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Linh vire k§ thuit dwoc dé cap

Sang ché @ cap dén quy trinh didu ché hop chit 4-amino-5-flo-3-halo-picolinat
dugc thé tai vi tri 6. Cu thé hon, sang ché @& cap dén quy trinh diéu ché hop chét 4-
amino-5-flo-3-halo-picolinat dwgc thé tai vi tri 6 bao gdm bude chuyén hoa
clopicolinoyl clorua thanh flopicolinoyl fluorua.

Tinh trang k§ thuit ciia sang ché

Patent M§ s6 6,297,197 B1 mb ta, khong ké nhing d6i twong khac, mot s hop chét
6-(alkoxy hogc aryloxy)-4-amino-3-clo-5-flopicolinat va stt dung chiing lam thudc diét
co. Cac Patent My s6 6,784,137 B2 va 7,314,849 B2 mb ta, khong ké nhitng déi twong
khac mot s hop chat 6-(aryl)-4-amino-3-clo-5-flopicolinat va st dung chiing lam thudc
diét co. Patent My s6 7,432,227 B2 md ta, khong ké nhimg déi twong khéc, mot sé hop
chét 6-(alkyl)-4-amino-3-clo-5-flopicolinat va sit dung ching lam thudc diét co. Mbi
patent ndy mo ta viéc san xut nguyén liéu 4-amino-3-clo-5-flopicolinat bing cach flo
héa pyridin khéng dugc thé tai vi tri 5 twong Ung bing 1-(clometyl)-4-flo-1,4-
diazoniabixyclo[2.2.2]octan bis(tetrafloborat). C6 lgi, néu tao ra 4-amino-5-flo-3-halo-
picolinat dwoc thé tai vi tri 6 ma khong can phai dya vao phéan tng flo héa truc tiép ¢ vi
tri 5 trén vong pyridin, chit flo héa dit tién nhu 1-(clometyl)-4-flo-1,4-
diazoniabixyclo[2.2.2]octan bis(tetrafloborat).

Don My sb 13/356,691 mb ta, khong ké nhitng dbi twgng khac, quy trinh didu ché
hop chét 4-amino-5-flo-3-halo-picolinat dugc thé tai vi tri 6 bao gém vi€c flo hoa este
5-clo-picolinat bang ngudn ion florua. Pon M§ s 13/356,686 mo ta, khong ké nhitng
d6i trgng khac, quy trinh didu ché hop chit 4-amino-5-flo-3-halo-picolinat dugc thé tai

vi tri 6 bao gém viéc flo hoa hop chét 5-clo-picolinonitril bang ngudn ion florua.

Do nhom chirc este c¢6 kha ning hut dién tir twong d6i yéu, nén ngudn ion florua c6
kha ning phéan tmg cao nhu CsF 1a dwgc wu tién ddi véi cac quy trinh flo héa da duoc
boc 16 trong cac don M§ s6 13/356,691 va 13/356,686. Khi ngudn ion florua c6 kha
ning phan tng kém hon nhu KF dugc sir dung, thi phan tng flo hoa ctia cac hop chit
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clopicolinat c6 thé dan dén viéc lam giam hiéu sut cta san phim mong mudn do qua
trinh phan ung flo héa va phan huy khéng hoan toan ciia nguyén li€u va céc san pham
trong céc dicu kién cudng burc.

C6 1o, néu tao ra dugc phuong phép cai tién va hiéu qua hon vé chi phi dé didu ché
hop chét 4-amino-5-flo-3-halo-picolinat dugc thé tai vi tri 6 ma khoéng phai sir dung cac
chét phan tng ho4 hoc dt tién nhu CsF.

Ban chit ky thuit ciia sang ché

Do d6, myc dich ciia sang ché 13 d& xuét phwong phap cai tién va hiéu qua v& chi phi
dé didu ché hop chét 4-amino-5-flo-3-halo-picolinat dugc thé tai vi tri 6 ma khong phai
sir dung cac chat phan tmg hoa hoc dét tién nhu CsF.

Sang ché d& xuét quy trinh diéu ché hop chit 4-amino-5-flo-3-halo-picolinat dugc
thé tai vi tri 6. Cu thé hon, sang ché d& xuit quy trinh didu ché hop chat 4-amino-5-flo-
3-halo-picolinat dugc thé tai vi tri 6 bao gdm budc chuyén héa clopicolinoyl clorua

thanh flopicolinoyl fluorua.

Theo mdt phuong 4n, sang ché dé xuét quy trinh diéu ché hop chét c6 cong thie (I):

NH,
E X W
RN OR!
0 @
hodc mudi, solvat ké ca hydrat, isotopologue, hoic dang da hinh cta chung, trong d6:

W 1a Cl, Br hoac I;

R 12 C1-Cs4 alkyl, xyclopropyl, C2-C4 alkenyl ho#ic phenyl duge thé bang tir 1 dén
4 phz‘?m tir thé doc 13p dugc chon tir halogen, Ci1-Cs alkyl, C1-Cy4 haloalkyl, Ci-Cs alkoxy
hoac C;-C4 haloalkoxy; va

R! 1a Ci-C12 alkyl hogic C7-Ci1 arylalkyl khong duge thé hodc duge thé;
bao gdm cac budc:

dwa phan tir thé flo vao vi tri 5 cua céu tric pyridin trong Céng thirc (I) bang cach

flo héa hop chét 5-Cl-picolinoyl clorua bang ngudn ion florua dé tao ra hop chit 5-F-
picolinoyl florua;
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dwa phan tir thé amino vao vi tri 4 cia cu truc pyridin trong Cong thirc (I) bang
cach amin héa hop chét 4-halo-pyridin bang ngudn amoniac;

dua phan tir thé W vao vi tri 3 cta cAu triic pyridin trong Céng thirc (I) bing cach
halogen héa hop chat pyridin khong duoc thé tai vi tri 3 bang ngudn halogen; va
dwa phan tir thé R vao vi tri 6 cta ciu trac pyridin trong Cong thirc (I) bang cach lién
hop hop chit 6-halo-pyridin véi hop chit R-Met, trong d6 hop chit R-Met duoc xac
dinh nhu dugc néu trong ban mo ta nay.

Theo mdt phuong 4n, sang ché dé xut quy trinh didu ché hop chét c6 cong thire (I):

NH,
F X W
RSN OR!
0 @)
hoic mudi, solvat ké ca hydrat, isotopologue, hodc dang da hinh cta chung, trong d6:

W a Cl, Br hoac I;

R 1a C1-Cs4 alkyl, xyclopropyl, C2-C4 alkenyl hoic phenyl dugc thé bang tir 1 dén
4 phan tir thé doc 1ap duge chon tir halogen, Ci-Cs alkyl, C1-Cs haloalkyl, Ci-Cy alkoxy
hoac Ci-C4 haloalkoxy; va

R! 14 C1-Cy2 alkyl hodc C7-C1; arylalkyl khong duge thé hodc duge thé;
bao gdm céc bude:
(a) flo héa hop chét c6 cong thirc (II):

Cl
Cl

X
A6 | N/ Cl
o @
trong d6 A° 13 halogen hoiic R;
bang nguédn ion florua dé tao ra hop chit c6 cong thirc (I11):
F

O
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trong d6 B¢ 1a F hoic R;
va bién ddi hop chét c6 cong thirc (IIT) thanh hop chét c6 cong thirc (IV):

NH,
F
| X
— OR!
A® TN

0. avy
(b) halogen héa hop chét ¢é cong thirc (IV) bang ngudn halogen dé tao ra hop chit c6
cong thirc (V):

NH,
F W
| X
— OR!
A N

0 (V); va
(c) lién hop hop chét c6 cong thirc (VI)

0 (VD)
trong do
X 1aCl, Br, hoac I;
A? 1a hydro hoic R!;
A3 12 hydro hodc W;
A*1a Cl, F, NH,;, NHCOCHj3, hodc nhém amino dugc bao vé;
A3 13 F hoic Cl;
v6i hop chit c6 cong thirc (VII)
R-Met (VID)
trong d6 Met 1a Zn-halogenua, Zn-R, tri-(C;-C4 alkyl)thiéc, ddng, hoic
B(OR?)(OR?), trong ¢6 mdi R? va R® dgc lap 13 hydro, Ci-Caalkyl, hodc khi cing nhau
tao thanh nhoém etylen hodc propylen;
v6i sy c6 mit cia chét xic tac kim loai chuyén tiép dé tao ra hop chit c6 cong thuc
(VIID):
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0 (VIID);

trong d6 budc bien doi (c) co thé xay ra trude, gitta, hodc sau cac budce bién doi (a) va
(b). .

Theo mét phwong 4n, sang ché dé xuét quy trinh didu ché hop chét c6 cong thic (1):

NH,
F W
X
= OR!
R N

0 @)
hodc mudi, solvat ké ca hydrat, isotopologue, hodc dang da hinh cuia chung, trong do:
W 1a Cl, Br hoiac I;
R 1a Ci-C4 alkyl, xyclopropyl, C2>-Cs alkenyl hodc phenyl dugc thé bang tir 0 dén
5 phén tir thé doc 1ap duge chon tir halogen, Ci-Cs alkyl, Ci-Cq haloalkyl, Ci-Cs alkoxy
hoac Ci-Cs haloalkoxy; va
R! 13 C1-C12 alkyl hodc C7-Cy; arylalkyl khong dugc thé hoic dugce thé;
bao gbm céc budc:
dua phan tir thé flo vao vi tri 5 cua cu tric pyridin trong Cong thirc (I) bing cach
flo hoa hop chit 5-Cl-picolinoyl clorua bing ngudn ion florua dé tao ra hop chit 5-F-
picolinoyl florua;
dwa phan tir thé amino vao vi tri 4 cua cdu tric pyridin trong Cong thirc (I) bang
cach amin héa hop chét 4-halo-pyridin bing ngudn amoniac;
dua phan tir thé W vao vi tri 3 ciia cu trac pyridin trong Céng thirc (1) bang cach
halogen héa hgp chét pyridin khéng dugc thé tai vi tri 3 bang ngudn halogen; va
dwra phén tir thé R vao vi tri 6 cua cdu truc pyridin trong Cong thirc (I) bing cach
lién hop hop chét 6-halo-pyridin v6i hop chit R-Met, trong d6 hop chit R-Met dugc
xac dinh nhu dugc néu trong ban mo ta nay.

Theo mdt phuong 4n, sang ché dé xuit quy trinh didu ché hop chét ¢6 cong thirc (I):



20616

NH,
F X W
R N/ OR!
0 @
hodc mudi, solvat ké ca hydrat, isotopologue, hoac dang da hinh cua ching, trong do:

W 1a Cl, Br hoac I; .

R 14 C;-Cs alkyl, xyclopropyl, C2-Cs alkenyl hodc phenyl dugc thé bang tir 0 dén
5 phan tr thé doc 1ap dwgc chon tir halogen, C1-Cs alkyl, C1-C4 haloalkyl, Ci-Cs alkoxy
hodc Ci-C4 haloalkoxy; va

R! 14 C;-Ci2 alkyl hoiic C7-Ciy arylalkyl khéng duge thé hodc duge thé;
bao gbm céc bude:
(a) flo hoa hop chit c6 cong thire (I1):

Cl
Cl

X
A6 N/ Cl
o @
trong d6 A° 13 halogen hoic R;

bang ngudn ion florua dé tao ra hop chét cé cong thirc (III):

F
E N
= F
BS "N
o
trong d6 B® 1a F hoic R;
va bién d6i hop chét cé cong thirc (IIT) thanh hop chit c6 cong thirc (IV):
NH,
F I X
~ OR!
A5 "N
0 av);
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(b) halogen héa hop chat cé cong thirc (IV) bing ngudn halogen dé tao ra hop chit c6
cong thuc (V):

0 (V); va
(c) lién hop hop chét ¢ cong thire (VI)
A4
Al A3

X
— 0AZ?
X~ N

0 (VD
trong do
X 1a Cl, Br, hoic I;
A? 13 hydro hoic R';
A3 13 hydro hoic W;
A*1a Cl, F, NHz, NHCOCHj3, ho#ic nhém amino dugc bao vé;
A’ 13 F hoic Cl;
v6i hop chit c6 cong thirc (VII)
R-Met (VID)
trong d6 Met 1& Zn-halogenua, Zn-R, tri-(C1-Cs alkyl)thiéc, ddng, hodc
B(OR?)(OR?), trong d6 mdi R? va R® ddc 1ap 1a hydro, C1-Caalkyl, hodc khi ciing nhau
tao thanh nhom etylen hodc propylen;
v6i sy ¢6 mit ctia chit xic tic kim loai chuyén tiép dé tao ra hop chét ¢6 cong thirc
(VII):
A4
A2 A3
|

X
— 0A?
R N

0 (VIID);
trong d6 bude bién dbi (c) c6 thé x4y ra trudc, giita, hodic sau cac budc bién dbi (a) va

(b).
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M3 ta chi tiét sang ché
Dinh nghia

Nhu duge sir dung trong ban mé ta nay va trir khi ¢6 quy dinh cu thé khac, thuat ngit
“quy trinh” dugc néu trong ban md ti nay dung dé chi cac phuong phap dugc dé cap
trong ban mo ta ¢6 thé duge sir dung dé diéu ché hop chit dwoc néu trong ban mé ta
ndy. Cac phuong 4n cai bién ctia cac phurong phap dwgc boc 16 trong ban mé ta nay (vi
dy, nguyén li¢u, chét phan tng, nhém bao v€, dung méi, nhiét d9, thoi gian phan g,
tinh ché) ciing dugc bao gdm trong ban mé ta nay.

Nhu dugc sir dung trong ban mé ta ndy, va trir khi c6 quy dinh cu thé khéc, thuat

99 <& 99 4&.

ngit “bd sung,” “phan tmg,” “xir 1y,” hodc cc cich twong tu cho mot chat phan tng,
chit phan tmg, dung méi, chit xuc tac, nhém phan tmg hodic cc chit turong t tiép xic
v6i chit phan tmg, chit phan tmg, dung méi, chit xuc tac, nhém phan g hoic cac chit
tuong tu khac. Cac chét phan Ung, thube th, dung moi, chét xidc tac, nhém phan tmg
hodc cac chat twong tir ¢6 thé dwoc bd sung mot cach riéng biét,_déng thoi hodc riéng r&
va c6 thé dugc bd sung theo trinh tir bit ky. Ching c6 thé dugc bd sung voi sy ¢ mit
hodc khong c6 mit ctia nhiét va c6 thé tuy ¥ dugc bd sung trong mdi trudng khi tro. "
“Phan tng” c6 thé dung dé chi su tao ra tai ché hodc phan ung trong phén tir, trong do

cac nhom phén ng 1a trong cing mdt phan ti.

Nhu duge st dung trong ban mé ta nay, va trir khi c¢6 quy dinh cu thé khac, phan
ting 13 “gan nhu hoan toan” hoic dugc dién ra “vé co ban 13 hoan toan” c6 nghia 14 phan
ting dat hiéu sut hon 80%, theo mot phuong 4n phan (g dat hiéu sudt hon 90%, theo
phuong 4n khic, phan tmg dat hiéu suat hon 95%, va theo phwong 4n tiép theo khac
phéan tig dat higu suit hon 97% san phdm mong muén.

Nhu duoc st dung trong ban mé ta nay, va trir khi c¢6 quy dinh cu thé khac, thuat
ngit “mudi” bao gdm, nhung khong chi giéi han &, cac mudi cia cic nhém axit hodc
bazo c6 thé c6 mit trong céc hop chét duge boc 1§ trong ban mé ta ndy. Cac hop chét c6
ban chét 1 bazo c6 kha ning tao ra nhidu cac mudi véi céc axit vd co va hitu co khac
nhau. Céc axit ndy c6 thé dugc st dung dé didu ché cac mubi ciia cac hop chét bazo
nhu vy 1 c4c axit tao ra cdc mubi chira céc anion bao gdm, nhung khong chi giéi han
¢, axetat, benzensulfonat, benzoat, bicarbonat, bitartrat , bromua, canxi edetat, camsylat,

cacbonat, clorua, bromua, iodua, xitrat, dihydroclorua, edetat, edisylat, estolate, esylat,
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fumarat, gluceptat, gluconat, glutamat, glycollylarsanilat, hexylresorxinat, hydrabamin,
hydroxynaphthoat, isethionat, lactat, lactobionat, malat, maleat, mandelat, mesylat,
metylsulfat, muscat, napsylat, nitrat, panthothenat, phosphat/diphosphat,
polygalacturonat, salixilat, stearat, sucxinat, sulfat, tannat, tartrat, teoclat, triethiodua, va
pamoat. Ngoai céc axit néu trén, cac hgp chit bao gdm nhém amino ciing c6 thé tao ra
‘cdc mudi v6i cac axit amin khac nhau. Céc hop chit c6 ban chét 13 axit c6 kha nang tao
ra cdc mudi bazo vdi cac cation khac nhau. Céc vi du khong 1am gidi han pham vi cia
sang ché vé cac mudi nhu vay bao gdm cac mudi kim loai kiém hoic kim loai kiém thé
va, theo mot sb phuong an, cac mubi canxi, magie, natri, lithi, k&m, kali, va sit. Cc hop
chit c6 ban chét 1a axit ciing c6 kha ning tao ra cdc mudi bazo véi cac hop chit bao
g6m nhém amino.

Nhu dugc st dung trong ban md ta nay, va trir khi c¢6 quy dinh cu thé khac, thuat
ngit “hydrat” dugc ding dé chi hop chét hodc mudi cua chiing, con bao gém luong theo
hé s6 ty lrong hoic lugng khong theo hé sé ty lwgng ctia nude duge lién két boi luc
gitta cac phan tir phi cong hoa tri.

Nhu dugc sir dung trong ban md ta ndy, va trir khi ¢6 quy dinh cu thé khac, thuat
ngit “solvat” dugc ding d& chi solvat dugc tao thanh tir su két hop ciia mét hodc nhiu
phan tir dung méi v&i hop chit. Thut ngir “solvat” bao gdm ca hydrat (vi du, mono-
hydrat, dihydrat, trihydrat, tetrahydrat, va twong tu).

Nhu duge sir dung trong bin mé ta ndy, va trir khi c6 quy dinh cu thé khéc, thuat
ngit “dang da hinh” dugc dung @ chi cc dang tinh thé rén cia hop chét hoic phirc chat
ctia ching. Cac dang da hinh khic nhau ciia cing mot hop chét c¢6 thé c¢6 cac dic tinh
vat 1y, hod hoc va/hodc quang phd khac nhau.

Nhu dugc st dung trong ban mé ta nay, cic thudt ngit “alkyl,” “alkenyl” va
“alkynyl,” ciing nhu cic thudt ngit din xudt nhu “alkoxy,” “axyl,” “alkylthio” va
“alkylsulfonyl,” bao gdm, trong pham vi cta chiing, cic gdc mach thing, mach nhanh
va mach vong. Trir khi ¢6 quy dinh cu thé khéc, mdi ¢ thé khong duge thé hoic duge
thé bang mot hoic nhidu phan tir thé duogc chon tr nhung khong chi gidi han & halogen,
hydroxy, alkoxy, alkylthio, Ci-Cs axyl, formyl, xyano, aryloxy hoic aryl, véi didu kién
cac phan tir thé 13 twong hop v& mit khong gian va théa man cac quy tic lién két hoa
hoc va ning hrong bién dang. Cac thuat ngi “alkenyl” va “alkynyl” dugc du dinh bao
g6m mét hodc nhiéu lién két khong bao hoa.

-10-
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Nhu duge st dung trong ban mé ta ndy, thuat ngit “arylalkyl,” dung dé chi nhém
alkyl duge thé bang phenyl c¢6 téng sb cac nguyén tir cacbon nim trong khoang tir 7 d&n
11, nhu benzyl (—CH2Cs¢Hs), 2-metylnaphtyl (—-CH2CioH7) va 1- hodc 2-phenetyl (—
CH2CH2CHs hoiic -CH(CH3)C¢Hs). Ban than nhom phenyl ¢6 thé khong duoc thé hodc
dugc thé bﬁng mot hodc nhiéu ph?ln ttr thé doc 1ap dugc chon tir halogen, nitro, Xyano,
C1-Cs alkyl, Ci-Cs alkoxy, Ci-Cs alkyl dugc halogen hoa, Ci-Cs alkoxy dugc halogen
hoa, C1-Cs alkylthio, C(O)OC-Cealkyl, hodc néu hai phan tir thé lién k& cing nhau tao
~ thanh —~O(CHz),O— trong d6 n=1 hodc 2, véi didu kién cac phén tir thé nay 1a twong hop

ve mat khong gian va théa man cac quy tac lién ket hoa hoc va ning lugng bién dang.

Trir khi ¢6 quy dinh cu thé, thuat ngir “halogen,” ciing nhu céc thudt ngir din xuét
nhu “halo,” dung dé chi flo, clo, brom va iot.

Nhu dugc st dyng trong ban mé ta ndy, va trir khi ¢6 quy dinh cu thé khac, thuét
ngit “amino” hodc “nhém amino” dugc ding dé chi nhém c6 hoa tri mdt c6 cong thic -
NH_, -NH(alkyl), -NH(aryl), -N(alkyl)2, -N(aryl)2 hoac -N(alkyl)(aryl).

Céc nhém bdo vé amino nhu cic nhém amit (vi du, —C(=O)R*®) bao gdm, nhung
khong chi giéi han &, formamit, axetamit, cloaxetamit, tricloaxetamit, trifloaxetamit,
phenylaxetamit, 3—phenylpropanamit, picolinamit, 3—pyridylcarboxamit, dan xuat N—
benzoylphenylalanyl, benzamit, p—phenylbenzamit, o-nitophenylaxetamit, o—
nitrophenoxyaxetamit, axetoaxetamit, (N —dithiobenzyioxycarbonylamino)axetamit, 3—
(p—hydroxyphenyl)propanamit, 3—(o—nitrophenyl)propanamit, 2-metyl-2—(o—
nitrophenoxy)propanamit, 2—metyl-2—(o—phenylazophenoxy)propanamit, 4—
clobutanamit, 3—metyl-3—nitrobutanamit, o—nitroxinamit, din xuét N-axetylmetionin,

o—nitrobenzamit va o—(benzoyloxymetyl)benzamit.

Céc nhém bdo vé amin nhu cdc nhém carbamat (vi dy, —C(=0)OR™) bao gom,
nhung khoéng chi gidi han &, metyl carbamat, etyl carbamat, 9—fluorenylmetyl carbamat
(Fmoc), 9—(2—sulfo)fluorenylmetyl carbamat, 9—(2,7—-dibrom)floenylmetyl carbamat,
2,7—di—t-butyl-{9—+10,10-diox0-10,10,10,10—tetrahydrothioxanthyl)]metyl ~ carbamat
(DBD-Tmoc), 4—metoxyphenaxyl carbamat (Phenoc), 2,2,2-tricloetyl carbamat (Troc),
2—trimetylsilyletyl carbamat (Teoc), 2—phenyletyl carbamat (hZ), 1-(1-adamantyl)-1—
metyletyl carbamat (Adpoc), 1,1-dimetyl-2-haloetyl carbamat, 1,1-dimetyl-2,2—
dibrometyl carbamat (DB—+BOC), 1,1-dimetyl-2,2,2—tricloetyl carbamat (TCBOC),
1-metyl-1—(4-biphenylyl)etyl carbamat (Bpoc), 1—(3,5-di—#butylphenyl)-1-metyletyl

-11-
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carbamat (+~Bumeoc), 22— va 4’-pyridyl)etyl carbamat (Pyoc), 2—(N,N—
dixyclohexylcarboxamido)etyl carbamat, t-butyl carbamat (BOC), 1-adamantyl
carbamat (Adoc), vinyl carbamat (Voc), alyl carbamat (Alloc), 1-isopropyl alyl
carbamat (Ipaoc), xinnamyl carbamat (Coc), 4-nitroxinnamyl carbamat (Noc), 8—
quinolyl carbamat, N-hydroxypiperidinyl carbamat, alkyldithio carbamat, benzyl
carbamat (Cbz), p-—metoxybenzyl carbamat (Moz), p-nitobenzyl carbamat, p—
brombenzyl carbamat, p-clobenzyl carbamat, 2,4-diclobenzyl carbamat, 4—
metylsulfinylbenzyl carbamat (Msz), 9-anthrylmetyl carbamat, diphenylmetyl
carbamat, 2-metylthioetyl carbamat, 2-metylsulfonyletyl carbamat, 2—(p—
toluensulfonyl)etyl carbamat, [2—(1,3—dithianyl)]jmetyl carbamat (Dmoc), 4—
metylthiophenyl carbamat (Mtpc), 2,4—dimetylthiophenyl carbamat (Bmpc), 2—
phosphonioetyl carbamat (Peoc), 2—triphenylphosphonioisopropyl carbamat (Ppoc),
1,1-dimetyl-2—xyanoetyl  carbamat, = m-clo—p—axyloxybenzyl carbamat, p—
(dihydroxyboryl)benzyl carbamat, 5—benzisoxazolylmetyl carbamat, 2—(triflometyl)—6—
chromonylmetyl carbamat (Tcroc), m-nitrophenyl carbamat, 3,5-dimetoxybenzyl
carbamat, o—nitrobenzyl carbamat, 3,4-dimetoxy—6—nitrobenzyl carbamat, phenyl(o—
nitrophenyl)metyl carbamat, t~amyl carbamat, S—benzyl thiocarbamate, p—xyanobenzyl
carbamat, xyclobutyl carbamat, xyclohexyl carbamat, xyclopentyl carbamat,
xyclopropylmetyl carbamat, p—dexyloxybenzyl carbamat, 2,2—dimetoxycarbonylvinyl
carbamat, o—(N,N—dimetylcarboxamido)benzyl carbamat, 1,1-dimetyl-3—(N,N—
dimetylcarboxamido)propyl = carbamat, 1,1-dimetylpropynyl carbamat, di(2—
pyridyl)metyl carbamat, 2—furanylmetyl carbamat, 2—iodoetyl carbamat, isoborynl
carbamat, isobutyl carbamat, isonicotinyl carbamat, p—(p —metoxyphenylazo)benzyl
carbamat, 1-metylxyclobutyl carbamat, 1-metylxyclohexyl carbamat, 1-metyl-1—
xyclopropylmetyl carbamat, 1-metyl-1—(3,5-dimetoxyphenyl)etyl carbamat, 1-metyl-
1-(p—phenylazophenyl)etyl carbamat, 1-metyl-1—phenyletyl carbamat, 1-metyl-1—(4—
pyridyl)etyl carbamat, phenyl carbamat, p—(phenylazo)benzyl carbamat, 2,4,6—tri—¢—
butylphenyl carbamat, 4—(trimetylamoni)benzyl carbamat, va 2.4,6-trimetylbenzyl
carbamat.

Cac nhém bao vé amin nhu cidc nhém sulfonamit (vi dy, —S(=0)R*) bao gom,
nhung khong chi gigi han &, p-toluensulfonamit (Ts), benzensulfonamit, 2,3,6,—

trimetyl-4-metoxybenzensulfonamit (Mtr), 2,4,6-trimetoxybenzensulfonamit (Mtb),
2,6—dimetyl-4—metoxybenzensulfonamit (Pme), 2,3,5,6—tetrametyl—4—
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metoxybenzensulfonamit ~ (Mte),  4-metoxybenzensulfonamit  (Mbs), 2.4,6—
trimetylbenzensulfonamit  (Mts), 2,6—dimetoxy—4-metylbenzensulfonamit (iMds),
2,2,5",7,8—peritametylchroman—6—sulfonamit (Pmc), metanesulfonamit (Ms), p-—
trimetylsilyletansulfonamit (SES), 9—antraxensulfonamit, 4—+4°,8—
dimetoxynaphtylmetyl)benzensulfonamit (DNMBS), benzylsulfonamit,
triflometylsulfonamit, va phenaxylsulfonamit.

Céac nhém bao vé amino khic bao gdm, nhung khong chi gidi han &, din xuét
phenothiazinyl—(10)—carbonyl, dn xuit N’—p-toluensulfonylaminocarbonyl, din xuAt
N’—phenylaminothiocarbonyl, din xudt N-benzoylphenylalanyl, din xudt N-
axetylmetionin, 4,5—diphenyl-3—oxazolin—2—on, N—phtalimit, N—dithiasucxinimit (Dts),
N=-2,3—diphenylmaleimit, N=2,5—dimetylpyrol, N-1,1,4,4—
tetrametyldisilylazaxyclopentan san phidm céng (STABASE), 1,3—dimetyl-1,3,5—
triazaxyclohexan—2—on dugc thé tai vi tri 5, 1,3—dibenzyl-1,3,5-triazaxyclohexan—2—on
duoc thé tai vi tri 5, 3,5—dinitro—4—pyridon dugc thé tai vi tri 1, N—metylamin, N—
alylamin, N-[2—(trimetylsilyl)etoxy|metylamin (SEM), N—3—axetoxypropylamin, N—(1—
isopropyl—4—nitro—2—oxo-3—pyroolin—3—yl)amin, quaba thanh phinamoni cac mudi, N—
benzylamin, = N-di(4-metoxyphenyl)metylamin, = N-5—dibenzosuberylamin,  N-
triphenylmetylamin (Tr), N—[(4—metoxyphenyl)diphenylmetyl]amin (MMTr), N-9-
phenylfluorenylamin (PhF), N-2,7-diclo-9—fluorenylmetylenamin, N-
ferrocenylmetylamino (Fcm), N-2—-picolylamino N’—oxit, N-1,1-
dimetylthiometylenamin, = N-benzylidenamin, = N-p-metoxybenzylidenamin, N-
diphenylmetylenamin, N—{(2—pyridyl)mesityl|metylenamin, N—(N’,N’-
diméfyléminometylen)amin, N,N —isopropylidendiamin, N—p—nitrobenzylidenamin, N—
salicylidenamin, N-5—closalicylidenamin, N—(5—clo-2—-
hydroxyphenyl)phenylmetylenamin, N—xyclohexylidenamin, N—(5,5—dimetyl-3—oxo—
1-xyclohexenyl)amin, din xudt N-boran, din xuit axit N-diphenylboric, N—
[phenyl(pentacarbonylcrom— hodic vonfram)carbonyllamin, N-dong chelat, N-k&m
chelat, N-nitroamin, N-nitrosoamin, amin N-oxit, diphenylphosphinamit (Dpp),
dimetylthiophosphinamit ~ (Mpt), diphenylthiophosphinamit ~ (Ppt), dialkyl
phosphoramidat, dibenzyl phosphoramidat, diphenyl phosphoramidat,
benzensulfenamit, o-nitrobenzensulfenamit (Nps), 2,4-dinitrobenzensulfenamit,
pentaclobenzensulfenamit, 2-nitro—4—metoxybenzensulfenamit,

triphenylmetylsulfenamit va 3—nitropyridinsulfenamit (Npys).
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Nhu dugce sir dung trong ban mo ta nay, va trir khi c¢6 quy dinh cu thé khéc, thuét
ngir “dugc thé” hodc “viée thay thé,” khi duoc sir dung d& mo ta cAu tric hodc gbc hoa
hoc, ding dé chi din xuit cua cdu truc hodc gbe trong d6 mot hodc nhiéu nguyén tir
hydro ctia né dugc thay bang phan tir thé nhu, nhung khéng chi gi6i han &: alkyl,
alkenyl, alkynyl, va xycloalkyl; alkoxyalkyl; aroyl; doteri, halo; haloalkyl (vi du,
triflometyl); heteroxycloalkyl; haloalkoxy (vi du, triflometoxy); hydroxy; alkoxy;
xycloalkyloxy; heterocylooxy; oxo; alkanoyl; aryl; heteroaryl (vi du , indolyl,
imidazolyl, furyl, thienyl, thiazolyl, pyrolidyl, pyridyl, va pyrimidyl); arylalkyl;
alkylaryl; heteroaryl; heteroarylalkyl; alkylheteroaryl; heteroxyclo; heteroxycloalkyl-
alkyl; aryloxy, alkanoyloxy; amino; alkylamino; arylamino; arylalkylamino;
xycloalkylamino; heteroxycloamino; mono- va di-duge thé amino; alkanoylamino;
aroylamino; aralkanoylamino; aminoalkyl; carbamyl (vi du, CONH,); carbamyl dugc
thé (vi du, CONH-alkyl, CONH-aryl, CONH-arylalkyl hodc céac vi du trong d6 c6 hai
phé‘m tir thé trén nito); carbonyl; alkoxycarbonyl; carboxy; xyano; este; ete; guanidino;
nitro; sulfonyl; alkylsulfonyl; arylsulfonyl; arylalkylsulfonyl; sulfonamido (vi du,
SO,NH,); sulfonamido duoc thé; thiol; alkylthio; arylthio; arylalkylthio; xycloalkylthio;
heteroxyclothio; alkylthiono; arylthiono; va arylalkylthiono. Theo mét s6 phwong én,
chinh phﬁn ttr thé c6 thé dugc thé béng mét hodc nhidu géc hoa hoc nhu, nhung khéng
chi giéi han &, cac gbc di duge mé ta trong ban mé ta nay.

Nhu dugc st dung trong ban mé ta ndy, va trir khi ¢6 quy dinh cu thé khac, thuat
ngit “khoang” dugc ding dé chi cac gia tri dugc dua ra 1a gin dung. Vi duy, thuét ngir
“khoang,” khi né dugc sir dung lién quan dén nhiét do phan t@ng, biéu thi rang su sai
1éch v& nhiét do trong khoang 30%, 25%, 20%, 15%, 10%, hodc 5% so vGi nhiét do chi
dinh. Tuwong ty, thudt ngit “khoang,” khi né duge st dung lién quan dén thoi gian phan
ting, biéu thi ring su sai 1éch vé& thoi gian trong khoang 30%, 25%, 20%, 15%, 10%,
hodc 5% so véi thoi gian chi dinh.

Sang ché c6 thé dugc hidu mot cach ddy du hon qua phan mé ta chi tiét va cac vi du
minh hoa duéi day ding dé minh hoa ma khéng 1am giéi han pham vi cua sang ché.

Céc quy trinh

Sang ché dé xuit quy trinh diéu ché hop chit 4-amino-5-flo-3-halo-picolinat duoc
thé tai vi tri 6. Cu thé hon, sang ché d& xuét quy trinh didu ché hop chit 4-amino-5-flo-
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3-halo-picolinat dugc thé tai vi tri 6 bao gdm budc chuyén héa clopicolinoyl clorua

thanh flopicolinoyl fluorua.

Theo mot phurong an, sang ché @& xuit quy trinh didu ché hop chét c6 cong thic (I):

NH,
F X W
R OR!
0 @
hodc mudi, solvat ké ca hydrat, isotopologue, hodc dang da hinh cua ching, trong dé:

W 1a Cl, Br hoic I;
R 1a C;-C4 alkyl, xyclopropyl, C>-Cs alkenyl hodc phenyl duoc thé bing tir 1 dén
4 phan tir thé doc 1ap duge chon tir halogen, Ci-Cs alkyl, Ci-Cs haloalkyl, C;-Cs alkoxy
hoac C;-C4 haloalkoxy; va
R! 14 Ci-C12 alkyl hodc C7-Ciy arylalkyl khong duoc thé hodc duge thé;
bao gdm céc budec:
dwa phan tir thé flo vao vi tri 5 cua ciu tric pyridin trong Cong thirc (I) bang cach
flo héa hop chit 5-Cl-picolinoyl clorua bang ngudn ion florua dé tao ra hop chét 5-F-
picolinoyl florua;
dwa phan tir thé amino vao vi tri 4 cia céu tric pyridin trong Cong thirc (I) bang
cach amin héa hop chét 4-halo-pyridin bang ngudn amoniac;
dwa phan tir thé W vao vi tri 3 ciia cdu tric pyridin trong Cong thirc (I) bang cach
halogen héa hop chat pyridin khong dugc thé tai vi tri 3 bing ngudn halogen; va
dwa phin tir thé R vao vi tri 6 cua cdu trac pyridin trong Cong thirc (I) bang cach lién
hop hop chit 6-halo-pyridin v6i hop chit R-Met, trong d6 hop chit R-Met duge xé4c
dinh nhu dugc néu trong ban mo ta nay.

Theo mét phuong 4n, R 1 phenyl dugc thé bang tir 1 &én 4 phén tir thé doc lap duoc
chon tir halogen, Ci-Cs alkyl, Ci-C4 haloalkyl, Ci-Cs alkoxy hodc Ci-Cs haloalkoxy.
Theo mdt phuong 4n, R 13 phenyl dugc thé tai vi tri 4, phenyl duoc thé hai 1an & vi tri
2,4, phenyl dugc thé ba 14n & vi tri 2,34, phenyl duogc thé ba 1an & vi tri 2,4,5, va phenyl
dugc thé bdn 14n & vi tri 2,3,4,6, trong d6 mdi phr:in tir thé doc 1ap dugc chon tir halogen,
C1-C4 alkyl, C1-C4 haloalkyl, C1-Cs alkoxy hodc C1-C4 haloalkoxy.

Theo mét phuong 4n, sang ché dé xuat quy trinh diéu ché hop chét c6 cong thire (I):
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NH,
F. W
AN
— OR!
R N

hodc mudi, solvat ké ca hydrat, isotopologue, hodc dang da hinh cia chung, trong d6:

W a Cl, Br hoac I;

R 14 Ci-C4 alkyl, xyclopropyl, C>-Cs alkenyl hodc phenyl duoc thé bing tir 1 dén
4 phan tir thé doc 14p dugce chon tir halogen, C1-Cy alkyl, Ci-Cq haloalkyl, C1-Cy4 alkoxy
hoac Ci-Cs haloalkoxy; va

R! 13 Ci-C12 alkyl hodc C7-C1y arylalkyl khong dugc thé hodc duge thé;
bao gdm céc budc:
(a) flo héa hop chit c6 cong thire (I1):

Cl
Cl

AN
A6 N/ Cl
o @
trong d6 AS 1a halogen hoic R;

bang ngudn ion florua dé tao ra hop chét co cong thire (I11):

F
E X
= F
B "N
O (i,
trong d6 B 1a F hoic R;
va bién dbi hop chit c6 cong thirc (III) thanh hop chit c6 cong thire (IV):
NH,
F I X
— OR!
A N
0 av);
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(b) halogen héa hop chét ¢6 cong thirc (IV) bing ngudn halogen dé tao ra hop chit c6
cong thure (V):
NH,

Y (V); va
(c) lién hop hop chét c6 cong thire (VI)
A4
A3 A3

X
— 0A2
X N

0 (VD)
trong do
X 1a Cl, Br, hoac I;
A? 13 hydro hoic R;
A3 13 hydro ho#ic W;
A*1a Cl, F, NH,;, NHCOCH3, hoic nhém amino dugc bao vé;
A3 1a F hoic Cl;
bang hop chit c¢6 cong thirc (VII)
R-Met (VID)
trong d6 Met 1a Zn-halogenua, Zn-R, tri-(C1-C4 alkyl)thiéc, ddng, hodc
B(OR2)(OR®), trong d6 mdi R? va R? ddc 14p 14 hydro, C1-Caalkyl, hodc khi cing nhau
tao thanh nhom etylen hoac propylen; _
v6i sy c6 mit ciia chét xtic tac kim loai chuyén tiép dé tao ra hop chit c6 cong thirc
(VII):

0 (VIID);
trong d6 budc bién dbi (c) c6 thé xay ra trudc, giira, hodc sau cac bude bién ddi (a) va

(b).
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Theo mot phuong an, sang ché d& xuft quy trinh diéu ché hop chét c6 cong thirc (I):

NH,
F W
X
_ OR!
R N

0 @
hozc mubi, solvat ké ca hydrat, isotopologue, hoic dang da hinh cia chung, trong dé:
W 1a Cl, Br hoac I;
R 12 Ci-Cy4 alkyl, xyclopropyl, C2-Cs alkenyl hodc phenyl duoc thé bang tir 0 dén
5 phén tir thé doc 18p duge chon tir halogen, Ci-Cs alkyl, Ci-Cs haloalkyl, Ci-Cs4 alkoxy
hodc C1-C4 haloalkoxy; va
R! 1a Ci-Cy alkyl hogic C7-Cyy arylalkyl khong dugc thé hodc duge thé;
bao gém céc budc:
dua phan tir thé flo vao vi tri 5 ciia cAu truc pyridin trong Céng thire (I) bang cach
flo héa hgp chat 5-Cl-picolinoyl clorua bing ngudn ion florua d& tao ra hop chét 5-F-
picolinoyl florua;
dua phan tir thé amino vao vi tri 4 cia céu tric pyridin trong Cong thirc (I) bang
cach amin héa hop chit 4-halo-pyridin bing ngudn amoniac;
dwa phan tir thé W vao vi tri 3 cta cAu tric pyridin trong Cong thic (I) bang cach
halogen héa hop chit pyridin khéng dugc thé tai vi tri 3 bing ngudn halogen; va
dwa phan tir thé R vao vi tri 6 ciia cdu trc pyridin trong Cong thire (I) bang cach lién
hop hop chat 6-halo-pyridin véi hop chit R-Met, trong do hop chit R-Met duoc xdc
dinh nhu dugc néu trong ban mo ta nay.

Theo mét phuong 4n, R 13 phenyl duge thé bang tir 0 &én 5 phan tir thé doc lap dugce
chon tir halogen, Ci1-Cs4 alkyl, Ci-C4 haloalkyl, Ci-C4 alkoxy hodc Ci-Cs haloalkoxy.
Theo mdt phuong 4n, R 13 phenyl duge thé tai vi tri 4, phenyl dugc thé hai 1an & vi tri
2,4, phenyl dugc thé ba lan & vi tri 2,34, phenyl dugc thé ba 1an & vi tri 2,4,5, va phenyl
duoc thé bdn 14n & vi tri 2,3,4,6, trong d6 mdi phe‘in tir thé doc 1ap dugce chon tr halogen,
Ci-C4 alkyl, C;1-C4 haloalkyl, C1-C4 alkoxy hodc Ci-C4 haloalkoxy.

Theo mot phuong 4n, sang ché @ xuét quy trinh diu ché hop chit co cong thire (I):
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hodc mudi, solvat ké ca hydrat, isotopologue, hoac dang da hinh cta ching, trong do:

W 1a Cl, Br hoidc I;

R 14 Ci-C4 alkyl, xyclopropyl, C2-Cs alkenyl hoic phenyl duoc thé bing tir 0 dén
5 phan tir thé ddc 1ap dugc chon tir halogen, Ci-Cy alkyl, Ci-C4 haloalkyl, C1-C4 alkoxy
hodc Ci-C4 haloalkoxy; va

R! 1a C1-Ci2 alkyl hodc C7-C11 arylalkyl khong duoc thé hodc duge thé;
bao gdm céc bude:
(a) flo hoa hop chét ¢ cong thuc (II):

Cl
Cl

X
A6 N/ Cl
o @
trong d6 A® 1a halogen hoic R;

bang ngudn ion florua dé tao ra hop chét c6 cong thirc (III):

F
F X
~ F
BS "N
o (),
trong d6 B®1a F hoic R;
va bién ddi hop chét c6 cong thirc (I1I) thanh hop chét ¢ cong thirc (IV):
NH,
F | N
~ OR!
A® °N
0 avy;
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(b) halogen héa hop chét c6 cong thirc (IV) biang ngudn halogen dé tao ra hop chét c6
cong thirc (V):

NH,
F oW
| Z OR!
AS N
0 (V); va
(¢) lién hop hop chat c6 cong thic (VI)
A4
A5 X A3
| — 0A?
X~ °N
0 (VD)
trong do
X 1a Cl, Br, hoac I;
A? 13 hydro hoic R;

A3 13 hydro hodc W;
A*1a Cl, F, NHz, NHCOCH3, hoic nhém amino dugc bao vé;
A’ 13 F hoiic CI;
v6i hop chit c6 cong thire (VII)
R-Met (Vi)
trong d6 Met 1a Zn-halogenua, Zn-R, tri-(C1-Cs alkyl)thiéc, ddng, hodc
B(OR?)(OR?%), trong d6 mdi R? va R® ddc 1ap 1a hydro, C-Caalkyl, hoic khi cing nhau
tao thanh nhom etylen hodc propylen; '
v6i sy c6 mit cua chét xic tac kim loai chuyén tiép @& tao ra hop chét c6 cong thue
(VIID):
A4
Al A3

AN
— 0A?
N

0 (VIID);

trong d6 budc bien doi (c) co thé xay ra trude, giita, hodc sau cac bude bién doi (a) va
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(b).

Trinh tu, trong d6 budc bién ddi (c) dugce tién hanh c6 thé dugc didu chinh dua trén
co s& cac diéu kién phan g da biét trong linh vuc k¥ thudt nay. Vi duy, theo mot
phuong 4n, budce bién ddi (c) c6 thé xay ra trude bude bién dbi (a) va bude bién dbi (b).
Theo phuong an khac, budc bién ddi (c) c6 thé xay ra giira bude bién ddi (a) va budce
bién ddi (b). Theo phuong 4n tiép theo khéc, budc (c) c6 thé xay ra sau budc bién ddi
(a) va budc bién dbi (b).

Theo mét phuong 4n, sing ché dé xuit quy trinh diéu ché hop chit c6 cong thirc (I):

NH,
F w
X
_ OR!
R N

0 @)

hoic mudi, solvat ké ca hydrat, isotopologue, hodc dang da hinh cta ching, trong d6:

W la ClL, Br hoiacI;

R 1a C1-Cs alkyl, xyclopropyl, C;-Cs alkenyl hodc phenyl dugc thé bing tir 1 dén
4 phan tir thé doc 1ap duge chon tir halogen, Ci-Cs alkyl, Ci-Cy haloalkyl, Ci-Cy4 alkoxy
hodc Ci-Cs haloalkoxy; va

R! 14 C-C12 alkyl hogic C7-C1; arylalkyl khéng dugc thé hodc dugc thé;
bao gdm cac budc:
(a) flo héa hop chét c6 cong thire (I1):

Cl
Cl

N
A6 N/ Cl

o @
trong d6 A® 1a halogen hoic R;
bing ngudn ion florua dé tao ra hop chét ¢ cong thire (II1):
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F
F X

—~ F
B® N

O (u;
trong d6 B®1a F hoic R;
va bién ddi hop chit c6 cong thirc (III) thanh hop chét c6 cong thirc (IV):

NH,
F X
A6 ’ N/ OR!
0 av);
(b) halogen héa hop chit c¢6 cong thirc (IV) bang ngudn halogen dé tao ra hop chét ¢6

cong thic (V):
NH,
W
F I XN
] ~ OR!
A N

0 (V); va
(c) lién hop hop chét ¢ cong thirc (VI)

Al
| = 0A?
X N
0 (VD)
trong do

X 1a Cl, Br, hoac I;

A? 13 hydro hoic R';

A3 13 hydro hodc W;

A*1a Cl, F, NHz, NHCOCH3, hoic nhém amino dugc bao vé;

A’ 13 F hoic CI;
v6i hop chat ¢ cong thirc (VII)

R-Met (VII)
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trong d6 Met 1a Zn-halogenua, Zn-R, tri-(Ci-Cs alkyl)thiéc, dong, hoic
B(OR?)(OR®), trong d6 mdi R? va R® doc lap 14 hydro, Ci-Csalkyl, hodc khi cing nhau
tao thanh nhém etylen hoac propylen;
v6i su ¢ mit cta chat xic tic kim loai chuyén tiép dé tao ra hop chét c6 cong thirc
(VIID):
A4
A2 A3

AN
— 0A?
R N

0 (VIID);

trong d6 budc bién dbi xay ra theo trinh tu sau:

(i) budc bién ddi (a) xay ra trude budc bién dbi (b), bude nay xay ra trude bude
bién d6i (c);

(ii) budc bién ddi (a) xay ra trudc bude bién dbi (c), budce ndy xay ra trude bude
bién dbi (b); hoic

(iii) budc bién ddi (c) xay ra trude bude bién dbi (a), budc nay xay ra trude bude
bién dbi (b).

Theo mot phuong an, sang ché dé xuét quy trinh didu ché hop chit c6 cong thire (I):

NH,
F X W
RSN OR!
0 @)
hodc mudi, solvat k& ca hydrat, isotopologue, hodc dang da hinh cua ching, trong d6:

W la Cl, Br hoéac I;

R 1a C1-C4 alkyl, xyclopropyl, C>-Cs alkenyl hodc phenyl dugc thé bang tir 0 dén
5 phan tir thé dgc lap duge chon tir halogen, Ci-Cq alkyl, C1-Cs4 haloalkyl, Ci-C4 alkoxy
hodc Ci-C4 haloalkoxy; va

R! 14 C-Cy2 alkyl ho#ic C7-C1; arylalkyl khéng duge thé hodc duoc thé;
bao gdm céac budc:
(a) flo héa hgp chat c6 cong thire (I1):
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| Cl :
L cl |‘ X
— Cl
A N

o @
trong d6 A® 12 halogen hoic R;
bang ngudn ion florua dé tao ra hop chit c6 cong thire (I1D):

F
F

AN

~ F
B N

O (m;
trong d6 B 1A F hoic R;
va bién ddi hop chit c6 cong thire (I1T) thanh hop chét c6 cong thirc avy:
NH,

F | N
~ OR!
A% TN

0 V)
(b) halogen héa hop chit cé cong thirc (IV) bing ngudn halogen d& tao ra hop chét c6

cong thire (V):
NH,
e, . | \
— OR!
A °N

0 (V); va
(c) lién hop hop chét ¢ cong thirc (VI)

A4
_ A3 N A3
< | N OA?
0 (VD)
trong do
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X 1a Cl, Br, hoic I;

A? 13 hydro hoic RY;

A3 13 hydro hoiic W;

A*1a Cl, F, NH,, NHCOCH3, hoic nhém amino duge bao vé;

A3 14 F hoic Cl;
v&i hop chét ¢6 cong thire (VII)

R-Met (VID)
trong d6 Met 1a Zn-halogenua, Zn-R, tri-(Ci-Cs alkyl)thiéc, ddng, hodc

B(OR?)(OR?®), trong 6 mdi R? va R? ddc 1ap 1a hydro, Ci-Cqalkyl, hodc khi cing nhau
tao thanh nhom etylen hodc propylen;
vGi su ¢6 mit cia chit xdc tac kim loai chuyén tiép dé tao ra hop chét ¢ cong thirc
(VIII):

O (VIID);

trong d6 budc bién ddi xay ra theo trinh ty sau:

(i) budc bién dbi (a) xay ra trude budce bién ddi (b), budc nay xay ra trude bude
bién dbi (c); -

(ii) budc bién ddi (a) xay ra treée budce bién dbi (c), bude ndy xay ra trude budc
bién d6i (b); hodc |

(iii) budc bién déi (c) xdy ra truéc bude bién déi (a), budce ndy xay ra true bude
bién dbi (b).

Céc quy trinh theo sang ché ¢ thé con bao gdm budc bd sung lién quan dén cac
nhém chirc trén ciu tric pyridin c6 cac cong thirc duge néu trong ban mé ta nay (vi du,
este héa va/hodc thily phan nhém axit carboxylic & vi tri 2 cila cu triic pyridin, su bao
vé vd/hoic khir bao vé nhém amino & vi tri 4 cia clu tric pyridin; va su trao di
halogen & vi tri 6 ciia cu tric pyridin). Thao tac nhw vy dbi véi cac nhém chirc c6 thé
xay ra trong c4c diéu kién thich hop bit ky da biét trong linh vuc k§ thudt ndy. Xem, vi
du, don patent My sb 13/356,691 va 13/356,686, toan b ndi dung cua ching duge dua

vao day bang cach vién dan.
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Theo mot phuong 4n flo héa hop chit c6 cong thirc (IT) d& tao ra hop chét c6 cong
thirc (I1I), A® 1a halogen va B¢ 1a F. Theo mdt phuong 4n flo héa hop chit ¢ cong thirc
(IT) d€ tao ra hop chét c6 cong thire (IIT), A® 1a Cl va B 1a F. Theo phwong 4n khac dé
flo héa hop chét c6 cong thire (I) @ tao ra hop chét c6 cong thire (I11), ca A 13n BS déu
laR.

Budc bién ddi hop chit c6 cong thirc (II) thanh hop chit c6 cong thirc (IV) c6 thé
bao gom nhiéu budc nhur, nhung khéng chi gii han &, este héa & vi tri 2 cla ciu triic
pyridin, amin héa & vi tri 4 clia cu triic pyridin, va trao dbi phan tir thé flo & vi tri 6 ciia
cau triic pyridin bang phan tir thé iodo, brom, hodc clo. Trinh tu, trong d6 cac budc néu
trén dugc tién hanh 13 khéng quan trong. Céc budc néu trén c6 thé xay ra trong nhiing
diéu kién da biét trong linh vyuc k§ thust ndy ma 14 thich hop dbi voi bude bién ddi nay.

Theo mdt phuong 4an, budc bién dbi hop chit cé cong thirc (III) thanh hop chét c6
cong thie (IV) dugc lay 1am vi du duge minh hoa trong So dd 1.

So dd 1
F F NH,
F F

F A | AN | X

l — F — OR! — OR!
B®” °N B®” °N A" N

o} 6) o)
(1) (IX) Iv)

Theo mét phuong 4n, budc bién dbi hop chit c6 cong thirc (III) thanh hop chét ¢6
cong thirc (IV) bao gdm cac cong doan:
cho hop chit c¢6 cong thirc (I1I) tiép xuc v6i rugu RIOH d tao ra hop chit c6 cong thirc
(IX):

AN
— OR!
N

0 (IX); va
amin héa hgp chit ¢6 cong thirc (IX) bing ngudn amoniac dé tao ra hop chit ¢6 cong
thae (IV).

Theo mét phuong 4n, budce bién ddi hop chit c6 cong thirc (1) thanh hop chét c6
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cong thirc (IV) duoc 1y 1am vi du dwoc minh hoa trong So db 2.

So dob 2
F NH, NH,
F F

F X | X | X

| ~ F g pZ NH, pZ OR!
B¢ "N B¢ °N A®” °N

0 o) 0
(1IT) X) av)

Theo mdt phuong 4n, budc bién dbi hop chét c6 cong thire (III) thanh hop chit c6
cong thirc (IV) bao gdm céc cong doan:
cho hop chét c6 cong thirc (IIT) tiép xtc v6i ngudn amoniac @& tao ra hop chét c6 cong
thire (X):

NH,
F
| AN
B 6 N/ NH2

0 (X); va
cho hop chit c6 cong thire (X) tiép xtic v6i axit HX va ruou R'OH dé tao ra hop chét c6
cong thac (IV), trong d¢6 X 1a I, Br, hoac Cl.

Theo mot phuong an halogen hoa hop chét c6 cong thirc (IV) dé tao ra hop chét ¢
cong thirc (V), A° 1a halogen. Theo mdt phwong 4n halogen héa hop chit ¢ cong thirc
(IV) @ tao ra hop chit c6 cong thirc (V), A% 1a Cl, Br, hodc I. Theo phwong 4n khac dé
halogen héa hop chét ¢ cong thirc (IV) dé tao ra hop chit c6 cong thire (V), AS1a R.

Theo mdt phuong 4n lién hop hop chét c6 cong thirc (VI) v6i R-Met @ tao ra hop
chit c6 cong thire (VIID), A2 1 hydro. Theo phwong 4n khac dé lién hop hop chét c6
cong thire (VI) véi R-Met dé tao ra hop chét c6 cong thirc (VIID), A2 1a R1.

Theo mot phuong 4n lién hgp hop chit c6 cong thirc (VI) v6i R-Met dé tao ra hop
chét c6 cong thie (VIID), A* 1a Cl. Theo phwong an khac @& lién hop hop chit c6 cong
thire (VI) véi R-Met dé tao ra hop chit c6 cong thire (VIII), A* 1a F. Theo phuwong 4n
tiép theo khac dé lién hop hop chét ¢ cong thic (VI) véi R-Met dé tao ra hop chét c6
cong thie (VIII), A* 1a NHz. Theo phuong 4n tiép theo khac dé lién hop hop chét co
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cong thirc (VI) v6i R-Met @ tao ra hop chét c6 cong thirc (VIII), A* 13 NHCOCH;.
Theo phuong én tiép theo khac dé lién hop hop chét ¢6 cong thire (VI) véi R-Met dé tao
ra hgp chit c6 cong thic (VIII), A* 1a NHCOPh, NHCOCH,Ph, NHCOOME,
NHCOOEt, NHCOOCMe3;, NHCOOPh hoic NHCOOCH,Ph.

Theo mdt s§ phwong 4n, cac quy trinh theo sang ché c6 thé con bao gbm budc bao
vé va khir bao vé phan tir thé amino & vi tri 4 cia cAu tric pyridin. Theo mot sb phuong
&n, cac quy trinh theo sang ché c6 thé con bao gdm bude bao vé phén tir thé NHa & vi tri
4 ciia cdu triic pyridin trude bude bién dbi (c); va con bao gdm khir bao vé. Céc nhém
bao vé amino thich hop 1a da biét r& dbi véi cac chuyén gia trong linh vuc k§ thuét nay.
Viéc chon va sir dung cac nhém bao vé va cac diéu kién phan tmg dé dua vao va loai bo
cac nhom bdo vé 1a dd dugc mo ta trong 7. W. Green, Protective Groups in Organic
Synthesis (Third Ed., Wiley, New York, 1999), ndi dung cua tai liéu nay dugc dua vao
day bang cach vién dén.

Theo mét phuong 4n, cic quy trinh theo sang ché con bao gdm budc bao vé phin tir
thé NH, & vi tri 4 ciia cAu tric pyridin trong cac cong thirc dugc md ta & day la
NHCOCHs. Theo mét phuong 4n, budc bao vé néu trén bao gém viéc cho hop chit 4-
aminopyridin dugc néu trong ban mo ta nay tiép xtc véi Ac20.

Theo mdt phuong 4n, bude bién dbi hop chat cé cong thire (VI) thanh hop chét c6
cdng thire (VIII) duoc 14y lam vi dy dugce minh hoa trong So dd 3.

So db 3
o 0
NH, HNJL\ HNJL\
F B Y Ac,0 F B Y R-Met Fe ALY
1 1 A , ) | 1
NN OR X7 N OR'  Chat xuc tac RN OR
o) O o]
X=Cl], Br
Y =H hoac Cl

Theo mot phuong 4n, viéc bao vé phan tir thé amino & vi tri 4 cta cAu trac pyridin
cho phép st dung chét xiic tic v6i cac mirc thip hon trong phan ung li€n hop giita hop
chét c¢6 cong thirc (VI) va R-Met duge néu trong ban mo ta nay.

Theo mét phuong 4n, sang ché @ xuét quy trinh nhu dwgc minh hoa trong So db 4.
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So do 4
Cl F F
Cl F F
N a-1 = a-2 N a-3
— Cc]l—> ~ F > ~ OR! >
Cl N F N F~ °N
(o} 0 0
NH, NH, NH, NH,
F N » F. N . F N p F N W
—_— e —_—
7 OR! ~ OR! ~ OR! — OR!
F N X~ N R™ "N R™ TN
0 o} o} 0

Theo mdt phuong 4n, sang ché d& xuét quy trinh didu ché hop cht c6 cong thirc D):

NH,
F X W
R SN OR!
0 @
hozc mubi, solvat ké ca hydrat, isotopologue, hogic dang da hinh cua ching, trong do:

W la Cl, Br hoac[;

R 1a Ci-Cy alkyl, xyclopropyl, C2-C4 alkenyl hoic phenyl dugc thé bang tir 1 dén
4 phan tir thé doc 1ap dugc chon tir halogen, Ci-Cy alkyl, Ci-Cq haloalkyl, Ci-C4 alkoxy
hodc Ci-C4 haloalkoxy; va

R! 14 C;-C12 alkyl hogic C7-C1; arylalkyl khéng duoc thé hoic duoc thé;
bao gdm céc bude:
budc bién ddi (a), bao gdm:

(a-1) flo héa hop chét c6 cong thirc (A):
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Cl
Cl XN
o1 | N/ Cl
0O @&
bang ngudn ion florua dé tao ra hop chit c6 cong thirc (B):

F
l/ F
F N

o  (B)
(a-2) cho hop chat c6 cong thirc (B) tiép xuc véi rugu R'OH dé tao ra hop chét

F
F | N
— OR!
F N
0 ©);

(a-3) amin hoa hop chit c6 cong thirc (C) bing ngudn amoniac dé tao ra hop chit

c6 cong thic (C):

c6 cong thic (D):

| NH,
' F
| AN
_ OR!"
F7ON

0 (D); va
(a-4) cho hop chét ¢6 cong thirc (D) tiép xtic véi ngudn iodua, bromua hodc
clorua trong nhitng diéu kién thich hop ddi véi viéc trao dbi halogen d tao ra hop chét

NH,
F X
— OR!
X N
0 (E)
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trong d6 X 1a Cl, Br, hoac I;

budc bién dbi (c), bao gdm cac cong doan:
lién hop hop chét c6 cong thire (E) v6i hop chét ¢6 cong thic (F)
R-Met (F)

trong d6 Met 12 Zn-halogenua, Zn-R, tri-(Ci-Cs alkyl)thiéc, ddng, hoic
B(OR?)(OR?), trong d6 mdi R? va R* dgc lap 1a hydro, Ci-Caalkyl, hodc khi ciing nhau
tao thanh nhém etylen hoéc propylen;
v6i su ¢6 mit cta chét xiic tac kim loai chuyén tiép dé tao ra hop chét c6 cong thuce (G):

NH,
F
AN
= OR!
R N

0 (G); va
buéc bién dbi (b), bao gdm céc cong doan:
halogen héa the hop chit c6 cong thirc (G) bing ngudn halogen dé tao ra hop
chét c6 cong thure (I).

Theo mét phuong 4n, séng ché dé xuit quy trinh diéu ché hop chét c6 cong thire (1):
NH,

hoic mubi, solvat k& ca hydrat, isdtopollogﬁe, hodc dang da hinh cta ching; trong d6:

W 1a Cl, Br hoac I;

R 14 C1-Cj4 alkyl, xyclopropyl, C2-Cs4 alkenyl hodc phenyl dwoc thé bang tir 0 dén
5 ph?m tir thé doc lap dugc chon tir halogen, C1-C4 alkyl, Ci-Cy4 haloalkyl, Ci-Cs alkoxy
hodc Ci-Cs haloalkoxy; va

R! 12 C1-C12 alkyl hodc C7-Cii arylalkyl khong duge thé hodc dugc thé;
bao gdm cac budc:
budc bién dbi (a), bao gdm cac cong doan:

(a-1) flo héa hop chét c6 cong thirc (A):
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Cl
Cl X
= Cl
Cl N
0 &)
bang ngudn ion florua dé tao ra hop chét c6 cong thirc (B):
F
F | X
= F
F N
o  @®)
(a-2) cho hop chét c6 cong thirc (B) tiép xic véi rrou R'OH dé tao ra hop chét

F
F | N
— OR!
F N
O (©);

(a-3) amin héa hop chét c6 cong thirc (C) bang ngudn amoniac dé tao ra hop chét

NH,
F X
. | N OR!
0 (D); va
(a-4) cho hop chét c6 cong thirc (D) tiép xtc véi ngudn iodua, bromua hodc

¢6 cong thire (C):
¢6 cong thire (D):

clorua trong nhitng diéu kién thich hop d6i véi viéc trao ddi halogen dé tao ra hop chét

NH,
F X
~ OR!
X N
0 (E)

c6 cong thic (E):
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trong d6 X 1a Cl, Br, hoic I;

budc bién déi (c), bao gdm cac cong doan:
lién hop hop chét c6 cong thirc (E) v6i hop chit c6 cong thie (F)
R-Met (F)

trong d6 Met 1a Zn-halogenua, Zn-R, tri-(C1-C4 alkyl)thiéc, ddng, hodc
B(OR?)(OR®), trong d6 mbi R? va R® doc 1ap 1a hydro, Ci-C4alkyl, hodc khi cing nhau
tao thanh nhom etylen hoac propylen;
v6i su c6 mit ciia chit xiic tac kim loai chuyén tiép dé tao ra hop chét cé cong thirc (G):

NH,
F X
RSN OR!
0 (G); va
budc bién dbi (b), bao gdm céc cong doan::
halogen héa the hop chét c6 cong thirc (G) biang ngudn halogen d& tao ra hop

chét ¢6 cong thire (1).

Theo mot phurong 4n, sang ché d& xuét quy trinh nhu duwgc minh hoa trong So d6 5.

Sodo 5
Cl F F
Cl F F
N a-1 N a-2 = a-3
— Ccl—> ~ F z ~ OR! >
Cl N F N F~ °N
0 0 0
NH, NH, NH, NH,
F X X X W c F AN W
-—> —> —_—
_ / _ OR! — OR!
F N N R™ N

O O

Theo mdt phuong an, sang ché dé xuét quy trinh diéu ché hop chét c6 cong thirc (I):
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NH,
F X \YY
RSN OR!
0 @
hoidc mudi, solvat k& ca hydrat, isotopologue, hoédc dang da hinh ctia chung, trong d6:

W la Cl, Br hoac I;

R 14 Ci-C; alkyl, xyclopropyl, C2-Cs alkenyl ho#c phenyl dugc thé bang tir 1 dén
4 phan tir thé doc 1ap duoc chon tir halogen, Ci-Cs alkyl, C1-Cq haloalkyl, C1-Cy alkoxy
hodc C1-C4 haloalkoxy; va

R! 1a C1-C12 alkyl hodic C7-Ci1 arylalkyl khong durge thé hodc duge thé;
bao gdm céc bude:
bude bién dbi (a), bao gdm céc cong doan:

(a-1) flo héa hop chét c6 cong thirc (A):

Cl
Cl | X
= Cl
Cl N
0 &
bang ngudn ion florua d& tao ra hop chét c6 cong thirc (B):
F
F | X
= F
F N
0 @B
(a-2) cho hop chit c¢6 cong thirc (B) tiép xac voi ruou R'OH dé tao ra hop chit
co cong thire (C):
F
F X
— OR!
F N

0 ©);
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(a-3) amin héa hop chét ¢6 cong thirc (C) bing ngudn amoniac d8 tao ra hop chét
c0 cong thac (D):

NH,
F
X
— OR!
F N

0 (D); va
(a-4) cho tiép xtic véi hop chit c6 cong thirc (D) bang ngudn iodua, bromua hodc
clorua trong nhitng diéu kién thich hop d6i véi viée trao déi halogen dé tao ra hop chit
c0 cong thuc (E):

NH,
F
X
— OR!
X N

0 (E)
trong d(} X 1a Cl, Br, hoac I;
budc bién dbi (b), bao gdm cac cong doan:
halogen héa hgp chét ¢6 cong thire (E) bang ngudn halogen dé tao ra hop chét ¢
cong thirc (H):

NH,
F AWV
X
— OR!
X N

0 (H); va
bude bién dbi (c), bao gdm cac cong doan:
lién hop hop chit ¢6 cong thirc (H) bang hop chit c6 cong thirc ¥
R-Met ()
trong d6 Met 13 Zn-halogenua, Zn-R, tri-(Ci-Cs4 alkyl)thiéc, ddng, hoic
B(OR?)(OR3), trong d6 mdi R? va R? doc 14p 1a hydro, Ci-Csalkyl, hoic khi cing nhau
tao thanh nhom etylen hodc propylen;

v6i su c6 mit ctia chit xic tac kim loai chuyén tiép dé tao ra hop chit c6 cong thire (I).

Theo mot phwong 4n, sang ché d& xuét quy trinh didu ché hop chét co cong thirc (I):
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hodc mudi, solvat ké ca hydrat, isotdpologue, hodc dang da hinh cua chung, trong d6:

W 1a Cl, Br hoéac I;

R 1a C1-C4 alkyl, xyclopropyl, C2-C4 alkenyl hodc phenyl digc thé bing tir 0 dén
5 phan tir thé doc 1ap dugc chon tir halogen, C1-Cs alkyl, Ci-Cq haloalkyl, Ci-Cs alkoxy
hodc Ci-C4 haloalkoxy; va

R! 14 Ci-Cy2 alkyl hodc C7-Ci1 arylalkyl khéng dugc thé hoic duoc thé;
bao gom:
budc bién ddi (a), bao gdm cac cong doan:

(a-1) flo héa hop chét ¢6 cong thirc (A):

Cl
Cl I N
~ Cl
Cl N

0 A
bang ngudn ion florua dé tao ra hop chét c6 cong thic (B):

| 0  (B)
(a-2) cho hop chit c6 cong thire (B) tiép xtic v6i regu R'OH d8 tao ra hop chit
c6 cong thie (C):
F
F X
= OR!
F N

0 (©);
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(a-3) amin héa hop chat c6 cong thae (C) bang ngudn amoniac dé tao ra hop chat

c6 cong thuac (D): S
NH, |
F
| AN
7 OR!
"~ F N

0 (D); va
(a-4) cho hop chét c6 cong thirc (D) tiép xtic voi ngudn iodua, bromua hoic
clorua trong nhitng diéu kién thich hop dbi véi viéc trao ddi halogen @& tao ra hop chit
c6 cong thac (E):

NH,
F

X

— OR!
X~ N

trong d6 X la C!, Br, hoac I;
budc bién ddi (b), bao gdm cac cong doan:
halogen héa hgp chét ¢ cong thirc (E) bang ngudn halogen @& tao ra hop chét c6
cdng thiac (H):

NH,

0 (H); va
buéc bién dbi (c), bao gdm cac cong doan:
lién hop hop chét c6 cong thirc (H) bang hop chét c6 cong thire (F)
R-Met F
trong d6 Met 12 Zn-halogenua, Zn-R, tri-(C1-Cs alkyl)thiéc, dong, hodc
B(OR?)(OR?), trong @6 mdi R? va R® doc 1ap 1a hydro, Ci-Ca alkyl, hodc khi cing nhau
tao thanh nhém etylen hoic propylen;

v6i sy c6 mit clia chat xdc tac kim loai chuyén tiép dé tao ra hop chit c6 cong thirc D.

Theo mét phuong 4n, cac quy trinh theo sang ché dugc minh hoa trong So db 6.
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Sodd 6
fj\H/OH—» fj\”/m _ Iﬁ\ma——* ij
F NH, NH,
w
a-3 F N X X
> — ORI_ _’ / [0): U = OR!
R N N
0 0

Theo mdt phuong 4n, sang ché dé xuit quy trinh didu ché hop chit co cong thac (I):

NH,
F W
AN
— OR!
R N
0

hogic mubi, solvat k& ca hydrat, isotopologue, hodc dang da hinh cia ching, trong do:

W la Cl, Br hoac I;

R 1a C1-C4 alkyl, xyclopropyl, C2-Cs alkenyl hodic phenyl dugc thé bing tir 1 dén
4 phan tir thé ddc 1ap duge chon tir halogen, C1-Cs alkyl, Ci-Cs haloalkyl, Ci-C4 alkoxy
hoac Ci-Cs4 haloalkoxy; va

R! 12 Ci-C12 alkyl hodc C7-Cyy arylalkyl khéng dugc thé hodc duge thé;
bao gdm cac budc:
buéc bién dbi (c), bao gdm cic cong doan:

lién hogp hop chét ¢6 cong thire (J):
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Cl
Cl X
o1 | N/ OH
0 J)
v6i hop chét c6 cong thie (F)

R-Met (F)
trong d6 Met 12 Zn-halogenua, Zn-R, tri-(Ci-C4 alkyl)thiéc, ddng, hoic
B(OR?)(OR?®), trong d6 mbi R? va R? d¢c 14p 1a hydro, Ci-Casalkyl, hodc khi cing nhau
tao thanh nhom etylen hodc propylen;
v6i sur c6 mit ciia chit xtc tac kim loai chuyén tiép dé tao ra hop chét ¢ cong thire (K):

Cl
Cl I X
~ OH
R N
0 (K);

bude bién dbi (a), bao gdm cac cong &oan:
(a-1) bién ddi hop chit c6 cong thirc (K) thanh hop chét ¢ cong thire (L):

Cl
—~ Cl
R N
o (@)

trong nhitng diéu kién thich hop dé tao ra clorua axit;
(a-2) flo héa hop chét c6 cong thie (L) bing ngudn ion florua dé tao ra hop chét

F
—~ F
R N
o M)

(a-3) cho hop chét c6 cong thirc (M) tiép xtic v6i regu R'OH dé tao ra hop chit

c6 cong thirc (M):

c6 cong thirc (N):
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F
F X
— OR!
R N
0 (N); va
(a-4) amin héa hop chét cé cong thire (N) bang ngudn amoniac dé tao ra hop chit
c6 cong thire (O):
NH,
F
AN
pZ OR!
R N

0 (O); va
bude bién ddi (b), bao gdm céc cong doan:

halogen héa hop chit c6 cong thirc (O) bing ngudn halogen dé tao ra hop chét c6

cong thirc (I).
Theo mdt phuong 4n, sang ché dé xuét quy trinh didu ché hop chit c6 cong thic (I):
NH,
W
E N
= OR!
R N
0 @
hodc mudi, solvat ké ca hydrat, isotopologue, hodc dang da hinh cua ching, trong do:

W 1a Cl, Br hoic I;

R 12 C1-Cs4 alkyl, xyclopropyl, C>-Cs alkenyl hoic phenyl duoc thé bang tir 0 dén
5 phan tir thé doc 14p dugc chon tir halogen, Ci-Cs alkyl, Ci-Cs haloalkyl, C1-Cs alkoxy
hodc C;-C4 haloalkoxy; va

R! 13 Ci-C12 alkyl hodc C7-Ciy arylalkyl khéng duoc thé hodc dugc thé;
bao gdm céc bude:
bude bién ddi (c), bao gdm cac coéng doan:

lién hop hop chét c6 cong thic (J):
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Cl
Cl N
cl | N/ OH
0 Q)
v6i hop chat c6 cong thire (F)

_ R-Met (F)
trong d6 Met 1a Zn-halogenua, Zn-R, tri-(Ci-C4 alkyl)thiéc, ddng, hoic
B(OR?)(OR?), trong d6 mdi R? va R® ddc lap 13 hydro, Ci-Csalkyl, hodc khi cing nhau
tao thanh nhom etylen hoac propylen;

v6i sy ¢6 mit cta chét xic tac kim loai chuyén tiép d& tao ra hop chét c6 cong thire (K):

Cl
~ OH
R N
0 (K);

budc bién ddi (a), bao gdm cac cong doan:
(a-1) bién d6i hop chit c6 cong thirc (K) thanh hop cht cé cong thire (L):

Cl
Cl | N
~ Cl
R N
o (L)

trong nhitng diéu kién thich hop dé tao ra clorua axit;
(a-2) flo héa hop chét c6 cong thirc (L) bing ngudn ion florua dé tao ra hop chit

F
— F
R N
o (M)

(a-3) cho hop chit c6 cong thirc (M) tiép xtc véi rugu RIOH dé tao ra hop chét
c6 cong thic (N):

c6 cong thirc (M):
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| 0 N); va
" (a-4) amin héa hgp chit c6 cong thirc (N) bing ngudn amoniac dé tao ra hop chit
c6 cong thirc (0):
o NH,
E X
~ OR!
R N .
0 (0); va

buée bién dbi (b), bao gdm cac cong doan:
halogen héa hop chit c6 cong thirc (O) bang ngudn halogen dé tao ra hop chit c6
cong thurc (I).

Theo mdt phuong 4n, cic quy trinh theo sang ché dwoc minh hoa trong So dd 7.

So dd 7
Cl al Cl Cl
Cl al Cl cl
X
c-1 N c-2 I N a-1 N
~ OR! ——> _ ORI— > Z OH —> Z cl
Cl N RN R” TN R™ °N
o 0 0) (0
F F NH, NH,
a-2 E AN a-3 E AN a-4 F AN b E 2 W
—_— —— _— —_—
— F — OR! — OR! — OR!
R N R °N R N R” N
0 0 0 o)

Theo mdt phuong an, sang ché dé xut quy trinh didu ché hop chit co cong thuc (I):
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hoac mué_i, solvat k& ca hydrat, isotopologue, hodc dang da hinh cua chiing, trong do:

W 1a Cl, Br hoic I; . '

R 14 C1-C4 alkyl, xyclopropyl, C2-Cs alkenyl hodc phenyl duoc thé bang tir 1 dén
4 phan tir thé doc 1ap duge chon tir halogen, Ci-Cy alkyl, C1-C4 haloalkyl, Ci-Cy4 alkoxy
hoac Ci-C4 haloalkoxy; va

R! 12 C1-C12 alkyl hodc C7-Cr1 arylalkyl khong duoc thé hoic duge thé;
bao gdém céc bude:
buéc bién dbi (c), bao gdm cac cong doan:

(c-1) lién hop hop chét c6 cong thirc (P):

Cl
Cl N
Cl | N7 OR!
0 ®)
véi hop chét c6 cong thirc (F)
R-Met (F)

trong d6 Met 1a Zn-halogenua, Zn-R, tri-(Ci-Cs alkyl)thiéc, ddng, hoic
B(OR?)(OR3), trong d6 mdi R? va R? doc lap 14 hydro, C1-Csalkyl, hoic khi cing nhau
tao thanh nhém etylen hodc propylen;
véi sy c6 mit ciia chét xtc tac kim loai chuyén tiép dé tao ra hop chit c6 cong thirc (Q):
Cl
Cl

XX
I _ OR!
R N

0 (Q); va
(c-2) thity phan hop chit c6 cong thire (Q) thanh hop chét c6 cong thirc (K):
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Cl
Cl X
—~ OH
R N
0 (XK);

bude bién ddi (a), bao gdm cac cong doan:
(a-1) bién d6i hop chat c6 cong thirc (K) thanh hop chét c6 cong thic (L):

Cl
—~ Cl
R N
O (L)

trong nhitng diéu kién thich hop dé tao ra clorua axit;
(a-2) flo héa hop chit c6 cong thire (L) bing ngudn ion florua dé tao ra hop chét

F
—~ F
R N
o (M

(a-3) cho hop chét c6 cong thirc (M) tiép xtc v6i rugu R'OH d8 tao ra hop chét

c6 cong thirc (N):
F
F
X
— OR!
R N

0 (N); va
(a-4) amin héa hgp chat c¢6 cong thirc (N) bing ngudn amoniac d8 tao ra hop chit
c6 cong thie (O):

c6 cong thirc (M):
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NH,
F
AN
~ OR!
R N

0 (O); va
bude bién dbi (b), bao gdm céc cong doan:
halogen héa hop chit c6 cong thirc (O) bing ngudn halogen dé tao ra hop chiét co

cong thuc (I).
Theo mot phuong 4n, sang ché dé xuat quy trinh diéu ché hop chét c6 cong thirc @:
NH,
F AYY
X
= OR!
R N

0 @)

hodc mubi, solvat ké ca hydrat, isotopologue, hodic dang da hinh cia ching, trong do:

W 14 Cl, Br hoic I; -

R 1a Ci-Cs alkyl, xyclopropyl, C2>-Cs alkenyl hoic phenyl duoc thé bing tir 0 dén
5 phan tir thé doc 1ap duogc chon tir halogen, C1-Cy alkyl, Ci-Cs haloalkyl, Ci-Cq alkoxy
hodc C1-C4 haloalkoxy; va

R! 1a Ci-C12 alkyl hodc C7-C1 arylalkyl khong duoc thé hodic duge thé;
bao gdm:
buéc bién dbi (c), bao gdm cac cong doan:

(c-1) lién hop hop chét c6 cong thic (P):

cl
Cl N
- | N OR!
0 ®)
v6i hop chét c6 cong thic (F)
R-Met ()

trong d6 Met 12 Zn-halogenua, Zn-R, tri-(Ci-Cs alkyl)thiéc, ddng, hoic
B(OR2)(OR?), trong ¢6 mdi R? va R? doc lap 1 hydro, Ci-Caalkyl, hodc khi cing nhau
tao thanh nhom etylen hoac propylen;
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v6i sy ¢6 mit ciia chat xic tac kim loai chuyén tiép dé tao ra hop chét ¢6 cong thirc (Q):

Cl
cl N
N | N OR!
0 (Q); va
(c-2) thity phan hop chét c6 cong thirc (Q) thanh hop chét c6 cong thire (K):

Cl
Cl l X
— OH
R N

0 X);
budc bién dbi (a), bao gdm cac cong doan:
(a-1) bién d6i hop chat c6 cong thirc (K) thanh hop cht c6 cong thirc (L):

Cl
Cl | X
— Cl
R N
O (L)

trong nhitng diéu kién thich hop dé tao ra clorua axit;
(a-2) flo héa hop chét c6 cong thirc (L) bing ngudn ion florua dé tao ra hop chét

c6 cong thirc (M):
F
= F :
R N
0O My

(a-3) cho hop chét ¢6 cong thirc (M) tiép xiic véi rugu R'OH dé tao ra hop chét
c6 cong thirc (N):
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F
F
AN
— OR!
R N

0 (N); va
(a-4) amin héa hop chét c6 cong thirc (N) bang ngudn amoniac dé tao ra hop chit
co cong thuce (O): ‘
NH,

F
AN
— OR!
R N
0 (O); va

bude bién dbi (b), bao gdm cac cong doan:
halogen héa hop chét c6 cong thirc (O) bing ngudn halogen dé tao ra hop chét c6
cong thire (I).

Céc hop chat clopicolinoyl clorua (vi du, hop chit c6 cong thire (II)) 1a cac hop chat
da biét, va/hodc c6 thé duge didu ché tir hop chét clopicolinat d biét bang cach sir dung
k¥ thuit thong thudng da biét trong linh vuc k§ thuat ndy. Xem, vi dy, Patent My s6
6,784,137 B2. Hai so dd dugc lay 1am vi du d diéu ché hop chit 6-aryl-picolinoyl
clorua dugc thé hién & dudi day:

Cl
socl, Gy
h— |l
y Cl
Cl N
(0]
cl bazo Cl Cl
Cl | SN ArB(OR), | A SOCl, Cl | X
xuc tac Pd nudc 7 OH
Cl N OR N Ar N/ cl
o} o 0o

Trong phan ting trao ddi flo (vi du, budc bién dbi hop chit c6 cong thirc (1) thanh
hop chit cé cong thirc (IID)), picolinat da duge flo hoa duge diéu ché bang cach cho
picolinat d4 dugc clo héa twong g véi it nhat mét duong luong ion florua dbi véi mdi
phén tir thé clo can dugce trao dbi.
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Cl . kim loai kiém F

Céc nguck)‘n ion florua thong thudng bao gdm céc florua kim loai kidm (“M-F”), bao
gdm natri' florua (NaF), kali florua (KF) va xesi florua (CsF). Cac muéi florua nhu
tetrabutylamoni florua (n-BusNF) ciing c¢6 thé dugc st dung.

Theo mét s6 phwong 4n, phan tng trao ddi flo duoc tién hanh trong dung méi hoac
moi trudng phan Ung nhu, axetonitril, sulfolan, alkyl nitril, polyete, hodc alkyl sulfon,
bao gdm hdn hop cia ching. Theo mét sé phuong an, dung méi dugc sir dung la alkyl
nitril hodc alkyl sulfon. Theo mdt s6 phuong an, dung méi dugc sit dung 13 axetonitril
hodc sulfolan.

Céc chét xtc tac nhu cic ete crown hodic cac tac nhan chuyén pha di biét dé lam
tang toc do trao ddi florua ciing c6 thé dugce sir dung. Theo mot sb phuong 4n, chét xtic
tac 1a ete crown, phospho halogenua, polyete, mudi phosphat, hoic amoni halogenua

dugc thé ba 1an. Theo mot sb phuong an, chét xtic tac 1a ete crown, vi du, 18-crown-6.

Nhiét 6 ma tai d6 phan tmg trao ddi flo dwoc tién hanh 1 khéng quan trong nhung
thudong nﬁm trong khodng tir 50°C dén 200 °C, va theo mdt s6 phuong an, nim trong
khoang tir 80°C dén 140°C. Tuy thudc vao dung méi duge sir dung trong phan ting cu
thé, nhiét d9 t6i uu sé& thay ddi. No6i chung, nhiét dd cang thip thi phan g s& dién ra
cang chdm. Céc phan ng ndy thuong duge tién hanh véi viéc khudy di manh dé duy tri

hén hop cac chét‘ phan tng duge phan tdn mot cach hiu nhu dong déu.

Trong khi tién hanh phan Gng trao ddi flo, mirc d6 ciing nhu trinh ty bd sung cac
chit phan {mg thuong 1 khéng quan trong. Théng thudng, dung méi va florua kim loai
kiém, va tuy ¥, chét xiic tic, dugc tron trude khi picolinoyl clorua dugc bd sung vao hén
hop phén ng. Néi chung, phan Gng thong thudong cin tir khoang 2 dén 100 gid va
thuong dugc tién hanh & 4p sudt moi trudng. Theo mot sé phwong an, phan ung nay
duoc tién hanh & 4p suét cao t6i 500 psi.

Luong chinh x4c cdc chit phan tng 13 khéng quan trong. Theo mdt phuong an,

lugng florua kim loai kiém s& cung cép céc nguyén tir flo véi lugng it nhét 1a luong
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dang phan tir tinh theo sb nguyén tir clo dugc trao ddi trong nguyén liéu, tirc 13 it nhit
lugng déng phén tir cua florua kim loai kiém, dugc sir dung.

Trong qua trinh amin héa, 4-flopicolinat duge cho phan tng véi amoniac dé thay thé
nguyén tir flo bang nhém amino.

F NH,
A
NH, ~
- / OR1 > . / ORI
Pie N e N
0) 0

‘Mic du chi can sir dung amoniac véi lugng theo hé sb ty lugng, nhung thuong thuin
lgi néu sir dung amoniac v6i lwong du. Theo mét s phwong én, phén tmg duoc tién
hanh trong dung moi tro, dung méi khong proton phén cuc hodc mdi trudng phén tng
nhu DMSO, NMP, DMF, HMPA hoic sulfolan. Theo cach khac, c¢6 thé st dung dung
dich nuéc amoni hydroxit, c6 thé hoic khong str dung dung méi hitu co. Nhiét 46 ma tai
d6 phan tmg duge tién hanh 13 khéng quan trong nhung thudng nim trong khoang tir
0°C dén 45°C va, theo mot s§ phwong 4n, nim trong khoang tir 10°C dén 30°C.

Trong qué trinh tién hanh phan Gng amin héa, 4-flopicolinat dugc hoa tan trong
dung mdi, v amoniac dugc bd sung vao hdn hop phan Gng cing véi viée lam lanh. Khi
amoniac véi lugng du thudng duogc suc vao hdn hgp phan tng. Phan tmg thong thudng
néi chung can tir khoang 0,5 dén 5 gidr va thudng duoc tién hanh & 4p sudt moi trudng.
Phan g nay c6 thé dugc tién hanh duéi 4p suit amoniac dén 30 psi. Phéan ng cling c6
thé dugc tién hanh bing cach sit dung dung dich nudc amoniac.

Cac san phim chira amin hodc hop chit trung gian thu dugc bang quy trinh bét ky
trong s& cc quy trinh nay c6 thé duge thu hdi bing cac cach thong thudng, nhu lam bay
hoi hodc chiét, va c6 thé dugc tinh ché bing cac phuong phép chuin, nhu tai két tinh
hoic sdc ky. Viéc tinh ché cic san phim chtra amin hodic hop chét trung gian ciing c6
thé dugc thuc hién béng cach proton hda bﬁng axit dé tao ra mubi, mudi nay dugc tach
ra v6i @9 tinh khiét cao hon bang cach két tinh, két tiia hodc chiét. Nhiéu axit, nhu axit
clohydric, axit bromhydric, axit nitric, axit axetic hodc axit sulfuric, c6 thé dugc sir
dung. Theo mot phwong 4n, axit 13 axit clohydric khan. Sau d6, mudi da duoc tinh ché
dugc trung hoa bing bazo dé tao ra san phidm chira amin hodc hop chét trung gian trung
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tinh. Céc bazo v6 co, nhu natri hydroxit, kali hydroxit, kali cacbonat, natri cacbonat
hoic natri bicarbonat ¢ thé dugc sir dung. Theo m¢t phwong an, bazo 1a bazo hitu co
nhu trietylamin. Viéc tinh ché sin phdm chira amin hodc hop chit trung gian c6 thé
dugc tién hanh theo cach nay ngay sau bude amin héa, hodc sau khi cac phéan tmg tiép
d6, vi du halogen ho4, lién hop dugc tién hanh.

Trong phan tig trao d6i halogen (iot, brom hoic clo), picolinat dugc iot hda & vi tri
6, dugc brom hoa & vi tri 6, hodc dugc clo héa & vi tri 6 duge didu ché bﬁng cach cho
picolinat da dugc flo héa & vi tri 6 twong (mg phan tng véi it nhdt mét duong lugng

iodua, bromua hodc clorua.

X 1a Cl, Br hodc I

0)

Théng thudng, phan tmg trao ddi halogen duoc tién hanh véi sy c6 mit cua lugng
16n hydro iodua khan (HI), hydro bromua (HBr) hodc hydro clorua (HCI). Phan tmg
thudong dugc tién hanh véi sy khong c6 mit ciia nuée dé lam giam dén muc t6i thidu
mirc d tao thanh cic sin phdm phu. Phan tmg trao ddi halogen néi chung cin tir
khoang 5 dén 50 duong luong HI, HBr hoiic HCL, theo mdt sb phuong an, can tir 10 dén
20 duong lugng. Theo mdt s6 phurong 4n, phan tmg nay duge tién hanh trong dung moi
tro, dung moi phan cyc nhu dioxan hodc axit axetic. Nhiét do ma tai d6 phan mg duoc
tién hanh 13 khéng quan trong nhung thudng nim trong khoang tir 75°C dén 150°C va,
theo mot s6 phuong 4n, nam trong khoang tir 100°C dén 125°C. Phén tmg thudng duogc
tién hanh trong binh phan tmg c6 4p kin c6 kha nang chira khi HI, HBr hodc HCI. N6i
chung, phan tng thong thudng cin tir khoang 0,5 dén 5 gio.

Trong phan tmg halogen hod, nguyén tir clo, brom hoic iot dugc dwa vao vi tri 3 cta
picolinat biang cach cho picolinat khong dugc thé tai vi tri 3 phan tng véi ngudn
halogen trong dung mdi tro.
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ngudn halogen "~ W
1 —_—
.- N/ OR . P OR!
W 1aCl, BrhoicI - N
0O

Khi nguyén tir halogen & vi tri 3 1a C1, ngudn clo c6 thé chinh 1 clo (CL) hodc céc
chat phin tGng nhu sulfuryl clorua, N-closucxinimit hodc 1,3-diclo-5,5-
dimetylhydantoin. Khi clo hoic sulfuryl clorua dugc sir dung, chét clo héa véi lwong
du 16n dugc st dung. Khi khi clo dugc sir dung, phan Gmg dugc tién hanh trong dung
moi tro, theo mot s phuong an, dung méi nhu diclometan, diclometan—nuée hodc axit
axetic. Khi sulfuryl clorua dugc st dung, phan tmg c6 thé dugc tién hanh trong dung
mbi tro, nhrr diclometan hodc trong sulfuryl clorua nguyén chat. Nhiét d6 ma tai dé
phan tmg duge tién hanh 1 khong quan trong nhung thudng nim trong khoang tir 0°C
dén 45°C va, theo mot sé phuong 4n, nim trong khoang tir 10°C dén 30°C. Néi chung,
phan ting thudng can tir khoang 0,5 dén 5 gid. Phan tmg clo héa thuong dugce tién hanh
& 4p sudt mdi truong.

Khi chit clo hoa dugc sir dung 1a N-closucxinimit hodc 1,3-diclo-5,5-
dimetylhydantoin, phan @mg dwoc tién hanh bang cich sir dung lwong theo hé sb ty
lugng cta chit phan tmg clo héa. PSi v6i cac phan tng clo hoa sir dung chét clo héa 1a
1,3-diclo-5,5-dimetylhydantoin, thi ca hai phan tir clo trong hydantoin déu phan tng.
Phén tmg dugc tién hanh trong dung méi phan cuc tro, nhu DMF hodc axetonitril. Nhiét
do ma tai d6 phan tmg dugc tién hanh 13 khong quan trong nhung thudng nim trong
khoang tir 20°C dén 85°C va, theo mét sé phwong 4n, ndm trong khoang tir khoang
50°C dén 80°C. Khi axetonitril duoc st dung 1am dung méi, thun tién néu tién hanh
phan tng & nhiét d6 hoi lwu. N6i chung, phan tmg théng thudng cin tir khoang 0,5 dén
5 gi®. Phan tg clo héa thudng dugce tién hanh & 4p sudt moi trudng.

Khi nguyén tir halogen & vi tri 3 12 Br, ngudn brom c6 thé 13 chinh brom (Br») hodc
cic chét phan Ung nhu sulfuryl bromua, N-bromsucxinimit hodc 1,3-dibrom-5,5-
dimetylhydantoin. Khi Brz duge stt dung 1am chét brom héa, c6 thé sir dung lugng du
16n, va phan tmg dugc tién hanh trong dung mdi tro, theo mét sé phuong 4n, dung méi
nhu diclometan, diclometan—nudc hodc axit axetic. Nhiét do ma tai d6 phan (ng duoc
tién hanh 13 khéng quan trong nhung thudng nim trong khoang tir 0°C dén 45°C va,
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theo mot s6 phuong 4n, nim trong khoang tir 10°C dn 30°C. Néi chung, phéan ung
thudng can tir khoang 0,5 dén 5 gio. Phan tmg brom héa thudng dugc tién hanh & 4p
sudt méi trudng.

Khi chit brom héa dugc_ st dung 1a N-bromsucxinimit hoac 1,3-dibrom-5,5-
dimetylhydantoin, phan @ng dugc tién hanh bang cach st dung luong theo hé s ty
lugng ciia chit phan tmg brom héa. Phan tmg duoc tién hanh trong dung mdi phan cuc
tro, nhu DMF hoac axetonitril. Nhi€t 40 ma tai d6 phan Gng dugc tién hanh 1a khong
quan trong, nhung thudng nam trong khoang tir 20°C dén 85°C v4, theo mot sb phuong
4n, nam trong khoang tir 50°C dén 80°C. Khi axetonitril dugc st dung 1am dung moi,
thuan tién néu tién hanh phan (mg & nhiét d6 hdi lwu. No6i chung, phan tmg théng
thuong can tir khoang 0,5 dén 5 gid. Phan tng brom hoa thudng dwoc tién hanh & 4p
sudt moi trueong.

Khi nguyén tir halogen & vi tri 3 13 I, ngudn iot c6 thé 1a chinh iot (I2) hogc cdc chit
phan tng nhu iot monoclorua hodc N-iodosucxinimit. Axit periodic ¢é thé duoc st
dung két hop v6i . Khi I, dwoc sir dung 1am chit iot héa, I véi lugng du 16n ¢ thé
dugc str dung, va phan tng dugc tién hanh trong dung méi tro, theo mét sé phuong an,
dung moi nhu diclometan, diclometan—nudc, rugu metylic hodc axit axetic. Nhiét do
ma tai d6 phan tng dugc tién hanh 13 khong quan trong nhung thudng ndm trong
khoang tir 0°C dén 45°C va, theo mdt s6 phwong 4n, ndm trong khoang tir 10°C dén
30°C. Néi chung, phin ting thong thudng can tir khoang 0,5 dén 5 gid. Phan tng iot
hoéa thudng durgce tién hanh & 4p suat méi trudng.

Trong phan ung lién hop, 6-iodo, brom hodc clopicolinat dugc phan Ung véGi hop
chét aryl, alkyl hodc alkenyl kim loai, trong d6 kim loai 13 Zn-halogenua, Zn-R, tri-(C;-
Cs alkyl)thiéc, ddng, hoic B(OR2)(OR?), trong d6 mdi R? va R3 ddc lap 13 hydro, Ci-Cs
alkyl, ho#ic khi cling nhau tao thanh nhém etylen hodc propylen, véi su c6 mit ciia chit
xuc tac kim loai chuyén tiép.

1
3
1
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“Chét xic tac” khi dwoc st dung trong phan tng lién hop 1a chit xtc tac kim loai
chuyén tiép, cu thé chit xuc tic paladi nhu paladi diaxetat hodc
bis(triphenylphosphin)paladi(Il) diclorua, hoiic chit xic tic niken nhu niken(II)
axetylaxetonat hodc bis(triphenylphosphin)niken(II) diclorua. Ngoai ra, cac chat xiic tac
c¢6 thé duoc didu ché tai ché tir cac mubi kim loai va cac phéi t, nhu paladi axetat va
triphenylphosphin hodc niken(IT) clorua va triphenylphosphin. Céc chét xtic tac tai chd
nay c6 thé dugc didu ché bing cach cho mudi kim loai va phdi tir phan tng trude, tiép
d6 12 bd sung vio hdn hop phan tng nay, hodc bd sung riéng & mudi kim loai va phdi

tir mot cach truc tiép vao hdn hop phan img.

Théng thudng, phan tng lién hop duge tién hanh véi sy khéng c6 mit cua oxy bing
cach sir dung khi tro, nhu nito hodc argon. Ky thuit dugc st dung dé loai oxy ra khoi
hén hop phan tng lién hop, nhu suc khi tro, 13 da biét dbi véi cac chuyén gia trong linh
vuc nay. Vi du vé k¥ thuét nhu vay la di dugc mo ta trong tai li€u: The Manipulation of
Air-Sensitive Compounds, 2°¢ ed.; Shriver, D. F., Drezdzon, M. A., Eds.; Wiley-
Interscience, 1986. Luong nhd hon luong theo hé sb ty lugng cua chét xuc tac duoc st
dung, thuong nim trong khoang tir 0,0001 duong lwong dén 0,1 duong luong. Lugng
phéi tir bb sung c6 thé tuy y duoc bd sung dé lam tang d6 on dinh va hoat tinh cta chit
xtic tdc. Ngoai ra, cac chit phu gia nhu Na,CO3, K2CO3, KF, CsF, KoHPOs, K5PO4 va
NaF thuong duge b sung vao phan tmg lién hop. N6i chung, phan ting lién hop cin tir
khoang 1 dén 5 dwong lwong chit phu gia nhu vay, theo mét s6 phwong an, cin tir 1 d&én
2 duong lugng. Nudc 6 thé tuy ¥ duge bd sung vao phan tng lién hop dé lam ting do
tan ctia cAc chat phu gia nay. No6i chung, phan tmg lién hop cin tir 1 dén 3 duong lugng
hop chét aryl, alkyl hoic alkenyl kim loai, theo mdt s§ phuong 4n, tir 1-dén-1,5 dwong - -
luong. Phan tng dugc tién hanh trong dung mai tro, nhu toluen, tetrahydrofuran (THF),
dioxan hodc axetonitril. Nhi¢t 46 ma tai d6 phan tmg dwgc tién hanh 1a khéng quan
trong nhung thudng nam trong khoang tir 25°C dn 150°C va, theo mdt sb phuong an,
nam trong khoang tir 50°C dén 125°C. N6i chung phan img thong thuong can tir khoang
0,5 dén 24 giv. Thuong khéng cén trinh ty cy thé dé bd sung cic chit phan tmg. N6
thudng tién hanh don gian hon so véi viée két hop tit ca cac chit phéan tng, trir chit xtc
tac va sau d6 loai oxy ra khéi dung dich phan tmg. Sau khi loai oxy, chét xuc tac c6 thé

dugc bd sung dé bit ddu phan ung lién hop.

Khi phin Met ciia hop chét aryl, alkyl hoic alkenyl kim loai 1a Zn-halogenua, Zn-R
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hoac dé)ng,‘ ¢6 thé cin bao vé& cac nhém phan tmg chirc. Vi du, néu phén tr thé amino (-
NHR[»hoeflc ~NH,) ¢6 mit, c6 thé cin bao vé cac nhém phan tng nay. Nhiéu nhém la da
biét trong Iinh vuc k¥ thuét nay dé bao vé cdc nhém amin khong cho phan tng véi cac
chit phan tmg hitu co-kim loai. Vi du vé& cdc nhém bao vé 1a dd dwoc mb ta trong
Protective Groups in Organic Synthesis, 3 ed.; Greene, T. W.; Wuts, P. G. M., Eds.;
Wiiey-Interscience, 1999. Viéc lua chon kim loai dé st dung trong R-Met bi anh huong
b&i mot s6 yéu t6, nhur chi phi, d 6n dinh, kha ning phan g va mirc d6 cin thiét phai
bao vé cac nhém chirc phan tng.

Céc san phim thu dwgc bing quy trinh bat ky trong sé cac quy trinh nay c6 thé dugc
thu hdi bing cac cich thong thudng, nhu 1am bay hoi hodc chiét, va c¢6 thé dugc tinh
ché bang c4c phuong phap chudn, nhu tai két tinh hodc séc ky.

Tat ca cac phuong an két hop cua cac phuong an & trén déu duge bao gom trong
sang che.

Vi du thye hién sang ché

Nhu duoc sir dung trong ban mé ta nay, cac ky hiéu va cac quy wéc dugce sir dung
trong cdc quy trinh, so @6 va vi du nay, bat ké viéc c6 hay khong c6 céc chit viét tht cu
thé dugc xac dinh mét cach cy thé, 1a phi hop véi cac quy trinh, so @6 va vi du duoc sir
dung trong tai li€u khoa hoc dwong thoi, vi du, the Journal of the American Chemical
Soéiety or the Journal of Biological Chemistry. Pac biét, nhung khong chi gidi han &,
cac.chir viét tit sau c6 thé dugc st dung trong céc vi du va trong toan by ban mo ta: g
(ga'in); mg (miligam);mL (mililit); pL (microlit); M (molar); mM (milimol); uM
(micromol); eq. (dwong lugng); mmol (milimol); Hz (Hec); MHz (megahec); hr hodc
gi® (h hodc gid); min (phut); va MS (Phé khéi).

Trong tat ca cac vi du sau, trir khi c6 quy dinh cu thé, cac phuong phap xt ly va tinh
ché chudn da biét d6i véi cac chuyén gia trong linh vuc nay ¢ thé dugce st dung. Trur
khi c6 quy dinh cy thé, tat ca nhiét do déu duoc tinh theo dd C (°C). Trir khi ¢6 quy
dinh cu thé, Tt ca cac phan tng déu dugc tién hanh & nhiét do trong phong. Cac
phuong phép tong hop duge minh hoa trong ban mé ta ndy duge du dinh ding dé minh
hoa phuong phép tong hop hoa hoc ¢6 thé 4p dung thong qua viée st dung céc vi du cu
thé ma khong nhim 1am gi6i han pham vi cia sang ché.
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Vl’,l‘dl.l 1. 4,5,6-Triclopicolinoyl clorua

Cl Cl
Cl | N Cl | X
Cl N/ OH cl N/ c
(0] (0]

‘Binh d4y tron ba cb dung tich S500mL c6 15 do nhiét dugc lip thiét bi ngung tu duge
thong v6i biy tach va binh rira chira dung dich nuéc NaOH 10%, thanh khudy tir, hai
nit ddy va nhiét ké. Binh ndy dwoc bd sung axit 4,5,6-triclopicolinic ( 86g chira 8,6 g
nudc, 77,4g hoat chét, 0,32 mol), toluen (160mL), thionyl clorua (85mL, 1,12 mol) va
DMF (0,3mL). Huyén phil ndy duoc gia nhiét dén 70-80°C, duoc giit & nhiét do nay
trong thoi gian 7 gid va sau d6 dugce 1am ngudi dén nhiét d6 trong phong va duge khudy
qua dém. Khoéng 0,2mL dung dich mau vang nhat dwgc dit trong lo nho va duoce co dé
thu dugc chit rin dudi dong No. Chét rin ndy dwoc xir Iy bing hdn hop
trietylamin/metanol (0,3mL/2mL) va sau d6 dugc 1am 4m bing stng sy trong thoi gian
khoang 1 phut. Phén tich HPLC da cho thay ring lwong axit carboxylic con lai nhé hon
1% khi so v&i din xuédt metyl este. Dung dich ndy dwoc co trén thiét bi lam bay hoi
kiéu quay, thu dugc chit rin mau vang nhat. Chét rin nay dugc lam kho (40°C/20
mmHg) trong thoi gian khoang 1 gid dé tao ra hop chit & muc (92 g): mp 68-70°C; 'H
NMR (CDCls, 400 MHz) § 8,12 (s), chit rin nay chira khoang 4% khdi lugng toluen
nhu dugce xac dinh bang cich hop nhit cac tin hidu proton; 3C NMR (CDCls;, 101
MHz)8 167,3, 151,0, 145,82, 145,8, 135,7, 125,5.

Vi du 2. 4,5,6-Triflopicolinoyl florua

Cl F

Cl ~ F N

o N Ny E N N T
0 o

Binh day tron ba cd dung tich 1 lit dugc suc Nz va duoc lzﬁp thiét bi ngung tu/may
suc khi Np, may khudy co hoc va niit ddy. Binh phan Gng nay dugc bd sung CsF (172 g,
1,13 mol), axetonitril khan (400mL), 18-crown-6 (6,0 g, 0,023 mol) va 4,5,6-
triclopicolinoyl clorua (55 g, 0,23 mol). Hon hop nay duoc gia nhiét dén nhiét do hdi
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Iru va dugc giit & nhiét d6 nay trong thoi gian 20 gio. Huyén phil ndy duoc 1am ngudi
dén nhiét do trong phong va cac mudi duge loc dudi ap suit No. Banh mubi nay duoc
rira bang axetonitril khé (100mL) dé tao ra chat 16ng mau hd phach (372 g). Binh day
tron ba ¢ dung tich 250mL duoc suc khi N2 cé 16 do nhiét duoc lép v6i hai nut ddy,
thanh khudy tir va cot chung cit chan khéng c6 vo boc Vigruex (15 cm x 1 cm) ¢6 bd
gom ndi véi may suc khi No. Binh nay duoc bd sung 140g dung dich axetonitril thu
dugce trén day. Binh chung cit niy dugc gia nhiét dén 82-85°C trong khi phan cit trong
khong mau (axetonitril) dugc thu gom & dinh & nhiét d6 80-83°C. Khi nhiét dd binh
chung cit bit dau ting va nhiét d6 dinh bt diu giam, qua trinh chung cit dugc két thuc
va dé ngudi dén nhiét do trong phong trong méi trudng Na. Cin binh chung cit dugc
chuyén dén binh day tron hai c6 dung tich 25mL dugc suc khi Np. Binh nay dugc lép
nhiét ké, thanh khuéy tr va qua trinh chung cit dugce bd tri nhu néu trén. Hé théng
chung cét niay c6 thé dugc théng v6i chan khong hodc N2, Chén khéng (khoang 70
mmHg)s dugc thiét 1ap va sau d6 viéc gia nhiét binh chung cét dugc bit ddu. San phdm
dugc thu gom duéi dang chat 1éng trong khéng mau (6,7 g, bp 55-60°C @ 55-60
mmHg). Viéc phén tich phan trim dién tich bing GC da cho thiy ring chit nay c6 do
tinh khiét 12 99,1%: 'H NMR (CDCls, 400 MHz) § 8,08 (ddd, J =84, 4,4, 0,4 Hz); MS
(GC, 70 eV va cham dién tir) 179 (M*, 100%), 160 (8%), 151 (100%), 132 (80%), 82
(63%); C NMR (101 MHz, CDCl3) & 157,71 (dt, J = 269,0, 6,5 Hz), 152,96 (dd, J =
246,1, 13,4 Hz), 152,49 (d, J = 348,6 Hz), 138,69 (ddd, J = 275,3, 30,2, 12,9 Hz),
135,44 (dddd, J= 74,6, 15,1, 7,8 Hz), 117,00 (dt, J= 18,2, 4,2 Hz).

Theo phurong 4n khéc, sau khi loc va rira banh mubi, thu duge 366 g dung dich mau
mau hé phich. Viéc phan tich phin trim dién tich bang GC d chi ra ring hdn hop nay
chira 86,4% 4,5,6-triflopicolinoyl florua va 13,6% 18-C-6. Phuong phap phan tich GC
sir dung chét chudn ndi dwoc phat trién bing cach st dung dimetyl phtalat 1am chét
chuén noi va chit dugc diéu ché trén déy 1a thanh phén tinh khiét. Thir nghiém GC déi
véi dung dich mau mau hd phach da cho biét ring né chira 9,8% khédi lwong san phim,
twong (mg v6i hidu suit 89%.
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Vi du 3. Isopropyl 4,5,6-triflopicolinat (théng qua duong CsF)

cl F F
cl A F A F N
o N7 N E N N T F7 N7 Oj/
o) 0 0

Binh 3 c6 binh dung tich 250mL dwgc lip may khudy co hoc va thiét bi ngung tu
dugc bd sung 4,5,6-triclopicolinoyl clorua (23,3 g, 95mmol), CsF (72,2 g, 475mmol),

18-crown-6 (2,5 g, 9,5mmol) va axetonitril khan (150mL). Phan tmg nay duoc tién hanh
trong moi trudng nito, va hdn hop dugc gia nhiét & nhiét d6 hdi Iuu cing véi viée khudy
manh trong thoi gian 22 gid. MAu dugc liy va duogc phan tich bing GC. Cac két qua da
cho thiy ring phéan ng dién ra khong hoan toan, do d6 CsF bd sung (14,43 g, 95mmol)
dugc bd sung vao, va hén hop duge gia nhiét & nhiét do hdi lwu thém 24 gid, lic d6
phan Uing dudng nhu hoan thanh. Sau do, 6,28 g (104,5mmol) 2-propanol khan va 9,61
g (95mmol) trietyl amin khan dugc bd sung vao binh timg giot & nhiét d6 6°C. Hdn hop
nay dugc khudy trong thoi gian 5-6 gid & nhiét do trong phong. Phéan Gng dugc dimg
lai khi GC cho thiy ring khdng con 4,5,6-triflopicolinoyl florua ban dau trong hdn hop.
Cac mubi dugce loai bd bang céach loc va dugc rira bﬁng mot sd axetonitril. Sau khi loai
b axetonitril bing thiét bi 1am bay hoi kidu quay, san phdm uét dang bot nhdo duge ti
hoa tan trong etyl ete. Hon hop nay dugc rira b%ing nuée va dugce lam khd trén MgSOa.
Phén 16n etyl ete dugc loai bo bing thiét bi 1am bay hoi kidu quay. H8n hop san phim
thd cd ddc ndy trong etyl ete dugc loc qua 16p silicagel, va duge rira giai bang mot sb
etyl ete. Sau khi loai bd dung méi trén thiét bj 1am bay hoi kiéu quay, thu duoc 17,52¢
isopropyl 4,5,6-triflopicolinat (hiéu suit 84%, do tinh khiét 94% theo HPLC). 'H NMR
(CDCls, 300 MHz) & 7,90 (ddd, 1 H, J =9 Hz, 5 Hz, 1 Hz), 5,30 (m, 1 H, J = 6 Hz),
1,41 (d, 6 H, J =6 Hz); 3*C NMR (CDCls, 75 MHz, 'H kht lién hop) 8 161,2 (d, J= 4
Hz), 157,2 (ddd, J = 265 Hz, 9 Hz, 6 Hz), 152,1 (ddd, J = 241 Hz, 12 Hz, 5 Hz), 140,9
(m), 136,8 (ddd, J= 269 Hz, 30 Hz, 13 Hz), 113,6 (m), 70,4 (s), 21,3 (s).
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Vi du 4. Isopropyl 4,5,6-triflopicolinat (qua duong KF)

Cl F F
Cl | N F I N F | X
cl N/ Cl E N/ F F N/ O\'/
0] (o) (0]

Binh phén tng Parr dung tich 100mL (cu trac Hastelloy C) dugc lam sach, duge

1am khé va sy do ri dugc thir nghiém duéi dong nito. Binh niy duge bd sung 3,673 g
(15mmol) 4,5,6-triclopicolinoyl clorua, 7,844 g (135mmol) KF, 0,396 g (1,5mmol) 18-
crown-6 va 40mL axetonitril khan. Toan b hé théng dugc suc nito. Hon hop phan tmg
nay dugc khudy & nhiét d6 135°C trong thoi gian 22 gid, va sau d6 duge dé ngudi dén
duéi 45°C. H¢ ndy duge lam thoét khi tir tir. MAu duoc 1y va duoc phan tich bing GC,
GC-MS va NMR. GC cho thiy rang phan tmg di hoan thanh. EIMS m/z = 179 (M,
96%), 160 (11%), 151 (100%), 132 (79%), 82 (73%); “F NMR (376 MHz, CD;CN) o
15,68 (t, J = 3,4 Hz), -82,55 (t, J = 23,3 Hz), -119,60 — -119,82 (m), -154,95 (dd, J =
24,3, 17,3 Hz). 2-propanol khan (1,517 g, 25mmol) va Et;N (1,518, 15mmol) duge bd
sung tir tr vio hdn hop phan ting trén trong binh phan tmg Parr & nhiét 6 5-10°C. Hdn
hop nay dugce khqu & nhi¢t do trong phong qua dém, va sau d6 dugc xa ra khoi binh
phan ng. Cac mudi duge loai bé bang cach loc va dugc rira bang mot sb axetonitril.
Hiéu suét trong binh 12 77% (GC) nhu dugc xac dinh bang cach sir dung isopropyl
4,5,6-triflopicolinat da dwgc tinh ché (d6 tinh khiét = 97 % dién tich LC va 98% dién
tich GC) 1am chuén va di-propyl-phtalat 1am chét so sanh. EIMS m/z = 178 (M*, 40%),
160 (100%), 132 (69%), 82 (22%), 43 (35%).

Vi du 5. Isopropyl 4-amino-5,6-diflopicolinat

F NH,
F | N - F | N
F N/ O\‘/ F N/ O\‘/
(0] (0]

Isopropyl 4,5,6-triflopicolinat (17,52 g , 80mmol) dugc hoa tan trong NMP (175 g)
trong binh dung tich 500mL duoc ldp thanh khudy. Hdn hop nay dugc bao phu bang
nito va sau d6 amoni hydroxit (10,70 g 176mmol, 28% trong nuéc) duge bd sung vao

binh nay timg giot & nhiét do trong phong, va Hon hgp phan tng nay dugc khudy qua
dém. Hon hop phan tng nay duoc bd sung nuée (190mL) va huyén phu dugce thu dugce
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lam lanh trong bé d4 va dugc khudy trong thoi gian 5 gid. Chét rén nay dugc thu gom
béng cach loc va banh loc duoc rira bﬁng nudc. Lam kho trong chan khong, thu duogc
isopropyl 4-amino-5,6-diflopicolinat duéi dang chéat rin mau tring nhd (11,7 g, hiéu
sudt 68%, do tinh khiét 96% theo HPLC): mp 167-168 °C; 'H NMR (THF-ds, 300
MHz) 6 7,25 (d, 1 H, J= 6 Hz), 6,07 (s, 2 H), 5,01 (m, 1 H, J=6 Hz), 1,20 (d, 6 H, J =
6,3 Hz); 3*C NMR (THF-ds, 75 MHz,'H khir lién hop) 80162,9 (s), 151,5 (dd, J = 228
Hz, 12 Hz), 146,1 (dd, J =9 Hz, 6 Hz), 140,4 (dd, J = 17 Hz, 5 Hz), 134,5 (dd, J = 251
Hz, 32 Hz), 111,9 (m), 68,4 (s), 21,0 (s).

Vi du 6. Isopropyl 4-amino-6-clo-5-flopicolinat

NH, NH,

F | N F | N

F7ON Oj/ c” N7 OT/
0 0

Binh phéan tng Parr dung tich 100mL (cu tric Hastelloy C) dugc lam sach, 1am
kho, va su do ri dugc thir nghiém dudi dong nito. Binh nay dugce nap 1,081 g (Smmol)
isopropyl 4-amino-5,6-diflopicolinat va 50mL dung dich HCI (1M trong axit axetic)
(50mmol). Toan bd hé théng dugc suc nito. Hdn hop phén Gng nay duoc khudy & nhiét
dd 110°C trong thdi gian 3 gio, va sau d6 dugc dé ngudi dudi 50°C. Hg¢ nay dugc thoat
khi tir tir va duge suc nito. Dong thoat dugce nhing vao dung dich Na,COs/nude. Hon
hop phan g nay dugc cé dén gin nhu khé du6i dong nito qua dém. MAiu duoc 1iy va
dugc phan tich LC-MS. Cac két qua cho thdy ring c6 4 thanh phén chinh trong hdn hop
phan Ung ndy: isopropyl 4-amino-6-clo-5-flopicolinat (46% dién- tich), isopropyl -4- -
axetamido-6-clo-5-flopicolinat (33% dién tich), axit 4-axetamido-6-clo-5-flopicolinic
(10% dién tich) va axit 4-amino-6-clo-5-flopicolinic (7% dién tich).

Sau d6, 50mL 2-propanol khan cung véi 6 giot HoSOs ddm dic dwge bd sung vao
binh phéan tmg. Hon hop nay dugc khudy & nhiét d6 100°C trong thoi gian 22 gio. Sau
khi dugc 1am lanh dén nhiét d6 trong phong, hdn hop nay dwoc xa ra khéi binh phan
tng. Lugng du 2-propanol dugc loai bo bang thiét bi 1am bay hoi kidu quay. Chat rén
dang bt nhio duge hoa tan trong etyl axetat. Hon hop etyl axetat dau tién dugc xu ly
bang dung dich Na,COs/nuéc, sau d6 dugc rira bang nuéc va dugc lam khod trén
MgSO4. Dung méi dugce loai bé bang thiét bi lam bay hoi kiéu quay dé tao ra san phim
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thd (1,00 g, d6 tinh khiét theo LC = 90%). Sau khi tai két tinh tir 2-propanol, thu dwoc
sén‘-’phéﬁ:i‘rén mau tring (0,7 g, d6 tinh khiét theo LC = 98%, hiéu sudt = 60%). 'H
NMR (400 MHz, THF-ds) & 7,44 (d, J = 6,1 Hz, 1H), 6,16 (s, 2H), 5,17 (hept, J = 6,3
Hz, 1H), 1,35 (d, J = 6,3 Hz, 6H); 13C NMR (101 MHz, THF-ds) ¢ 162,97 (s), 145,46
(s),.144,47 (d, J= 11,8 Hz), 143,64 (d, J = 5,2 Hz), 142,93 (s), 137,06 (d, J = 16,4 Hz),
112,57 (d, J = 4,0 Hz), 68,51 (s), 21,02 (s); 9F NMR (376 MHz, THF-ds) & -143,12 (s).

Vi du 7. Metyl 4-amino-6-brom-5-flopicolinat

NH, NH2

A —

F7 N N N2 Br N7 Ny OCHs
0 o

Binh phan g Parr dung tich 100mL (Hastelloy C c4u trac) dwgc 1am sach, duoc
lam kho, va sy do ri dugc thir nghiém dudi dong nito. 4-Amino-5,6-diflopicolinamit
(5,196 g, 30mmol), va HBr (54mL, 300mmol, 33% khdi lugng trong axit axetic) dugc
nap vao binh phan tng Parr. Toan bo hé thdng dwoc suc nito. Hon hop phan tng nay
dugc khudy & nhiét 6 115°C trong thoi gian 3 gidy, va sau d6 dwge dé ngudi dudi 45
°C. H€ nay duogc thoét khi tir tir va dugc suc nito. Dong thoat dugc nhiing vao dung
dich Na;COs/nuéc. Hon hop phéan tng nay dugc 1am bay hoi dén khé duéi dong nito
qua dém. Sau d6 55mL of metanol khan cung vé6i 5 giot dung dich H»SO4 dam dic
dugc bd sung vao binh phan img nady. Hén hop nay dugc khudy & nhiét do 95°C trong
th&i gian 6 gid. Sau khi dugc 1am lanh dén nhiét do trong phong, chét rin duoc két tha
va.duge loc. San pham thd (3,26 g ) (d6 tinh khiét theo LC = 93%) thu dugc 13 phin
san phim thir nhét. Phan dich loc dugc c6 trén thiét bi lam bay hoi kidu quay d& loai bé
hau hét dung méi. Sau d6, chat rin uét dang bot nhdo dugc chiét bang etyl axetat. Hon
hop etyl axetat dugc rira bang nuée va duge 1am khé trén MgSOs. Dung méi dugce loai
bo bang thiét bi 1am bay hoi kidu quay. San phim thé bd sung (2,56 g) (d0 tinh khiét
theo LC = 81%) thu dugc trong phan thir hai ndy. Ca hai phin san phim thé duge két
hop va duge tai két tinh tir metanol, tao ra 4,3g san phdm (hiéu suit 57%, do tinh khiét
theo LC = 97%). Nuéc cai chira metanol dugc dwa vio ti lanh dén cudi tudn. 0,14g
san phdm (96% db tinh khiét theo LC) thu dugc: mp 194-196 °C. 'H NMR (THF-ds,
300 MHz) 6 7,29 (d, 1H, J = 6 Hz), 6,06 (s, 2H), 3,71 (s, 3 H); *C NMR (THF-ds, 75
MHz,'H khtt 1ién hop) 8 164,0 (s), 147,2 (s), 144,0 (m), 127,9 (d, J =20 Hz), 112,8 (d,
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J=5Hz), 51,5 (s). EIMS m/z = 250, 248 (M", 1 Br, 9%), 220 (14%), 218 (15%), 192
(95%), 191 (31%), 190 (100%), 189 (27%), 164 (10%), 162 (10%), 137 (7%), 111
(12%), 110 (19%), 109 (10%), 84 (9%), 83 (14%), 82 (10%).

Vi du 8. Metyl 4-(axetylamino)-3,6-diclo-5-flo-picolinat

0

NH, s
F |\ cl __F |\ Cl
CI” °N ~ c N YOS

0 0]

Binh day tron ba c6 dung tich 50mL dugc nap metyl 4-amino-3,6-diclo-5-
flopicolinat (12,1mmol), toluen (50mL), va CHCI; (15mL). Huyén phu niy dugc bd
sung tung giot dung dich tron trude chira axit sulfuric (0,05mmol) va axetic anhydrit
(24,2mmol), trong toluen (SmL). Sau d6, hdn hop phan wng nay dugc gia nhiét, dudi
dong Na, dén 55-60°C va phan tmg dugc kiém tra bing TLC. Khi phan tmg dudng nhu
hoan thanh, 16p 4o gia nhiét dugc loai bo va dung dich phan tmg dugc lam ngudi dén
nhiét do moi trudng. Sau d6, hdn hop niy dugc bd sung timg giot vao hdn hop dung
dich nuéc NaHCOs3 bdo hoa /toluen/CHCI3 (180mL, 3/10/5), dugce khqu trong thoi gian
20 phit, va cic 16p duge tach ra bang cach sir dung ph&u chiét. Lép hitu co duge bd
sung silicagel (14,8 g) va dung mdi dugc loai bd sir dung thiét bi lam bay hoi kiéu quay.
Sau d6, sin phdm thé trén silic oxit dwgc tinh ché bing cich st dung hé tinh ché
silicagel Combi-Flash st dung dung méi rira giai 13 etyl axetat va hexan. D9 tinh khiét
ctia san phidm dugc phan tich bing HPLC: “mp = 183-186 °C; 'H NMR (400 MHz,
DMSO-ds) 8 10,5 (s, 1 H, NH), 3,93 (s, 3 H), 2,17 (s, 3 H); *C NMR (100,6 MHz,
DMSO-ds) 6 167,9, 162,8, 151,7, 149,0, 142,8 (d, Jr-c = 24 Hz), 136,2 (d, Jr-c = 80 Hz),
134,7 (d, Jr-c = 56 Hz), 126,6, 53,2, 22,5; 'F NMR (376,5 MHz, DMSO-ds) & —114,5;
MS Tinh toan phén tich d6i véi CoH7CLFN,Os: 280,0. Thu dugc bﬁng thuc nghiém: 281
(MH"), 245, 180.
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Vi du 9. Metyl 4-(axetylamino)-6-brom-3-clo-5-flo-picolinat

0
NH, HN/l\

Fo o Cl R A

| , (1,
Br” "N > Br™ °N h

o 0

Metyl 4-(axetylamino)-6-brom-3-clo-5-flo-picolinat dugc diéu ché theo cach twong
tyr v6i cach didu ché metyl 4-(axetylamino)-3,6-diclo-5-flo-picolinat trong vi du 8, chi
khac 14 metyl 4-amino-6-brom-3-clo-5-flopicolinat dugc sir dung thay cho metyl 4-
amino-3,6-diclo-5-flopicolinat: mp = 190-192 °C; 'H NMR (400 MHz, DMSO-ds) &
10,5 (s, 1 H), 3,93 (s, 3 H), 2,16 (s, 3 H); 13C NMR (100,6 MHz, DMSO-ds) & 168,0,
162,8, 153,1, 150,5, 143,7 (d, Jr.c = 24 Hz), 134,1 (d, Jr.c = 56 Hz), 127,3 (d, Jr-c = 96
Hz), 53,2, 22,5; F NMR (376,5 MHz, DMSO-ds) & —108,3; MS Tinh toan phan tich
d6i voi CoH7BrCLFN20;: 323,93. Thu duoc bing thuc nghiém: 289, 226.

Vi du 10. Isopropyl 4-(amino)-6-(4-clo-2-flo-3-metoxyphenyl)-5-flo-picolinat

OCHj;

Binh d4y tron ba cd dung tich 50mL dugc nap kali florua dihydrat (12,0mmol), 2-
(4-clo-2-flo-3-metoxyphenyl)-1,3,2-dioxaborinan (5,40mmol), isopropyl 4-amino-6-
brom-5-flopicolinat (4,0mmol), MeCN (15mL), va H,0 (5mL). Hon hop thu duge duge
suc N trong 15 pht, sau d6 Pd(PPhs),Cl> (0,006-0,08mmol) durrgc bd sung vao. Huyén
phu thu duge duge suc trong thoi gian 20 phit, sau d6 dugce gia nhiét dén 68-70°C. Sau
1 gio khudy, phan nho (1-2 pL) dwoc iy ra va dugc pha lodng bing MeCN (2mL).
Phéan nhé niy dugc phén tich bing HPLC bang céach theo ddi mirc do tiéu thu nguyén
liu 4-(axetylamido)-5-flopicolinat este. Sau khi phan ‘g duong nhu hoan thanh, 16p
40 gia nhiét dugc loai bé va hon hop duoc lam ngudi dén nhiét do moi trudng va dugc
pha lodng bang MeCN/toluen/H0 (75mL, 3/1/1); néu can, thé tich bd sung hdn hop
dung méi dugc bd sung dé hoa tan cac chét rin. Sau d6, cac 16p duoc tach ra bing cach
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sit dung phéu chiét. Sau d6, san phim thir nghiém dugc xéc dinh bang cach sir dung
chét chuan ndi (hexanophenon): mp = 177-179 °C; 'H NMR (400 MHz, DMSO-ds) o
7,52 (d, Jru=6,8 Hz, 1 H), 7,47 (dd, J= 8,4, 1,6 Hz, 1 H), 7,29 (dd, J= 8,4, 7,2 Hz, 1
H), 6,70 (s, 2 H), 5,12 (p, J= 6,4 Hz, 1 H), 3,93 (s, 3 H), 1,30 (d, J = 6,4 Hz, 6 H); 13C
NMR (100,6 MHz, DMSO-ds) & 163,6, 154,4, 151,2, 148,0, 145,5, 144,0 (dd, Jrc =
38,3, 4,2 Hz), 143,7 (d, Jrc = 2,9 Hz), 139,0 (d, Jrc = 13,6 Hz), 128,2 (d, Jrc = 3,1
Hz), 126,0 (d, Jr-c = 3,4 Hz), 125,4 (d, Jrc = 3,5 Hz), 123,9 (dd, Jrc = 14,2, 3,5 Hz),
112,5 (d, Jrc = 5,1 Hz), 68,5, 61,5 (d, Jr.c = 4,0 Hz), 21,6; *F{'H} NMR (376,5 MHz,
DMSO-ds) 6 —129,4 (d, Jrr = 25,6 Hz), —142,8 (d, Jr.r = 25,6 Hz); MS Tinh toan phin
tich d6i v6i C16H1sCIF2N203: 356,1. Thu duoc bé‘mg thuc nghiém: 356 (M), 270.

Vi du 11. Metyl 4-(amino)-3-clo-6-(4-clo-2-flo-3-metoxyphenyl)-5-flo-picolinat

NH,
F A cl
o N7 N O~

d ci

Metyl 4-(amino)-3-clo-6-(4-clo-2-flo-3-metoxyphenyl)-5-flo-picolinat dwoc diéu

OCHj;

ché theo cach twong tu véi cach didu ché isopropyl 4-(amino)-6-(4-clo-2-flo-3-
metoxyphenyl)-5-flo-picolinat trong Vi du 19 chi khac 1a metyl 4-amino-3,6-diclo-5-
flopicolinat dugc sur dung thay cho isopropyl 4-amino-6-brom-5-flopicolinat: mp =
169-171 °C; 'TH NMR (400 MHz, DMSO-ds) & 7,46 (dd, J = 8,8, 1,6 Hz, 1 H), 7,29 (dd,
J=138.,.8,7,2Hz, 1 H), 7,10 (s, 2 H), 3,93 (s, 3 H), 3,87 (s, 3 H); 1*C NMR (100,6 MHz,
DMSO-ds) & 164,8, 154,3, 151,8, 146,2, 144,5, 143,9-143,7 (m), 141,6 (d, Jec = 14,0
Hz), 136,3 (d, Jr-c = 13,4 Hz), 128,5 (d, Jrc = 2,6 Hz), 125,5 (d, Jr-c = 3,6 Hz), 122,9
(d, Jrc = 13,7, 4,0 Hz), 61,6 (d, Jrc = 4,2 Hz), 52,7, PF{'H} NMR (376,5 MHz,
DMSO-ds) & —129,2 (d, Jrr = 27,5 Hz), —137,7 (d, Jr-r = 27,1 Hz); IR: 3482, 3381,
2950, 1741, 1612, 1466, 1423, 1366, 1228, 1202, 1045, 970, 905, 815; MS Tinh to4an
phan tich d6i v&i C14H11CLF2N>05: 362,0. Thu duge bing thuc nghiém: 362 (M), 304.
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Vi du 12. Metyl 4-(axetylamino)-3-clo-6-(4-clo-2-flo-3-metoxyphenyl)-5-flo-picolinat

0
HNJ\
F AN
w
clI” N

Metyl 4-(axetylamino)-3-clo-6-(4-clo-2-flo-3-metoxyphenyl)-5-flo-picolinat dugc
didu ché theo cach tuwong tu véi cach didu ché isopropyl 4-(amino)-6-(4-clo-2-flo-3-
metoxyphenyl)-5-flo-picolinat trong Vi du 10 chi khac 13 metyl 4-axetamido-3,6-diclo-
5-flopicolinat dugc str dung thay cho isopropyl 4-amino-6-brom-5-flopicolinat: mp =
175-177 °C; 'H NMR (400 MHz, DMSO-ds) § 7,52 (dd, J = 8,4, 1,6 Hz, 1 H), 7,38 (dd,
J=28,4,7Hz, 1 H), 3,95 (d, /= 0,8 Hz, 3 H), 3,94 (s, 3 H), 2,17 (s, 3 H); 3C NMR
(100,6 MHz, DMSO-ds) 6 168,0, 163,9, 154,4, 153,7, 151,9, 151,0, 144,9 (d, Jrc = 4,4
Hz), 143,9 (d, Jr.c = 13,3 Hz), 139,5 (d, Jr.c = 16,7 Hz), 133,7 (d, Jr.c = 14,4 Hz), 129,3
(d, Jrc = 3,2 Hz), 126,7, 125,9 (dd, Jr-c = 14,6, 3,6 Hz), 121,9 (d, Jrc = 13,2, 4,3 Hz),
61,7 (d, Jrc = 4,4 Hz), 53,1, 22,5; YF{'H} NMR (376,5 MHz, DMSO-ds) § —119,0 (d,
Jrr = 28,6 Hz), —129,0 (d, Jr.r = 28,6 Hz); IR: 3182, 3008, 2952, 1736, 1674, 1512,
1464, 1422, 1401, 1372, 1263, 1238, 1213, 1173, 1049, 1026, 977, 904, 687; MS Tinh
toan phan tich d6i véi C16H12CLF2N204: 404,0. Thu duge bing thye nghiém: 404 (M*),
369.

Vi du 13. Metyl 4-(axetylamino)-6-(4-clo-2-flo-3-metoxyphenyl)-5-flo-picolinat

o
HN/U\
|

F

AN
T T

0]

OCHg3

Metyl 4-(axetylamino)-6-(4-clo-2-ﬂo-3-metoxyphenyl)-S-ﬂo—picolinat dugc  didu
ché theo cach twong tw véi cach didu ché isopropyl 4-(amino)-6-(4-clo-2-flo-3-
metoxyphenyl)-5-flo-picolinat trong Vi du 10 chi khac 1a metyl 4-axetamido-6-brom-5-
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flopicolinat dugc su dung thay cho isopropyl 4-amino-6-brom-5-flopicolinat: mp =
189-191 °C; 'H NMR (400 MHz, DMSO-ds) § 10,5 (s, 1 H), 9,04 (d, Je-u = 5,6 Hz, 1
H), 7,53 (dd, J= 8,4, 1,6 Hz, 1 H), 7,37 (dd, J = 8,4, 7,0 Hz, 1 H), 3,95 (s, 3 H), 3,89 (s,
3 H), 2,22 (s, 3 H); '*C NMR (100,6 MHz, DMSO-ds) § 170,3, 164,1, 154,4, 151,9,
149,4, 146,7, 144,1-143,8 (m), 140,5 (d, Jrc = 15,3 Hz), 135,1 (d, Jr.c = 10,8 Hz),
128,9 (d, Jrc = 3,4 Hz), 125,9 (dd, Jr.c = 35,0, 3,5 Hz), 122,9 (dd, Jr.c = 13,7, 3,5 Hz),
61,6, 52,6, 24,1; F{'H} NMR (376,5 MHz, DMSO-ds) § —129,5 (d, Jr.r = 27,5 Hz), —
142,8 (d, Jrr = 27,5 Hz); IR: 3341, 2972, 2944, 1733, 1705, 1599, 1507, 1439, 1416,
1406, 1371, 1283, 1166, 1039, 974, 926, 890, 823, 678; MS. Tinh toan phan tich ddi véi
Ci6H13CIF2N204: 370,1. Thu dugc béng thuc nghiém: 370 (M*), 312.

Vi du 14. Axit 4,5-diclo-6-(4-clo-2-flo-3-metoxyphenyl)picolinic

cl
Cl Cl
ol B(OH), I
| N + N OH
cl N/ OH Ci F 0
o OCHs Cl F
OCH;

Binh ba ¢ dung tich 50mL dwgc 1ip thanh khudy va thiét bi ngung tu chira axit
4,5,6-triclopicolinic (0,503 g, do tinh khiét 90%, 2mmol), trietylamin (0,607, 6mmol),
axetonitril (5 g) va nuée (5 g). Hon hop ndy tré thanh dung dich déng nhit sau khi dung
dich nay dugc suc nito trong thoi gian 15 phat. Bis(triphenylphosphin)paladi(II)
diclorua (0,042 g, 0,06mmol) dugc bd sung vao va hdn hop nay dwgc gia nhiét dén
50°C. Binh mét cb chira axit (4-clo=2-flo=3-metoxyphenyl)-boric* (1,951 ‘g, 22% khdi
luong trong metyl isobutyl keton/dimetoxyetan, 2,1mmol) va axetonitril (2,5 g). Dung
dich nay dugc syc nito trong thai gian 15 phut, va sau d6 duge bd sung tir tir vao dung
dich axit triclopicolinic bing bom tiém & nhiét d6 50°C. Téng thoi gian bd sung la
khoang hai gio. Hon hgp phan tmg nay dugce khudy & nhiét d6 50°C thém ba gidr nita.
Mau duoge 1y va duge phén tich bing HPLC. Két qua LC di cho thiy rang phan tmg
dd hoan thanh. Hén hgp phan ting nay dugc dé ngudi dén nhiét do trong phong. Dé axit
héa hdn hgp phan ting niy, axit clohydric (6 g, dung dich HCI IN trong nuéc) duge bd
sung ting giot vao binh nay. Huyén phu thu dugc dwoc khudy qua dém. Hon hop nay
dugce loc va thu duge chit rén mau niu nhat. San phém thd nay duogc khqu trong
axetonitril & nhiét do trong phong trong thoi gian 2 gid. Sau khi loc va 1am khé chan
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khéng, thu duoc san phém mau tréng (0,44 g, d6 tinh khiét 92% theo LC, hiéu suét
58%). "H NMR (400 MHz, THF-ds) & 8,35 (s, 1H), 7,40 (dd, J = 8,5, 1,7 Hz, 1H), 7,23
(dd, J = 8.5, 6,9 Hz, 1H), 4,00 (d, J = 1,3 Hz, 3H); 1*C NMR (101 MHz, THF-ds) &
163,62 (s), 154,81 (s), 153,03 (s), 152,31 (s), 147,36 (s), 144,64 (d, J= 13,4 Hz), 143,70
- (s), 133,21 (s), 129,55 (d, J = 3,5 Hz), 126,34 (d, J = 14,4 Hz), 125,71 (s), 125,41 —
125,01 (m), 60,91 (d, J = 4,8 Hz); YF NMR (376 MHz, THF-ds) & -128,96.
ESI/LC/MS/PI (M+H)" = 349,9559 (100%), 351,9531 (99,66%), 353,95 (33,59%).

Vi du 15. 6-(4-clo-2-flo-3-metoxyphenyl)-4,5-diclo-2-pyridincarbonyl clorua

Cl cl
Cl | N Cl
|
Cl F © Cl F °
OCHj,3 OCHj,

Hdn hop chira 33,5 g (~95mmol) axit 6-(4-clo-2-flo-3-metoxyphenyl)-4,5-diclo-2-
pyridin carboxylic, 10,2mL (140mmol) thionyl clorua, 0,1mL N,N-dimetylforamit
(DMF) va 200mL toluen dugc gia nhiét & nhiét 46 75°C trong thoi gian 5 gio. Su tién
trién ciia phan @mg duoc kiém tra bang muc do chuyén hoa ciia clorua axit thanh este
metyl cia nd (mét giot Hén hop phan mg nay dugc bd sung vao 5 giot dung dich
metanol 10% khéi luong chia 4-(dimetylamino)pyridin, gia nhiét nhanh dén nhiét do
héi Iy, pha lodng bang axetonitril va tiém). Phan tich LC d cho biét 8% dién tich axit
carboxylic con lai va 3% dién tich san pham ngay tiép sau khong xéc dinh duge. SmL
thionyl clorua nita va 0,1mL DMF dugc bd sung vao, va viéc gia nhiét duoc tiép tuc
thém 2 gio nita. Phén tich LC da cho biét ring sin phdm metyl este, axit carboxylic da
hét chi véi phan con lai 13 pic phan cuc khong x4c dinh dugc. Sau khi khudy & nhiét do
trong phong qua dém, hén hop phan img nay duge loc dé loai bo lwong nhod chit khong
tan. Phin dich loc duoc cd trong chdn khéng, va toluen dugc bd sung hai 1an va dugc
cd lai trong chdn khéng dé 1am bay hoi thionyl clorua con lai. Chit rén mau trang (38,6
g) dugc 1am khé trong 16 sy chan khéng & nhiét do 40°C dé tao ra 33,3 g hop chét dé
muc (mp 134-136°C). Phan tich chudn ndi LC (chuyén héa thanh metyl este ciia né nhu
néu trén) da cbo biét 98,1% khdi lugng. EIMS m/e (cudng dd twong dbi) 369 (4Cl, 80),
332 (3Cl, 38), 304 (3Cl, 82), 269 (2Cl, 100), 254 (2Cl, 30), 226 (2Cl, 73), 191 (30), 156
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(46); 'H NMR (400 MHz, CDCls) & 8,23 (s, 1 H), 7,32 (dd, J= 8, 2 Hz, 1 H), 7,15 (dd,
J=8,7Hz, 1 H), 402 (dd, J = 1 Hz, 3 H); 1°F NMR (376 MHz, 'H khir lién hop,
CDCl) & -126,83.

Vi du 16. Metyl 6-(4-clo-2-flo-3-metoxyphenyl)-4,5-diflo-2-pyridincacboxylat
‘ cl

Cl

OCHs OCH, OCH,

Hdn hop chira 1,74 g (30mmol, 6 drong lwong) KF (dugc 1am kho & nhiét d6 115°C
cung véi viéc suc N2 qua dém), 1,85 g (Smmol) of 6-(4-clo-2-flo-3-metoxyphenyl)- 4,5-
diclo-2-pyridincarbonyl clorua va 10mL sulfolan (rdy phén tr 4A d3 dugc 1am kho)
dugc gia nhiét & nhiét d6 130°C trong thoi gian 10 gio va sau d6 & nhiét do trong phong
qua dém. Phan tich dién tich bang LC d4 cho biét phan ng khong hoan toan (63% san
phém, 15% hop chét trung gian mono-flo). Hon hgp nay dugc gia nhiét & nhiét do
130°C thém 7 gid, khi phan tich dién tich bang LC da cho biét 74% san phim va 4%
hop chét trung gian mono-flo. Dir liéu v& hop chét trung gian axit florna: EIMS m/e
(cudng dd twong d6i) 319 (1CIL, 100), 304 (1Cl, 20), 276 (1CL, 56), 241 (11), 228 (®),
213 (12), 194 (18), 174 (5). F NMR (376 MHyz, sulfolan) 8 17,84 (s), -123,40 - 123,54
(m), -129,29 (dd, J = 29, 7 Hz), -137,70 (ddd, J = 29, 21, 5 Hz). F NMR (376 MHz,
le,khqu lién hop, sulfolan) & 17,84 ( br s), -123,38 - -123,58 (m), -129,29 (d, J = 29 Hz),
-137,70 (dd, J =29, 21 Hz).

Sau khi 1am lanh dén 50°C, 0,24mL (6mmol) MeOH dugc bd sung vao, va hdn hop
dugc khudy & nhiét d¢ trong phong qua dém. Hon hop mau hd phach nay dugc bd sung
timg giot v6i lugng 10mL H,O trong thdi gian 20 phiit. Vao lac dau, chét rin dinh
dugce tao thanh, nhung cudi ciing ciing tiéu tan d& lai hdn hop dic mau x4m hoi nau.
Sau khi khudy & nhiét d6 trong phong trong 15 phit, hdn hop nay dugc loc, dugc rira
bang 4mL hdn hop 1:1 sulfolan/H,0 va 2 14n v&i 4mL HoO dé tao ra 5,44g chit rin mau
nau. Chét rin nay dwoc 1am khé bing khong khi dé tao ra 1,54g bot mau nau vang. Phan
tich chuin ndi LC da cho biét do tinh khiét 13 78,4% khéi luwong, dbi véi hidu sut
73,0%.
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Chat thu dugc tir thir nghiém flo hoéa trén déy (1,8 g, dién tich LC 67%) dugc gia
nhiét va dugc hoa tan trong 15mL toluen. Dung dich ndy dugc sic ky nhanh trén silic
oxit (500 g, 70-230 ludi) rira giai vdi toluen. Sau khi 10 L toluen dwgce cho di qua cot,
san phim dugc thiy va dwoc thu gom trong 2 L dung méi rira giai tiép theo. Phan doan
toluen chira san pham dwgc co trong chdn khong @8 tao ra 647mg chét rin mau tréng,
94% dién tich d¢ tinh khiét theo phén tich LC. Chét rfin nay duogc hoa tan trong 3mL
axetonitril, dugc 1am lanh trong ti lanh, dugce loc va dugce rira bﬁng 0,5mL axetonitril
lanh d tao ra 529 mg chét rin mau tring sau khi lam kho trong ta hut qua dém, mp
134-134°C, d9 tinh khiét theo phéan tich LC 1a 97% dién tich. EIMS m/e (cudng do
tuong d6i) 331 (1Cl, 50), 273 (1Cl, 100), 238 (46), 237 (28), 222 (14), 194 (48); 'H
NMR (400 MHz, DMSO) 6 8,05 (dd, J = 9, 6 Hz, 1 H), 7,35-7,27 (m, 2 H), 4,01 (s, 3
H), 4,00 (d, /=1 Hz, 3 H); '°F NMR (376 MHz, 'H khtr lién hop, CDCl5) & -123,64 (d,
J =20 Hz), -128,51 (d, J = 31 Hz), -139,59 (dd, J = 31, 20 Hz); '°F NMR (376 MHz,
CDCls) & -123,64 (dd, J =19, 9 Hz), -128,51 (dd, J = 31, 6 Hz), -139,59 (ddd, J = 31,
19, 6 Hz).

Vi du 17. Isopropyl 4,5-diclo-6-phenylpicolinat

Cl
al ¢ Ci N
ey O ey
P (o) N
Cl N
T :

Binh ba cd day tron dung tich 125mL dugce nap kali florua dihydrat (4,52 g,
38,0mmol), axit phenylboric (4,88 g, 40mmol), isopropyl 4,5,6-triclopicolinat este (4,28
g, 16,0mmol), MeCN (60mL), va H,0 (20mL). Huyén phu thu dwoc duoc suc Na trong
15 phut, sau dé bis(triphenylphosphin)paladi (II) clorua (0,45 g, 0,64mmol) dugc bd

sung vao. Sau d6, huyén phtt mau vang thu duge duge phun trong 15 phit, sau d6 duoc
gia nhiét dén nhiét d6 65-68°C. Sau 1 gid khudy, phin nho (1-2 pL) duge ldy ra va duge
pha lodng bing MeCN (2mL). Phdn nhé nay dwoc phan tich bang HPLC bang cach
theo doi mic d9 ti€u thu cua nguyén li€u este isopropyl 4,5,6-triclopicolinat. Sau 3 gio,
phan tmg dudng nhu hoan thanh. Lép 40 gia nhiét duoc loai bé va hdn hop duoc 1am
ngudi dén nhiét 46 moi truong va dugc pha lodng bing MeCN/EtOAc/H,0 (150mL,
2/2/1). Sau d6, cac 16p dugc tach ra bang cach sir dung ph&u tach va 16p hitu co duge
bd sung silicagel (22 g). Dung méi duoc loai bo trong chdn khéng va rin duoc tinh ché
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bang CombiFlash sir dung ¢t 220g. Cb cac phin nho, thu dugc chat rén mau trang c6
~ khdi lugng 4,07 g (82%). mp = 94-96 °C; 'H NMR (400 MHz, CDCLs) & 8,12 (s, 1 H),
7,74-7,71 (m, 2 H), 7,49-7,46 (m, 3 H), 5,31 (h,J=6,4 Hz, 1 H), 1,41 (d, /= 6,4 Hz, 6
H); 3C NMR (100,6 MHz, CDCls) & 163,1, 158.6, 146,5, 144,3, 137,5, 132,1, 129,6,
129,4, 128,0, 125,0, 70,2, 21,8; MS Tinh toan phan tich di v6i C1sH13CLN2Ox: 309,03.
Thu duogc br:ing thuc nghiém: 309 (M*), 223, 188, 152, 125.

Vi du 18. Isopropyl 4,5-diclo-6-(4-metoxyphenyl)picolinat

cl o ¢l
X
O B(OH), |
I ' /©/ ’ ©
A0 N
CI” N Y ~o ! W/
0 ~o

Binh d4y tron ba ¢6 dung tich 125mL dwgc nap kali florua dihydrat (5,65 g,
60,0mmol), este 4-metoxyphenylboric (3,42 g, 22,5mmol), este isopropyl 4,5,6-
triclopicolinat (4,00 g, 15,0mmol), MeCN (72mL), va H,O (24mL). Sau d6, huyén phu
thu dugc duge suc N2 trong 15 phit, bis(triphenylphosphin)paladi (IT) clorua (0,42 g,

0,60mmol) duogc bd sung vao. Tiép d6, huyén phi mau vang thu duge duge phun trong
15 phat, sau d6 dugc gia nhiét dén 60-62°C. Sau 1 gi khudy, phin nho (1-2 pL) dugc
14y ra va dugc pha loang bing MeCN (2mL). Phin nhé ndy dugc phan tich bing HPLC
bang cach theo doi mirc dd tidu thu cia nguyén liéu este isopropyl 4,5,6-triclopicolinat.
Sau 3 gio, phan (mg dudng nhu hoan thanh. Lép 4o gia nhiét dugc loai b va hdn hop
dugc 1am ngudi dén nhiét @0 moéi truong va dugc pha lodng bing hdn hop
MeCN/PhMe/H,0 (100mL, 4/3/3). Cac 16p duge tach ra bang cach st dung phéu tach
va 16p hitu co duge bd sung silicagel (22 g). Dung mdi duge loai bo trong chén khong
va chit rin dugc tinh ché bing CombiFlash dé thu dwgc chit rin mau trang c6 khdi
luong 2,90 g (57%). mp = 113-116 °C; 'H NMR (400 MHz, CDCls) § 8,07 (s, 1 H),
7,74 (dt, J=9,2, 2,8 Hz, 2 H), 6,99 (dt, J = 8,8, 2,8 Hz, 2 H), 5,30 (h, /= 6,0 Hz, 1 H),
3,87 (s, 3H), 1,41 (d, J = 6,0 Hz, 6 H); *C NMR (100,6 MHz, CDCls) § 163,2, 160,6,
158,1, 146,4, 144,2, 131,7, 131,2, 129,9, 124,4, 113,4, 70,1, 55,3, 21,8; MS Tinh toan
phan tich d6i véi C16H1sCLNOs: 339,04. Thu duoc bﬁng thuc nghiém: 339 (M"), 253,
218,203, 182.
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Vi du 19. Isopropyl 4,5-diclo-6-(4-clophenyl)picolinat

o cl
o Ch A
| X . B(OH), L 1 o
o N N © /©/ N Y
o \|/ c cl °

Binh day tron ba ¢6 125mL dugc nap kali florua dihydrat (4,52 g, 38,0mmol), este
4-clophenylboric (5,00 g, 32,0mmol), este isopropyl 4,5,6-triclopicolinat (4,28 g,
16,0mmol), MeCN (70mL), va H,O (23mL). Sau d6, huyén phu thu dugc duge suc N;
trong 15 phut, bis(triphenylphosphin)paladi (II) clorua (0,45 g, 0,64mmol) dugc bd sung

vao. Sau d6, huyén phi mau vang thu duge dwoc suc trong 15 phit, tiép d6 dugc gia
nhiét dén nhiét 9 65-68 °C. Sau 1 gir khudy, phan nhé (1-2 pL) dugce 14y ra va dugc
pha lodng bing MeCN (2mL). Phin nhé nay duoc phén tich bdng HPLC bang cach
theo ddi mirc d9 ti€u thu cua nguyén li€u este isopropyl 4,5,6-triclopicolinat. Sau 3 gio,
phén tmg dudng nhu hoan thanh. Lép 4o gia nhiét dugc loai bé va hdn hop dugc 1am
ngudi dén nhiét d6 moi trudng va dugc pha lodng biang hdn hop MeCN/PhMe/H,O
(80mL, 2/3/2). Sau d6, cac 16p dugc tach ra bang cach sir dung phéu tach va 16p hiru co
dugc bd sung silicagel (22,5 g). Dung méi duoc loai bo trong chdn khéng va ran dugc
tinh ché bang CombiFlash d& sau khi c6 dung méi, thu dugc chit rin mau tring c6 khdi
luong 3,44 g (62%). mp = 133-135 °C; 'H NMR (400 MHz, CDCl) § 8,13 (s, 1 H),
7,69 (dt, J = 8,8, 2,0 Hz, 2 H), 7,29 (dd, J= 8,4, 2,0 Hz, 2 H), 5,31 (h, J= 6,0 Hz, 1 H),
1,41 (d, J = 6,0 Hz, 6 H); 13C NMR (100,6 MHz, CDCls) § 162,9, 157,4, 146,6, 144,5,
135,8, 135,7, 132,0, 131,0, 128,3, 125,2, 70,3, 21,8; MS Tinh toan phan tich dbi véi
C1sH12CL1NO;: 342,99. Thu duoc bang thyc nghiém: 343 (M*), 257, 222, 186, 151.

Vi du 20. Axit 4,5-diclo-6-(4-metoxyphenyl)picolinic

cl cl
CIN_/ | SN
SN Ncojier > SNT coH
MeO | MeO

Hon hop chira isopropyl 4,5-diclo-6-(4-metoxyphenyl)picolinat (5,25 g, 15,4mmol)
trong tetrahydrofuran (40mL) va nuéc (10mL) dugc bd sung kali hydroxit (1,26 g,
22,4mmol). Hon hgp phan tng nay duge khudy & nhiét d6 nhiét do trong phong trong
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thoi gian 12 gid. Sau 1 gior khudy, chét rin duoc két tiia khéi hdn hop nay. Dung dich
HCI (nuéc) (2N, 25mL) duge bd sung vao hdn hop phan tmg nay, va né tao thanh hdn
hop hai pha trong suét. Hon hop nay dugce bd sung vao nude (75mL) bang phéu chiét
va duoc chiét bing EtOAc (2 x 75mL). Cac 16p hitu co két hop duge rira bang nuée
(25mL) va dung dich NaCl bio hoa (50mL) va sau d6 dwoc cd dudi 4p suat giam dé tao
ra 4,57g axit 4,5-diclo-6-(4-metoxyphenyl)picolinic (hidu sudt 99%) dudi dang chit rin
mau tring. "H NMR (400 MHz, CDCls) & 8,23 (s, 1H), 7,72 — 7,64 (m, 2H), 7,07 —
6,99 (m, 2H), 3,89 (s, 3H); 3C NMR (101 MHz, CDCls) § 162,78, 161,05, 157,26,
146,30, 143,76, 133,54, 130,98, 128,72, 123,45, 113,77, 55,48; mp = 164-181 °C.

Vi du 21. Axit 4,5-diclo-6-(4-clophenyl)picolinic

cl cl
Cl\ _~ | CNG
SN Ncojer T SN coLH
cl cl

Binh déy tron 3 ¢ dung tich 125mL dugc 18p thiét b ngung ty, cra nap nito, may
khuéy lép & bén trén, nhiét ké va 16p 4o gia nhiét, dugc nap isopropyl 4,5-diclo-6-(4-
clophenyl)picolinat (7,6 g, 22,1mmol) va rugu isopropylic (70mL). Hon hop phan tng
nay dugc gia nhiét dén 40°C va kali hydroxit (85%, 5,1 g, 77,4mmol) va nudc (5mL)
dugc bd sung vao. Cac chét rin duogc két tiia khoi hdn hop nay, va nd tré nén kho
khudy. Hdn hop niy duoc pha lodng bing nudce (250mL) d hoa tan hiu hét cac chét
rén va duge khuéy ¢ nhiét d§-trong phong. Dung dich - HCI ddm-dac (12 N,-5,6mlL) duoc -
b sung timg giot vao hdn hop phan g nay dé dat dugc do pH ~2 va cac chét rin dugc
két tiia tir hon hop nay. Céc chét rin nay duge tach ra bang cach loc chan khong va
duge rira bang nudce (2 x 100mL), sau d6 dugc dé kho dé tao ra 7,3g axit 4,5-diclo-6-(4-
clophenyl)picolinic (hiéu suat 108% khdi lrong) dudi dang chit rin mau tring. 'H
NMR (400 MHz, THF-ds/D20) 6 8,19 (d, J = 11,2 Hz, 1H), 7,84 — 7,73 (m, 2H), 7,50
(dd, J = 10,3, 3,5 Hz, 2H); *C NMR (101 MHz, THF-ds/D,0) § 167,70, 156,03,
152,40, 143,60, 136,49, 134,76, 131,22, 129,24, 128,04, 124,71; mp = 229 °C.
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Vi du 22. Axit 4,5-diclo-6-(phenyl)picolinic

cl cl
cl /| c\_~
A X
N~ Scopr T > N~ Co.H

" Binh day tron 3 ¢d dung tich 125mL dugc 18p thiét bi ngung ty, clra nap nito, may
~ khudy lap & bén trén, nhiét ké va 16p 4o gia nhiét, dwoc nap isopropyl 4,5-diclo-6-
phenyl picolinat (7,0 g, 22,5mmol) va rugu isopropylic (65mL). Hn hop phan ting nay
duoc gia nhiét dén 40°C va kali hydroxit (85%, 5,1 g, 77,4mmol) va nude (5mL) duge
bd sung vao. Chét rin dugc két tia khoi hdn hop ndy va né tré nén khé khudy. Hon hop
nay dugc pha loing bing nude (250mL) d& hoa tan hau hét cac chit rin va duge khudy
& nhiét do trong phong. Dung dich axit sulfuric ddm dic (SmL) dwoc bd sung timg giot
vao hén hop phéan tmg dé dat duge d6 pH ~2 va cac chit rin duogc két tiia khoi hdn hop
nay. Cic chét rin dugc tach ra bing cach loc chan khéng va duge rira bang nudc (2 x
100mL), sau d6 dugc dé khé dé thu duogc 5,8g axit 4,5-diclo-6-phenylpicolinic (hiéu
suat 96%) duéi dang chit rin mau tring. 'H NMR (400 MHz, CDCl3) & 8,28 (s, 1H),
7,74 — 7,60 (m, 2H), 7,59 — 7,45 (m, 3H), 5,98 (br s, 1H); *C NMR (101 MHz, CDCl;)
8 162,97, 157,76, 146,26, 144,00, 136,51, 133,84, 130,02, 129,26, 128,38, 124,16; mp
=. 159-160 °C.

Vi du 23. 4,5-diclo-6-(4-clophenyl)picolinoyl clorua

Cl Ci
Cl 7 I cl 7
SN” > cogH > SN cl
cl ci ©

Hon hop chita axit 4,5-diclo-6-(4-clophenyl)picolinic (3,00 g, 9,9mmol) trong
toluen (25mL) duge bd sung thionyl clorua (1,08mL, 14,9mmol) va dimetylformamit
(0,04mL, 0,5mmol). Hon hop phan tmg niy dugc gia nhiét & nhiét d6 80°C trong thoi
gian 2,5 gio. Viéc phan tich HPLC phén nho Hon hgp phan tmg nay duogc xtt 1y bang

metanol va dimetylaminopyridin cho biét vin con nguyén liéu. Hon hop phan tng nay

-72-



20616

duge dé ngudi dén nhiét do troﬁg phong va thionyl clorua b sung (0,5mL, 6,9mmol) va
dimétylformamit (0,04_mL, 0,5mmol) durgc bd sung vao. Hén hop phan tmg nay duoc
gia nhiét & nhiét dcf)‘f80°C‘ trong 2 gid. Hon hop phan tng nay dugc dé ngudi dén nhiét
dd trong phong va.dugc ¢b dubi ap suat giam dé thu dwoc chit rin mau tring. Toluen
(40mL) duoc bé sung vao dé hoa tan chét rin va dwoc c6 dudi 4p suit giam va sau dé
quy trinh -ha‘ly dugc tién hanh 1an thar hai. 4,5-diclo-6-(4-clophenyl)picolinoyl clorua
dugc tach ra dudi dang chat rin mau tring (3,05 g, hiéu sudt 96%). 'H NMR (400
MHz, CDCl) 6 8,15 (s, 1H), 7,79 — 7,72 (m, 2H), 7,53 — 7,46 (m, 2H); 13C NMR (101
MHz, CDCl3) 6 168,66, 157,63, 146,48, 145,44, 136,35, 135,10, 134,28, 131,04,
128,63, 124,90. MS Tinh toan phén tich di véi C12HsCLNO: 320,91. Thu duoc bing
thuc nghiém: 257, 222, 207, 186, 151.

Vi du 24. 4,5-diclo-6-(phenyl)picolinoyl clorua

Cl Cl
Cl 7 | cl ~
AN
N COH > \N Cl

Hén hop chira axit 4,5-diclo-6-phenylpicolinic (3,00 g, 11,2mmol) trong toluen
(40mL) duoc bd sung thionyl clorua (1,22mL, 16,8mmol) va dimetylformamit (0,04mL,
0,6mmol). Hon hop phén ting ndy dwgc gia nhiét & nhiét d6 80°C trong thoi gian 3 gid.
Phan tich HPLC phan nhé Hén hop phin tmg ndy dwgc xir Iy bing metanol vi
dimetylaminopyridin cho biét ring su chuyén héa cia nguyén liéu 13 hoan toan. Hén
hop phan ting niy dugc dé ngudi dén nhiét d6 trong phong va dugc cd dudi ap suét
giam dé thu dugc chit rin mau tring. Toluen (40mL) dugc bd sung dé hoa tan chit rén
va duge c6 dudi dp suat giam va sau d6 quy trinh ndy dugc tién hanh 13n thir hai. 4,5-
diclo-6-phenylpicolinoyl clorua dugc tach ra duéi dang chat rin mau tring (2,84 g, hiéu
suat 89%). 'H NMR (400 MHz, CDCls) & 8,14 (s, 1H), 7,83 — 7,75 (m, 2H), 7,55 —
7,47 (m, 3H); *C NMR (101 MHz, CDCIs) & 168,80, 158,88, 146,42, 14521, 136,79,
134,40, 129,98, 129,61, 128,31, 124,74; MS: Tinh toan phén tich d6i v6i C12HsCIsNO:
284.,95. Thu dugc bang thyc nghiém: 285 (M*), 250, 222, 187, 152; mp = 106-111 °C.
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Vi du 25. 4,5-diclo-6-(4-mehoxyphenyl)picolinoyl clorua

Cl Cl
C~ | NG~
\N CO,H \N cl
MeO MeO o

Hén hop chira axit 4,5-diclo-6-(4-metoxyphenyl)-picolinic (4,50 g, 15,1mmol) trong
toluen (40mL) duge bd sung thionyl clorua (1,65mL, 22,6mmol) va dimetylformamit
(0,06mL, 0,8mmol). Hon hgp phan tmg nay dugc gia nhiét & nhiét d6 80°C trong thdi
gian 12 gio. Phan tich HPLC phan nho Hon hop phan img nay dwoc xi Iy bing metanol
va dimetylaminopyridin cho biét ring sw chuyén hoa ciia nguyén liéu 13 hoan toan. Hdn
hop phan tng ndy dugc dé ngudi dén nhiét d6 trong phong va dugc cd dudi ap suat
giam dé thu duoc chit rin mau vang. Toluen (40mL) duoc bd sung dé hoa tan chét rén
va dugc co dudi dp suat gidm va sau d6 quy trinh ndy dugc tién hanh 1dn tht hai. 4,5-
diclo-6-(4-metoxyphenyl)-picolinoyl clorua dugc tach ra dudi dang chit rin vang (4,64
g, hiéu suat 97%). 'H NMR (400 MHz, CDCL) & 8,09 (s, 1H), 7,85 — 7,77 (m, 2H),
7,06 — 6,98 (m, 2H); *C NMR (101 MHz, CDCls) & 168,91, 161,06, 158,35, 146,26,
145,13, 133,92, 131,35, 129,16, 124,13, 113,70; MS Tinh toan phan tich d6i véi
C13HsCI3NO2: 314,96. Thu duoc bﬁng thuc nghiém: 253, 218.

Vi du 26. Isopropyl 4,5-diflo-6-(4-clophenyl)picolinat

Ci F
\N Cl—» \N F————>
Cl o Cl o Cl

Dung dich chtra 4,5-diclo-6-(4-clophenyl)picolinoyl clorua (2,0 g, 6,23mmol) trong
sulfolan (40mL, dwgc lam khé trén rdy phéan tit 4A, 100ppm H,0) duge bd sung kali
florua (2,2 g, 37,4mmol). Hon hop phan tmg nay dugc gia nhiét & nhiét d6 130°C trong
thoi gian 24 gid. Hon hop phan tmg niy duoc phan tich bing GC-MS va 1F NMR. Dit
liéu d6i v6i 6-(4-clophenyl)-4,5-diflopicolinoyl florua, GC-MS: m/z = 271, 223; F
NMR (376 MHz, Toluen-ds) & 17,05 (s), -123,81 (d, J= 19,1 Hz), -140,17 (d, J = 19,1
Hz). Hon hop phan tmg ndy dugc dé ngudi dén nhiét d6 trong phong va trietylamin
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(1,ImL, 7,8mmol) va isopropanol (0,7mL, 9,4mmol) dugc bd sung vao. Sau thoi gian
khudy 1,5 gio, hdn hop phéan émg nay dugc pha lodng bing nude (100mL) va duoc
chuyén dén phéu chiét. Hdn hop phan tng ndy dugc chiét bing metyl tert-butyl ete
(MTBE, 2 x 50mL). Cac phan chiét hitu co dugc két hop, dwoc rira bing nuée (3 x
50mL) va dung dich NaCl bdo hoa (50mL), va dugc co dudi ap suét giam dé thu duge
diu mau nau. San phim diu thé ndy dugc tinh ché bang cach sic ky nhanh trén
silicagel (gradien hexan/etyl axetat, 100% hexan = 20% hexan/etyl axetat) dé thu duoc
0,93g isopropyl 6-(4-clophenyl)-4,5-diflopicolinat (hiéu sudt 48%) duéi dang chit rin
mau tring. 'H NMR (400 MHz, CDCL) & 8,04 — 7,98 (m, 2H), 7,90 (dd, J =94, 5,3
Hz, 1H), 7,51 — 7,45 (m, 2H), 5,31 (hept, J= 6,3 Hz, 1H), 1,43 (d, J= 6,3 Hz, 6H); °C
NMR (101 MHz, CDCl3) & 162,72 (d, J= 3,5 Hz), 158,12 (d, J= 12,6 Hz), 155,49 (d, J
= 12,4 Hz), 149,41 (d, J = 11,0 Hz), 147,16 (dd, J= 7,9, 1,0 Hz), 146,73 (d, J = 10,9
Hz), 136,51 (d, J = 0,9 Hz), 130,34 (d, J= 6,6 Hz), 128,93 (s), 113,80 (d, /= 16,1 Hz),
70,25 (s), 21,85 (s);'F NMR (376 MHz, CDCl3) § -124,73 (dd, J = 17,7, 9,5 Hz), -
144,38 (dd, J = 17,7, 5,4 Hz); MS Tinh toan phén tich d6i v&i CisHisFaNOs: 307,10.
Thu dugc. bing thuc nghiém: 307 (M*), 221, 206; mp = 73-74 °C.

Vi du 27. Isopropyl 4,5-diflo-6-(phenyl)picolinat

Cl F F
Cl Z | F Z | F Z |
\N Cl—>» \N F —> \N OiPr
(0] (o] (o)

Dung dich chira 4,5-diclo-6-phenylpicolinoyl clorua (1,76 g, 6,14mmol) trong
sulfolan (40mL, dwgc 1am kho trén ray phan tir 4A, ~100ppm H20) dugc bd sung kali
florua (2,14 g, 36,9mmol). Hén hop phan @ng nay dugc gia nhiét & nhiét d§ 130°C
trong thoi gian 24 gid. Hdn hgp phan tng ndy duge phan tich bing GC-MS va °F
NMR. Dit liéu ddi véi 4,5-diflo-6-phenylpicolinoyl florua, GC-MS: m/z = 237, 189; 1°F
NMR (376 MHz, Toluen-ds) 6 17,03 (s), -124,14 (d, J = 19,1 Hz), -140,76 (d, J = 19,1
Hz). Hon hop phan ng nay duge dé ngudi dén nhiét do trong phong va trietylamin
(1,1mL, 7,7mmol) va isopropanol (0,7mL, 9,2mmol) dugc bd sung vao. Sau 1,5 gidy
khudy, hdn hop phan tng nay dugc pha lodng bang nude (100mL) va duge chuyén dén
phéu chiét. H6n hop phan tmg nay dwoc chiét bang metyl tert-butyl ete (MTBE, 2 x
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50mL). Céc phan chiét hitu co két hgp duogc rira bing nude (3 x 50mL) va dung dich
NaCl bao hoa (50mL) va duge c6 dudi 4p suat giam tao ra ddu mau niu. San pham dau
thé dugc tinh ché bang cich sic ky nhanh trén silicagel (gradien hexan/etyl axetat,
100% hexan > 20% hexan/etyl axetat) dé tao ra 1,2g isopropyl 4,5-diflo-6-phenyl-
picolinat (higu suét 70%) duéi dang dau mau vang. 'H NMR (400 MHz, CDCl) & 8,07
- 7,99 (m, 2H), 7,89 (dd, J = 9,4, 5,3 Hz, 1H), 7,56 — 7,42 (m, 3H), 5,31 (hept, J = 6,3
Hz, 1H), 1,43 (d, J = 6,3 Hz, 6H); 3*C NMR (101 MHz, CDCls) § 162,89 (d, J = 3,4
Hz), 156,74 (dd, J = 264,2, 12,5 Hz), 148,07 (dd, J = 268,9, 10,8 Hz), 146,99 (dd, J =
309,2, 10,8 Hz), 145,45 (s), 134,12 — 133,60 (m), 130,20 (s), 129,05 (d, J = 5,9 Hz),
128,64 (s), 113,56 (d, J = 16,0 Hz), 70,14 (s), 21,86 (s); 1°F NMR (376 MHz, CDCl;) §
-125,22 (dd, J = 17,7, 9,5 Hz), -144,74 (dd, J = 17,7, 5,4 Hz); MS Tinh toan phan tich
d6i v6i C1sHisF2NO2: 277,09. Thu dugce bing thuc nghiém: 277 (M*), 218, 191.

Vi du 28. Isopropyl 4,5-diflo-6-(4-metoxyphenyl)picolinat

F
F~ F /I
Cl———>» N | F——> SN OiPr
MeO o MeO O

Dung dich chira 4,5-diclo-6-(4-metoxyphenyl)picolinoyl clorua (2,5 g, 7,9mmol)

-n

MeO

trong sulfolan (40mL, dugc lam kho trén riy phéan tir 4A, 100ppm nuéc) duge bd sung
kali florua (2,75 g, 47,4mmol). Hon hop phan (mg nay duoc gia nhiét & nhiét do 150°C
trong thoi gian 24 gio. Kali florua bd sung (1,4 g, 24mmol) duge bd sung vao, va Hn
hop phan tmg nay dugc gia nhiét & nhiét do 150°C thém 24 gid. Hon hop phan tng nay
dugc phan tich bing GC-MS va 19F NMR. Dit liéu dbi véi 4,5-diflo-6-(4-
metoxyphenyl)picolinoyl florua, GC-MS: m/z = 267, 224, 176; '°F NMR (376 MHz,
Tol) 0 16,94 (s), -124,65 (d, J = 19,1 Hz), -141,23 (d, J= 19,1 Hz). Hn hop phan ng
nay dugc dé ngudi dén nhiét do trong phong, va trietylamin (1,4mL, 9,9mmol) va
isopropanol (0,9mL, 11,9mmol) dugc bd sung vao. Sau 1,5 gid khudy, hén hop phan
ing ndy dugc pha lodng bing nude (125mL) va dwoc chuyén dén ph&u chiét. Hén hop
phan tmg nay dugc chiét bang ete metyl tert-butyl (MTBE, 2 x 75mL). C4c phan chiét
hitu co két hop duge rira bang nu6e (3 x 75mL) va dung dich NaCl bdo hoa (75mL) va
duge ¢ dudi ap sudt giam dé thu dwge diu mau ndu. San phim dau thé duoc tinh ché
béang ) sic ky nhanh trén silicagel (gradien hexan/etyl axetat, 100% hexan = 20%
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hexan/etyl axetat) dé thu dugc 0,60g isopropyl 4,5-diflo-6-(4-metoxyphenyl)picolinat
(hi€u suit 25%) dudi dang chit rdn mau vang nhat. 'H NMR (400 MHz, CDCl:) & 8,08
- 8,01 (m, 2H), 7,82 (dd, J=9.5, 5,2 Hz, 1H), 7,04 — 6,97 (m, 2H), 5,30 (hept, J = 6,3
Hz, 1H), 3,86 (s, 3H), 1,42 (d, J = 6,3 Hz, 6H); 1*C NMR (101 MHz, CDCls) § 162,93
(s), 161,22 (s), 156,68 (dd, J=263,5, 12,7 Hz), 147,70 (dd, J = 267,9, 10,9 Hz), 146,61
(dd, J = 286,4, 10,5 Hz), 145,18 (s), 130,53 (d, J = 6,6 Hz), 126,43, 114,02 (s), 112,77
(d, J= 16,1 Hz), 69,99 (s), 55,32 (s), 21,82 (s); ’F NMR (376 MHz, CDCl;) § -125,81
(d, J = 17,7 Hz), -145,30 (d, J = 19,1 Hz); MS Tinh toan phan tich d6i véi
C1sH1sF2NOs: 307,10. Thu dugc bing thyc nghiém: 307 (M%), 221, 206.

Vi du 29. Isopropyl 4-amino-3-clo-6-(4-clo-2-flo-3-metoxyphenyl)-5-flopicolinat

OCH, OCHs

Binh day tron ba ¢4 dung tich 50mL duoc nap iso-propyl 4-(amino)-6-(4-clo-2-flo-
3-metoxyphenyl)-5-flopicolinat (450 mg, 1,26mmol), axetonitril (25mL), va 1,3-diclo-
5,5-dimetylhyndantoin (137 mg, 0,69mmol). Hén hop thu duogc dugce suc N, trong thdi
gian 5 phut, sau d6 dugc gia nhiét dén 68-70°C. Sau 2 gid khudy, phin nho (1-2 pL)
duoc 13y ra va duge pha lodng bing MeCN (2mL). Phan nhé ndy dugc phén tich bing
HPLC bang céach theo d&i mirc do tiéu thu cua nguyén liéu pyridyl este. Sau khi phan
rng dudng nhu hoan thanh, 16p 4o gia nhiét dugc loai bo va hon hop duge lam ngudi
dén nhiét do mdi trudng va dugc pha lodng bing EtOAc (50mL) va NaHSOs (20 mg)
trong HoO (20mL). Sau d6, cac 16p dugc tach ra bang cach sir dung phdu chiét. Lop
hitu co dugc bd sung silicagel (10,1 g) va dung mdi dugc loai bd bang cach st dyng
thiét bi lam bay hoi kiéu quay. Sau d6, san phém thé trén silic oxit dugc tinh ché bing
cach st dung hé gradien tinh ché trén silicagel Combi-Flash EtOAc/Hex (5/100 &n
70/30). Khi c6, thu duge 466 mg (95%) chit rin mau vang. mp = 113-115 °C; 'H
NMR (400 MHz, DMSO-ds) § 7,47 (dd, J= 8.8, 1,6 Hz, 1 H), 7,29 (dd, J = 8,4, 6,8 Hz,
1 H), 7,07 (s, 2 H), 5,17 (hept, J= 6,0 Hz, 1 H), 3,93 (s, 3 H), 1,32 (d, J= 6,0 Hz, 6 H);
BC NMR (100,6 MHz, DMSO-ds) & 164,1, 154,3, 151,8 (d, Jrc = 3,7 Hz), 146,1, 145,5
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(d, Jr-c = 4,3 Hz), 143,8 (d, Jrc = 13,7 Hz), 143,5, 141,4 (d, Jec = 14,2 Hz), 136,3 (d,
Jr.c = 13,4 Hz), 128,5 (d, Ji.c = 3,1 Hz), 1258 (d, Jr-c = 2,6 Hz), 125,5 (d, Jr.c = 3,4
Hz), 122,9 (dd, Jic = 13,9, 3.8 Hz), 69.6, 61,6, 21,4; F{'H} NMR (376,5 MHz,
" DMSO-ds) 8 —129,1 (d, Jer = 27,9 Hz), —138.2 (d, Jr.r = 27,9 Hz).

Céc phuong 4n néu trén chi duge dung 1am vi du minh hoa, va cac chuyén gia trong
linh vuc s& hiéu dugc r.'?lng, hoic s& c6 thé thiét 1ap dugce viée str dung khong nhiéu hon
thir nghiém théng thuong, nhiéu phuong 4n trong duong cua cac hop chét, nguyén liéu,
va céc phuong phap cu thé. T4t ca cac phuong 4n trong duong nhu vy déu duge xem
12 ndm trong pham vi cta sang ché va duge bao gbm trong cac diém yéu cdu bao hd
kém theo.
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YEU CAUBAO HQ

‘1. Quy trinh diéu ché hop chét c6 cong thirc (I):

NH,
F X W
R I N/ OR!
0 @
hoej'c mudi, solvat ké ca hydrat, isotopologue, hodc dang da hinh ciia chiing, trong do:

W la Cl, Br hoic I;
R4 Cy-C4 alkyl, xyclopropyl, C>-Cs alkenyl hoic phenyl dugc thé bang tir 0 dén
5 phén tir thé doc 1ap dwoc chon tir halogen, C1-Cy alkyl, C1-C4 haloalkyl, C1-Cs4 alkoxy
hodc Ci-C4 haloalkoxy; va
R! 12 C;-Cy2 alkyl hoic C7-C1; arylalkyl khong dugce thé hodc dugc thé;
bao gdm cac bude:
(a) flo héa hop chét ¢6 cong thirc (I1):
: Cl
Cl X
A6 | N/ Cl
o
trong d6 AS 13 halogen hoic R;
bﬁng_nguén ion florua dé tao ra hop chét c6 cong thirc (I11):
E X
B6 N/ F
O (my
trong d6 B® 1a F hoic R;
va bién ddi hop chat c6 cong thirc (IIT) thanh hop chét c6 cong thirc (IV):
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NH,
F
| AN
— OR!
A% N

0 Iv);
(b) halogen héa hop chit ¢6 cong thirc (IV) biang ngudn halogen dé tao ra hop chét ¢o
cong thuc (V):
NH,

0 (V); va
(c) lién hop hop chét ¢ cong thire (VI)
A4
AS N A3
" | — OA?
X N
0 (VD
trong do:
X 1a Cl, Br, hoic I;
A? 1a hydro hoic RY;
A3 13 hydro hoic W;
A*1a Cl, F, NH,, NHCOCHj3, hoic nhém amino dugc bao vé;
A’ 13 F hoic CI;
véi hop chat c6 cong thirc (VII)
- R-Met (vID)
trong d6 Met 1a Zn-halogenua, Zn-R, tri-(C1-Cs alkyl)thiéc, ddng, hodic
B(OR?)(OR?), trong ¢6 mdi R? va R? dgc lap 1a hydro, Ci-Caalkyl, hodc khi cing nhau
tao thanh nhom etylen hoac propylen;
v6i su ¢6 mit cia chit xuc tac kim loai chuyén tiép @8 tao ra hop chit c6 cong thirc
(VIII):
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X
_— 0A?
N

O (VII);
trong d6 budc bién ddi (c) c6 thé xay ra trude, giita, hodc sau cac budc bién dbi (a) va

(b).

2. Quy trinh theo diém 1, trong d6 R 1a C;-Cy alkyl, xyclopropyl, C2-Cs alkenyl hodc
phenyl dugc thé bang tir 1 dn 4 phin tir thé doc 1ap duoc chon tir halogen, C;-C4 alkyl,
C1-C4 haloalkyl, C;-C4 alkoxy hodc Ci-Cs haloalkoxy.

3. Quy trinh theo diém 1 hoic 2, trong d6 budc bién ddi hop chét c6 cong thirc (III)
thanh hop chét c¢6 cong thirc (IV) bao gdm céc cong doan:

cho hop chat c¢6 cong thire (III) tiép xic v6i rugu RIOH dé tao ra hop chét ¢ cong thirc
(IX):

AN
— OR!
N

O (IX); va
amin héa hop chit cé cong thirc (IX) bing ngudn amoniac d& tao ra hop chét c6 cong
thire (IV).

4. Quy trinh theo diém 1 hoic 2, trong d6 bude bién ddi hop chét c6 cong thirc (I11)
thanh hop chit c¢6 cong thirc (IV) bao gdm cac cong doan:

cho hop chét c6 cong thic (IIT) tiép xuc v6i ngudn amoniac dé tao ra hop chit ¢ cong
thie (X):

NH,
F
A
~ NH
B~ N 2

0 (X); va
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cho hop chat c6 cong thire (X) tiép xiic v6i axit HX va rugu R'OH dé tao ra hop chét c6
cong thire (IV), trong @6 X 1a I, Br, hoac Cl.

5. Quy trinh theo diém 1 hoc 2, bao gdm cac budc:
bién dbi (a), bao gdm:
(a-1) flo héa hop chét ¢ cong thirc (A):

Cl
Cl X
a1 | N/ Cl
0 (A
béng ngudn ion florua dé tao ra hop chét c6 cong thirc (B):

F
I/ F
F N

0 @B
(a-2) cho hop chét c¢6 cong thirc (B) tiép xtic v6i ruou R'OH d8 tao ra hop chét

F
F | X
~ OR!
F N
0 (©);

(a-3) amin héa hop chit c6 cong thirc (C) biang ngudn amoniac dé tao ra hop chét

NH,
F
X
— OR!
F N

Y (D); va

c6 cong thue (C):

¢o6 cong thire (D):
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(a-4) cho hop chat ¢6 cong thirc (D) tiép xuc véi ngudn iodua, bromua hodc
clorua trong nhitng diéu kién thich hop déi véi viéc trao dbi halogen dé tao ra hop chit

c6 cong thire (E):
NH,
F
N
pZ OR!
X N

trong d6 X 1a Cl, Br, hoac I;

budc bién ddi (c), bao gdbm cac coéng doan:
lién hop hop chat c6 cong thire (E) v&i hop chét c6 cong thic (F)
R-Met (F)

trong d6 Met 1a Zn-halogenua, Zn-R, tri-(Ci-Cs alkyl)thiéc, ddng, hodc
B(OR?)(OR?), trong d6 mdi R? va R? d¢c 1ap 13 hydro, Ci-Caalkyl, hodc khi cing nhau
tao thanh nhom etylen hoéc propylen;
v6i su c6 mit cuia chit xtc tac kim loai chuyén tiép dé tao ra hop chét c6 cong thic (G):

NH,
F
X
~ OR!
R N

0 (G); va
buée bién ddi (b), bao gdm céc cong doan:
halogen héa hop chit c6 cong thirc (G) bing ngudn halogen dé tao ra hop chét c6
cong thic (I).

6. Quy trinh theo diém 1 hoic 2, bao gdm céc bude:
bién déi (a), bao gdm cac cong doan:
(a-1) flo héa hop chat c6 cong thirc (A):

Cl
Cl | N
~ Cl
Cl N

o @
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bang nguén ion florua d& tao ra hop chét c6 cong thuc (B):
. . ' * ' F . .

- (B);
(a-2) cho hgp chét c6 cong thirc (B) tiép xtic v6i regu R'OH dé tao ra hop chét
c0 cong thuc (C):

X
— OR!
N

0 (C);
(a-3) amin héa hgp chit c6 cong thirc (C) bang ngudn amoniac dé tao ra hop chit
c6 cong thic (D):

NH,
F
| AN
— OR!
F N

O (D)va
(a-4) cho hop chét c6 cong thirc (D) tiép xuc v6i ngudn iodua, bromua hodc
clorua trong nhing diéu kién thich hop dbi véi viée trao dbi halogen @ tao ra hop chét
c6 cong thie (E):

NH,
F
A
— OR!
X~ N

trong d6 X 1a Cl, Br, hoac I;
buéc bién ddi (b), bao gdm céc cong doan:
halogen héa hop chét c6 cong thirc (E) bing ngudn halogen dé tao ra hop chit c6
cong thic (H):
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-0 (H); va
budc bién ddi (c), bao gdm céc cong doan:
lién hop hop chét c6 cong thirc (H) bang hop chét c6 cong thic (F)
o R-Met (F)

trong d6 Met 13 Zn-halogenua, Zn-R, tri-(C1-Cs alkyl)thiéc, ddng, hoic
B(OR?)(OR?%), trong ¢6 mdi R? va R* doc lap 1a hydro, C1-Csalkyl, hodc khi cing nhau
tao thanh nhém etylen hodc propylen;
vé6i su c6 mit ciia chét xic tac kim loai chuyén tiép dé tao ra hop chit c6 cong thure (I).

7. Quy trinh theo diém 1 hoic 2, bao gdm:
buéc bién dbi (c), bao gdm céc cong doan:

lién hop hop chét ¢ cong thirc (J):

Cl
Cl X
cl | N7 o
| 0 Q)
v6i hop chét ¢6 cong thire (F)
- . R-Met (F)

| .tron‘g d6 Met 1a Zn—halogehua, Zn-R, tri-(C1-Cs alkyl)thiéc, ddng, hoic
B(OR?)(OR?%), trong d6 mdi R? va R® ddc lap 14 hydro, C1-Csalkyl, hodc khi cing nhau
tao thanh nhom etylen hodc propylen;
v6i su ¢6 mit ciia cht xic tac kim loai chuyén tiép dé tao ra hop chét c6 cong thire (K):
Cl
Cl X
R N/ OH
0 X
buée bién ddi (a), bao gdm cac cong doan:
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(a-1) bién ddi hop chit c6 cong thire (K) thanh hop chét c6 cong thirc (L):

Cl
Cl | X
— Cl
R N
o (L)

trong nhirng diéu kién thich hop dé tao ra clorua axit;
(a-2) flo héa hop chét cé cong thirc (L) bang ngudn ion florua d& tao ra hop chét

c6 cong thic (M):
F
= F
R N
0 ™y

(a-3) cho hop chét ¢6 cong thirc (M) tiép xiic v&i reou R'OH dé tao ra hop chét

c6 cong thirc (N): '
. ‘
F
X
7 OR!
R N

0 (N); va

(a-4) amin héa hop chét c6 cong thirc (N) bing ngudn amoniac dé tao ra hop chét

c6 cdng thire (O):
NH,
F
X
~ OR!
R N

0 (O); va
budc bién ddi (b), bao gdm cac cong doan:
halogen héa hop chét c¢6 cong thirc (O) bing ngudn halogen dé tao ra hop chét co
cong thirc (I).

8. Quy trinh theo diém 1 hoic 2, bao gdm cac bude:
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bien doi (c), bao gom cac cong doan:

(c-1) lién hop hop chit c6 cong thuc (P):

Cl
Cl X
- | N OR!
_ o P
v6i hop chat c¢6 cong thire (F)

R-Met (F
trong d6 Met 1a Zn-halogenua, Zn-R, tri-(C1-Cs alkyl)thiéc, dong, hodc
B(OR?)(OR%), trong @6 mdi R? va R* doc lap 1a hydro, Ci-Csalkyl, hodc khi cing nhau
tao thanh nhoém etylen hodc propylen;
v6i sy ¢6 mit ctia chat xtc tac kim loai chuyén tiép dé tao ra hop chit c6 cong thire (Q):

Cl
1
C |\

— OR! .
R N

0 (Q); va
(c-2) thity phan hgp chét c6 cong thirc (Q) thanh hop chét c6 cong thire (K):

Cl-
Cl | X
—~ OH
R N
0 (X);

budc bién dbi (a), bao gdm cac cong doan:
(a-1) bién ddi hop chat c6 cong thirc (K) thanh hop chit c6 cong thie (L):

Cl
= Cl
R N
O (@)

trong nhitng diéu kién thich hop dé tao ra clorua axit;
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(a-2) flo héa hgp chat ¢ cong thirc (L) bang ngudn ion florua dé tao ra hop chit
c6 cong thuac (M):

F
F X
| = F
R N

: o ™M
(a-3) cho hop chét c6 cong thirc (M) tiép xiic v6i hop chit R'OH d8 tao ra hop
chét c6 cong thirc (N):

F
F.
X
~ OR!
R N
0 (N); va
(a-4) amin héa hop chét c6 cong thirc (N) bing ngudn amoniac d& tao ra hop chét
c6 cong thuc (0):
NH,
F
X
_ OR!
R N

0 (O); va
budc bién ddi (b), bao gdm cac cong doan:
halogen héa hop chat c6 cong thirc (O) bang ngudn halogen d tao ra hop chit c6
cong thic (I).

9. Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 8, trong d6 quy trinh nay con
bao gdm budc bao vé phan tir thé NHa & vi tri 4 cuia cAu tric pyridin trude budce bién dbi
(c); va con bao gdm budc khir bao vé.

10. Quy trinh theo diém bét ky trong s cac didm tir 1 dén 9, trong do6 R 1a phenyl duogc
thé bang tir 1 dén 4 phan tir thé doc 1ap dugc chon tir halogen, Ci-Cy4 alkyl, C1-Cs
haloalkyl, Ci-C4 alkoxy ho#c Ci-C4 haloalkoxy.

11. Quy trinh theo diém bit ky trong s cac diém tir 1 dén 10, trong d6 hop chit chia
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amin c6 cong thirc (1), (IV), (V), (VI), hodc (VIII) dugc tinh ché bang: a) proton hoa
bang axit dé tao ra mudi, b) tach mubi co do tinh khiét cao hon bing cach két tinh, két
tia hodc chiét, va ¢) trung hoa mudi da dugc tinh ché bing bazo dé tao ra san phim

chra amin trung tinh da dugc tinh ché hodc hop chét trung gian.

12. Quy trinh theo diém bét ky trong sé cac diém tir 1 dén 11, trong do ngudn ion florua
la florua kim loai.

13. Quy trinh theo diém 12, trong do florua kim loai dugc chon tir natri florua, kali

florua va xesi florua.
14. Quy trinh theo diém 13, trong do florua kim loai 12 kali florua.

15. Quy trinh theo di€ém bat ky trong so cac di¢m tu 1 dén 14, trong d6 phan tng flo hoa
trong budc bién doi (a) xay ra voi su ¢6 méat cua chat xac tac duoc chon tir ete crown,

phospho halogenua, polyete, mudi phosphat, va amoni halogenua dugc thé ba 1an.
16. Quy trinh theo diém 15, trong d6 chit xuc tac 1a ete crown.
17. Quy trinh theo diém 16, trong dé cte crown 1a 18-crown-6.

18. Quy trinh theo diém bat ky trong s cac diém tir 1 dén 17, trong d6 phan tng flo hoa
trong budc bién ddi (a) xay ra véi sy ¢o mat cia dung mdi duoc chon tir alkyl nitril hodc
alkyl sulfon.

19. Quy trinh theo diém 18, trong d6 dung mai 1a axetonitril hodc sulfolan.
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