trinh didu ché hop chét c6 cong thirc A:
l B
OH
I

a
N
N CN

B

A

bao gdbm cac budc sau day:

a) tao ra hdn hop thir nhét bing cach két hop ngudn amoniac, ngudn xyanua

va furan-2-aldehyt c6 cong thitc B véi nhau trong dung moi;

B
b) két hop tic nhan brom héa véi hdn hop thit nhit dé tao ra hdn hop thi hai;
va
¢) tach hop chit cé cong thirc A ra khoi hdn hop thi hai.
2. Quy trinh theo diém 1, trong d6 tic nhan brom héa 13 brom.

3. Quy trinh diéu ché hop chit c6 cong thirc A:

¢
OH

o~
e
N N

Bt
A
bao gom cac budc sau day:

a) tao ra hdn hop thir nhét bing cach két hop ngudn amoniac, ngudn xyanua

va furan-2-aldehyt c6 cong thirc B v6i nhau trong dung moi:

B
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b) tach hop chét c6 cong thirc C ra khoi hdn hop thir nhét;

¢) thém axit vd co vao hop chét c6 cong thirc C dé tao ra hdn hop thit hai;

d)tach hop chét ¢ cong thirc D ra khoi hdn hop thir hai:

- ONHTX

D

trong d6 X 1a Br, HSO,4, NO; hodc H,POy;

e) thém tic nhan brom hda va nuéc vao hop chét c6 cong thirc D d tao ra hon

hop thir ba; va

f) tach hop chét ¢6 cong thirc A ra khoi hdn hop thit ba.
4. Quy trinh theo diém 3, trong d6 axit vd co 12 axit bromhydric.
5. Quy trinh theo diém 3, trong d6 X 14 Br.
6. Quy trinh theo diém 3, trong d6 tic nhan brom héa 12 brom.
7. Quy trinh diéu ché hop chét c6 cong thirc A:

3r
OH

=
T
Br™ N CN

A
bao gom cac budc sau day:

a) tao ra hdn hop bing cach két hop tac nhan brom héa, nude va hop chét ¢6

cong thirc D v§i nhau:
NHz* X
D
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trong d6 X 1a Br, HSO,4, NO; hoiac H,POy; va

b) tach hop chét ¢ cong thirc A ra khoi hdn hop.
8. Quy trinh theo diém 7, trong d6 X 13 Br.
9. Quy trinh theo diém 7, trong d6 tac nhan brom héa 13 brom.

10. Quy trinh didu ché hop chit c6 cong thirc A:

T

/lon
SN
Br” N TCN

bao gom cac budc sau day:

a) tao ra hdn hop thir nhét bang cach két hop tac nhan brom hda, nuéc va hop

chét c6 cong thic D v6i nhau:

trong d6 X 1a Br, HSO,, NO; hoiac H,POy;
b) tach hop chét ¢ cong thirc J ra khoi hén hop thir nht:
N
TN
J

¢) tao ra hdn hop thir hai bang cach két hop tic nhan brom héa va hop chét c6
cong thuac J; va

d) tach hop chit c6 cong thirc A ra khoi hdn hop thit hai.
11. Quy trinh theo diém 10, trong d6 X 13 Br.

12. Quy trinh theo diém 10, trong d6 tc nhan brom hoa 13 brom.
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