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(57) Sang ché dé cap dén quy trinh diéu ché cac hop chat 1-aryl-5-alkyl pyrazol c6 cong
thie (I) va (IB):

(O] (1B)
duogc thé ¢ vi tri 5 clia vong pyrazol bang nhom chirc lién két cacbon. Quy trinh nay 13 hitu
hi€¢u va co thé ap dung & quy mo 16n ma khong can st dung cac chat phan ung sulfenyl
halogenua nguy hiém.
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Linh vwe ky thuit dwgc dé cap
Séng ché @& cip dén quy trinh didu ché cc hop chit 1-aryl pyrazol, cé cong thirc
chung (I) va (IB):

(@)
R2— A% 1 R2 1b
3 / >N / )N
R N R3b N
_ | R4 W/ | R4b
R7 A R5 R7b A R5b
RS RGb
4y (IB)

trong do6:

RLREL RS RY RS, RS R, Z, R'B, R?B, R*® R*™®, R*® R®B, R™® vaA W va n 12 nhu duoc x4c
dinh duéi day. Cac hop chét ¢ cong thic (I) va (IB) ¢6 tic dung diéu tri va bao vé dong vat
chéng lai ngoai ky sinh.

Tinh trang k¥ thuit ciia sang ché

Pong vat nhu dong vat ¢6 vi va cac loai chim thudng dé& bi nhiém ky sinh tring.
Céac ky sinh tring c6 thé 13 ngoai ky sinh, nhu bo chét (Ctenocephalogenuas felis,
Ctenocephalogenuas sp. va céc loai turong tu), ve (bao gdm Rhipicephalus sp., Ixodes sp.,
Dermacentor sp., Amblyomma sp. va cac loai tuong tu), bét (Demodex sp., Sarcoptes sp.,
Otodectes sp. va cac loai twong tu), chiy (Trichodectes sp., Cheyletiella sp., Linognathus
sp., va cac loai twong tu), va rudi (bao gdbm Hematobia sp., Musca sp., Stomoxys sp.,
Dermatobia sp., Cochliomyia sp.), mudi (ho Culicidae) va céc loai tuong tu. Dong vt cling
c6 thé d& bi nhiém ndi ky sinh nhu giun chi va z;;iun.

Céc hop chét ¢6 hoat tinh manh chéng lai nhiéu loai ngoai ky sinh bao g@)m dong vat
chin ddt va sdu bo 13 da biét trong linh vyc k§ thuit. M6t nhém hop chét nhu véy la
arylpyrazol duoc dé cap trong, vi du, cic sang ché My s 5,122,530; 5,246,255; 5,576,429;
5,885,607; 6,010,710; 6,083,519; 6,096,329; 6,685,954; EP 0 234 119 va EP 0 295 117 (céac
sang ché My s6 5,232,940; 5,547,974; 5,608,077; 5,714,191; 5,916,618 va 6,372,774); EP 0
352 944 (sang ché M¥ s6 4,963,575); EP 0 780 378 (sang ché My sb 5,817,688; 5,922,885;
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5,994,386; 6,124,339; 6,180,798 va 6,395,906); EP 0 846 686 (sang ché M¥ s 6,069,157);
va WO 98/28278, toan bd chiing dugc két hop vao ddy bing cach vién dan.

D3 biét ring arylpyrazol c6 hoat tinh vuot trdi chdng lai cac loai ngoai ky sinh, nhur
bo chét va ve. Trong sb ho c4c hop chét ndy, nhan thy ring fipronil - 5-amino-3-xyano-I-
(2,6-diclo-4-triflo-metylphenyl)-4-triflometylsulfinylpyrazol, c6 kha ning dic biét chdng lai
c4c loai sdu bo va ve bét. Fipronil 13 thanh phén hoat tinh trong ho san phdm Frontline® da
biét c6 tac dung diéu tri va phong trir bo chét, ve va bo an 16ng & méo va ché. Fipronil gin
két v6i cac thu thé axit gamma aminobutyric (GABA) trén mang t& bao than kinh cia dong
vét khong xuong séng, 1am én dinh chirc ning cho dang déng cia kénh giy tir vong.

Fipronil ¢6 cau tric hoa hoc nhu sau:

I
S CN
Fsc/
/ A\
H,N N/
cl cl
CFs

Fipronil dugc throng mai héa trong méot vai nim gin ddy dé dung trong ca khu vuc
nbng nghiép 14n dé bao vé dong vat chéng ngoai ky sinh. Do d6, quy trinh thich hop dé diéu
ché fipronil & quy mé 16n 1a da biét.

Gén day, din xudt 1-aryl-5-alkyl pyrazol c6 hoat tinh dic biét chéng lai ngoai ky
sinh, bao gdm bo chét va ve, dugc néu trong WO 2008/005489 va US 2008/0031902 (nay 1a
sang ché My¥ s6 7,759,381 B2) clia Lee et al., duoc két hop vao ddy bang cach vién din. Cac
hop chét 1-aryl-5-alkyl pyrazol d6 khac véi fipronil, khong ké cac hop chét khac, & chd
ching duoc thé & vi tri 5 ctia vong pyrazol bang nhém alkyl hosc haloalkyl chir khong phai
nhém amin. Ngoai ra, mot s§ hop chit 1-aryl-5-alkylpyrazol nhét dinh d3 néu trong céc
Céng bd don néu trén con bao gdm ca halogen duoc thé trén vong phenyl va trén nhém 4-
sulfinyl. Quy trinh diéu ché fipronil da biét 1a khéng thich hop dé tdng hop céc hop chit 1-
aryl-5-alkylpyrazol méi.

WO 02/058690 va US 2004/0087627 mé ta quy trinh téng hop pyrazol chira phan tir
thé  (2,2,2-triflo-1-hydroxy-1-(triflometyl))etyl bing phén ung coa 1,3-diketon véi
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phenylhydrazin chira phin tir thé 1-hydroxy-1-(triflometyl)etyl (So db 4, trang 11, US
2004/0087627). Quy trinh tdng hop mot hop chét cu thé bing phuong phép nay, tirc etyl
este cua axit S5-metyl-1-[(1-hydroxy-1-(triflometyl)etyl)phenyl)-1H-pyrazol-3-carboxylic,
ciing da dugc dé cap (US 2004/0087627, cac trang 23-24, Vi du 8). Tuy nhién, khong c6 Vi
du nao v& viéc diéu ché pyrazol dugc thé & vi tri 3,4,5 ngoai trir khi ¢6 mit nhém 5-amino
hoic khi toan bd ba phin tir thé 13 gibng nhau (metyl).

Quy trinh téng hop pyrazol khéng dugc thé 3-este-4 ciing dugc mé ta trong US
2005/0020564 (trang 10, So db 3).

WO 2008/005489 va US 2008/0031902 A1 mb ta quy trinh tdng hop céc hop chit 1-
aryl-5-alkylpyrazol trong d6 dén xuét 2-thio-1,3 diketon duoc tao ra bang cach cho sulfenyl
halogenua phan tmg v&i hop chit 1,3-diketon, tiép d6 cho phan tmg véi hop chit
arylhydrazin dugc thé thich hop dé thu dwoc hop chit 1-aryl-5-alkylpyrazol, chét nay dugc
xir 1y tiép nita d& thu dwgc cac hop chit pyrazol mong mubn. Tuy nhién, quy trinh nay st
dung céc chét phan tmg haloalkyl sulfenyl halogenua (vi du, triflometyl sulfenyl clorua va
dicloflorometyl sulfenyl clorua), 13 cac chit dic biét nguy hiém va khé kiém. Do d6, can cai
tién quy trinh didu ché cac hop chét 1-aryl pyrazol chira nhom lién két cacbon & vi tri 5 ctia
vong pyrazol, bao gdm cac hop chét 1-aryl-5-alkylpyrazol, sao cho c6 hiéu qua kinh té va
pht hop & quy mé 16n.

Toan b céc tai lidu va cac tai lidu bét ky d4 néu hoic trich din trong ban mé ta (“tai
liéu trich din trong don™), va toan bd cac tai liéu di néu hoic vién din trong cic tai lidu
trich d&n trong don, cling véi huéng din, mé ta ciia nha san xut, mé ta cu thé san phim, va
san phim bét ky bao ham d6i véi cac san phdm bat ky d& @& cap trong ban mé ta hoic trong
tai lidu bt ky da két hop vao ddy bang cach vién din, dugc két hop vao day bang cach vién
dAn, va c6 thé duoc sir dung @8 thuc hién sang ché. Viée trich din hodc néu tén tai liéu bét
ky trong don nay khong phai 13 viéc thira nhan ring céc tai liéu d6 co gia tri nhur tinh trang
k§ thuét theo sang ché.

Ban chét ky thuit ciia sang ché

Vi céc 1y do néu trén, muc dich cia sang ché 1a d& xuit quy trinh cai tién dé didu ché
cac hop chét 1-arylpyrazol c6 cong thirc (I) va (IB) duéi ddy trong d6 cic nhém thé R!, R?,
R, RY, R, RS R/, Z, R'B, R, R*®, R*®, R®®, R®®, R™® va W va n 14 nhu dugce x4c dinh

trong ban mo ta.



(@)
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Theo khia canh thir nhét, sing ché @& cap dén quy trinh didu ché hop chit c6 cong thirc (I)
bao gbém cac bude:

(i) cho hop chét disulfit c6 cong thirc (II) phan tmg véi arylhydrazin c6 cong thire (III):
H
AN NH
R3 R! |2
? NH
4
AN~
3 1
R %]/R RS AN R7
RG

D (1IT)

trong d6 mdi R' va R® doc lap 1a hydro, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, alkyl, haloalkyl, xycloalkyl, haloxycloalkyl, alkenyl,
alkynyl, formyl, aryl, heteroxyclyl, heteroaryl, -C(O)R?, -C(O)OR?, -C(O)NR’R!® hozc —
C(S)NH,, trong d6 mdi nhém alkyl, xycloalkyl, alkenyl, alkynyl, aryl, heteroxyclyl hozc
heteroaryl tuy y c6 thd dugc thé biang mdt hodc nhidu halogen, hydroxy, alkoxy,
alkoxyalkoxy, amino, alkylamino, dialkylamino, alkyl hodc haloalkylthio; alkyl hodc
haloalkyl sulfinyl; alkyl hodc haloalkyl sulfonyl; nitro, xyano va —C(S)NH,; va R, R%, RS,
R’ va Z 1 nhu dugc x4c dinh dbi v6i hop chét ¢6 cong thuc (I) dudi ddy, d tao ra pyrazol
disulfua c6 cong thiac (IV)



1
R} s—s
>/ S \
N\ \ R3 R3 / ) N
N N
R4 % _ R4
R5 \ R7 R7 \ R5
R R6
Iv)

trong d6 R', R> R*, R>, R®, R” va Z 1a nhu dwoc x4c dinh dbi v6i hop chét c6 cong
thire (I);
(ii) cho hop chét c¢6 cong thirc (IV) phéan tng véi hop chét c6 cong thic (V)
R-LG (V)
trong d6 R? 1a nhu dwoc xac dinh trén day dbi véi hop chit c6 cong thire (I) va LG 13
nhém doi chuyén dé tao ra hop chit c6 cong thire (VI):

RZ_.. S 1
Y
3 Vs
RN
4
7 | R
R’ N R®
R® ;
(VD
(iii) trong trudng hop khi trong hop chét c6 cong thirc (VI), néu R! hoic R? 1a -C(O)OR®
hoic -C(O)NR’RY, thi tity ¥ chuyén hoéa cac nhém -C(O)OR® hoic -C(O)NR’R!®

thanh xyano, hydroxyalkyl, aminoalkyl, dialkylaminoalkyl, formyl, -C(O)R® hoic —
C(S)NHy; va

(iv) tiy ¥ oxy hoa nhém —SR? @& tao ra hop chét c6 cong thirc (I);

trong d6 thir tir cia céc budc iii) va iv) c6 thé dbi chd cho nhau.

Theo mét phuong 4n ctia quy trinh, disulfua c6 cong thirc (IT) duoc tao ra bang cach cho B-

diketon c6 cong thirc (VII)
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(VID)
phan g v6i chit disulfua dihalogenua.

Theo phuong 4n khac, & budc ii) phan tmg cta hop chit ¢ cong thirc (IV) v6i hop
chét c6 cong thirc (V) duge thuc hién v6i su ¢6 mit cia chit khir. Theo mot phuong 4n,
chit khir 13 tetrakis(dimetylamino)etylen, natri borohydrua, natri dithionit, natri
hydroxymetansulfinat, kém hydroxymetansulfinat, axit formic hodc natri format.

Theo phwong 4n khac ciia quy trinh, hop chét ¢6 cong thirc (I) dugc didu ché trong
d6 R? 14 alkyl hoic haloalkyl; R! 1a —C(O)OR® hoic —C(O)NR’R'’; va R? 14 alkyl.

Theo phwong 4n khac nita ctia quy trinh, & budc ii) nhém doi chuyén LG ciia hop chit c¢6
cong thie (V) 1a iodua.

Theo khia canh thir hai, sing ché @& cip dén quy trinh diéu ché hop chit c6 cong
thirc (IB), bao gdm céc budc:

(i) cho hop chét c6 cong thirc (IIB):

| R2R 1b

/ \

R7bj$[

(IIB)
trong 6 R'™®, R?®, R*, R® R®, R™ va W 1a nhu dugc x4c dinh duéi day dbi véi hop
chit c6 cong thirc (IB) va Q 1a nhém iot, brom, clo hoic haloalkylsulfonat;
phan tmg vé6i hop chit ¢6 cong thirc (Ilc) hodc (I1d):

R1d
|

&
R-M (Ilc) red 007 Pogad (11d)
trong d6 R, R, R?® va R* doc l4p 1a alkyl, haloalkyl, xycloalkyl, haloxycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl hodc heteroxyclyl, trong 6 mdi nhém alkyl, xycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl hodc heteroxyclyl tuy y cé thé duoc thé bang mdt hoic
nhiéu nhém halogen, hydroxy, alkoxy, alkoxyalkoxy, amino, alkylamino, dialkylamino,

nitro, xyano va —C(S)NH,; M 1a MgX, ZnX, RZn, BY>, BF; hoac SnR’;; X 1a iot, brom
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hoic clo; Y 1a OH hoic alkoxy, hoic mdi Y ¢6 thé 14 nhém alkoxy 1a mot ph?ln cua din
xuét glycol Y-(CR”’R’**),-Y trong d6 R** va R>>* ddc 14p 13 hydro va C;-Csalkyl va a bing
2, 3 hodc 4; va R’ 1a alkyl hoéc haloalkyl;

hoéc

cho h(_)‘p chét ¢6 cong thie (IIB) phan tmg véi R®NH,, (R¥),NH, R®*OH, R®SH
hoiic anion enolat R®C(O)CH;, trong d6 R*® 1a nhu dugc x4c dinh dudi day ddi véi hop
chét c6 cong thirc (IB);
v6i sy cb mit cia cht xic tac kim loai chuyén dé tao ra hop chit c6 cong thirc (IB);

(i) trong truomg hop khi R™® trong hop chét c6 cong thic (IB) 1a -C(O)OR® hozc
-C(ONR*R!'®, thi tuy ¥ chuyén héa cac nhém -C(O)OR®® hodc -C(O)NR*R'® thanh
xyano, hydroxyalkyl, aminoalkyl, dialkylaminoalkyl, formyl, -C(O)R®® hodc —C(S)NH,
bing cach chuyén héa nhém chire, trong d6 R*®, R*® va R'® 1a nhu duoc x4c dinh duéi day
d6i v6i hop chét c6 cong thire (IB); va

© (iii) trong trudmg hop khi R? 1a —=S(0)xR'™®, tiy ¥ oxy hod nhém —S(O)R''® trong
d6 R 1a nhu duge x4c dinh dudi day dbi v6i hop chit ¢6 cong thire (IB) va m bang 0 hoic
1, dé tao ra hop chét c6 cong thirc (IB);
trong d6 thir tur cia cac budc ii) va iii) c¢6 thé dbi chd cho nhau.
Theo m6t phwong 4n, hop chét c¢6 cong thirc (IIB) trong d6 Q 13 I, Br hoic Cl dugc didu ché
bang cach cho hop chit c6 cong thirc (I1IB):

R2b 1b
I\
HNTN 7
4b
w* | R
R7b X R5b
R6b
(LIIB)

trong d6 R'®, R?, R*®, R®, R®, R” va W 13 nhu dwoc xé4c dinh duéi day déi véi hop
chét c6 cong thirc (IB), phan tmg véi nguén Br, Cl hodc I véi sy ¢c6 mét cia hop chét nitrit
T-ONO trong d6 T 13 hydro hoic alkyl, hodc mubi ciia ching.

Theo phuong 4n khac, chit xtc tac kim loai chuyén cta bude (i) 1a chit xuc tac
paladi.

Theo phwong 4n khac cta quy trinh, hop chét ¢6 cong thitc T-ONO 12 natri nitrit,
isopentyl nitrit, hodc tert-Butyl nitrit.
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Theo phuong 4n khéc nita, nhém thé Q trong hop chét ¢6 céng thirc (IIB) 13 brom.

Theo phwong 4n khac cua bude (i) caa quy trinh, M trong hop chét ¢6 cong thirc
(IIc) 12 ZnX hodc RZn. Theo phuong 4n khic, M 13 BY,. Van theo phuong 4n khéc, B 1a
BY,; trong 46 Y 14 hydroxy.

Theo phuong 4n khac ciia quy trinh, & budce (i) hop chét c6 cong thic (IIB) dugc cho phan
tmg v&i hop chét c¢6 cong thice (1Id). Van theo phuong 4n khéc, hop chét c6 cong thirc (IIB)
dugc cho phan Umg véi 1a trimetylboroxin.

Theo phuong 4n khéc ciia quy trinh, & budc (i) hop chét ¢ cong thic (IIB) duoc
cho phan tng véi hop chit c6 cong thirc (Ilc) trong d6 M 1a BY, hoic hop chét ¢6 cong
thie (11d), trong d6 bazo duoc cho bd sung tiép vao hdn hop phan tmg. Theo mdt phuong
an, bazo 1a hydroxit cta kim loai kiém hodc cacbonat cua kim loai kiém.

Theo mdt phuong 4n ciia quy trinh, chit xdc tic paladi & budc (i) duoc chon tir
(Ph3P)4Pd, (Ph3P),PdCl,, (CH3CN),PdCl,, Pdy(dba)s hodc (dppf)PdCl,.

Theo phuong 4n khéc, & budc (i), hop chét ¢ cong thire (IIIB) dwoc cho phan tmg véi hop
chét c¢6 cong thire (IId) véi su cb mit ciia Pdy(dba); va kali cacbonat.

Theo phwong 4n khéc nita ctia quy trinh, hop chét c6 cong thirc (IIB) 1 fipronil va ‘
hop chét c¢6 cong thire (I1d) 1a trimetylboroxin.

Vin theo phuong 4n khéc ctia quy trinh, trong qua trinh tao ra hop chét c6 cong thirc (IIB)
tir hop chét c6 cong thirc (IIIB), T-ONO 14 natri nitrit va ngudn Br 14 HBr.

Céc quy trinh cai tién néu trén, khong ké cac dic diém khac, dé cap dén viéc didu
ché cic hop chit l-aryl-5-alkyl-4-haloalkylsulfinyl hoic 1-aryl-5-haloalkyl-4-
haloalkylsulfinyl pyrazol ma khong sir dung cac chit phan tmg haloalkylsulfenyl clorua, 1a
cac chit dic biét nguy hiém va rit kho kiém. Ngoai ra, cac quy trinh cai tién nay cling thich
hop dé 4p dung trén quy mé 1én va tao ra ning suét t6i uu va chit luong hop chét 1-
arylpyrazol mong mudn.

Luu ¥ ring trong ban md ta ndy va trong phin yéu ciu bao ho, cac thuit ngft nhu
“bao gém”, “dugc bao gém”, “gém” va cac thuét ngﬁ‘ tuong tir c¢6 thé c6 nghia theo Lut
Sang ché My; vi du, chiing c¢6 thé ¢6 nghia 1a “bao ham”, “dugc bao ham”, “ké ca”, va cac
nghia tuong tur; va cac thuét ngit nhu “vé co ban cAu thanh tir” va “co ban cdu thanh tir” c6
nghia nhu dugc 4p dung theo Luat Sang ché M¥, vi du, chiing cho phép tinh dén cac diu
hiéu khong dugc @ cdp rd rang, nhung loai trir cac du hiéu di biét trong tinh trang k¥
thuat hodc anh huong téi déc tinh co ban hodc maéi cia sang ché.

Ciing luu ¥ ring sang ché khong du dinh bao ham trong pham vi clia nd, cic hop

chit, san phdm, quy trinh san xuét san phdm hozc phuong phép sir dung san phdm di biét
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bat ky trudc d6, ma dép tmg céc yéu ciu v& mb ta bang vin ban va cac boc 16 cia Co quan
Séng ché va Nhian hiéu Hoa Ky (35 U.S.C. 112, doan thir nhét) hodc Co quan sang ché chau
Au (Piéu 83 cua EPC), dé ngudi ndp don bao luu quyén loai bé va khong xin bao hd san
phim, phuong phép san xudt san phdm hodic quy trinh sir dung san phdm da biét bat ky
trude d6. Do dé, sang ché 1a khong du dinh bao ham cac hop chét, san phém, quy trinh san
xuét san phim hozc hop chit, hoic phuong phap sir dung san phim hoic hop éhét da duoc
bdc 16 18 rang trong tinh trang k¥ thuat di biét hodic 1am mét tinh mdi ctia ching so v6i tinh
trang k¥ thuat da biét, bao gdm viéc khong gi6i han & tinh trang k§ thuat da biét bat ky da
néu trong ban mo ta, bao gém khong giéi han & cac sang ché My§ s6 5,122,530; 5,246,255
5,576,429; 5,885,607; 6,010,710; 6,083,519; 6,096,329; 6,685,954; EP 0 234 119 va EP 0
295 117 (tuong dwong vdi cac sang ché My s6 5,232,940; 5,547,974; 5,608,077; 5,714,191;
5,916,618 va 6,372,774); EP 0 352 944 (twong duong véi sang ché M§ ) 4,963,575); EP 0
780 378 (twong dwong vdi sang ché My sb 5,817,688; 5,922,885; 5,994,386; 6,124,339;
6,180,798 va 6,395,906); EP 0 846 686 (twong dwong véi sang ché M§ sb 6,069,157); va
WO 98/28278 (toan bd chiing duoc két hop vao ddy bang cach vién din); va, ngudi nop don
bao luu quyén dua vao yéu cau bao hd bat ky d4u hiéu loai trir cac hop chét, san phim,

quy trinh san xut san phdm hodc phuong phép sir dung san phim da biét bit ky trude do.
Céc phuong 4n nay va cac phuong an khac duogc bdc 16 hodc 1am rd va dugce bao

ham trong phan Mb ta chi tiét sang ché dudi day.

M0 ta chi tiét sang ché
Dinh nghia

Nhim muc dich ctia don nay, trir khi ¢6 chi din khéc trong ban md ta, cac thuat ngit
duéi day cd nghia nhu dugc néu dudi day:

(1 Alkyl ding & chi ca mach cacbon thing, nhanh 14n nhém hydrocacbtrén
vong. Theo mét phuong 4n cia alkyl, sb nguyén tir cacbon 1a tir 1 dn 20, theo c4c phuong
an khac cta alkyl, s6 nguyén tir cacbon 13 tir 1 dén 12, tir 1 dén 10 hodc tir 1 dén 8 nguyén
tir cacbon. Theo phirong 4n khéc nita cia alkyl, sé nguyén tir cacbon 1 tir 1 dén 6 hozc tir 1
dén 4 nguyén tir cacbon. Céc khoang khéc vé sb nguyén tir cacbon ciing duge du dinh phu
thudc vao vi tri cta gbe alkyl trén phén tir;

Vi du v& C;-Cy alkyl bao gdm, nhung khong chi giéi han &, metyl, etyl, propyl, 1-
metyletyl, butyl, 1-metylpropyl, 2-metylpropyl, 1,1-dimetyletyl, pentyl, 1-metylbutyl, 2-
metylbutyl, 3-metylbutyl, 2,2-dimetylpropyl, 1-etylpropyl, hexyl, 1,1-dimetylpropyl, 1,2-
dimetylpropyl, 1-metylpentyl, 2-metylpentyl, 3-metylpentyl, 4-metylpentyl, 1,1-
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dimetylbutyl, 1,2-dimetylbutyl, 1,3-dimetylbutyl, 2,2-dimetylbutyl, 2,3-dimetylbutyl, 3,3-
dimetylbutyl, 1-etylbutyl, 2-etylbutyl, 1,1,2-trimetylpropyl, 1,2,2-trimetylpropyl, 1-etyl-1-
metylpropyl, 1-etyl-2-metylpropyl, heptyl, octyl, 2-etylhexyl, nonyl va dexyl va céc chit
ddng phan cua ching. C;-Cs-alkyl c6 nghia 1a metyl, etyl, propyl, 1-metyletyl, butyl, 1-
metylpropyl, 2-metylpropyl hozc 1,1-dimetyletyl ching han.

Céc nhém alkyl vong, dugc bao ham béi thuit ngir “alkyl”, c6 thé duoc ding @ chi
“xycloalkyl” va bao gdm c4c nhém c6 tir 3 dén 10 nguyén tir cacbon c6 mét hoic nhidu
vong ngung tu. Vi du khéng gi6i han v& cic nhém xycloalkyl bao gdm adamantyl,
xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl, xyclooctyl va ciac nhém
tuong tu.

Céac nhém alkyl va xycloalkyl d& néu trong ban mé ta c6 thé khéng duge thé hodc
duoc thé biang mot hoic nhiéu gbe duge chon tir nhém gdm alkyl, halo, haloalkyl, hydroxyl,
carboxyl, axyl, axyloxy, amino, alkyl- hodc dialkylamino, amino, arylamino, alkoxy,
aryloxy, nitro, xyano, azido, thiol, imino, axit sulfonic, sulfat, sulfonyl, sulfanyl, sulfinyl,
sulfamonyl, este, phosphonyl, phosphinyl, phosphoryl, phosphin, thioeste, thioete,
halogenua axit, anhydrit, oxim, hydrazin, carbamat, axit phosphonic, phosphat, phosphonat,
hodc nhém chirc khac bat ky khong trc ché hoat tinh sinh hoc ctia cac hop chét theo sang
ché, khong dugce bao v¢, hodc duge bao v¢ khi, nhu da biét d6i v6i ngudi c6 hidu biét trung
binh trong linh vyuc k¥ thuét, vi du, nhu dugc dé cép trong Greene, et al., Protective Groups
in Organic Synthesis, John Wiley and Sons, Fourth Edition, 2007, duoc két hop vao day
bing cach vién dn.

(2)  Alkenyl dung dé chi ca mach cacbon thing 13n nhanh c6 it nhat mot lién két
d6i cacbon-cacbon. Theo mot phuong 4n cia alkenyl, s6 lién két d6i 1a tir 1 dn 3, theo
phuong 4n khéc cua alkenyl, sb lién két d6i 14 mot. Theo mot phuong 4n cia alkenyl, sb
nguyén tir cacbon 1a tir 2 dn 20, theo cac phwong 4n khéc cua alkenyl, sb nguyén tir cacbon
1a tir 2 d&én 12, tir 2 dén 10, tir 2 dén 8 hozc tir 2 dén 6. Theo phuong 4n khac nita cia
alkenyl, sb nguyén tir cacbon 1a tir 2 d&n 4. Cac khoang khac cua sb lién két déi cacbon-
cacbon va cacbon ciing bao ham phu thudc vao vi tri ctia gbe alkenyl trén phan tir;

Céc nhém “C,-Cjo-alkenyl” c6 thé bao gdbm nhiéu hon mot lién két dbi trén mach.
Vi du bao gdm, nhung khong chi giéi han &, etenyl, 1-propenyl, 2-propenyl, 1-metyl-etenyl,
1-butenyl, 2-butenyl, 3-butenyl, 1-metyl-1-propenyl, 2-metyl-1-propenyl, 1-metyl-2-
propenyl, 2-metyl-2-propenyl; 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 1-metyl-1-
butenyl, 2-metyl-1-butenyl, 3-metyl-1-butenyl, 1-metyl-2-butenyl, 2-metyl-2-butenyl, 3-
metyl-2-butenyl, 1-metyl-3-butenyl, 2-metyl-3-butenyl, 3-metyl-3-butenyl, 1,1-dimetyl-2-
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propenyl, 1,2-dimetyl-1-propenyl, 1,2-dimetyl-2-propenyl, 1-etyl-1-propenyl, 1-etyl-2-
propenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 1-metyl-1-pentenyl, 2-
metyl-1-pentenyl, 3-metyl-1-pentenyl, 4-metyl-1-pentenyl, 1-metyl-2-pentenyl, 2-metyl-2-
pentenyl, 3-metyl-2-pentenyl, 4-metyl-2-pentenyl, 1-metyl-3-pentenyl, 2-metyl-3-pentenyl,
3-metyl-3-pentenyl, 4-metyl-3-pentenyl, 1-metyl-4-pentenyl, 2-metyl-4-pentenyl, 3-metyl-
4-pentenyl, 4-metyl-4-pentenyl, 1,1-dimetyl-2-butenyl, 1,1-dimetyl-3-butenyl, 1,2-dimetyl-
1-butenyl, 1,2-dimetyl-2-butenyl, 1,2-dimetyl-3-butenyl, 1,3-dimetyl-1-butenyl, 1,3-
dimetyl-2-butenyl, 1,3-dimetyl-3-butenyl, 2,2-dimetyl-3-butenyl, 2,3-dimetyl-1-butenyl,
2,3-dimetyl-2-butenyl, 2,3-dimetyl-3-butenyl, 3,3-dimetyl-1-butenyl, 3,3-dimetyl-2-butenyl,
1-etyl-1-butenyl, 1-etyl-2-butenyl, 1-etyl-3-butenyl, 2-etyl-1-butenyl, 2-etyl-2-butenyl, 2-
-etyl-3-butenyl, 1,1,2-trimetyl-2-propenyl, 1-etyl-1-metyl-2-propenyl, 1-etyl-2-metyl-1-
propenyl va 1-etyl-2-metyl-2-propenyl.

3) Alkynyl ding dé chi ca mach cacbon thing 14n nhanh c6 it nhit mot lién két
ba cacbon-cacbon. Theo mdt phuong 4n cia alkynyl, sb lién két ba 1a tir 1 dén 3; theo
phuong 4n khac cta alkynyl, sb lién két ba 13 mot. Theo méot phuong 4n cia alkynyl, sd
nguyén tir cacbon 14 tir 2 &n 20, theo céc phuong 4n khac ctia alkynyl, sb nguyén tir cacbon
1a tir 2 dén 12, tir 2 dén 10, tir 2 dén 8 hozc tir 2 dén 6. Theo phuong 4n khéc nita cia
alkynyl, sb nguyén tir cacbon 14 tir 2 dén 4. Céc khoang khéc cta lién két dbi cacbon-cacbon
va sb cacbon ciing bao ham phu thudc vao vi tri ctia gbc alkenyl trén phén ti;

Vi du, thuét ngit ”C,-Co-alkynyl” nhu duoc ding trong ban md ta ding dé chi nhém
hydrocacbon mach thing hodc mach nhanh khong bo hoa c6 tir 2 dén 10 nguyén tir cacbon
va chira it nhat mét lién két ba, nhu etynyl, prop-1-yn-1-yl, prop-2-yn-1-yl, n-but-1-yn-1-yl,
n-but-1-yn-3-yl, n-but-1-yn-4-yl, n-but-2-yn-1-yl, n-pent-1-yn-1-yl, n-pent-1-yn-3-yl, n-
pent-1-yn-4-yl, n-pent-1-yn-5-yl, n-pent-2-yn-1-yl, n-pent-2-yn-4-yl, n-pent-2-yn-5-yl, 3-
metylbut-1-yn-3-yl, 3-metylbut-1-yn-4-yl, n-hex-1-yn-1-yl, n-hex-1-yn-3-yl, n-hex-1-yn-4-
yl, n-hex-1-yn-5-yl, n-hex-1-yn-6-yl, n-hex-2-yn-1-yl, n-hex-2-yn-4-yl, n-hex-2-yn-5-yl, n-
hex-2-yn-6-yl, n-hex-3-yn-1-yl, n-hex-3-yn-2-yl, 3-metylpent-1-yn-1-yl, 3-metylpent-1-yn-
3-yl, 3-metylpent-1-yn-4-yl, 3-metylpent-1-yn-5-yl, 4-metylpent-1-yn-1-yl, 4-metylpent-2-
yn-4-yl hodc 4-metylpent-2-yn-5-yl va cadc nhom tuong tur.

(4)  Aryl ding dé chi chu tric vong Cs-Cy4 cacboxylic thom c6 don vong hodc
nhiéu vong ngung tu. Theo mét s phuong 4n, vong aryl c¢6 thé dugc ngung trr v6i vong
khong thom, véi didu kién 14 vi tri gin vao cAu tric nhén 1 di qua vong thom. Céc nhém
aryl bao gém, nhung khong chi giéi han &, phenyl, biphenyl, va naphtyl. Theo mdt sb
phuong 4n, aryl gdm c4 tetrahydronaphtyl va indanyl. Cac nhém aryl c6 thé khéng duoc thé
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hodc dugc thé béng mot hodc nhiéu géc dugc chon tir halogen, xyano, nitro, hydroxy,
mercapto, amino, alkyl, alkenyl, alkynyl, xycloalkyl, xycloalkenyl, haloalkyl, haloalkenyl,
haloalkynyl, haloxycloalkyl, haloxycloalkenyl, alkoxy, alkenyloxy, alkynyloxy, haloalkoxy,
haloalkenyloxy, haloalkynyloxy, xycloalkoxy, xycloalkenyloxy, haloxycloalkoxy,
haloxycloalkenyloxy, alkylthio, haloalkylthio, arylthio, xycloalkylthio, haloxycloalkylthio,
alkylsulfinyl, alkenylsulfinyl, alkynyl-sulfinyl, haloalkylsulfinyl, haloalkenylsulfinyl,
haloalkynylsulfinyl, alkylsulfonyl, alkenylsulfonyl, alkynylsulfonyl, haloalkyl-sulfonyl,
haloalkenylsulfonyl, haloalkynylsulfonyl, alkylcacbonyl, haloalkylcacbonyl, alkylamino,
alkenylamino, alkynylarnino; di(alkyl)amino, di(alkenyl)-amino, di(alkynyl)amino, hoac
SFs. Theo mot phuong 4n cta aryl, gbc 1a phenyl, naphtyl, tetrahydronaphtyl,
phenylxyclopropyl va indanyl; theo phuong 4n khac ctia aryl, gbc 12 phenyl.

(5)  Alkoxy ding dé chi -O-alkyl, trong d6 alkyl 1a nhu dugc x4c dinh trong muc
1);

(6)  Alkoxycacbonyl ding dé chi -C(=0)-O-alkyl, trong d6 alkoxy 1a nhu duoc
xac dinh trong muc (5); _

@) Xyclo 14 tién t6 (vi du, xycloalkyl, xycloalkenyl, xycloalkynyl) ding dé chi
cAu tric nhan vong bio hoa hodc khéng bdo hoa co tir ba dén tdm nguyén tir cacbon trong
vong, ma pham vi ctia ching dugc du dinh 14 tach riéng va khac so vdi dinh nghia vé aryl
néu trén. Theo mdt phuong 4n cia xyclo, c& vong nim trong khoang tir 4 dén 7 nguyén tir
cacbon; theo phuong 4n khic ctia xyclo, ¢& vong nim trong khoang tir 3 dén 4. Cac khoang
khéc vé sb nguyén tir cacbon ciing bao ham phu thudc vao vi tri ctia gbc xyclo- trén phan tir;

(8)  Halogen c6 nghia 1a nguyén tir flo, clo, brom va iot. Viéc goi tén “halo” (vi
du, nhu duogc minh hoa trong thuét ngi haloalkyl) ding dé chi toan b cic mirc ctia phin tir
thé tir phan tir thé don thanh phén tir thé perhalo (vi du, nhu dugc minh hoa bing metyl 13
clometyl (-CH;Cl), diclometyl (-CHCI,), triclometyl (-CCls));

(9)  Di vong, heteroxyclic, heteroxyclyl hoic heteroxyclo ding dé chi nhém vong
bdo hoa hoan toan hoic khong bdo hoa, vi du, don vong c6 tir 4 dén 7 canh, vong kép co tir
7 &én 11 canh, hozc hé ba vong c6 tir 10 dén 15 canh, c6 it nhat mot di nguyén tir trén vong.
M&i vong ctia nhém di vong chira di nguyén tir c6 thé ¢6 1, 2, 3 hoic 4 di nguyén tir dugc
chon tir nguyén tir nito, nguyén tir oxy va/hodc nguyén tir sulfua, trong d6 di nguyén tir nito
va sulfua c6 thé tiy ¥ dugc oxy héa va di nguyén tir nito tiy v ¢6 thé duge thé bac bén.
Nhém di vong c6 thé duge gin vao & di nguyén tir hodic nguyén tir cacbon bit k¥ cia vong
hodc hé vong.

(10)  Heteroaryl ding dé chi nhan thom héa tri mdt ¢6 tir 5 &n 15 nguyén tir, tbt
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hon 14 tir 5 dén 10 nguyén tir, c6 mét hodc nhidu di nguyén tir oxy, nito, va sulfua trong
vong, tdt hon 1a tir 1 dén 4 di nguyén tir, hodc tir 1 dén 3 di nguyén tir. Di nguyén tir nito va
sulfua c6 thé thy ¥ dugc oxy héa. Cac nhém heteroaryl ndy cé thé c6 don vong (vi du,
pyridyl hoic furyl) hodc nhiéu vong ngung tu v6i diéu kién 13 vi tri gin di qua nguyén tir
vong heteroaryl. Tét hon néu cac heteroaryl bao gdm pyridyl, piridazinyl, pyrimidinyl,
triazinyl, pyrolyl, quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinnyl, furanyl, thienyl,
furyl, imidazolyl,‘ oxazolyl, isoxazolyl, isothiazolyl, pyrazolyl, benzofuranyl, va
benzothienyl. Cac vong heteroaryl c6 thé khong duoc thé hoic dugc thé bing mét hoidc
nhiu gbc nhu d3 mo ta dbi véi aryl néu trén.

Vi du v& c4c nhém di vong hoic heteroaryl don vong ciing bao gdm, nhung khong
chi giéi han &, pyrolidinyl, oxetanyl, pyrazolinyl, imidazolinyl, imidazolidinyl,
oxazolidinyl, isoxazolinyl, thiazolyl, thiadiazolyl, thiazolidinyl, isothiazolidinyl,
tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl, piperazinyl, 2-oxopiperazinyl, 2-
oxopiperidinyl, 2-oxopyrolodinyl, 2-oxoazepinyl, azepinyl, 4-piperidonyl, pyridinyl,
pyrazinyl, pyridazinyl, tetrahydropyranyl, morpholinyl, thiamorpholinyl, thiamorpholinyl
sulfoxit, thiamorpholinyl sulfon, 1,3-dioxolan va tetrahydro-1,1-dioxothienyl, triazolyl, va
cac nhém tuong tu.

Vi du vé cic nhém di vong gdbm hai vong bao gdm, nhung khong chi gi6i han &,
indolyl, benzothiazolyl, benzoxazolyl, benzodioxolyl, benzothienyl, quinuclidinyl, tetra-
hydroisoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuryl, chromonyl,
coumarinyl, benzopyranyl, xinolinyl, quinoxalinyl, indazolyl, pyrolopyridyl, furopyridinyl
(nhu furo[2,3-c]pyridinyl, furo[3,2-b]pyridinyl] hodc furo[2,3-b]pyridinyl),
dihydroisoindolyl, dihydroquinazolinyl (nhu 3,4-dihydro-4-oxo-quinazolinyl),
tetrahydroquinolinyl va cadc nhém tuong tur.

Vi du v& c4c nhém di vong gdm ba vong bao gdm, nhung khéng chi giéi han &,
carbazolyl, benzidolyl, phenanthrolinyl, acridinyl, phenanthridinyl, xanthenyl va cac nhém
tuong tu. .
Theo khia canh thir nhit, sing ché d& -cip dén quy trinh diéu ché hop chét 1-
arylpyrazol c6 cong thic (I), ma tranh dugce viée sit dung cac chit phan tmg sulfenyl
halogenua nguy hiém:
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L(0),
R2—8’ 1

trong d6:

mdi R' va R® doc 1ap 1a hydro, alkyl, haloalkyl, xycloalkyl, haloxycloalkyl, xyano,
hydroxyalkyl, alkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, alkenyl,
alkynyl, formyl, aryl, heteroaryl, heteroxyclyl, -CO,H, -C(O)R?, -C(O)OR?, -C(O)NR’R"®
hodc —C(S)NH,, trong d6 mdi nhém alkyl, xycloalkyl, alkenyl, alkynyl, aryl, heteroxyclyl
hozic heteroaryl tity ¥ ¢6 thé dugc thé biang mot hodc nhidu halogen, hydroxy, alkoxy,
alkoxyalkoxy, amino, alkylamino, dialkylamino, alkyl hodc haloalkylthio, alkyl hodc
haloalkylsulfinyl, alkyl hodc haloalkylsulfonyl, nitro, xyano hodc —C(S)NHj;

R? 1a alkyl, haloalkyl, alkenyl, haloalkenyl, alkynyl, haloalkynyl, xycloalkyl hozc
haloxycloalkyl;

mdi R, R®, R” vaR!? doc 1ap 1a hydro, halogen, alkyl, haloalkyl, xyano hodc nitro;

R® 13 halogen, alkyl, haloalkyl, alkoxy, haloalkoxy, xyano, nitro, -C(O)R"!, -
S(0)mR hoic SFs;

Z la nito hogc C-R'%;

R® 1a alkyl, haloalkyl, xycloalkyl hoéc haloxycloalkyl;

R’ va R'® doc 14p 13 hydro, alkyl, haloalkyl, hydroxy hodc alkoxy;

R 1 alkyl hozc haloalkyl; va

m va n ddc 14p bang 0, 1 hoic 2;
bao gbém céc bude:

i) cho hop chét disulfit c6 cong thirc (II) phan tmg véi arylhydrazin c6 cong
thie (1I1)
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H
RN R NH2
? NH
4
RN~
3 1
R~ R =5 X R
OH O R
1)) (IID)

trong d6 mdi R' va R® doc 1ap la  hydro, alkyl, haloalkyl, xycloalkyl,
haloxycloalkyl,  hydroxyalkyl,  alkoxyalkyl, @ aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, alkenyl, alkynyl, formyl, aryl, heteroaryl, heteroxyclyl, -C(O)R?, -
C(O)OR?, -C(O)NR’R® hodc —C(S)NH,, trong d6 m3i nhém alkyl, xycloalkyl, alkenyl,
alkynyl, aryl, heteroxyclyl hoidic heteroaryl tity y c¢6 thé dugc thé bing mot hodc nhiéu
halogen, hydroxy, alkoxy, alkoxyalkoxy, amino, alkylamino, dialkylamino, alkyl hodc
haloalkylthio, alkyl ho#c haloalkylsulfinyl, alkyl hodc haloalkylsulfonyl, nitro, xyano
hodc —C(S)NHy; va R*, R®, RS, R7 va Z 1a nhu duoc x4c dinh d6i v6i hop chét c6 cong
thire (I), dé tao ra pyrazol disulfua c6 cong thirc (IV)

fs St

N

ﬁR7 R7¢i

av)

trong d6 R! va R? 1a nhu dugc md ta d6i voi hop chét ¢6 cong thirc (IT) néu trén;

vaR* R, R® R’ va Z 1a nhu dugc xé4c dinh dbi v6i hop chét c6 cong thic (I);
ii) cho hop chét c6 cong thirc (IV) phén tmg véi hop chét c6 cong thire (V)
RZLG (V)

trong d6 R? 1a nhur dwoc x4c dinh trén day dbi v6i hop chét c6 cong thirc (I) va
LG la nhém doi chuyén dé tao ra hop chét c6 cong thire (VI), trong d6 R, R?, R?, RY,
R>, R, R” va Z 1a nhu duogc x4c dinh trén day dbi v6i hop chét c6 cong thire (I)
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iii)  trong trudng hop khi R! hodc R? trong hop chit ¢6 cong thuc (VI) 14 -
C(O)OR® hodc  -C(O)NR’R', thi tily ¥ chuyén héa cic nhém -C(O)OR® hogc
-C(O)NR’R!? thanh xyano, hydroxyalkyl, aminoalkyl, dialkylaminoalkyl, formyl, -C(O)R®
hoic —C(S)NH, bing c4ch chuyén héa nhém chirc; va

iv) tiy ¥ oxy hod nhém —SR? d& tao ra hop chét c6 cong thire (I);

trong d6 thir tr cia cac budc iii) va iv) c6 thé dbi chd cho nhau.

Ngudi ¢6 hidu biét trung binh trong linh vuc k§ thuat s& d& dang hidu ring thi tu
clia cac bude téng hop trong quy trinh di néu trong ban mé ta c6 thé dwoc thay dbi va s&
phu thudc vao cac yéu t6, khong ké cac yéu t6 khac, nhu ban chét ciia cc nhém chirc khac
c¢6 mit trong chét cu thé, tinh sin c6 cla cic san phim trung gian quan trong, va cach thirc
lra chon nhém béo vé& (néu can) (xem vi du “Protective Groups in Organic Synthesis (Third
Edition)”, eds. Greene and Wuts, Wiley-Interscience, (1999)). R rang 14 cac yéu t§ nay
cling s& 4nh hudng t6i viée lua chon céc chit phan tmg dé dung trong cac budc tdng hop.

Hon nita, cin hiéu ring mot sb hop chét c6 cong thie (I) duge wu tién nhit dinh c6
thé duoc didu ché bing cach lwa chon thich hop cac nhém R' va R? trong hop chét ¢6 cong
thirc (VII) va céc nhém R*, R’, R®, R” va Z trong hop chit c6 cong thirc (III). Ngoai ra,
ngudi ¢6 hiéu biét trung binh trong linh vuc s& d& dang hiéu ring mét s§ hop chét c6 cong
thirc (I) nhét dinh c¢6 thé duoc didu ché bang cach tao ra tiép nhém chuc c6 mat trong céc
hop chét, vi du, bing cach chuyén héa este —C(O)OR® & vi tri 3 hoiic 5 cia vong pyrazol
thanh axit carboxylic, nhém hydroxymetyl, amit va cic nhém tuong tu bing cach sir dung
qué trinh bién ddi cac nhém chirc da biét. Hon nita, nhu d3 mé ta trong séng ché My sb
7,759,381 (duge két hop vao ddy bing cach vién din), nhém este hojic nhém amit c6 thé
duge chuyén hoéa thanh nhém xyano. Vi du, nhém este c6 thé duoc diung béng cach thuy
phan thanh axit carboxylic, tiép d6 tao ra amit va cho amit phan tmg véi chét khir nuéce nhu

SOCI, d tao ra nhém xyano. Nhém —C(S)NH, c¢6 thé duoc tao ra tir nhém xyano twong tmg
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bing cach cho phan tmg véi hydro sulfua, nhu d& mé ta trong cac sang ché M§ sb 6,265,430
va 6,518,296, c4 hai tai lidu nay duoc két hop toan bd vao ddy bang cach vién dan.

, Theo mét phuong 4n, quy trinh theo sang ché c6 thé dugc sir dung dé didu ché céac
hop chét c6 cong thirc (I) trong d6 R' 13 xyano, -C(O)ORS, -C(O)NR’R'® hodc —C(S)NHs.

Theo phuong 4n khac, quy trinh theo sang ché c¢6 thé duoc sir dung dé didu ché cac
hop chét ¢6 cong thirc (I) trong d6 R> 1a C;-Cs alkyl, tily ¥ dugc thé bing mot hodc nhidu
nguyén tir halogen.

Vin theo phuong 4n khéc, quy trinh theo sang ché c¢6 thé duoc sir dung dé didu ché
cac hop chét c6 cong thirc (I) trong d6 R? 14 metyl hoc etyl tuy y dugc thé bang tir mot dén
nam nguyén tir halogen.

Theo phuong 4n khéc, quy trinh theo sang ché c¢6 thé duoc st dung dé didu ché cac
hop chéit ¢ cong thuc (I) trong do6 R® 1a metyl, -CH,F, -CHF,, CFs, etyl, -CHFCH3, -
CF,CHj3, -CF,CF3, hoac -CHFCFs;.

Theo phuong 4n khac, quy trinh theo sang ché c6 thé duoc sir dung dé didu ché cac
hop _chét c6 cong thire (I) trong d6 R? 13 C;-C; alkyl hogic C;-C3 haloalkyl.

Theo phwong 4n khéc, quy trinh theo sang ché c6 thé dugc sir dung dé diéu ché cac
hop chét c6 cong thirc (I) trong d6 R? 12 metyl, etyl, —CF3, —CCL,F hoic —CF,CL.

Theo phuong 4n khéc, quy trinh theo sang ché c6 thé dugc st dung dé diéu ché cac
hop chét ¢6 cong thirc (I) trong d6 R' 13 xyano, -C(O)OR?, -C(O)NR’R'® hodc —C(S)NHy;
R? 1a C;-Cg alkyl, tuy ¥ dugc thé bang mét hodc nhidu nguyén tir halogen; va mdi R® va R’
1a hydro.

Theo phuong 4n khéc, quy trinh theo sang ché c6 thé dugc st dung @& diéu ché cac
hop chét ¢6 cong thuc (I) trong d6 R' 13 xyano, -C(O)OR® hozc -C(O)NR’R'’; R? 13 metyl
hoic etyl tity y duoc thé bang tir mdt dén nam nguyén tir halogen; mdi R® va R’ 14 hydro; va
R'1a halogen.

Theo phwong 4n khéc, quy trinh theo sang ché c6 thé duoc sir dung dé didu ché cac
hop chit c¢6 cong thire (I) trong d6 R 13 xyano, -C(O)OR® hodc -C(O)NR’R'?; R? 1a metyl
hoic etyl tity ¥ duoc thé bing tir mot dén nam nguyén tir halogen; R? 1a C;-C; alkyl hodc
C;-C3 haloalkyl; m3i R® va R 14 hydro; Z 1a C-R'%; va R* va R 1a clo hoc flo.

Vin theo phuong 4n khac, quy trinh theo sang ché c6 thé duogc sir dung dé didu ché
cac hop chét c6 cong thic (I) trong d6 R' 14 xyano, -C(O)OR®, -C(O)NR’R' hodc —
C(S)NHy; R? lametyl,  -CH,F, -CHF,, CF;, etyl, -CHFCHj, -CF,CHs, -CF,CF3, hoic -
CHFCF3; va R? 1a metyl, etyl, -CFs, -CCLF hoic -CF,CL
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Theo phuong 4n wu tién, quy trinh theo sang ché c6 thé dugc sir dung dé diéu ché
céc hop chét cé cong thirc (I) trong d6 R! 14 xyano, -C(O)OR® hoic -C(O)NR’R'; R® 1a
metyl; va R? 1a CF3, -CCLF hodc -CF,Cl; mdi R® va R 1a hydro; Z 1a C- R%; vaR* vaR" 1a
clo hoic flo.

Hop chét disulfua c6 cong thire (IT) ¢6 thé dugc diéu ché bing phan tng cia hop

(VID)
trong d6 R! va R? 1a nhu duge x4c dinh dbi véi hop chit ¢6 cong thire (II), véi chét phan

chét 1,3-dicacbonyl c6 cong thirc (VII):

tmg disulfua c6 nhom doi chuyén trén mdi nguyén tir sulfua, nhu trong céng thirc LG-S-S-
LG, trong d6 LG 1 nhém doi chuyén. Theo mot phuong 4n, chét phan tmg disulfua 13 chit
disulfua dihalogenua. Theo phwong 4n wu tién, chdt disulfua dihalogenua 1 disulfua
diclorua (CI-S-S-Cl) hoic disulfua dibromua (Br-S-S-Br).

Céc hop chit 1,3-dicacbonyl ¢ cong thirc (VII) da biét trong linh vuc k¥ that dbi
v&i nhidu nhém R! va R? khac nhau, bao gdm c4c hop chét trong d6 R' va/hoic R? 13 alkyl,
haloalkyl, -C(O)OR?, -C(O)NR’R', alkenyl, alkynyl, aryl, heteroxyclyl va
heteroaryl. Hon nita, cic hop chit 1,3-dicacbonyl dwoc thé & vi tri 2 13 ciing d3 biét trong
linh vuc k¥ thuit va dugc md ta, vi dy, trong Chem. Ber. 1973, 106, 1418-14-22; J. Org.
Chem., 1973, 38, 2809-2813; J. Org. Chem. 1981, 46, 153-157; J. Org. Chem. 1984, 49,
3494-3498; va sang ché My sb 3,742,046, duoc két hop vao ddy bing cach vién din. Bang 1
duéi day dua ra nghién ctru rat han ché cia nhiéu hop chét 1,3-diketon c6 cong thire (VII) 1a
da biét trong linh vuc k¥ thuit, dugc dé cép boi sé dang ky CAS cia ching.
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Béng 1: Vi du khong giéi han vé cac hop chét c6 cong thirc (VII)

R' R’ S6 CAS
CF3 metyl 367-57-7
CF,CF; metyl 356-40-1
COH etyl 4383-93-1
COH metyl 5699-58-1
COH n-propyl 60415-20-5
CO,Me metyl 20577-61-1
CO.Et etyl 13246-52-1
CONH_ metyl 725240-73-3
CONH; Ph 66287-48-4
CONH, t-butyl 362685-25-4
CONHPh metyl 503300-35-4
metyl -C=CH, 52204-69-0
metyl -C(CH3)=CH, 20583-46-4
metyl -CH,-CH=CH, 53754-66-8
metyl —H 92836-61-8
metyl —Me 1259209-00-1
metyl ——Ph 115546-08-2
metyl Benzimidazol-2-yl | 106-971-56-6
CF; N-metylimidazol-2-yl | 942223-89-4
Ph Benzimidazol-2-yl 840523-77-5
Xyclopropyl | Benzimidazol-2-yl | 1284702-45-9
metyl 3-pyridinyl 3594-37-4
Metyl Xyclohexyl 15972-15-3

“Hon nira, cac hop chit c6 cong thirc (VII) c6 thé dugc didu ché bang cach dung hoic
diéu chinh theo cach thich hop hodc cac phuong phap da biét da mé ta trong tai liéu hoa
hoc. Phwong phép diéu ché cac hop chét c6 cong thirc (VII) d4 biét trong linh vuc k§ that,
va rit nhidu hop chét véi cac cach thé khac nhau c6 thé thu duge (xem vi dy, Levine, R. et
al., JACS, 1945, 67, pp. 1510-1512 va Fargeas, V. et al., Tetrahedron, 2004, 60, 10359-
10364).

Theo mét sb phuong 4n, phan tmg giita hop chét 1,3-dicacbonyl c6 cong thirc (VII)
va chét phan tmg disulfua LG-S-S-LG, bao gdm chit disulfua dihalogenua, c6 thé duoc
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thuc hién véi sy c6 mit ciia bazo. Theo cac phuong 4n khac, phan tmg giita hop chét 1,3-
dicacbonyl c6 cong thirc (VII) va chét phan tmg disulfua LG-S-S-LG c6 thé duoc thuc hién
- v6i su c6 mit cua axit Lewis. Céc bazo thich hop bao gbm cacbonat, bicacbonat, hydroxit
va alkoxit cta kim loai kiém hodc kiém thd; va cdc bazo amin hiru co bao gbm, nhung
khong giéi han ¢, trietylamin, diisopropyletylamin, 1,5-diazabixyclo[4.3.0]non-3-en
(DBN); 1,4-diazabixyclo[2.2.2]octan (DABCO); 1,8-diazabixyclo[5.4.0]Jundec-7-en (DBU),
va céc loai twong tr; va cic bazo amit ctia kim loai kiém bao gdm, nhung khong giéi han &,
lithi diisopropyl amit (LDA), natri hodc lithi hexametyldisilazan, va cac loai tuong tu.

Céc axit Lewis c6 thé duoc sir dung trong phan tmg ctia hop chit c6 cong thirc (VII)
v6i nhém LG-S-S-LG, bao gdm chét disulfua dihalogenua, bao gdm cic mubi dong bao
gbm, nhung khong gi6i han &, Cu(OAc),, TiCls, BFs-eterat, scandi III triflat, ZnCl,,
Lanthan III triflometansulfonat, va cac loai twong tu. Pac biét t5t hon néu axit Lewis 1a
Cu(OAc),. Céc axit Lewis thich hop khac ciing c6 thé duoc sir dung d& 4nh hudng téi phan
ung.

Phan tmg c6 thé duoc thuc hién & khoang nhiét d6 bét ky trong d6 qua trinh qua
trinh chuyén héa phan tg thich hop dugc tién hanh ma khong tao ra san phim phu qua
murc. Nhiét d6 phéan tmg bao gdm, nhung khong chi giéi han &, nim trong khoang tir -78°C
t61 diém s6i ctia dung mdi da ding, bao gdm nim trong khoang tir -78°C dén 110°C; nim
trong khoéng tir -78°C dn 80°C; ndm trong khoang tir -78°C dn 50°C; nim trong khoang
tir -78°C dn 30°C; nim trong khoang tir -78°C dén 20°C; hoic ndm trong khoang tir -78°C
dén 0°C. Theo cac phuong 4n khéc, phan tmg dugc thuc hién & nhiét do nam trong khoang
tir 0°C dén 50°C; ndm trong khoang tir 0°C dén 30°C; hodc niam trong khoang tir 0°C dén
20°C.

Theo mot s6 phuong 4n wu tién nhét dinh, khi bazo dugc sir dung, phan tmg duogc
bt d4u xay ra & nhiét d6 lanh va tiép d6 dugc 1am 4m dé dam bao rﬁng phan Umg xay ra
hoan toan. Theo c4c phuong 4n khac, nhiét 6 phan tmg c6 thé duoc gift hing dinh trong
khoang thoi gian cho t6i khi qué trinh qua trinh chuyén héa phan vmg thich hop dugc thuc
hién. Ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thuat c6 thé xac dinh dugc nhiét do
phan tmg t&i wu dé ﬁé'n hanh tdc d6 phéan tmg thich hgp dong thdi tao ra tap chit véi luong
t51 thiéu biang cach kiém soat do tinh khiét va qua trinh chuyén héa ctia phan tmg.

Céc phan tmg c6 thé dugc thuc hién véi su c6 mit ctia dung mdi khong twong tic
hozic phan tmg v6i hop chét c6 cong thire (VII) hoic chét phan tmg disulfua, nhu dung méi
hitu co khong hoat héa. Dung méi hitu co khong hoat héa bao gém, nhung khong chi gi6i

han &, dung méi hitu co khong proton bao gdm dung méi thom nhu toluen, xylen,
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etylbenzen, anisol, va cdc dung mdi tuong tu; cac dung mdi dugce clo hda nhu diclometan va
cloform; cac ete nhu tetrahydrofuran, 2-metyltetrahydrofuran, dioxan, etyl ete, metyl tert-
butyl ete, va cac loai trong tir; cic dung moi este bao gdm cac alkyl este nhr etyl axetat, n-
propylaxetat, isopropyl axetat, n-butyl axetat, isobutyl axetat, va cac lqai tuong tu. Theo
mot s& phuong 4n, phan tmg ¢6 thé duge thuc hién ma khong cAn dung méi hoic st dung
bazo lam dung méi 14n bazo.

Céc hop chét c¢6 cong thirc (IT) thu duoc tir phan tmg cta hop chét cé cong thic
(VII) v6i chét phan tmg disulfua LG-S-S-LG c6 thé duoc tach riéng va tinh ché bing cac
phuong phap d3 biét trong linh vuc k§ thuét, hoiic c6 thé duoc sir dung truc tiép ma khong
can tach riéng va/hodc tinh ché. Theo mot phuong an, hop chét co cong thire (IT) dugc tinh
ché bing cach nghién hogc két tinh ra khéi dung mai thich hop hodc bing séc ky.

Tuong tu, cic hop chit c6 cong thirc (III) dwoc mb ta trude d6 trong linh vuc k§
thuét. Vi du, quy trinh diéu ché cic hop chét arylhydrazin c6 cong thirc (III) duge mé ta
trong cic sang ché My s6 4,909,832; 4,810,720; 4,127,575; 3,609,158; 5,256,364; in UK.
Céc Cong bb don sang ché s6 GB1469610 va GB2136427; va trong J. Chem. Soc. C, 1971,
167-174 (toan bd ching duoc két hop viao diy bing cich vién din). Cac hop chét
arylhydrazin ¢ cong thirc (II) ciing c6 thé duoc didu ché bing cach 4p dung cac quy trinh
da biét (vi dy, nhu d3 md ta trong Advanced Organic Chemistry, Third Edition by Jerry
March, Wiley—Interscierice, New York).

Phan tmg cta hop chit c6 cong thirc (III), hoic mubi cia ching, v6i hop chét c6
cong thirc (I) d& thu dugc hop chit c6 cong thire (IV) ¢6 thé duoc thyc hién trong dung méi
hitu co & nhiét d§ nim trong khoang tir -20°C dn 100°C. Théng thudng, phan tmg c6 thé
duoc thuc hién & nhiét d§ ndm trong khoang tir 0°C dén 70°C, nhiét d6 ndm trong khoang
tir 0°C dén 50°C, nhiét d6 ndm trong khoang tir 0°C dn 30°C, hodc nhiét d6 nim trong
khoéng tir 0°C dén 20°C. Tét hon néu, phan tmg c6 thé duoc thyuce hién & nhiét d6 nim trong
khoang tir -5°C &n 5°C, nim trong khoang tir -5°C dén 10°C, hodc nim trong khoang tir
0°C dn 10°C. Theo cic phuong 4n khac, phan tng dugc thuc hién & nhiét 6 nim trong
khoang tir 15°C dén 25°C, hoic ndm trong khoang tir 20°C dén 30°C.

Phéan tmg c6 thé dugc thuc hién trong cic dung méi hitu co khac nhau bao gdm,
nhung khong gidi han ¢, cac dung mdi rugu C;-C4 nhu etanol, metanol hodc isopropanol;
dung moi dugc halogen héa nhu diclometan, cloform, va cac loai trong tu; dung méi thom
nhu toluen, xylen, etylbenzen, va cac loai tuong tu, cic dung mdi ete nhu tetrahydrofuran,
etyl ete va cac loai tuong tu; cdc dung moéi amit nhu dimetylformamit (DMF),

dimetylaxetamit (DMA) va céc loai tuong tu.
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Theo mot sb phuong an nhét dinh, t8t hon néu phan ung dugq thuc hién véi su ¢c6
mit cia chét xic tic axit hodic chit xtic tac axit Lewis. C4c axit thich hop bao gém, nhung
khéng chi giéi han ¢, axit carboxylic nhu axit formic, axit axetic, axit trifloaxetic, axit
tricloaxetic, axit benzoic, axit fumaric va céc axit twong tu; cac axit khoang bao gdm axit
clohydric, axit sulfuric va axit phosphoric; céc axit sulfonic bao gdm axit metanesulfonic,
axit triflometanesulfonic, axit p-toluensulfonic, va céc axit tuong tw. Cac chit xuc tac axit
Lewis thich hop bao gdm, nhung khong chi giéi han & TiCly, BFs-eterat, Cu(OAc),, scandi
III triflat, ZnCl,, Lanthan III triflometansulfonat, va céc loai tuong tu.

Céc hop chét ¢6 cong thirc (IV) c6 thé duoc tach riéng va tinh ché bang cac k§ thust
tiéu chudn di biét trong linh vuc k§ thudt nhu két tinh ra khoi dung mdi thich hop hodc
bing séc ky. Theo mot s phuong 4n, phu thudc vao cach thirc thé cia cac hop chit c6 cong
thirc (II), phan tng c6 thé thu dugc hop chit ddng phéan vi tri (vi du, néu R' # R?). Trong
céc trudmg hop nay, théng thudng 1 thich hop néu tinh ché san phdm trude khi tién hanh
c4c phan tng khéc. Tuy nhién, trong cic phuong 4n nhit dinh khéc trong d6 luong chit
ddng phén khong mong mubn 14 chip nhan dugc, thi t6t hon 1a ding cc hop chét ¢6 cong
thirc (IV) khac & budc tiép theo tryc tiép dé tranh dugc cac bude tach va/hodc tinh ché ton
kém. Hon nita, mot s§ cach thirc thé nhét dinh va cac diéu kién c6 thé nhén thy ring véi
didu kién mot chit ddng phén vi tri cia hop chét c6 cong thirc (IV) 13 san pham chinh.

Céc th) chét pyrazol disulfua dugc md ta trong, vi du, Alabaster et al., Journal of
the Chemical Society, 1965, pp. 4974-4978; Journal of the Chemical Society —C, 1970, pp.
78-81; va Journal of the Chemical Society, Perkin Trans. 1, 1976, pp. 428-433. Céac hop
chit ¢6 cong thire (IV) trong d6 R 14 -NH, duge md ta trong linh vuc k¥ thuét, vi dy, trong
céc sang ché My s6 4,810,720; 4,804,675; 5,283,337; 5,232,940; 6,881,848, toan bd chiing
duge két hop vao day béng cach vién dan, va Clavel et al., J. Chem. Soc. Perkin Trans. 1,
1992, pp. 3371-3375. Nhu d3 md ta trong cac Coéng bd don sang ché nay, cac hop chit c6
cong thie (IV) trong d6 R® 1a NH, ¢6 thé dwoc didu ché tir hop chét 4-thioxyanato-5-
aminopyrazol twong tmg bing cich cho phan vmg v&i dung dich axit clohydric trong dung
mdi nhu etanol. Hop chét 4-thioxyanato-5-aminopyrazol 1a d& biét (xem, vi du, Farmaco
Ed. Sci. 1983, 38, 274-282) hoic thu duoc bang cach cho phan tng hop chit 4-khéng dugc
thé—S-aminopyrazol véi amoni thioxyanat véi su ¢ mét cua brom va axit axetic & nhiét 3
nim trong khoang tir -20°C dén 20°C.

Tuy nhién, Ngudi ndp don d3 phat hién ra ring hop chét disulfua c6 cong thic (IV)
trong d6 R® & vi tri 5 ctia vong pyrazol 12 nhém lién két cacbon (vi du, trong d6 nhém R®

duoc lién két véi pyrazol boi nguyén tir cacbon) khong thu dugce d& dang bing cac phuong
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phap da biét, cu thé 1a khi vi tri 3 chita phén tir thé cacbonyl hoic xyano. Hon nita, cic hop
chit 4-thioxyanato pyrazol dugc thé bang nhém lién két cacbon & vi tri 5, cu thé 14 ching c6
nhém cacbonyl hodic nhém xyano & vi tri 3, tir hop chét pyrazol disulfua twong tmg di dugc
didu ché, ciing khong dugc didu ché mot cach d& dang bang cac didu kién phan tng da néu
trong linh vue k¥ thuét. Do d6, quy trinh diéu ché cic hop chit c6 cong thirc (IV) theo sang
ché 1a khong phirc tap, nhung khé sir dung cac hop chét nay bing céc phuong phap da biét.

Céc hop chit c6 cong thirc (IV) trong d6 R? 1a NH; c6 thé duoc chuyén héa thanh
hop chét ¢ cong thirc (I) trong d6 R® 12 NH,, R? 1a perfloalkyl va n bing 0 bing céch cho
phan tmg céc hop chit véi perfloalkyl halogenua véi su ¢6 mit clia chét khir. Quy trinh nay
Quy trinh nay dwoc md ta, vi du, trong cic sing ché M§ sb 4,810,720; 4,804,675;
5,283,337; 5,232,940; 6,881,848, toan bd chiing duge két hop vao ddy bing céch vién dan,
va Clavel et al., J. Chem. Soc. Perkin Trans. 1, 1992, pp. 3371-3375. Tuy nhién, Nguoi ndp
don nhén thiy ring phan img cta hop chit c6 cong thirc (IV) trong d6 R? khong 13 nhém
amin, dic biét 1a cac hop chét trong d6 R' 1 nhém cacbonyl hodc xyano, khéng dugc tién
hanh khi sir dung c4c diéu kién phéan tmg da mé ta trong linh virc k§ thuat @& thu duoc cac
hop chét c6 cong thirc (I). Do d6, chit trung gian ctia hop chét disulfua cé cong thic (IV)
khong d& dé thu dugc cac hop chit ¢6 cong thire (I) khi R? khong 14 nhém amin. Do d6,
khia canh 1 theo sang ché d& cip dén quy trinh cai tién d& tdng hop cac hop chét c6 cong
thic (I) trong d6 R’ 12 nhém chire lién két cacbon. Cac hop chit nay khong d& dang thu
duoc bing cach sir dung cac quy trinh téng hop di biét trong linh vuc k¥ thuat dbi véi céc
hop chét phenylpyrazol.

Tuy nhién, Ngudi ndp don da bit ngd phat hién ra ring hop chét disulfua c6 cong
thirc (IV) trong d6 R> 12 nhém chirc lién két v6i vong pyrazol biang nguyén tir cacbon dé tao
ra hop chét c6 cong thire (I) khi phan tmg dugc thuc hién bang cach sir dung hop chét c6
cdng thie (V) R%-LG, tét hon néu trong d6 LG 1a nguyén tir halogen, v6i su ¢6 mit ctia chit
khir tetrakis(dimetylamino)etylen (TDAE).

Khia canh thir hai cia sang ché dé cap dén quy trinh diéu ché cic hop chit c6 cong
thirc (IB) dé tranh sir dung céc chét phan tmg sulfenyl halogenua nguy hiém:
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R2 1b
Y
R® N7
W/ R4b
R7b N R5b
RGb
(IB)

trong do:

R™ 13 hydro, xyano, halogen, R®, formyl, -CO,H, -C(O)R®, -C(O)OR®, -
C(O)NR®R!® hoic —C(S)NHy;

R? 1a R® hodc —S(O)nR'™;

R*® 1a alkyl, haloalkyl, xycloalkyl, haloxycloalkyl, alkenyl, alkynyl, aryl,
heteroxyclyl, heteroaryl, R®NH, (R®%,N, R*0, R®S hoic R*C(0)CH,-, trong d6 mdi
nhém alkyl, xycloalkyl, alkenyl, alkynyl, aryl, heteroxyclyl hoic heteroaryl tiy y c6 thé
duogc thé bing mot hozic nhidu halogen, hydroxy, alkoxy, alkoxyalkoxy, amino, alkylamino,
dialkylamino, nitro, xyano hoic —C(S)NHy;

mdi R*®, R*®, R™ va R'® doc 14p 1 hydro, halogen, alkyl, haloalkyl, xyano hoic
nitro;

R® 1a hangen, alkyl, haloalkyl, alkoxy, haloalkoxy, xyano, nitro, -C(O)R'®, -
S(0)aR'® hoic SFs;

W 1a nito hoac C-R™;

R® 1a alkyl, haloalkyl, xycloalkyl, haloxycloalkyl, hydroxyalkyl, alkenyl,
haloalkenyl, alkynyl, haloalkynyl, aryl, heteroxyclyl hodc heteroaryl;

R va R'® doc 18p 1a hydro, alkyl, haloalkyl, hydroxy hoac alkoxy;

R 13 alkyl, haloalkyl, alkenyl, haloalkenyl, alkynyl, haloalkynyl, xycloalkyl hodc
haloxycloalkyl;

R'? 1a alkyl hozc haloalkyl;

m béng 0, 1 hodc 2; va

n b%.ng 0, 1 hoac 2;
bao gdm cac budc:

(i) cho hop chét ¢ cong thirc (IIB):
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R2b 1b
/ \
Ve
Q N
4b
w” | T
R?b X R5b
R6b
(IIB)

trong d6 R'®, R®, R® R R® R va W 1a nhu dugc x4c dinh trén ddy dbi véi hop
chit c6 cong thic (IB) va Q 1a iot, brom, clo hoic nhém haloalkylsulfonat (-
0S(0),haloalkyl) bao gdm, nhung khong -giéi han ¢, triflat (triflometansulfonat);

phan tmg vé6i hop chét ¢6 cong thire (IIc) hoic (11d):

R.1d
|

) B
RM () R 07 R (g

trong d6 R, R, R* va R*® doc 14p 1a alkyl, haloalkyl, xycloalkyl, haloxycloalkyl,
alkenyl, alkynyl, aryl heteroxyclyl hoic heteroaryl, trong &6 mdi nhém alkyl, xycloalkyl,
alkenyl, alkynyl, aryl, heteroxyclyl hodc heteroaryl tiy ¥ c6 thé duoc thé bing mot hoic
nhidu halogen, hydroxy, alkoxy, alkoxyalkoxy, amino, alkylamino, dialkylamino, nitro,
xyano hodc —C(S)NH,; M 1a MgX, ZnX, RZn, BY,, BF; hodc SnR’;; X 13 iot, brom hodc
clo; Y 1a OH hoic alkoxy, hoic mdi Y ¢6 thé 1a nhém alkoxy, 1a rhc}t phé.n ctia dan xuét
glycol Y-(CR”’R***),-Y trong d6 R”’ va R**’ doc 14p 13 hydro hodc C;-C; alkyl va a bing 2,
3 hodc 4; va R’ 1a alkyl hodc haloalkyl;

hoic ,

cho hop chét c6 cong thirc (IIB) phan img véi R¥*NH,, (R*),NH, R®OH, R**SH
hoic anion enolat R**C(O)CH,, trong do R® 1a nhw dwoc x4c dinh d6i véi hop chét c6 cong
thue (IB);

v6i su ¢6 mit ciia chét xuc tac kim loai chuyén dé tao ra hop chét c6 cong thic (IB);

(ii) trong trudng hop khi R™® trong hop chét c6 cong thirc (IB) 1a -C(O)OR® hoic
-C(O)NR*R!® tiry y chuyén héa cac nhém -C(O)OR® hozc -C(O)NR™R!® thanh xyano,
hydroxyalkyl, aminoalkyl, dialkylaminoalkyl, formyl, -C(O)R® hogic —C(S)NH,, trong d6
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R® R®® va R'™ 1a nhu duge x4c dinh trén day di véi hop chit c6 cong thic (IB), bang
cach chuyén héa nhém chirc; va

(iii)  trong trudng hop khi R® 1a —=S(O)xR'™®, tity ¥ oxy hoa nhém —S(O)zR'™®
trong d6 R''® 1a nhu dwoc xé4c dinh trén day dbi véi hop chit c6 cong thirc (IB) va m bing 0
hoic 1, dé tao ra hop chét c6 cong thirc (IB);

trong d6 thir tu ctia cac budc ii) va iii) c¢6 thé ddi chd cho nhau.

Céac hop che"lt ¢6 cong thie (IIB), trong d6 Q 1a Br, Cl hoic I d biét trong linh vuc
k¥ thuét, vi dy, trong EP 0 295 117 va US 5,232,940, ca hai tai li¢u nay déu duoc két hop
vao diy bing cach vién din. Ngoai ra, cic hop chit nay c6 thé dwoc didu ché tir hop chit
arylpyrazol dugc thé 5-amino c6 cong thirc (IIIB) nhu thé hién duéi dy.

Theo mdt phuong 4n ciia quy trinh, hop chét ¢6 cong thirc (IIB) trong d6 Q 1a I, Br
hoic Cl duge didu ché bing cach cho phéan tng hop chit ¢6 cong thirc (IIIB):

R2b 1b
I\
HNT N\ 7
4b
w* | R
R7b X R5b
R6b
(I1IB)

trong do R R® R* R® R% R va W la nhu duogc x4c dinh trén day dbi véi hop
chét c6 cong thirc (IB), véi ngudn Br, Cl hodc I véi su ¢b6 mit ciia hop chét nitrit T-ONO
trong d6 T 1a hydro hodc alkyl, hodc mubi cta chung. Vi du v& cac hop chét nitrit T-ONO
bao gdm, nhung khong chi gi6i han &, ciac mudi nitrit nhu NaNO, va alkyl nitrit nhu
isopentyl nitrit, tert-butyl nitrit, va cac loai tuong tu.

Nhiéu hop chét 5-amino pyrazol khac nhau 14 d biét trong linh vuc k§ thuat, va quy
trinh téng hop cac hop chét nay da duoc béo céo rong rai. Vi du, cac hop chét c6 cong thire
(IIIB) c6 thé duge diu ché bing cach ding hodc diéu chinh cic phuong phap da biét mot
cach thich hop (tirc 1a cac phuong phap néu trén da dung hodc mo ta trong tai liéu hoa hoc):
thudng tao vong pyrazol trong d6 cn thiét néu thay dbi cac phan tir thé; hoic cac phuong
phip md ti trong mdt hodc nhidu sing ché My sb 5,232,940; 5,618,945; 5,306,694;
4,772,312; 4,804,675; 4,614,533; 3,402,308; 6,620,943; EP 0 295 117 va WO 2009/077853,

toan bd chung duoc két hop toan bd vao day bing cach vién dn.
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Qué trinh chuyén héa hop chét aryl da thé amino thanh hop chit aryl d4 thé halogen
thong qua mudi diazoni trung gian 13 d4 biét trong linh vuc k¥ thuat. Mot quy trinh da biét
dé bién dbi nay duoc goi 1a phan tmg Sandmeyer (xem, vi du Advanced Organic Chemistry,
Third Edition, by Jerry March, Wiley-Interscience, New York; Butler, R.N., for
diazotization of amines, xem Chemical Reviews, 1975, volume 75(2), 241-257). Phan tng
Sandmeyer bao gdm budce cho mudi aryl diazoni phan tmg véi ddng clorua & thu duoc aryl
clorua turong tmg. Qué trinh chuyén héa nhém diazoni thanh halogenua ciing c6 thé duoc
thuc hién ma khong cin ddng va sir dung HBr hoic HCl va duoc goi 1a phin tng
Gatterman. Aryl bromua va aryl clorua ciing c6 thé duoc diéu ché trong mét budce tir amin
turong mg bing cac phuong phép khac nhau bao gdm budc cho amin phan tmg véi chét
phan mg nitrit va CuCl, hodc CuBr,. Phuong phép nay twong g véi quy trinh tao ra
diazoni tir amin, tiép d6 chuyén héa san phdm muébi trung gian thanh aryl halogenua mong
mubn. Aryl iodua ciing c6 thé dugc didu ché tir mudi aryl diazoni twong tmg bing cach cho
phan tmg v&i ngudn iodua thich hop bao gdm, nhung khong giéi han &, K1, Nal, Lil va céc
nguén tuong tu.

Mot s6 phan tmg nhét dinh v6i cac hop chét pyrazol ciing duge md ta trong tai lidu.
Vi dy, Colomer et al. mb ta quy trinh tdng hop pyrazolo[3,4-d][1,2,3]triazin-4-on bing cach
diazo hoa 5-amino-1H-pyrazol-4-cacbonitril (Colomer and Moyano, Tett. Lett., 2011,
52(14), 1561-1565). Yamamoto et al., md ta tdng hop cc hop chit 5-clopyrazol tir cac hop
chét 5-aminopyrazol tuong tmg (J. Heterocyclic Chemistry, 1991, 28(6), 1545-1547). Gorja
et al., md ta quy trinh diéu ché cic hop chét axit 5-iot-pyrazol-4-carboxylic tir hop chét 5-
amino pyrazol twrong tmg, tiép d6 alkyl héa c6 xtic tac paladi (Gorja et al., Beilstein Journal
of Organic Chemistry, 2009, 5(64)). Tuy nhién, cic hop chét pyrazol md ta trong cac Cong
bd don nay cb cach thuc thé khac biét so v6i cac hop chit phenylpyrazol cé cong thirc
(IIIB).

Luong hop chét nitrit T-ONO sir dung trong quy trinh c¢6 thé duge thay ddi dé thu
dwoc qua trinh chuyén héa hop chit c6 cong thirc (IIIB) thanh hop chét ¢ cong thirc (11B)
mdt cach tét nhét. Theo mot phuong 4n, ndm trong khoang tir 0,8 dén 5 duong luong hop
chét nitrit trén mol cta hop chét ¢6 cong thirc (IIIB) c6 thé dwoc sir dung. Theo phuong 4n
khac, ndm trong khoang tir 1,0 dn 4 dwong luong c6 thé dugc sir dung. Van theo céc
phuong 4n khac, ndm trong khoang tir 1,0 d&n 3,0 duong lugng hop chét nitrit ¢6 thé dugc
sir dung. Theo phwong 4n khéc nira, khoang 2,0 duong lugng hop chét nitrit ¢6 thé dugce sir
dung.
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Theo mdt phuong 4n, ngudn Br, Cl hoic I 1a HBr, HCl hoic HI. Khi axit
hydrohalogenic duoc st dung 1am ngudn halogenua, thi lrgng axit nay c6 thé duoc didu
chinh dé thu dugc qua trinh chuyén héa hop chét c¢6 cong thic (IIIB) thanh hop chét c6
cong thirc (IIB) t6t nhit. Theo mét phwong én, axit hydrohalogenic sir dung 14 dung dich
nu6c axit. Theo phuong 4n khéc, lugng axit sir dung s& ndm trong khoang tir 1 dén 20
dwong lugng trén mol ciia hop chét c6 cong thie (IIIB). Theo phuong 4n khéc, ndm trong
khoang tir 1 dén 10 duong lwong axit s& dugc str dung. Van theo cac phuong 4n khac, ndm
trong khoang tir 2 dén 8 duong luong axit s& dwoc sir dung. Theo phuong 4n khéc nita, ndm
trong khoang tir 3 dén 7 dwong luong axit s& duqc sir dung. Theo phuong 4n cu thé ciia sang
ché, khoang 5 duong lugng axit s&€ dugc sir dung.

Theo phuong &n khac, nguc“m Br, Cl hodc I s& 1a brom, clo hoéc iot.

Theo phuong 4n khéc, ngudn Br, Cl hozc I s& 1a mudi cta kim loai kiém cua axit
nhu mubi natri, lithi, xesi hodc kali. Theo mot phuong an, natri, lithi, kali hodc xesi bromua
¢6 thé duoc st dung. Theo phuong an khc, natri, lithi, kali hoic xesi clorua c6 thé duge st
dung. Van theo phuong 4n khac, natri, lithi, kali hodc xesi iodua c6 thé duoc str dung.
Luong mudi cua kim loai kiém st dung c6 thé duoc thay dbi. Theo mot phuong 4n, nim
trong khoang tir 0,5 &én 10 duong lugng mudi trén mol ctia hop chit c¢6 céng thirc (IIIB) cb
thé dugc str dung. Theo phuong 4n khéc, ndm trong khoang tir 0,5 dén 5 dwong lugng mubi
¢6 thé duoc sir dung. Van theo phuong 4n khac, ndm trong khoang tir 1,0 dén 3 dwong
luong mudi cta kim loai kiém c6 thé dugc sir dung. Vi du, theo mdt phuong 4n ciia séng
ché, nhan thiy ring budc bd sung 1,2 duong lugng KBr 1am ngudn bromua vao phan tng
ctia hop chét c6 cong thic (IIIB) (1 dwong lugng) véi 3 duong lugng NaNO, va 5 dwong
luong HBr s& tao ra 86,5% san phdm sau 30 phut & 0°C va 5 gio & 50°C.

Van theo phuong 4n khac, ngudn Br, Cl hoic I s& 1a ddng (I) hoic ddng (II) clorua,
bromua hoéc iodua. Df‘)ng (D hoac (II) halogenua cd thé duoc sir dung voi lugng xuc tac
hoc lugng hop thire trén mol ciia hop chit c¢6 cong thie (IIIB). Theo mdt phuong 4n, nim
trong khoang tir 0,2 duong lwong dén 2 duong luong ddng halogenua c6 thé duge sir dung.
Theo phuong 4n khéc, nim trong khoang tir 0,3 dén 2 duong luong hodic nim trong khoang
tir 0,3 dn 1,5 dwong lugng ddng (I) hoic ddng (II) halogenua cé thé dugc sir dung trong
quy trinh. Vi dy, nhan thiy ring 0,3 dwong luong CuBr c6 thé tao ra dugc san phdm mong
mudn mét cach hiru hiéu véi 2 duong luong NaNO, va 5 duong lugng HBr. Tuong tu, nhén
thiy réﬁg 1 duong lugng CuBr c6 thé tao ra duoc san phdm mong mudn mot cach hiru hiéu.
Theo cac phuong 4n khéc, nhan thiy ring viée sir dung 0,5 duong lugng CuBr hozc CuBr,

c6 thé chuyén héa thanh san phdm mong mubn mdt cach hiru hiéu.
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Van theo phuong 4n khac, ngudn Br, Cl hoic I s& 1a bromform, cloform hoic
iotform.

Theo phuong 4n khac, phan tmg dugc thuc hién bing cach két hop cac ngudn Br, Cl
hozc I khac nhau. Vi du, phan tmg c6 thé dugc thuc hién bing ddng (I) halogenua hoic
ddng (IT) halogenua va mudi halogenua ciia kim loai kiém. Theo mdt phuong 4n, phan Umg
ctia hop chét c6 cong thirc (IIIB) dé tao ra hop chét c6 cong thirc (IIB) duoc thyc hién bing
CuBr, va/hoic CuBr va KBr. Theo phuong 4n khac, phan tmg duge thyuc hién bing CuBr,
va/hodc CuBr va NaBr. Theo phuong an khéc nita, phan tmg dugc thuc hién béng CuBr,
va/hodc CuBr va LiBr. Theo phuong 4n khéc, phan tmg dugc thuc hién bang CuBr, va/hoic
CuBr va CsBr. |

Theo mét phuong 4n, phan tmg ctia hop chét c6 cong thire (IIIB) dé tao ra hop chit
c6 cong thire (IIB) duge thyue hién bing CuCl, va/hoic CuCl va KCI. Theo phuong 4n khac,
phan tmg dugc thuc hién bing CuCl, va/hoic CuCl va NaCl. Theo phwong 4n khéc nira,
phan ung duoc thuc hién b%.ng CuCl, va/hodc CuCl va LiClL. Theo phuong an khac, phan
{tmg duogc thuc hién bing CuCl, va/hodic CuCl va CsCl. Van theo mdt phuong 4n, phan ﬁﬁg
ctia hop chét ¢ cong thirc (IIIB) dé tao ra hop chét ¢ cong thirc (IIB) duge thuc hién bing
Cul, va/hogc Cul va KI. Theo phuong 4n khac, phan tmg duoc thuc hién bing Cul, va/hodic
Cul va Nal. Theo phuong 4n khéac nita, phan tmg duoc thuc hién bing Cul, va/hoic Cul va
Lil. Theo phuong 4n khéc, phan ng duoc thuc hién bing Cul, va/hodc Cul va Csl.

Theo mét phuong 4n cla sang ché, qua trinh chuyén héa hop chét c6 cong thic

(I1IB) thanh hop chét c6 cong thire (IIB) sir dung két hop khoang tir 2 d&én 5 dwong luong T-

ONO ciing véi khoang tir 3 &n 8 duong luong axit hydrohalogenic HX (trong d6 X 1 Br,
Cl hoic I) trén mol ctia hop chét c6 cong thirc (IIIB). Theo phuong 4n khéc, quy trinh s& sir
dung khoang tir 3 dén 5 duong lugng T-ONO va khoéang tir 3 dén 6 duong lugng HX. Vin
theo phuong an khéc, quy trinh s&€ sit dung khoang 3 duong lugng T-ONO va khoang 3
duong lugng HX. Theo phuong an khac, quy trinh s& sir dung khoang 3 duong luong T-
ONO va khoang 5 duong lugng of HX.

Phan tng halogen héa tao ra mubi diazoni c¢6 thé dwogc thuc hién & khoang nhiét 36
bét ky trong d6 qua trinh chuyén héa phan tng thich hop dugce tién hanh ma khong tao ra
qua nhiéu san phim phu. Nhiét d6 phan tmg bao gdm, nhung khong chi giéi han &, nim
trong khoang tir -78°C dén diém s6i dung méi sir dung, bao gdm khoang tir -78°C dén 80°C,
nam trong khoang tir -20°C dén 80° C, ndm trong khoang tir -10°C dén 60°C hodc nim
trong khoang tir 0°C dén 50°C. Theo céac phuong an khac, phan tng dugc thuc hién & nhiét
d6 nim trong khoang tir 0°C dén 20°C, ndm trong khoang tir 0°C dén 30°C, hodc nidm trong
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khoang tir 0°C dén 40°C. Vin theo cac phuong 4n khac, phan tmg c¢6 thé dugc tién hanh &
nhiét 46 ndm trong khoang tir 20°C dn 80°C, nim trong khoang tir 30°C dén 60°C hoic k
nam trong hoang tir 40°C d&n 60°C. Theo mdt phuong 4n, phan Ung duoc thuc hién &
khoang 50°C.

Can hiéu ring theo mot sb phwong 4n nhit dinh, t5t hon néu bit diu phan tmg &
nhiét d6 thap hon va tiép d6 1am 4m hdn hop nay dé tao ra tc d6 chuyén hoa thich hop. Vi
du, mong mubn néu bd sung cac chit phan img & nhiét d6 thép, nhu thép hon so véi nhiét
d6 trong phong, ké ca khoang 0°C, v tiép d6 1am 4m hdn hop phan mg t6i khoang nhiét do
thich hop (mét trong céc khoang nhiét d6 néu trén, bao gdm khoang 50°C) d cai tién tdc d6
chuyén héa va thu dugc qué trinh chuyén héa phan tmg thich hop.

Ngudi c¢6 hidu biét trung binh trong linh vuc k§ thuét c6 thé x4c dinh dugc nhiét do
phan tmg t6i wu dé dat duoc téc d6 phan tmg thich hop ddng thoi gitt & mirc tbi thiu viec
tao ra tap chit bing cach kidm soat thanh phin ctia hdn hop phéan tmg va qua trinh chuyén
hoéa phan tmg nhu cic quy trinh tién hanh phan tng. Viéc nay c6 thé dugc thuc hién bing
cach sir dung cac k§ thuét sic ky tiéu chudn nhu sic ky 1ong hiéu ning cao (HPLC) va cac
k¥ thuat tuong tu.

Theo mét sb phuong an, cac phan tmg c6 thé duoc thuc hién véi su ¢6 mit cia dung
mo6i khong tuong tac véi phan tmg hodc phan Gng voi nguyén lidu, san phim hoic cac chét
phan tng ban dau. Cic dung moéi hitu ich bao gém dung mdi hitu co khéng hoat déng
va/hodc khong cho dién tir da biét trong Iinh vure k¥ thust. Cac dung méi khong cho dién tir
bao gbém, nhung khéng chi gi6i han &, dung mdi hydrocacbon, dung mdi thom, ete, dung
mdi dugc halogen hoa, dung méi este, dung méi keton, dung mdi amit, dung moi nitril, va
cac dung méi twong ty. Cic dung mdi hydrocacbon bao gdm heptan, xyclohexan,
metylxyclohexan, isooctan, va cic dung méi twong tu, Dung méi thom bao gdm, nhung
khong chi gidi han @, toluen, xylen, etylbenzen, anisol, va cac dung mdi tuong tu. Céc ete
bao gbém, nhung khong chi gidi han &, dioxan, tetrahydrofuran, 2-metyltetrahydrofuran, etyl
ete, metyl tert-butyl ete, butyl ete, va cac dung mdi tuong twr. Cac dung mdi este bao gdm
alkyl este nhu etyl axetat, n-propyl axetat, isopropyl axetat, n-butyi axetat, isobutyl axetat,
va cac dung méi trong tw. Dung moéi nitril bao gdm axetonitril va cac dung moi tuong tur.
Cac dung mdi keton bao gdm axeton, metyl etyl keton, metyl isobutyl keton, metyl
isopropyl keton, va cic dung méi khic. Cac dung mébi amit bao gdm dimetylformamit,
dimetylaxetamit, N-metylpyrolidon, va cac dung méi tuong tu.

Theo phwong 4an khéc, ciac hop chét c6 coéng thic (IIB) trong d6 Q la
haloalkylsulfonat c6 thé duoc tao ra bing phan tmg hop chit c6 cong thizc (IVB) nhu néu
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duéi day co, nhém hydroxyl & vi tri 5, trong d6 cac bién ddi R'®, R?, R® R® R® R va
W 14 nhu dwoc xé4c dinh trén day di v6i hop chét c6 cong thic (IB), véi hop chét c6 cong
thirc R"S(0),-L, trong d6 R” 1a nhém haloalkyl va L 13 nhém doi chuyén.

R2 1b
Y
HO N/
4b
w* | R
R X RSb
REb
(IVB)

Céc hop chit phenylpyrazol c6 nhém 5-hydroxy trén vong pyrazol 13 da biét trong
linh vuc k§ thuat, vi du, trong WO 01/40195, US 6,569,886, EP 0 385 809 va US
5,047,550, toan bd ching duoc két hop vao ddy bing cach vién din. Hon nita, cic hop chét
phenylpyrazol c6 nhém 5-hydroxyl & vi tri 5 ciia vong pyrazol c6 thé dugc didu ché bing
cach cho mubi diazoni trung gian phan tmg véi nude trong mdi truong axit (xem Advanced
Organic Chemistry, Third Edition, by Jerry March, Wiley-Interscience, New York, pp.
601). Puong nhién, cic phuong phap diéu ché hop chét thé 5-hydroxyl khéc c6 thé duoc sir
dung.

Theo mot s6 phwong 4n, L ¢6 thé 1a nhom triflat —OS(0),CF3. Céc chét phan tng
thich hop bao gbm, nhung khong giéi han &, axit triflometanesulfonic anhydrit, N-Phenyl-
bis(triflometan)sulfonimit, N-(5-clo-2-pyridyl)bis(triflometan)sulfonimit, 2-clopyridi triflat
(bao gbdm trén chit mang nhira) va N-(4-tert-Butylphenyl)bis(triflometansulfonimit, va cac
loai tuong tu.

Phén tmg cta hop chét ¢6 cong thire (IVB) véi RT'S(0),-L ¢6 thé dugc thuc hién
trong dung mdi khong hoat dong thich hop bao gdm cac dung méi hydrocacbon khéng hoat
dong, dung méi thom, céc ete, dung mébi dugce halogen hda, dung mdi este, dung moi keton,
dung moi amit, dung mdi nitril, va cac dung mdi tuong tu, nhu 34 néu trén. |

Phén tmg c6 thé duoc thuc hién & nhiét d6 thich hop dé dat dwoc qua trinh chuyén
h6éa mong mudn thanh san phdm bao gdm, nhung khong giéi han &, nhiét d6 nim trong
khoang tir -78°C dn diém sbi ciia dung mdi. Khoang nhiét do thich hop c6 thé bao gdm,
nhung khong chi gi6i han &, nim trong khoang tir -78°C dén 100°C, nim trong khoang tir -
78°C dn 80°C, nim trong khoang tir -78°C dén 50°C, ndm trong khoang tir -78°C dén
30°C, nidm trong khoang tir -78°C dn 20°C, ndm trong khoang tir -78°C dén 0°C, nim
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trong khoang tir -78°C dn -20°C. Theo céc phwong 4n khac, phan vmg dugc thuc hién &
nhiét d6 ndm trong khoang tir -20°C dén 20°C, ndm trong khoang tir -20°C dn 10°C hoic
nim trong khoang tir -20°C dén 0°C. Nhu da néu trén, cin hiéu rang theo mét sb phuong 4n
nhét dinh t&t hon néu bit d4u tién hanh phan tmg & nhiét d6 thap hon va tiép d6 1am 4m hdn
hop @8 tao ra téc d6 chuyén héa thich hop.

Sau khi hoan thanh phén tng dbi v&i hop chit c6 cong thire (IIIB) dé tao ra hop chét
c¢6 cong thire (IIB), hdn hop phan tmg c6 thé duoc xir 1y dé dé 1am ngudi cac chit phan tmg
va tinh ché san phAm mong mudn ra khéi hdn hop phan tmg. Quy trinh xit Iy thich hop bét
ky da biét trong linh vyc k§ thuat c6 thé duge s dung dé loai bd cac cht phan umg da
ngudi va loai bo chit phan tmg con du va tach san phim. Quy trinh xir 1y thich hop dbi véi
cac phan tmg cia aryl hoic heteroaryl amin dé thu duoc halogenua twong tmg 13 da biét
trong linh vuc k§ thuat va ngudi c6 hiéu biét trung binh trong linh virc k§ thuat s& c6 thé
x4ac dinh dugc quy trinh thich hop. | '

Theo mét phwong 4n, hdn hop phan tng dwoc ¢b dic dé loai bé dung méi phan tng
du va/hoic thay dung mdi phan tmg bing dung mdi khac dé tinh ché va tach san phdm. Vi
du, mong mudn thay dung méi d& trén véi nude bing dung mébi khong dé trén sao cho hdn
hop ¢6 thé duoc chiét biang nudc @& loai bd thanh phan dé tan trong nude. Do d6, theo mot
phuong 4n, hdn hop phan tng duoc chung cit d loai bd mot phin dung mdi phan tmg va
dung méi khong d& tron trong nudc thir hai duge bd sung. Dung méi khéng dé tron trong
nudc da biét trong linh vire k§ that va bao gdm dung méi hydrocacbon, dung méi ete, dung
moi este, dung mdi thom, dung mdi duge clo hda, va cdc dung moi tuong tu. Theo mdt
phuong 4n, dung méi phan tmg duoc loai b bang cach chung cét va thay bang dung moi
ete nhu metyl tert-Butyl ete.

Tiép d6, hdn hop thu duoc co thé dugc rira bing nuéc rira dé 1am ngudi va loai bd
cac thanh phan oxy héa va c6 tinh axit ra khoi hdn hop. Theo mét phuong 4n, hén hop c6
thé duoc rira bang dung dich natri thiosulfat nwéc (Na,S,03) dé loai bé san phim oxy héa
nhu brom. Theo phuong 4n khéc, hdn hop c6 thé duoc rira bang dung dich nudc bazo pha
lodng @& loai bd thanh phén c6 tinh axit. C4c bazo thich hop bao gdm céc cacbonat va
bicacbonat, hydroxit ciia kim loai kiém va cdc bazo khéc. Van theo phuong 4n khac, hén
hop con duoc rira bing nudc va nude mudi.

Theo phuong 4n khac, hdn hop phan tng c¢6 thé dugc xtr Iy bang cach loc hdn hop
qua thiét bi loc thich hop d& loai bd nguyén liéu rén va san phim c6 thé dugc tinh ché bang

k¥ thuét da biét trong linh vuc k¥ thuét.
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Phu thudc vao quy mo, dung dich hiru co thu duogc co thé duoc cb dic dé tao ra chat
rén, c6 thé dugce tinh ché tiép bing sic ky hoic tai két tinh, hodic hdn hop c6 thé duge xir ly |
d8 két tinh chét rén truc tiép ra khoi dung dich.

Theo phuong 4n khic, hdn hgp phan ting dugc lam lanh va tiép do, dugc c6 dic
bing cach chung ct mot phin dung mdi phén tmg. Dung méi ¢ thé dugc thay thé bing
dung mdi khac dé san phdm dugc két tinh trong qua trinh 1am lanh. Ngay khi dung moi
duoc thay ddi, hdn hop c6 thé dugc gia nhiét dé hoa tan toan bd cac chit rén va tiép d6 lam
lanh @& két tinh san phdm. Theo mot phuong 4n, dung méi phan tmg duge loai bé va thay
bing isopropanol. Theo mdt phuwong 4n, san phdm mong muén dugc két tinh ra khoi
isopropanol & ndng do thich hop khi hdn hop dwgc 1am lanh xubng nhiét d§ trong phong
hodc nhiét do thip hon. Phan (mg cip dbi c6 xic tac kim loai chuyén tiép ctia cac hop chét
aryl hodc heteroaryl dugc thé halo bang céc chat 4i nhan khéc nhau dé thu duoc cac hop
chét duoc thé aryl hodc heteroaryl 14 ciing d biét trong linh vuc k¥ thuat (xem vi du:
“Metal-Catalyzed Cross Couple Reactions”, Wiley-VCH publishers, 1998, F. Diedrich and
P.J. Stang, chapter 4 by T.N. Mitchell; “Strategic Applications of Named Reactions in
Organic Systhesis”, Eds. L. Kurti, B. Czako, Elsevier Academic Press, 2005; Suzuki et al.,
Tetrahedron Letters 20 (36): 3437-3440; Corriu, R. J. P. and Masse, J. P., Journal of the
Chemical Society, Chemical Communications 1972, (3): 144a; Suzuki, A. et al. Chem.
Rev., 1995, 95, 2457; Kumada, Makoto et al., J. Am. Chem. Soc. 94 (12): 4374-4376;
Stille, J. K. et al., J. Am. Chem. Soc. 1978, 100, 3636; E-I. Negishi et al., Journal of the
Chemical Society Chemical Communications 1977, (19): 683; Heck, R.F. et al., J. Org.
Chem., 1972, 37 (14): 2320-2322; Heck, R.F., Acc. Chem. Res. 1979, 12, 146; Heck, R.F.
Chem. Rev. 2000, 100, 3009; Sonogashira, K., J. Organomet. Chem., 2002, 653: 46—49;
Hartwig, J.F., Pure Appl. Chem 1999, 71 (8): 1416-1423; Muci, A.R.; Buchwald, S.L.
Topics in Curr. Chem. 2002, 219: 131-209; Buchwald et al., Acc. Chem. Res., 1998, 31,
805-818; Hartwig, Acc. Chem. Res., 1998, 31, 852-860). WO 2008/005489 va US
2008/0031902 md ta phan tmg ctia hop chit pyrazol thé 5-brom bang tributylvinyl stanan
v6i su c6 mat cia tetrakis(triphenylphosphin)paladi d& thu duoc hop chat thé 5-vinyl, tiép
d6 duoc khir dé tao ra hop chét thé 5-etyl. Tuy nhién, phan tmg cé xtc tac kim loai nay
khong duoc ding truc tiép trong mdt budc dua cac phan tir thé alkyl & vi tri 5 ctia vong
pyrazol.

Theo mét phuong 4n, chit xtc tic kim loai chuyén & bude (i) cia quy trinh 13 chét

xuc téc paladi. Theo phuong 4n khac, chét xuc tic kim loai 14 chit xiic tic ddng. Van theo
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phuong 4n khéc, chét xvc tac kim loai 13 chit xuc tac niken hodc rodi. Theo phuong 4n khac
nita, chit xuc tac 13 chét xdic tic mangan bao gdm, nhung khong gi6i han &, MnCl,.

Chét xuc tic paladi da biét trong linh vuc k§ that va bao gbm cic ngudn Pd(0) va
P(II). Theo mdt phuong 4n, paladi trén cacbon c6 thé duoc sir dung 1am chét xtc tac. Theo
phuong 4n khéc, céc loai cht xc tac paladi c6 thé dwoc sir dung thudng bao gdm mot hoic
nhiéu phédi tir gin két v6i kim loai paladi. , 4

R4t nhidu phéi tir 12 da biét trong linh vuc k§ thuit, bao gdm phdi tir phosphin,
thuong duoc uvu tién (xem, vi du, C. Amatore and A. Jutand, Coord. Chem. Rev. 1998, 178-
180 and 511-528). Phéi tir phosphin thich hop trong quy trinh bao gbm, nhung khéng chi
gidi han ¢, triphenylphosphin, tri(o-tolyl)phosphin (CAS # 6163-58-2), tri(2-furyl)phosphin
(CAS # 5518-52-5), 1,2-bis(diphenylphosphin)etan (dppe, CAS # 1663-45-2), 1,4-
bis(diphenylphosphin)butan (dppb), 2,3-bis(diphenylphosphin)butan (Chiraphos), 4,5-
Bis(diphenylphosphin)-9,9-dimetylxanten (Xantphos), 1,2-bis(2,5-
dimetylphospholano)benzen (Me-DuPhos),  diphenylphosphin)ferrocenyl]etyldixycloh-
exylphosphin (Josiphos), bis(diphenylphosphin)metan (dppm, CAS # 2071-20-7), 1,4-
bis(diphenylphosphin)butan (CAS # 7688-25-7), 1,3-bis(diphenylphosphin)propan (dppp,
CAS # 6737-42-4), 1,2-bis(dixyclohexylphosphino)etan (dcpe, CAS # 23743-26-2),
trixyclohexylphosphin (CAS # 2622-14-2), tributylphosphin (CAS # 998-40-3), tri-
tertbutylphosphin (CAS # 13716-12-6), tris(pentaflophenylphosphin) (CAS # 1259-35-4),
tris(2,4,6-trimetylphenyl)phosphin (CAS # 23897-15-6), 2,2'-bis(diphenylphosphin)-1,1'-
binaphtyl (binap), (2-biphenyl)di-tert-butylphosphin (CAS # 224311-51-7), (2-
biphenyl)dixyclohexylphosphin (CAS # 247940-06-3), 2-di-tert-butylphosphino-2°,4°,6’-
triisopropylbiphenyl (“tert-Butyl XPhos”, CAS # 564483-19-8), 2-dixyclohexylphosphino-
2’,6’-dimetoxybiphenyl (“Sphos”, CAS # 657408-07-6), 2-dixyclohexylphosphino-2’-(N,N-
dimetylamino)biphenyl (“DavePhos”, CAS # 213697-53-1), 2-dixyclohexylphosphino-
2’4’ ,6’-triisopropylbiphenyl (“Xphos”, CAS # 564483-18-7), va cac phdi tir trong tur.

Ngoai ra, phan tmg cip d6i paladi c6 thé dugc thuc hién bang phdi tir carben di vong
N (xem vi du, Hillier, A.C. et al., J. Organomet. Chem. 2002, 69-82) bao gbm, nhung khong
gi6i han 6, 1,3-Bis(2,4,6-trimetylphenyl)imidazol clorua (CAS # 141556-45-8), 1,3-Bis(2,6-
diisopropylphenyl)imidazol clorua (CAS # 250285-32-6), 1,3-Bis(2,6-
diisopropylphenyl)imidazolidini tetrafloborat (CAS # 282109-83-5), 1,3-bis(2,4,6-
trimetylphenyl)imidazolidini tetrafloborat (CAS # 141556-45-8), va cac loai tuong tu.

Chét xuc tac c6 thé c6 ngudn gdc tir phirc hop di tao ra trude do, nhur (Ph3P)4Pd,
(Ph3P),PdCl,, (CH3CN),PdCl,, Pdy(dba)s, (dppf)PdCl; ([1,1'-Bis(diphenylphosphin)feroxe-
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n]paladi(IT) diclorua) va cac loai trong tu, hodc chit xuc tic c¢6 thé dwoc tao ra tai chd tir
viéc két hop cic ngudn paladi bao gbm, nhung khong giéi han &, PdCl,, Pd(OAc),,
Pd(dba),, va cac loai twong tu, va phéi tir thich hop. Theo mot phwong 4n, chét xic tac 1a
Pd,(dba);. Theo phuong 4n khac, bazo amin nhu diisopropyletylamin, trietylamin hodc cac
bazo tuong tu duoc bd sung vao hdn hop phéan tmg dé én dinh chét xuc tac.

Theo phuong 4n khac, chét xtc tac paladi c6 thé 14 paladi trén than. Céc loai chit
xtc tac paladi trén than khéc nhau 13 ¢6 sin trén thj trudng do Johnson-Matthey cung cép va
céc ngudn khéc.

Theo phuong 4n khéc, chét xtc tac s& 1a chét xuc tic paladi mang. Céc chit xdc tac
nay bao gdm kim loai, nhu paladi, dwoc mang trén nén mang polyme bao gém gbc gén két
kim loai. Theo mot phuong 4n, polyme mang 1 paladi trén soi polyme bazo bao gdm,
nhung khéng gi6i han &, soi polyolefin bazo nhu s¢i polyolefin bazo Smopex® do Johnson-
Matthey cung cip.

Theo phuwong 4n khéc, chét xic tic mang 13 chit xuc tic ddng nhét dwoc gift boi
polyme trong d6 kim loai paladi duoc gin két cong hoa tri v6i mach polyme c6 thé duoc
lién két tiép v4i soi polyolefin tro, khong tan trong dung mdi hitu co thong thudng. Céc chét
xtic thc mang thich hop bao gdm céc chit dwoc ban dudi tén thwong mai FibreCat® do
Johnson-Matthey cung cép, dic biét chudi 1000 ctia polyme mang FibreCat® duoc ban béi
Johnson-Matthey. Puong nhién, cac loai chét xtc tac paladi khac dwoc mang trén nén mang
polyme c6 thé duoc sir dung, bao gdm, nhung khong giéi han &, chit xtc tac mang chira
polystyren va cac chét xuc tac tuong tu.

Theo mét sb phuong 4n, mong muén loai bd oxy ra khoi dung méi va/hodc dung
dich trong d6 chat xtc tac c6 mit dé tranh oxy hod phéi tir va tinh khong én dinh cua chét
xtc tac. Qué trinh nay c6 thé duoc thuc hién theo cach bét ky da biét trong linh vuc k§
thuat, nhu loai khi hdn hop bing cach dua 1an luot chin khéng vao hdn hop, tiép d6 dua
nito hodc khi tro thich hop khac. Theo cach khéc, nito hoic khi tro khéc c6 thé duge suc
qua dung mdi hodc dung dich chira chét xvc tac.

Theo mét sb phuong 4n ciia quy trinh khi phan tmg cta bude (i) duge thyc hién
bang hop chit c¢6 cong thirc (Ilc) trong d6 M 13 BY; hodc hop chét c6 cong thue (IId), thi
ngoai chat xc tic, cin bd sung bazo thich hop vao hdn hop phan tmg. Cac bazo thich hop
bao gdm, nhung khong chi giéi han &, hydroxit cta kim loai kiém hodc céc alkoxit nhu
NaOH, LiOH va KOH; cac hydroxit hoic alkoxit ctia kim loai kiém thd, cacbonat cta kim
loai kiém bao gém natri, kali, va xesi cacbbnat, cacbonat cia kiém thd, phosphat cta kim

loai ki€m va kiém tho, axetat ciia kim loai ki€m, axetat cia kiém thd, va cac bazo amin nhu
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trialkylamin bao gbm, nhung khéng giéi han &, trietylamin, diisopropyletylamin, 1,8-
diazabixyclo[5.4.0]Jundec-7-en (DBU); 1,5-diazabixyclo[4.3.0]non-3-en (DBN); 1,4-
diazabixyclo[2.2.2]octan (DABCO), va céc loai turong tu.

Theo mét phuong an, budc (i) cua quy trinh bao gdm phan tmg ctia hop chat c6
cong thirc (IIB) trong d6 Q 1a brom hodc iot. Theo phuong 4n khéc, budce (i) cia quy trinh
bao gdm phan tng ciia hop chit c6 cong thirc (IIB) trong d6 Q 14 triflat.

Theo phuong 4an khac, budce (i) cua quy trinh bao gbm phén tmg cta hop chit c6
cong thirc (IIB) trong d6 Q 1a brom, iot hodc triflat, with hop chét c6 cong thirc (Ic) trong
d6 M 1a ZnX RZn hoic BY>; X 14 brom hoic clo; R 14 metyl hoic etyl tity ¥ duoc thé bang
mdt hodc nhiéu nguyén tir halogen; va Y 12 OH hoic alkoxy.

Theo phuong an khéc, bude (i) cia quy trinh bao gdm phan tng cta hop chét c6
cong thire (IIB) trong d6 Q 1a brom, iot hodc triflat, v6i hop chét c¢6 cong thirc (IId) trong d6
R R va R doc 14p 1a C;-C; alkyl hodc Ci-Cshaloalkyl.

Ngudi c6 hidu biét trung binh trong linh virc k§ thuat s& hidu 15 ring quy trinh theo
sang ché c6 thé dugc didu chinh phi hop dé didu ché mot s6 hop chét arylpyrazol c6 cong
thirc (IB) nhit dinh c6 cac cach phuong thirc thé wu tién nhét dinh bing cach lua chon cic
nhom thich hop d6i véi cac bién ddi R'®, R®, R® R, R, R7b va W trong cac hop chét c6
cong thirc (IIB), (IIIB) hodc (IVB).

Ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thuat s& hiéu r3 rang trong pham vi
cta cac quy trinh d4 néu trong ban md ta, thi tu cia cac bude tdng hop da ding c6 thé dugc
thay d6i va s& phu thudc vao cac yéu td, khong ké cac yéu t6 khac, nhu ban chét cia céc
nhém chue khac ¢6 mit trong chét cu thé, tinh c6 sin ciia cic san phédm trung gian quan
trong, va cach thirc bao vé (néu c6 thé) cin dugc didu chinh phit hop (xem vi du “Protective
Groups in Organic Synthesis (Third Edition)”, eds. Greene and Wuts, Wiley-Interscience,
(1999)). R3 rang 14 cac yéu td nay ciing anh hudng téi viée lya chon cac chit phan tmg dé
sir dung trong céc budc téng hop nay.

Phan tng cdp d6i paladi & bude (i) thuong duge thuc hién trong dung moi khong
twong tac véi phan tmg. Cac dung méi hiru ich bao gdm, nhung khéng chi giéi han &, dung
mdi hydrocacbon, dung mdi thom, céc ete, dung mdi dugc halogen héa, dung moéi este,
dung moi keton, dung modi amit, dung mdi nitril, va cac loai twong ty. Dung moi
hydrocacbon bao gdm heptan, xyclohexan, metylxyclohexan, isooctan va c4c loai tuong tu.
Dung méi thom bao gdm, nhung khéng chi giéi han &, toluen, xylen, etylbenzen, anisol, va
cac loai tuong tuy. Cac ete bao gém, nhung khong chi giéi han &, tetrahydrofuran, 2-
metyltetrahydrofuran, etyl ete, metyl tert-Butyl ete, butyl ete, dioxan, va cac loai tuong tu.
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Dung mdi este bao gdm alkyl este nhur etyl axetat, n-propylaxetat, isopropyl axetat, n-
butylaxetat, isobutylaxetat, va cac loai twong tu. Dung mdi nitril bao gdm axetonitril va cdc
loai twong tu. Dung méi keton bao gdm axeton, metyl etyl keton, metyl isobutyl keton,
metyl isopropyl keton, va cic dung méi khac. Dung mdi amit bao gdbm dimetylformamit,
dimetylaxetamit, N-metylpyrolidon, va céc loai tuong tu.

Theo mdt s6 phuong 4n, & bude (i) ciia quy trinh hop chét c6 cong thitc (IIc) s€ cb
mit trong khoang tir 0,8 dén 5 mol dwong lwong tinh theo lwong hop chét c6 cong thirc
(IIB). Theo mdt sb phuong 4n, lwong hop chét c6 cong thirc (Ilc) sir dung & bude (i) cia
quy trinh s& & dang du mol so v&i hop chét c6 cong thire (IIB) sao cho thu duoc qua trinh
chuyén héa phan g va hiéu sut t6t nhit. Theo mét s phuong 4n, hop chét c6 cong thic
(Ilc) s& c6 mat véi luong nim trong khoang tir 1,0 dén 5 mol duong luong, ndm trong
khoang tir 1,0 &n 3 dirong luong, ndm trong khoang tir 1,0 dén 2 duong lugng hoic nim
trong khoang tir 1,0 dén 1,5 mol duong luong. Theo phuong 4n khéc nita, lugng hop chét c6
cong thirc (IIc) ndm trong khoang tir 1,0 dén 1,3 mol duong luong.

Theo céc phuong 4n khéc, & bude (i) ctia quy trinh hop chét c6 cong thirc (IId) c6
mit trong khoang tir 0,3 dén 5 mol dwong luong tinh theo luong hop chét ¢6 cong thirc
(IIB). Theo phuong 4n khéc, hop chét cé cong thire (IId) c6 mit trong khoang tir 0,3 dén 2
duong luong. Theo mét s6 phuong 4n, lugng hop chit c6 cong thire (11d) sir dung & bude (i)
clia quy trinh & dang dur it mol hon so v&i hop chét c6 cong thirc (IIB) sao cho thu duoc qua
trinh chuyén héa phan tmg va hiéu suét tot nhit. Theo mét sb phwong 4n, hop chét c6 cong
thire (IId) c6 mat v6i luong ndm trong khoang tir 1,0 dén 2 mol dwong luong, nim trong
khoang tir 1,0 dén 1,5 duong lugng, ndm trong khoang tir 1,0 dén 1,3 mol dwong lugng
hoic nim trong khoang tir 1,0 dén 1,2 mol duong lugng.

Theo phuong 4n khac nita, lugng hop chét ¢ cong thirc (IId) & budce (i) c6 mit nhd
hon 1 mol duong lugng tinh theo hop chét ¢6 cong thirc (IIB), do hop chét ¢ cong thirc
(IId) chira ba nhém metyl c6 thé tham gia vao phan tmg. Theo mdt phuong 4n, hop chit c¢6
codng thirc (IId) ¢6 mit trong khoang tir 0,3 dén 1,0 mol dwong lwong hop chét c6 cong thic
(IIB). Theo phuong 4n khéc, hop chét ¢ cong thirc (IId) c6 mat trong khoang tir 0,3 dén 0,9
dwong lugng, ndm trong khoang tir 0,5 dén 0,9 dwong luong hodc ndm trong khoang tir 0,7
dén 0,9 mol duong luong hop chét ¢6 cong thirc (IIB),

Theo mét s§ phuong 4n, lugng chét xtc tac sir dung dbi véi bude (i) ctia quy trinh
nim trong khoang tir 0,001 dén 0,5 mol duong luong hop chit pyrazol c6 cong thirc (IIB),
nim trong khoang tir 0,01 dén 0,5 dwong luong, nim trong khoang tir 0,01 dén 0,25 duong
luong, ndm trong khoang tir 0,01 dn 0,15 duong luong hodc nim trong khoéng tir 0,01 dén
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0,1 duong lugng. Theo cac phuong an khéc, lugng chét xtc tac sir dung nim trong khoang
tir 0,01 dén 0,05, nim trong khoang tir 0,01 dn 0,025 duong lwong hogic nim trong khoang
tir 0,025 dén 0,075 duong luong. Theo mdt phuong 4n, chit xiic tic paladi v6i lugng ndm
trong khoang tir 0,05 mol duong luong dugc sir dung.

Theo mét sb phwong 4n trong d6 bazo duge sir dung trong hdn hop phan tmg, mong
mudn st dung lugng du bazo. Theo modt sb phwong 4n, lugng bazo sir dung ndm trong
khoang tir 0,5 dén 20 mol duong luong hop chit pyrazol c6 cong thirc (IIB). Theo céc
phwong 4n khac, lugng bazo nim trong khoang tir 1 dén 10 duong lugng, ndm trong khoang
tir 1 dén 8 duong lwong hodc ndm trong khoang tir 1 dén 5 duong lugng. Theo cac phwong
an khéc, luong bazo st dung ndm trong khoang tir 2 dén 8 duong luong, ndm trong khoang
tir 3 dén 7 dwong lwong hodc ndm trong khoang tir 3 &én 5 duong lugng.

Theo phuong an khac cia sang ché, hop chét c6 cong thic (IB) c6 thé dugc diéu ché
tir hop chét 5-amino c6 cong thire (IIIB) trong mdt budc ma khong can tach hodc tinh ché
cac san phdm trung gian bt ky. Theo mét phuong an, hop chét c¢6 cong thirc (IIIB) dugc
chuyén héa thanh mudi diazoni, c6 thé tham gia vao phan img cip d6i véi hop chét c6 cong
thire (IIc) hozic (IId) v6i su ¢6 mit cua chét xic tac paladi. Theo phuong an khac, hop chat
¢6 cong thire (IIB) c¢6 thé duoc tao ra tir hop chit c6 cong thire (IIIB) va duge phan g truc
tiép véi hop chit c6 cong thirc (IIc) hoic (IId) ma khong cén tach.

Sau khi hoan thanh phan tmg dé tao ra hop chét ¢6 cong thirc (IB), hdn hop phan
ting c6 thé duge xtr Iy d& loai bd cac chit phan tmg du va tinh ché sin phdm mong muébn ra
khoi hdn hop phéan tmg. Quy trinh xir Iy thich hop bét ky da biét trong linh vuc k§ thuit c6
thé duoc str dung dé 1am ngudi va loai bo cac chét phan tmg du va dé tinh ché va tich san
phim.

Theo m6t phuong 4n, hdn hop ¢6 thé duoc bd sung vao nude hojc dung dich nuée
va dugce tron dé chiét cac thanh phin khoéng mong mudn vao 16p nuée. Cac 16p c6 thé dugce
tach riéng va 16p nude duge chiét lai bing dung mdi hitu co. Lép hiru co gom lai c6 thé
* duoc rira tiép bang nudc mudbi.

Phu thudc vao quy md, dung dich hitu co thu duge c6 thé dugc ¢ dic dé tao ra chét
rén, c6 thé duge tinh ché tiép bing sic ky hoic tai két tinh. Theo phwong 4n khac, hdn hop
xtr 1y c6 thé duge xt 1y tiép dé két tinh truc tiép chit rin ra khéi dung dich.

Theo mdt phuong 4n, hdn hop phan tmg c6 thé duge xir 1 bing cacbon hoat tinh dé
loai b tap chat va chét xuc tac paladi. Sau khoang thdi gian thich hop, hdn hop c6 thé dugc

loc dé loai bo cacbon hoat tinh va cac tap chét. Theo mot sb phuong 4n, qua trinh loc c6 thé
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duogc thuc hién qua banh cia mdi trudong loc thich hop nhu diatomit (Celite®) dé giup loai
bd cacbon hoat tinh va céc tap chét.

Theo phuong 4n khéc, dich loc dwoc cb diic bing cach chung cit mot phin dung
moi. Hon hop c6 thé duoc gia nhiét d hoa tan chit rin va tiép d6 1am lanh tir tir & két tinh
san phdm ra khoi dung dich. Theo phuong 4n khéc, dung méi ¢6 thé dugc thay bing dung
moi khac dé san phdm s& két tinh trong qué trinh 1am lanh. Ngay khi san phdm duoc trn
v6i dung moi thich hop & ndng d9 thich hop, hdn hop c6 thé dugc gia nhiét dé hoa tan toan
bd cac chit rin va tiép d6 1am lanh tir tir &¢ két tinh san phdm. Theo mot phuong 4n, san
phim mong mudn két tinh ra khéi isopropanol & ndng d6 thich hop khi hdn hop duge 1am
lanh & nhiét d6 trong phong hozic nhiét d6 thip hon.

Theo m6t phuong 4n, quy trinh theo sang ché c6 thé duoc sir dung dé diéu ché céc
hop chét ¢6 cong thuc (IB) trong d6 R'® 1a hydro, xyano, halogen, R®, formyl, -CO,H, -
C(O)R®, -C(O)OR®,  -C(O)NR*R'® hoic —C(S)NHy;

R? is R® hoic —S(O)mR''®;

R® 1a C;-Cealkyl, C;-Cghaloalkyl, C;-Cghydroxyalkyl, Cs;-Csxycloalkyl,
Cs-Cghaloxycloalkyl, C,-Cgalkenyl, C,-Cgalkynyl, C¢-Cysaryl, Cs-Cisheteroaryl, Cs-
Cysheteroxyclyl, R®NH, (R**),N, R®0, R®S hoac R®C(0)CH,-, trong d6 mdi C;-Calkyl,
C;-Cgxycloalkyl, C,-Cealkenyl, C2-C6al_kynyl, Cs-Cyaaryl, Cs-Cysheteroxyclyl hodc
Cs-Cisheteroaryl nhém tiy ¥ ¢6 thé duge thé bing mot hodc nhidu halogen, hydroxy, Ci-
Csalkoxy, Ci-Cgalkoxy C;-Cgalkoxy, amino, C;-Cgalkylamino, Ci-Cedialkylamino, nitro,
xyano hodc -C(S)NH; ;

R*® R R™ va R"™ mdi doc 14p 1a hydro, halogen, C;-Cealkyl, C;-Cghaloalkyl,
xyano hodc nitro;

R%® 1a halogen, C;-Cealkyl, C;-Cghaloalkyl, C;-Cgalkoxy, Ci-Cghaloalkoxy, xyano,
nitro,  -C(O)R'®, -S(0),R'*® hogc SFs;

W 14 nito hogc C-R"";

"R® 1a C-Calkyl, C;-Cehaloalkyl, C;-Cehydroxyalkyl, Cs-Csxycloalkyl, Cs-
Cghalf;xycloalkyl, C,-Cealkenyl, C,-Cghaloalkenyl, C,-Cgalkynyl, C,-Cghaloalkynyl, Ce-
Cisaryl, Cs-Cigheteroxyclyl hodac Cs-Cjsheteroaryl;

R® va R® doc 1ap 1a hydro, C;-Cealkyl, C;-Cghaloalkyl, hydroxy hodc C;-
Cealkoxy;

R''® 1a C;-Cealkyl, C;-Cghaloalkyl, C,-Cealkenyl, C,-Cghaloalkenyl, Co-Cealkynyl,
C,-Cghaloalkynyl, C3-Cgxycloalkyl hodc C;-Cghaloxycloalkyl;

R'?® 1a C;-Cealkyl hodc C;-Cghaloalkyl;
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m b::ing 0,1 hoac 2;va

n bang 0, 1 hoic 2.

Theo phuong 4n khac, quy trinh c6 thé duoc sir dung dé didu ché cac hop chit c6
cong thirc (IB) trong d6 R'® 1a xyano, -C(O)OR®®, -C(O)NR*®R!® hozc —C(S)NHy;

R? 14-S(0),R'™®;

R*® 14 C;-Csalkyl hodc C;-Cshaloalkyl;

mdi R*, R%®, R™ va R doc 18p 1a hydro hodc halogen;

R® 14 C;-Cghaloalkyl, C;-Cghaloalkoxy hoac SFs;

W 1a C-R™;

R*® 1a C,-Cealkyl hodic C;-Cghaloalkyl;

R* va R'® doc 14p 1a hydro, C;-Cealkyl hodc C;-Cghaloalkyl;

R''® 4 C;-Cshaloalkyl;

R'? 14 C,-Cealkyl hodc C;-Cghaloalkyl;

m bang 0, 1 hoic 2; va

n bang 0, 1 hoic 2.

Theo phuong 4n khéc nita ciia sang ché, quy trinh c6 thé dugc sir dung dé didu ché
cac hop chét ¢6 cong thirc (IB) trong d6 R™1a xyano hodc —C(S)NHo,;

R?® 14 -S(0)mR '™

R*®1a metyl hoic etyl, tity y duoc thé with mot dén nim nguyén tir halogen;

mdi R*, R, R™ va R"** doc 1ap 12 hydro hogc halogen;

R® 14 C,-Cghaloalkyl;

W 1a C-R";

R''"® 1a CF3, CCIF; hoic CCLF;

m béng 0, 1 hoac 2; va

n bing 0, 1 hozc 2.

Theo mdt phwong 4n ctia khia canh thir hai ciia sing ché, quy trinh theo sing ché c6
thé dugc sir dung dé diéu ché cac hop chit c6 cong thie (IB) trong d6 R'® 13 xyano, -
C(O)R®, -C(O)OR®,  -C(O)NR’°R!® hozc —C(S)NH,.

Theo phuong an khéc cta khia canh thir hai ctia séng ché, quy trinh theo sang ché c6
thé dugc sir dung dé didu ché cac hop chit c6 cong thic (IB) trong d6 R*® 1a C;-Cg alkyl,
tly y dugc thé bang mot hozic nhidu nguyén tir halogen.

Theo phuong 4n khac nita ctia khia canh thir hai ctia séng ché, quy trinh theo sing
ché c6 thé duoc sir dung dé diéu ché cc hop chit ¢6 cong thire (IB) trong d6 R 1a metyl
hoic etyl tity ¥ duge thé bang tir mét dén nim nguyén tir halogen.
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Theo mdt phuong 4n cia khia canh thir hai ciia sang ché, quy trinh theo sang ché ¢
thé dugc sir dung dé didu ché cac hop chét c6 cong thirc (IB) trong d6 R* 1a ~S(0)R' b
trong d6 R 1a C;-C; alkyl hodc C;-Cs haloalkyl.

Theo mdt phuong 4n cta khia canh thit hai cia sang ché, quy trinh theo sdng ché ¢6
thé duoc sir dung dé didu ché cac hop chét c6 cong thirc (IB) trong d6 R®1a metyl, -CH,F, -
CHF,, CF3, etyl, -CHFCHa, -CF,CHs, -CF,CF3, hodc -CHFCF3; W 1a CR'®®; R*® va R

14 halogen; R®vaR™ are hydro; va R®is CFs.

Theo mdt phuong 4n cia khia canh thit hai cia sang ché, quy trinh theo sang ché c6
th8 dugc sir dung dé didu ché cac hop chét c6 cong thire (IB) trong d6 R?® 13 —=S(O)R'™®
trong d6 R™® 12 metyl, etyl, —CF3, ~CCLF hoic —CF,Cl.

Theo mdt phuong 4n cia khia canh thir hai cia sing ché, quy trinh theo sang ché ¢6
thé duoc sir dung @& didu ché cac hop chit c6 cong thirc (IB) trong d6 R™® 1a Xyano, -
C(O)R®, -C(0)OR®, -C(O)NR’R' hogic —C(S)NH,; va R*® is C;-Cg alkyl, tiy v duge
thé bing mot hoic nhidu nguyén tir halogen.

Theo mdt phuong 4n cia khia canh thir hai cia sang ché, quy trinh theo sang ché c6
thé duoc sir dung dé diéu ché cac hop chét c6 cong thirc (IB) trong d6 R™ 1a Xyano, -
C(O)OR® hozc -C(O)NR’R'; va R? 1a metyl hoic etyl tiy ¥ dugc thé bing tir
mot dén nam nguyén tir halogen.

Theo phuong 4n khac ciia khia canh thtr hai ctia sang ché, quy trinh theo sang ché c6
thé duoc str dung dé diu ché cac hop chit c6 cong thic (IB) trong d6 R 13 xyano; R® 1a
metyl hodic etyl tily y duoc thé bing tir mot dén nim nguyén tir halogen; va R® 1a —
S(0)mR'™ trong d6 R'® 1a C;-C; alkyl hodc C;-Cs haloalkyl.

Theo mdt phuong 4n cua khia canh thir hai cta sang ché, quy trinh theo sang ché cé
thé dugc sir dung @ didu ché cac hop chét c6 cong thic (IB) trong d6 R'® 1a xyano; R*®1a
metyl, -CH,F, -CHF,, CFs, etyl, -CHFCHj, -CF,CHs, -CF,CF3, hodc -CHFCF3; va R?®
12 —S(0)mR'™® trong d6 R'™® 13 metyl, etyl, -CFs, -CCLF hoic -CF,CL.

" Theo mét phuong 4n wu tién cia khia canh thir hai ciia sang ché, quy trinh theo séng
ché c6 thé dugc sir dung @& didu ché cac hop chét ¢ cong thirc (IB) trong d6 R'™ 13 xyano;
R*® 1a metyl hoic etyl; va R*® 14 —S(0)xR"'™® trong d6 R''® 1a CF3, -CCLF hoic -CF,Cl.

Ngudi ¢6 hiéu biét trung binh trong linh vuc s& d& dang hidu ring, mot s6 hop chét
c6 cong thirc (I) va (IB) nhét dinh c6 thé duoc didu ché bing cach tao ra tiép nhém chirc cb
mit trong cac hop chét, vi du, bang cach chuyén hoa este —C(O)OR®® & vi tri 3 hodc 5 cua
vong pyrazol thanh axit carboxylic, nhém hydroxymetyl, amit va cac loai trong tu bing
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céch sir dung qua trinh bién ddi cic nhém chirc da biét. Hon nita, nhu ¢ mo ta trong séng
ché My sb 7,759,381, nhém este c6 thé duoc chuyén héa thanh nhém xyano bang cach thiy
phan thanh axit carboxylic, tao amit va cho amit phan tmg v&i chit khir nuée nhu SOCI,.
Nhom —C(S)NH, ¢6 thé dwoc tao ra tir nhém xyano tuong tmg bing cach cho phan Gng véi
hydro sulfua, nhu d3 mb ta trong cac sang ché M§ sb 6,265,430 va 6,518,296, c hai tai liéu
nay déu duoc két hop toan bd vao day bing cach vién dén. ,

Theo phuong an khac ciia sang ché, cac hop chit cé cong thirc (I) va (IB) trong d6
R*vaR®1a halometyl, duoc tao ra bing cho cic hop chit c6 cong thirc (I) va (IB) tuong
tmg trong d6 R® va R*® 14n luot 14 hydroxymetyl, phan tmg v6i chét phan tmg halogen, bao
gdm budc brom héa cac chét phan tmg nhu hdn hop chira brom hoic N-bromsucxinimit va
triphenylphosphin, axit bromhydric; hoic flo héa cic chit phan tng nhu
dimetylaminosulfua triflorua, dietylaminosulfua triflorua (DAST™) hodc bis(2-
metoxyetyl)aminosulfua triflorua (Deoxofluor™). Phan tmg thudng dugc tién hanh trong
dung méi nhu metylen clorua, cloform va thudng & nhiét & nim trong khoang tir -
100°C dén 40°C. Viéc tom tit cic phuong phép ndy dugc tim thdy trong Comprehensive
Organic Transformations, VCH Publishers, 1989, R.C. Larock, pp. 353-360.

Céc budc cai tién nhom chic @ bién dbi nhém chirc trong cac hop chét c6 cong
thirc (I) va (IB) bao gdm, nhung khdng chi gidi han &:

(@ thiy phén este hodc amit thanh axit carboxylic -CO,H;
(b)  budc khir carboxyl hda;

(©) cap doi axit carboxylic v6i amin dé tao ramit;

(d chuyén hoa axit carboxylic thanh axyl halogenua;

(e) 6] khir gbc -CO,H thanh -CH,OH;

(i)  budc oxy hoa dé tao ra-CHO;

(iii)  phan Gmg ciia nhém formyl, nhém este hoic nhém amit véi chét 4i nhan kim
loai alkyl hodc aryl nhu chit phan tmg Grignard (vi du, R®-Mg-halogen hoic R¥®-Mg-
halogen) ho#ic chét phan tmg organolithi (vi du, R®-Li hoic R¥®-Mg-halogen, trong 6 R® va
R® 12 nhu duoc xé4c dinh trén day déi voi hop chét c6 cong thirc (I) hoic (IB));

(iv)  budc oxy hoa bd sung; hodc '

(ia)  cho gbc -CO,H phan tmg véi chét dé tao ra amit N-metoxy-N-metyl tuong
ung (amit Weinreb); va

(ila) phéan tng v6i chit 4 nhan kim loai alkyl hodc aryl nhu chét phin {mg
Grignard (vi du, R®-Mg-halogen hozc Rgb-Mg-halogen, trong d6 R® va R® 1a nhu duoc x4c
dinh trén day d6i véi hop chéit ¢ cong thirc (I) hodc (IB)) hodc chét phan tmg organolithi
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(vi dy, R%-Li hodc R*®-Li, trong d6 R® va R® 1a nhr duoc xé4c dinh trén day dbi véi hop chét
c6 cong thic (I) hodc (IB)).

Qua trinh tao keton thong thudng tir cac amit Weinreb duge mo ta trong March’s
Advanced Organic Chemistry - Reactions, Mechanisms and Structure (6™ Edition), ed.
Michael B. Smith and Jerry March, Wiley Interscience (John Wiley & Sons, Inc.), trang
1448, (2007).

Theo mdt phuong 4n, qua trinh khir carboxyl héa hop chit cé cong thirc (I) hosc
(IB) c¢6 nhom carboxyl —CO,H trén vi tri 3- va/hodc 5- ciia vong pyrazol tao ra hop chit
trong d6 vi tri tuong Umg 14 hydro.

Theo phuong 4n khéc cta sang ché, budce khir carboxyl dugc tién hanh bing budc
halogen héa dé tao ra hop chit c6 cong thic (I) hozc (IB) trong d6 vi tri twong Umg trén
vong pyrazol 13 nguyén tir halogen. Vi du vé& quy trinh théng thudng dé khir carboxyl héa
dugc thyc hién bing cach halogen héa dugc néu trong Morimoto et al, “Synthesis of
Halosulfuron-metyl via Selective Clo hdéa at 3- and/or S5-position of Pyrazole-4-
carboxylates”, J. Het. Chem., 34: 537-540 (1997).

Theo phuong 4n khac ctia sang ché, hop chét c6 cong thire (I) hodc (IB) c6 phén tir
thé axit carboxylic duoc cho phan g v6i amin HNR’R' hodc HNRR'®, trong d6 R’
R R va R'® 1a nhu duoc x4c dinh trén ddy d6i véi hop chét c6 cong thire (I) va (IB), véi
sw c6 mat ctia chét cip d6i nhu dixyclohexylcarbodiimit va cic chat tuong tu, dé tao ra hop
chét ¢6 cong thire (I) trong d6 R! va/hodc R? 1a CONR’R'?; hoic hop chét ¢ cong thirc (IB)
trong d6 R™® va/hodc R*® 1a CONR™R!™. Viéc mé ta qué trinh bién dbi théng thudng nay
dugc mo ta trong March’s Advanced Organic Chemistry - Reactions, Mechanisms and
Structure (6™ Edition), ed. Michael B. Smith and Jerry March, Wiley Interscience (John
Wiley & Sons, Inc.), trang 1430-1434 (16-74 — Acylation of Amines by Carboxylic Acids -
Amino-de-hydroxylation), (2007).

Theo phuong 4n khéc cia sang ché, qua trinh cai tién nhém chirc bao gdbm cho hop
chat c6 cong thirc (I) trong d6 R! va/hozic R? 1a C(O)NH, hodc hop chét ¢6 cong thic (IB)
trong d6 R'® 1a C(O)NH, phan tmg v6i chit khir nuéc nhu thionyl clorua, oxalyl clorua va
cac chét trong tu, dé tao ra hop chit c6 cong thirc (I) trong d6 R! va/hogc R? 14 xyano hoic
hop chét c6 cong thic (IB) trong d6 R'® 14 xyano. Viéc mé ta qua trinh bién dbi thong
thudng nay dugc md tad trong March’s Advanced Organic Chemistry - Reactions,
Mechanisms and Structure (6™ Edition), ed. Michael B. Smith and Jerry March, Wiley
Interscience (John Wiley & Sons, Inc.), trang 1549-1550 (17-30 - Dehydration of
Unsubstituted Amides - N,N-dihydro-C-oxo-bielimination), (2007).
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Theo phuong 4n khac coa sang ché, quy trinh con bao gdm bude cho hop chit cb
cong thie (I) trong d6 R! vavhodic R® 1a amit ~C(O)NH, hodc hop chét c6 cong thirc (IB)
trong d6 R™® 1a —C(O)NH2 phan ung véi 2,4-bis(4-metoxyphenyl)-1,3,2,4-
dithiadiphosphetan-2,4-disulfua (dugc biét 13 chit phan tmg Lawesson) va céc chét phan
ung lién quari d8 tao ra thioamit c6 cong thirc (I) trong d6 R' va/hoic R® 1a C(S)NH, hoic
hop chét c6 cong thirc (IB) trong d6 R'® 1a C(S)NH,. Viéc mb ta qu4 trinh bién dbi thong
thudng nay duoc md ta trong March’s Advanced Organic Chemistry - Reactions,
Mechanisms and Structure (6™ Edition), ed. Michael B. Smith and Jerry March, Wiley
Interscience (John Wiley & Sons, Inc.), trang 1277-1278 (16-11 - The Additition of H,S and
Thiols to Cacbonyl Compounds - O-Hydro-C-mercapto-addition), (2007).

Theo phwong 4n khéc ciia sang ché, quy trinh bao gdm céc bude: (i) khir gbe -COH
trén vong pyrazol thanh -CH,OH; (ii) oxy héa gbc -CH,0H @ tao ra gbc -CHO; (iii) cho
gbc -CHO phan tmg v6i chit phan tmg Grignard (vi du, Rs-Mg-halogen hodc Rgb-Mg-
halogen) hodc chit phan g organolithi (Rs-Li hoac R®-Li); va (iv) oxy hoa bd sung.

Theo phuong 4n khac ctia sang ché, quy trinh con bao gbm: (i) khir gbc -CO,H trén
vong pyrazol thanh -CH,OH; (i) oxy héa .géc -CH,OH @8 tao ra gbc -CHO trong hop chét
¢6 cong thirc (Ila); (iii) cho phan tmg véi chét phan tmg Grignard (vi dy, R®-Mg-halogen
hozc R¥®-Mg-halogen ) hodc chét phan tmg organolithi (vi du, R®-Li hozc R®-Li); va (iv)
céc budce khir bd sung gbc hydroxyl thu dwoc dé thu duoc hop chét c6 cong thire (I) trong
d6 R! va/hogic R> 1a R® hoic hop chat ¢6 cong thirc (IB) trong d6 R'* 1a R®.

Theo mdt phuong an uu tién cla sang ché, trong d6 R! trong hop chit c6 cong thirc
@ 1a -C(0)OR® ho#ic R'® trong hop chét c6 cong thirc (IB) 14 —C(O)OR?, hop chét con
dugce tao din xuét tiép d& chuyén hoa nhém este thanh nhém CN thong qua quy trinh bén
budc trong d6 bude mot bao gdm thiy phan nhém este d tao ra axit carboxylic, buéc hai
bao gdm budc cho axit carboxylic phan tng véi chét halogen hoé dé tao ra axyl halogenua,
bude ba bao gdm budce cho axyl halogenua phan tmg v6i amoniac dé tao ra nhém khong
duoc thé —C(O)NH,, va bude bdn bao gdm bude cho hop chit mang nhém khéng duge thé
phan tmg vé6i chét khir nuée nhu SOC, d tao ra hop chét ¢6 cong thirc (I) hodc (IB) duoc
thé v6i nhém xyano & vi tri 3 cia vong pyrazol. Quy trinh nay duge md ta trong séng ché
My sb 7,759,381 B2 ciia Lee et al., duoc két hop vao ddy bang cach vién din, va duge minh

hoa d6i véi hop chit ¢6 cong thirc (I) trong so d6 dudi day:
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Céc axit, bazo va dung mdi va bude xir 1y riéng r& nhu qua trinh alkyl hda, phan
{mg/chét phan tmg Grignard, qua trinh halogen héa va oxy ho4 sir dung trong sang ché 1a
hién nhién @i v6i ngudi c6 hiéu biét trung binh trong linh vuc k§ thut (vi du, Vogel’s
Textbook of Practical Organic Chemistry (Fifth Edition), Furniss et al., Longman Seientific
& Technical (1989); Protective in Organic Systhesis (Third Edition), Greene & Wuts, Wiley
Interscience (1999); March’s Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure (6™ Edition), March & Smith, Wiley, (2007); Advanced Organic Chemistry (Part
A - Structute and Mechanisms - 4™ Edition), Carey & Sundberg, Springer Science (2000);
Advanced Organic Chemistry (Part B — Reaction and Synthesis - 4t Edition), Carey &
Sundberg, Springer Science (2001); Strategic Applications of Named Reactions in Organic
Synthesis, Kurti and Czako, Academic Press (2005).

Sang ché dugc mb ta tiép bang cac vi du khéng gidi han nhim minh hoa cu thé sang

ché, chir khong dugc du dinh lam séng té nhim gid1 han pham vi cuia séng ché.

Vi du thye hién sing ché
Toan b nhiét d¢ dugc dua ra & dang dd bach phén; nhiét do trong phong c6 nghia la
nhiét 46 nim trong khoang tir 20°C dén 25°C. Cac chit phan img dwoc mua tir cac ngudn

thuong mai hoic duoc diéu ché theo quy trinh dua ra dudi day.
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Trir khi ¢6 chi d4n khac, qua trinh tinh ché béng sic ky cot duge thue hién bf‘mg cach
hoa tan can trong thé tich nho dung méi thich hop, t6t hon néu dung méi sir dung trong qué
trinh tinh ché, va rira giai hdn hop qua cot da goi bang silicagel. Trong mot sb trudng hop,
cac hop chit dugc tinh ché bing hé théng tinh ché HPLC dugc quén 1y béi phdn mém
Chromeleon™ bang céch sir dung cdt 50mm Varian Dynamax HPLC 21,4 mm Microsorb
Guard-8 C8. Cac phéan doan thu duoc duge phéan tich, két hop khi can, va tiép d6 1am bay
hoi d tao ra nguyén liéu tinh ché. o

Phd cong hudng tir proton va flo (1an luot 13 1H NMR va 19F NMR) duoc ghi trén
quang phd k& Varian INOVA NMR [400 MHz (1H) va 377 MHz (19F)]. Toan b cac phd
dugc x4c dinh trong cac dung mébi di dinh. D6 chuyén dich héa hoc duoc ghi & dang tir
truong thip ppm clia tetrametylsilan (TMS), so véi dinh proton con lai ctia dinh dung méi
tuong tmg d6i v6i 1H NMR. Hing sb ghép interproton dugc ghi bang Hertz (Hz). Phd LC-
~ MS thu dugc bang cach sir dung thiét bi Thermofinnigan AQA MS ESI, sir dung cot
Phenomenex Aqua 5 micron C18 125A 50 x 4,60 mm va gradien tuyén tinh tir 55% MeOH:
1% CH;CN trong H,O dn 100% MeOH trong 3 phut. 100% MeOH dugc duy tri trong 2
phut. Cac di8m néng chay dugc x4c dinh bing cach sir dung thiét bi néng chay mao din

Thomas Hoover va duoc sai so.

Vi du 1: Diéu ché 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometansulfinyl-1H-
pyrazol-3-cacbonitril (Hop chét 1)
Hop chit 1 dugc didu ché bing cach sir dung quy trinh theo khia canh thir nhét ctia

sang ché nhu duoc minh hoa trong So d6 1 va mé ta dudi day.
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Etyl este cua axit 3-(1-etoxyoxalyl-2-oxo-propyldisulfanyl)-2,4-dioxo¥pentanoic (1-1)

Bb sung ddng (II) axetat (27,5 g, 151 mmol) vao dung dich di khudy k§ chira etyl
dioxovalerat (20 g, 126 mmol) trong toluen (300 mL) & 7°C va hén hop thu dugc duge
khudy & 7°C trong 1,5 gid, tiép d6 1am lanh dén 0°C. Sulfua monoclorua (9,4 g, 70 mmol)
duoc bd sung tir tir vao hdn hop nay & 0°C va hdn hop phan tmg dugc khudy & 0°C trong
2,5 gidr tiép. Dung dich axit clohydric (1 N, 350 mL) duoc bd sung vao hdn hop phan tng
va hdn hop thu dugc duoc khudy & nhiét d9 trong phong trong 16 gid. Hdn hop phan tmg
duogc loc, céc 16p dich loc duge tach va 16p nude duge chiét béng toluen. Lép hitu co gom
lai duoc b dudi 4p suit giam. Phin cin duoc pha lodng bing etanol (110 mL). Két tia thu
duoc dugc thu gom bing cach loc hut va dugc rira béng etanol dé thu duoc etyl este cia axit
3-(1-etoxyoxalyl-2-oxo-propyldisulfanyl)-2,4-dioxo-pentanoic dudi dang chit rin mau xanh
14 cay (13,5 g, 36 mmol, 56%) 'H NMR (400 MHz, CDCl;) & ppm 1,37 (t, J=7,1 Hz, 6H),
2,46 (s, 6H), 3,74 (m, 2H), 4,33 (q, J=7,1 Hz, 4H).

Phenylpyrazol disulfua (1-2)

B sung axit trifloaxetic (18,6 g, 160 mmol) vao dung dich 2-clo-6-flo-4-
(triﬂometyl)phenyhydrazin (7,3 g, 42 mmol) trong diclometan (50 mL) & 0°C. Hon hop
phan tmg duogc khudy & 0°C trong 1 gidr va etyl este cta axit 3-(1-Etoxyoxalyl-2-oxo-
propyldisulfanyl)-2,4-dioxo-pentanoic (7,2 g, 19 mmol) dugc bd sung. Hdn hop phan tmg
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duoc khudy & 0°C trong 1 gi&r trude khi 1am 4m tir tir dén nhiét d6 trong phong. Céc chét d&
bay hoi dugc 1am bay hoi duéi 4p suét giam. Phin cin dugc tinh ché bang sic ky cot, rira
giai bang heptan/EtOAc, dé tao ra san phdm mong mubn (2) dudi dang chit rin mau vang
nhat (7,5 g, 11 mmol, 62%). "H NMR (400 MHz, CDCl3) & ppm 1,39 -1,43 (m, 6H), 2,06 (s,
3H), 2,08 (s, 3H), 4,37 - 4,50 (m, 4H), 7,47 (dd, J=8,2, 1,4 Hz, 2H), 7,67 (s, 2H). °F NMR
(376 MHz, CDCls) 6 ppm -113,8 (d, J=7,9 Hz, 1F), -113,5 (d, J=8,6 Hz, 1F), -63,7 (s, 3F), -
63,7 (s, 3F).

Etyl. este cua axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometylsulfanyl-1H-
pyrazol-3-carboxylic (1-3)

B& sung tetradimetylaminoetylen (2,1 g, 10,5 mmol) vao dung dich di khudy k§
chira disulfua 2 (3,9 g, 5,9 mmol) trong DMF (20 mL) & -60°C, tiép d6 14 iottriflometan (5,0
g, 25,5 mmol). Hon hop phan tmg duge 1am 4m tir tir 1én -5°C. Binh phan tmg thét ¢b dugc
chuyén vao bé bing va duoc khudy & 0°C trong 1 gid tiép. Phan tmg duoc 1am ngudi bang
ete va nude. Hon hop phan tmg duoc pha losing bing ete va cac 16p dugc tach. Lép hiru co
duge sdy (MgSO,) va dugc ¢d dudi 4p suit giam. Phan can dwoc tinh ché bang sic ky cot,
rira giai bing heptan/EtOAc, dé tao ra etyl este cta axit 1-(2-clo-6-flo-4-triflometyl-
phenyl)-5-metyl-4-triflometylsulfanyl-1H-pyrazol-3-carboxylic du¢i dang mau tring nhat
(3,6 g, 8,0 mmol, 77%). "H NMR (400 MHz, CDCls) & ppm 1,43 (t, J=7,1 Hz, 3H), 2,31 (s,
3H), 4,47 (q, J=7,1 Hz, 2H), 7,52 (dd, J=8,3, 1,5 Hz, 1H), 7,69 (s, 1H). ’F NMR (376 MHz,
CDCl3) & ppm -113,3 (d, J=7,9 Hz, 1F), -63,8 (s, 3F), -44,4 (s, 3F)

Etyl este axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometansulfinyl-1H-
pyrazol-3-carboxylic (1-4)

Bd sung axit trifloaxetic (2,4 mL) vao dung dich etyl este ctia axit 1-(2-clo-6-flo-4-
triflometyl-phenyl)-5-metyl-4-triflometylsulfanyl-1H-pyrazol-3-carboxylic (1,2 g, 2,7
mmol) trong diclometan (6 mL) dugc & 0°C. B sung dung dich nuéc hydro peroxit (30%
khéi lugng, 0,9 g, 8,3 mmol) vao hdn hop phéan tmg & 0°C. Hn hop phan tmg duoc khudy
& 0°C trong 6 gid. Phan tmg dwoc\ 1am ngudi bang cach bd sung dung dich natri bisulfit (0,8
g) trong nude (12 mL). Hn hop thu duoc duoc chiét biang diclometan. Lép hitu co dugce
siy (Na;S04) va dugc c6 dudi 4p sult giam. Phan can duogc tinh ché bing sic ky cot, rira
giai bing heptans/EtOAc, dé tao ra etyl este ctia axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-
metyl-4-triflometansulfinyl-1H-pyrazol-3-carboxylic du¢i dang chét rin mau tring (1,2 g,
2,6 mmol, 99%). "H NMR (400 MHz, CDCl;) & ppm 1,42 (t, J=7,1 Hz, 3H), 2,51 (s, 3H),
4,36 - 4,55 (m, 2H), 7,54 (dd, J=8.3, 1,6 Hz, 1H), 7,72 (s, 1H). ’F NMR (376 MHz, CDCls)
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& ppm -113,2 (d, J=7,9 Hz, 0,5F), -112,8 (d, J=9,2 Hz, 0,5F), -74,0 (s, 1,5F), -73,8 (s, 1,5F),
-63,8 (s, 3F). |

Amit cta  axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometansulfinyl-1H-
pyrazol-3-carboxylic (1-5)

a. Axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometansulfinyl-1H-
pyrazol-3-carboxylic _
B sung lithi hydroxit (0,2 g, 8,4 mmol) vao dung dich etyl este cia axit 1-
(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometansulfinyl-1H-pyrazol-
3-carboxylic (1,2 g, 2,6 mmol) trong isopropanol (10 mL) va nuée (2,5 mL) -
& 0°C. Hon hop phan tmg duoc khudy & 0°C trong 2 gid. Bb sung dung dich
axit clohydric (37% khéi luong, 0,9 mL) va nude (7 mL) vao hdn hop phan
ttng dugc. Hon hop thu dugc duoc chiét biang EtOAc. Lép hitu co dugce rira
bang nudc, siy kho (MgSO04) va dugc ¢b dudi 4p sut giam @ tao ra axit 1-
(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometansulfinyl-1H-pyrazol-
3-carboxylic duéi dang chét rin mau tring nhat (1,1 g). Nguyén liéu nay
duge st dung ma khong cén tinh ché trong bude tiép theo. "H NMR (400
MHz, CDCl;) & ppm 2,52 (s, 3H), 7,56 (dd, J=8.3, 1,5 Hz, 1H), 7,73 (s, 1H).
F NMR (376 MHz, CDCls) & ppm -113,4 (d, J=8,6 Hz, 0,5F), -112,9 (d,
J=7,9 Hz, 0,5F), -73,9 (s, 1,5F), -73,7 (s, 1,5F), -63,8 (s, 3F).

b. Amit clua axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-
triflometansulfinyl-1H-pyrazol-3-carboxylic (1-5)

Bb sung DMF (0,03 mL) va tiép d6 thionyl clorua (0,49 g, 4,1 mmol) vao
dung dich axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-
riflometansulfinyl-1H-pyrazol-3-carboxylic ( 1,07 g) trong toluen (5,4 mL) &
nhiét d6 trong phong. Hn hop phan tmg duoc gia nhiét & 60°C trong 2 gid.
Sau khi 1am lanh hén hop phén tmg xubng nhiét d6 trong phong, hdn hop
nay duge bd sung nhé giot vao dung dich nuéc amoni hydroxit (20%, 3,5
mL) & 0°C. Hdn hop thu dugc duge chiét bing EtOAc sau d6 né duge pha
lodng bing nude. Lép hitu co duge sdy (MgSOy) va duge cd dudi 4p suft
giam dé thu dugc amit cta axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-
4-triflometansulfinyl-1H-pyrazol-3-carboxylic dudi dang chat rin mau tring
nhat (1,17 g). Nguyén liéu nay dugc sir dung ma khéng cén tinh ché trong
budc tiép theo 'H NMR (400 MHz, CDCl3) & ppm 2,49 (s, 3H), 5,89 (br. s.,
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1H), 6,72 (br. s., 1H), 7,57 (dd, J=8,3, 1,4 Hz, 1H), 7,74 (s, 1H). ’F NMR
(376 MHz, CDCls) & ppm -113,4 (d, J=7,9 Hz, 0,5F), -113,1 (d, J=8,6 Hz,
0,5F), -74,0 (s, 1,5F), -73,8 (s, 1,5F), -63,8 (d, J=1,3 Hz, 3F)

1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometansulfinyl-1H-pyrazol-3-cacbonitril
(Hop chit 1)

Bb sung trietylamin (0,63 g, 6,2 mmol) tiép d6 trifloaxetic anhydrit (0,89 g, 4,2
mmol) vao dung dich amit cua axit 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-
triflometansulfinyl-1H-pyrazol-3-carboxylic (0,98 g) trong diclometan (5 mL) & 0°C. Hon
hop phan tmg duogc khudy & 0°C trong 3 gid va 1am ngudi bing cach bd sung nuée (2,0 mL)
& 0°C. Hon hop thu dugc duoc chiét bing diclometan, sau d6 né duoc lam 4m d& nhiét do
trong phong. Lép hitu co duge sy (Na,SO4) va duge c6 dudi 4p suit giam. Phan cin duoc
tinh ché bang sic ky cot, rira giai bing heptan/EtOAc, d tao ra 1-(2-clo-6-flo-4-triflometyl-
phenyl)-5-metyl-4-triflometansulfinyl-1H-pyrazol-3-cacbonitril du¢i dang chit rin mau
tring (0,85 g, 2,0 mmol, 99% trong ba budc). 'H NMR (400 MHz, CDCl3) & ppm 2,45 (s,
3H), 7,55 - 7,63 (m, 1H), 7,76 (s, 1H). ’F NMR (376 MHz, CDCl3) & ppm -113,3 (d, J=7,9
Hz, 0,5F), -113,0 (d, J=7,9 Hz, 0,5F), -73,9 (s, 1,5F), -73,8 (s, 1,5F), -63,9 (s, 3F).

Vi du 2: DPidu ché 1-(2-clo-6-flo-4-triflometyl-phenyl)-5-metyl-4-triflometansul finyl-1H-
pyrazol-3-cacbonitril (Hop chét 1) theo khia canh thir hai ciia sing ché

Hop chit 1 dugc didu ché bing cach sir dung quy trinh theo khia canh thir hai cia
sang ché nhu duoc minh hoa trong So db 2 va mé ta dudi day. Nhu duge thé hién trong So
d6 2, Hop chét 1, c6 phén tir thé két hop clo-flo trén vong phenyl, dugc tng hop trong sau
budc bt dau tir axit carboxylic 2-1. Tuy nhién, ngudi c¢6 hidu biét trung binh trong linh vuc
k§ thuét s& hiéu ring quy trinh c6 thé bit d4u bing c6 thé bit diu bing hop chit 5-
aminophenylpyrazol co cdng thie (I1IB) c6 sin bit ky nhu fipronil, a 5-halo-1-arylpyrazol
hodc 5-haloalkylsulfonat hop chét ¢6 cong thirc (IIB) hoidc other thich hop céc hop chét
phenylpyrazol. A

Axit carboxylic 2-1 dugc chuyén hoa thanh anilin 2-2 qua sy sip xép lai Curtius.
Tiép d6, qua trinh clo héa hop chét 2-2 bang NCS tao ra anilin 2-3. Tién hanh ngung tu xycl
anilin 2-3 bing etyl 2,3-dixyanopropanoat, tiép d6 khir hoa dé thu dugc pyrazol 2-4. Tién
hanh sulfinyl héa pyrazol 2-4 bang CF5;SOCI dé thu dugc hop chit 2-5. Chuyén héa nhém
amin 2-5 thanh brom d& thu duoc hop chét 2-6. Cip d6i chéo da cap d6i voi paladi hop chét
2-6 bang Me,Zn dé tao ra san phim 12 Hop chét 1 dugc metyl hoa.
So d6 2
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O2H 1) DPPA tet-Butanol NH> NH,
F étaN,tofuen ,CuCI:’ NCS E cl 1) NaNO,, H, SOy, AcO:
2) HCI, TBME axetonitril 2) NaOAc, H,0,
3) sd. Na,CO3, DCM o etyl 2,3-dixyanopropanoat
CFs 58% CFs % CF3 3) NH3-H,0, DCM
241 2-2 2-3 73%
CF3 CF3 CF3
CN oS CN oS CN oS CN
HN" N dimetylamin tosylat' HN" N N CHBr3 Br™ N (CH3)2Zn N
cl F CF5SOC|» toluen Cl F  isopentyl nitril Cl\@/F Pd(PhsP)Cly CI\Q/F
THF
64% 73% 54%
CF, CF3 CF; CF;
24 2.5 2-6 Cmpd 1
Budc 1: Téng hop 2-flo-4-(triflometyl)anilin
COH 1) DPPA, tert-Butanol, NH,
F EtsN, toluen , CuCl
2) HCI TBMF
3) dung dich Na,CO;, DCM
CF3 CF3

Bb sung trietylamin (TEA, 533,8 g, 5,286 mol, 1,10 duong lugng) timg giot vao
dung dich 2-flo-4-(triflometyl)axit benzoic (1 kg, 4,805 mol, 1,00 duwong luong “duong
luong™) va CuCl (14,26 g, 0,144 mol, 0,03 duong lugng) trong t-BuOH (11,7 L) & nhi¢t do
trong phong (rt). Tiép d6, dung dich dugc gia nhiét t6i 50°C va diphenylphosphoryl azit
(DPPA, 1393 g, 5,045 mol, 1,05 dwong luong) duoc bd sung timg giot vao dung dich & 50-
60°C. Sau khi gia nhiét & 80~85°C qua dém, dung dich dugc c6 trong chan khong. Phén cin
dugc hoa tan trong H,O va dugc loc. Dich loc dugc chiét bang etyl axetat. Lép hiru co duge
sdy bang Na,SO;, dugce loc va duogc cb trong chan khong. Phn cin duoc hoa tan trong tert-
Butyl metyl ete (TBME) va HCI (khi) dugc suc trong trong 2 gid. Dich loc dugc thu gom va
duge hoa tan trong nude va duge bazo héa bing dung dich NaOH 2 M. Dung dich duge
chiét bing TBME. Céc 16p hitu co dugc siy kho va cb trong chan khong dé tao ra 2-flo-4-
(triflometyl) anilin (498 g, 58%) dudi dang diu mau do.

'H-NMR (300 MHz, CDCls) & 7,27 (m, 2H), 6,82 (m, 1H); 4,05 (bs, 2H)
MS: m/z =180 [M+H]"

Budc 2: Tong hop 2-clo-6-flo-4-(triflometyl)anilin
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NH, NH,
F NCS F (of

axetonitril

CF3 CF3 .
B& sung N-closucxinimit (NCS, 408 g, 3,06 mmol, 1,1 duong lugng) vao dung dich

2-flo-4-(triflometyl)anilin (498 g, 2,783 mmol, 1,00 duong lugng) trong axetonitril (5 L).
Tiép d6, dung dich dugc gia nhiét trong diéu kién hdi luu trong 3 gidy va tiép d6 dugc cb
trong chan khong, dwoc pha loing bang ete ddu mé (PE 1 L) va duoc loc. Dich loc duge ¢o
trong chan khong d& thu dugc ddu mau d6. San phim diu duoc tinh ché bing cach chung
c4t chan khong dé tao ra 2-clo-6-flo-4-(triflometyl)anilin dudi dang chit 1ong mau vang
(420 g, 71%).

'H-NMR (300 MHz, CDCls) & 7,37 (s; 1H), 7,20 (dd, J = 10,5 Hz, J = 1,5 Hz, 1H), 4,43 (bs,
2H)

F NMR (282 MHz, CDCI3): -63,24 (s, 3F), -111,04 (s, 1F)

MS: m/z =214 [M+H]"

Budce 3: Toéng hop 5-amino-1-(2-clo-6-flo-4-(triflometyl)phenyl)-1H-pyrazol-3-cacbonitril

CN
NH, I\
F cl 1) NaNO,, H,S0,, AcoH H2N" ~N°
2Y NaOAc H;0 Cl F
etvl 2,3-dixyanopropanoat
CFs 3) NH5-H,0, DCM
CF,

Bb sung mot sb phin NaNO, (81,63 g, 1,18 mol, 1,20 duong lugng) vao dung dich
H,SO, dam dic da khudy (473 mL) & 0~5°C w. Tiép d6, hdn hop dugc gia nhiét dén
45~50°C va khudy & nhiét d6 nay trong 1 gid. H3n hop axit nay dugc 1am lanh dén 0°C va
bao quéan dé sir dung & budc tiép theo.

Bb sung H,SOy (44,45 mL) dém ddc vao dung dich 2-clo-6-flo-4-triflometylanilin (210 g,
985,9 mmol) trong axit axetic (1,05 L) & nhiét do trong phong. Tiép d6, dung dich dugc bd
sung timg giot vao hdn hop H,S04-NaNO, & 0°C. Tiép d6, hdn hop nay dugc gia nhiét t&i
50°C. Sau khi khudy trong 1 gi, hdn hop phan tmg nay duoc bd sung vao vao huyén phit
1,2-dixyano-3-hydroxyprop-2-en (224 g, 1,48 mol, 1,5 ‘duong luong) va natri axetat khan
(1,68 kg, 20,4 mol, 13,78 duong lugng) trong H,0 (1,05 L) & 5~10°C. Sau khi khudy trong
1 gibr,‘ hdn hop phéan tmg nay dugc pha loiﬁg bang nudc va duge chiét bang diclometan

(DCM). Lép hitu co duge khudy ddng nhét biang 30% dung dich amoni hydroxit qua dém.
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Pha hitu co duoc tach, sdy khd qua Na,SO4 khan, duge loc va duoc ¢b trong chan khéng dé
tao ra chét rin mau vang. Chét rén duoc két tinh lai ra khoi etyl axetat (EA) dé thu duoc 5-
amino-1-(2-clo-6-flo-4-(triflometyl)- phenyl)-1H-pyrazol-3-cacbonitril duéi dang chit rén
mau vang (220 g, 73%).

'H-NMR (300 MHz, CDCls) & 7,72 (s, 1H), 7,53 (dd, J = 1,5 Hz, J = 7,2 Hz, 1H), 6,08 (s,
1H), 3,83 (s, 2H)

MS: m/z = 305 [M+H]"

Budc 4: Téng hop 5-amino-1-(2-clo-6-flo-4-(triflometyl)phenyl)-4-(triflometylsulfinyl)-1H-
pyrazol-3-cacbonitril
CF,

CN o=S. CON
Iy oy
N
HaN™ CF5SOCI HN" S\ N
c F dimetylamin tosylat Cl F
toluen
CFy CF3

B sung CF3SOCI (89,7 g, 588,3 mmol, 1,28 duong lugng) vao dung dich 5-amino-
1-(2-clo-6-flo-4-(triflometyl)phenyl)-1H-pyrazol-3-cacbonitril (140 g, 459,6 mmol, 1,00
duong lugng) va dimetylamin tosylat (151,8 g, 698,6 mmol, 1,52 duong lugng) trong toluen
(840 mL). Sau d6 hdn hop duoc khudy & 40°C trong 16 gid, nito duge suc qua dung dich va
dung dich nay dugc lam lanh téi nhiét 3§ phong. Tiép d6, hdn hop duge rét vao 2 L nudc
da/nudce va khudy & 0°C trong 1 gid. Chét rén két tia duoc tach bing cach loc va dugc 1am
kh6 trong chan khong. Chét rin dwoc két tinh lai béng toluen dé tao ra 5-amino-1-(2-clo-6-
flo-4-(triflometyl)phenyl)-4-(triflometylsulfinyl)-1H-pyrazol-3-cacbonitril (125 g, 64%)
-dudi dang chét rdn mau vang.

'H-NMR (300 MHz, CDCls) & 7,77 (s, 1H), 7,61 (m, 1H), 5,26 (s, 2H)

F NMR (282 MHz, CDCl;) § - 63,40 (s, 3F), -74,71 (d, ] = 42,86 Hz, 3F), -110,96 (s, 1F)
MS: m/z =421 [M+H]"

Budc 5: Téng hop 5-brom-1-(2-clo-6-flo-4-(triflometyl)phenyl)-4-(triflometylsulfinyl)-1H-
pyrazol-3-cacbonitril
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CFs CFs
B Dy
HN= SN CHBr; Br
= ¢l F
cl F isoamyl nitril \©/
CFs CF5

Bd sung timg giot isoamyl nitrit (109 g, 930,8 mmol, 3,00 dwong lugng) vio dung
dich  5-amino-1-(2-clo-6-flo-4-(triflometyl)phenyl)-4-(triflometylsulfinyl)-1H-pyrazol-3-
cacbonitril (130 g, 310,3 mmol, 1,00 duong lvong) trong CHBr3 (520 mL) & 55 ~ 60°C. Sau
khi toan bd isoamyl nitrit dugc bd sung, dung dich dugc khudy & 60°C trong 30 phit. Tiép
d6 hdn hop duge cb trong chan khong dé tao ra chit rén mau do. Chét rin duoc két tinh lai
bing rwou isopropylic @& tao ra 5-brom-1-(2-clo-6-flo-4-(triflometyl)phenyl)-4-
(triflometylsulfinyl)-1H-pyrazol-3-cacbonitril (110 g, 73%) dudi dang chit rin mau vang.
'H-NMR (300 MHz, CDCls) § 7,78 (s, 1H), 7,61 (m, 1H).

MS: m/z = 484 [M+H]"

Buéc 6: 1-(2-c10-6-’ﬂo-4-(triﬂomety1)phenyl)-5-metyl-4-(triﬂometylsulﬁnyl)-1H-pyrazol-3-
cacbonitril (Hop chat 1)

£Fs £Fs
o=S. CN " o0=S. CN
]\ /Z/—\(
Br/Z_N_'(N (CHa),Zn N
THF
CF3 CF3

Dung dich 5-brom-1-(2-clo-6-flo-4-(triflometyl)phenyl)-4-(triflometylsulfinyl)-1H-
pyrazol-3-cacbonitril (210 g, 432 mol, 1,00 duong luong) trong THF da loai khi (600 mL)
dwoc bd sung Pd(PPhs),Cl, (15,18 g, 21,63 mmol, 0,05 duong lugng) trong diéu kién nito.
Hbn hop phén tng dwoc gidi bang nito. Tiép d6, Me,Zn (1,2 M trong toluen) (300 mL, 360
mmol, 0,83 duong lugng) duge bd sung vao dung dich & nhiét d trong phong. Hén hop thu
duoc duge gia nhiét &&n 40~45°C trong 5 gio. Tiép d6, dung dich dwgc 1am lanh t6i nhiét
d6 phong va dugc db vao nude d4/H,0 va dugce chiét bang etyl axetat. Cac 16p hitu co duge
sy, duoc cd trong chin khong va tinh ché bang silicagel (PE: EA =20:1~10:1) dé taora 115
g chit rin mau vang. Chit rén nay duoc két tinh lai bing EtOH & thu dugc 1-(2-clo-6-flo-
4-(triflometyl)phenyl)-5-metyl-4-(triflometylsulfinyl)-1 H-pyrazol-3-cacbonitril (99 g, 54%)
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duéi dang chit rin mau tring.

'H NMR (300 MHz, CDCls) & 2,45 (s, 3 H), 7,59 (d, J=8,2 Hz, 1 H) va 7,76 (s, 1 H). F
NMR (282 MHz, CDCL3) § - 63,40 (d, J = 29,61 Hz, 3F), -73,47 (dd, J = 6,77 Hz, J = 27,64
Hz, 3F), -112,60 (d, J = 79,8 Hz, 1F)

MS: m/z = 420 [M+H]".

Vi du 3: Piu ché 1-(2,6-diclo-4-triflometyl-phenyl)-5-metyl-4-triflometylsulfinyl-1H-
pyrazol-3-cacbonitril (Hop chét 2) theo khia canh thit hai ctia sing ché

Hop chét 2, dugc diéu ché bing cach sir dung quy trinh theo khia canh th{ hai ctia
sang ché nhu duoc minh hoa trong So dd 3 va m6 ta dudi day. Nguyén lidu ban diu dbi véi
quy trinh dugc minh hoa & So @b 3 14 fipronil, hop chit 5-aminopyrazol 1 d4 biét va c6 sin’
(xem vi du, EP 0 295 117). Hop chét 2 duoc didu ché chi bing hai bude tir fipronil véi hiéu

sut toan phin bing 65%.

So d 3
CF3 CF3 CF3
oS, LN oS, CN oS, CN
/ i /Z_\<N /Z_\(N
HoN’ tN N cHery _ BroN _(CHopzn \
Cl Cl tert-butyl nitril  Cl Cl Pd(PhP)CL  CJ Cl
THF
85% 77%
CF; CF3 CF,
fipronil 31 Hop chét 2

Buéc 1: 5-brom-1-(2,6-diclo-4-triflometylphenyl)-4-triflometylsulfinyl-3--1H-pyrazol-3-
cacbonitril (Hop chét 3-1).

1160 g (20 dwong lugng) bromform dugc nap vao binh phan tmg trong diéu kién khi
nito, tiép d6 100 g fipronil (1 dwong lwong). Tiép d6, hdn hop duoc gia nhiét t&i 50-60°C va
1344 g tert-Butyl nitrit (2,0 dwong lwong) duoc bd sung. H3n hop duoc gia toc trong 3 gid &
55-60°C, tai thoi dién d6 c6 it hon 1% nguyén liéu ban dau. Sau thoi diém nay, hdn hop
phan tng dwoc ¢b trong chan khong & 70-80°C téi mot lugng thé tich. Hon hop di c¢6 dugc
pha logng bing 5 thé tich ruou isopropylic va tiép d6 gia nhiét téi hdi luu véi te d9 10°C
trong 10 phut va gia tdc trong 30 phut. Tiép d6, hdn hop nay duoc 1am lanh d&n 0°C + 5°C
v6i tbe dd 10°C trong 10 phut va gia tdc trong nira gid & nhiét d6 nay trude khi loc bo chét
ran. Chit rin dwoc rira bing ruou isopropylic va siy khd & nhiét d6 khoang 40°C + 5°C

trong chan khong d& thu dugc 92 g san phdm mong mubén dué6i dang chit rin mau vang
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(hiéu suit 80%, @6 tinh khiét 98%).
Buéc 2: 1-(2,6-diclo-4-triflometyl-phenyl)-5-metyl-4-triflometylsulfinyl-1H-pyrazol-3-
cacbonitril (Hop chét 2).

600 ml (3,0 thé tich) tetrahydrofuran dugc nap vao binh phan tng trong diéu kién
khi nito, tiép d6 nap 200 g hop chit 3-1 (1,0 duong luong). Hdn hop dugc loai khi trong 30
phut bing cach dua nito vao dung dich. Tiép d6, 43 g Pd(PhsP),Cl, (0,018 dwong luong)
dugce bd sung vao binh nay va hdn hop duoc 1am 4m dé 25-30°C. Tiép d6, bd sung timg giot
320 ml dung dich dimetylzinc 1M trong toluene & 25-35°C. Hdn hop thu duogc dugce gia
nhiét dén 35-45°C va gia tbc trong 16 gid, tai thoi diém d6 c6 mit < 1% nguyén lidu ban
dAu. Sau phan tmg x4y ra hoan toan, lam lanh hén hop dén 20-25°C va tiép d6 bd sung tir tir
vao nuée (1,5 L). Hon hop duge chiét bang etyl axetat hai 14n va 16p hiru co gom lai duoc
rira bing nuéc mudi (hai 14n). Tiép d6, 16p hiru co duge khudy bang cacbon hoat tinh trong
30 phut & 20-25°C va dugc loc. Dich loc dugce ¢ troﬁg chan khoéng & 40-45°C dén 1 thé
tich va bay thé tich ruou isopropylic dugc bd sung. Hdn hop pha loing dugc gia nhiét téi
hdi Ivu trong mot gid va tiép d6 1am lanh dén 10-15°C, gia toc trong 5 gitr va duoc loc. Chat
rin dugc rira bing rugu isopropylic va siy kho & 35°C trong chan khong dé thu duoc 105 g
chét rin mau vang (d6 tinh khiét 98%, hiéu sut 60%).

Vi du 4: Pidu ché 5-brom-1-(2,6-diclo-4-triflometyl-phenyl)-4-triflometylsulfinyl-1H-
pyrazol-3-cacbonitril (Hop chét 3-1) |

Hop chét 3-1, dugc diu ché bing cach sir dung phuong an khac cua khia canh thir hai ctia
sang ché nhu dwoc mé ta dudi day.

Sau muoi g fipronil (137 mmol, 1,0 duong lugng) dugc hoa tan trong 60 ml
axetonitril & 20°C trong binh phan g bing cach khudy. Tiép d6, bd sung 78 ml dung dich
HBr 48% trong nudc (686 mmol, 5 dwong lugng) trong 30 phit. Hon hop thu dugc duoc
1am lanh dén 0°C va 28 g NaNO, (412 mmol, 3,0 dwong lugng) trong 180 ml nuée duge bd
sung. Sau 30 phut & 0°C, hdn hop phan tmg duoc gia nhiét téi 50°C trong 50 phit va gia toc
trong mot gid nita & 50°C, tai thoi diém d6 luong fipronil 14 nhé hon 1%. Hn hop duoc co
@& loai bo axetonitril & 50°C, trong thdi gian niy san phdm bat diu dugc két tinh. Tiép do,
h8n hop duge 1am lanh xubng 20°C. Ruou isopropylic (10 ml, 0,2 thé tich) duoc bb sung va
hén hop duoc khudy trong 30 phit & 20°C. Hdn hop thu duoc duge loc & 20°C va chét rén
dugce rira bang nude (3 x 50 ml). Chit réin dugc siy & 50°C trong chan khong dé thu dugc
72,2 g san phdm mong mudn. San phim thd duoc tinh ché bing cach tai két tinh ra khoi
ruou isopropylic (2,0 thé tich) bang cach gia nhiét hn hop t6i hdi luu, tiép d6 lam lanh t6i
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20°C, loc san phim va rira chit rin bing ruou isopropylic (2 x 0,5 thé tich). Chét rén da
tach dugc sdy & 50°C trong chin khong dé thu duoc 37,66 g san phim véi hidu suét 61,0%
(d6 tinh khiét 97,4%).

Vi du 5: Piéu ché 5-brom-1-(2,6-diclo-4-triflometyl-phenyl)-4-triflometylsulfinyl-1H-
pyrazol-3-cacbonitril (Hop chét 3-1)

Hop chét 3-1, duoc didu ché bing cach sir dung phuong 4n khéc ctia khia canh thi hai cia
sang ché nhu dugc mé ta dudi day.

Trong didu kién khi nito, 102,2 g CuBr, (2,5 duong luong) duge bd sung vio 200 ml (2,5
thé tich) axetonitril. Tiép d6, bd sung 28,31 g tert-Butyl nitrit (1,5 dwong luong) va 40 ml
(0,5 thé tich) axetonitril. Hon hop thu duoc duge gia nhiét t6i 60°C va fipronil (80 g, 1
duong lugng) trong 400 ml (5 thé tich) duoc bd sung bang cach khudy trong 30 phut. Tiép
d6, hdn hop phan tng dugc cd dén 3 thé tich bang cach loai bd axetonitril bing cach chung
cAt (5 thé tich) va hdn hop tiép d6 dugc lam lanh t&i 25°C. Metyl tert-Butyl ete (400 ml, 5
thé tich), nu6c (80 ml, 2 thé tich) va 1 N HCI (140 ml, 3 thé tich) duoc bd sung va hdn hop
duge khudy. Cac pha dugce dé yén va 16p nude axit dugce loai bo. Tiép d6, 16p hiru co duge
rira 14n luot bang 20% amoni hydroxit (400 ml, 5 thé tich) va nudc mudi (400 ml, 5 thé
tich). L6p hitu co thu duge duge cd dén 2 thé tich bang cach chung cit. Tiép tuc chung cét
dung moi ddng thdi bd sung 5 thé tich (400 ml) ruou isopropylic dé thay thé axetonitril.
Hbn hop dwoc gia nhiét dén 80°C va tiép d6 1am lanh tir tir téi 20°C d& két tinh san phim.
Hbn hop thu dugc duogc loc va banh loc dugc rira hai 14n bang 0,5 thé tich isopropanol. San
phim duoc siy & 45°C trong chan khéng dé thu duoc 72,15 g san phim mong mubn (hiéu
sult 78,7%, do tinh khiét 83%). San phdm thé dugc tinh ché bang cach ti két tinh ra khoi
hai thé tich isopropanol bang cach gia nhiét dén 80°C, tiép d6 lam lanh tir tir dén 20°C. Chét
rin da tach dugc siy & 45°C trong chan khéng dé thu duoc 63,06 g (hiéu suit 68,8%, do
tinh khiét 89,3%).

Vi du 6: 1-(2,6-diclo-4-triflometyl-phenyl)-5-metyl-4-triflometylsulfinyl-1H-pyrazol-3-
cacbonitril (Hop chit 2). |

Hop chét 2, duoc didu ché tir Hop chét 3-1 bang cach sir dung phuong 4n khac cia
khia canh thtr hai cta sang ché nhu dwoc mé ta dudi déy.
Ba muoi bay g hop chét 3-1 (0,07 mol, 1,0 duong luong), 40,82 g kali cacbonat (0,30 mol,
4 duong luong), 3,38 g Pdy(dba); (0,05 duong lugng) va 7,42 g trimetylboroxin (0,06 mol,
0,8 duong lugng) duoc bd sung vio binh phan tmg chira 370 ml (10 thé tich) n-butyl axetat.
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Tiép d6, hdn hop nay duoc gia nhiét dén 120°C trong 1 gid va 40 phut va gia tbc trong 2,5
gidy nira, tai thoi diém d6 c6 mat < 1% nguyén liéu ban diu. H3n hop phan tmg tiép d6 duoc
1am lanh t6i 20°C. H8n hop phén tmg d4 1am lanh dugc bd sung vao binh riéng &, tiép d6
cho 50 ml (1,35 thé tich) n-Butyl axetat vio va khudy trong 30 phit & 20°C bing 1,85 g
cacbon hoat tinh. H8n hop thu dugc tiép d6 duoc loc qua diatomit (Celite® 545) va banh loc
duoc rira bing 50 ml n-Butyl axetat. Nude (150 ml, 4 thé tich) duoc bd sung vao dich 196 va
hén hop khudy trong 5 phit & 20°C. Céc 16p duoc tich riéng va 16p nuée dugc loai bd. Lép
hitu co thu duge dugce cd trong chan khong dé tao ra 31,2 g san phém (hiéu suét 97,0%, d
tinh khiét 76,6%). San phim thé duogc tinh ché bing céch két tinh ra khéi ruou isopropylic

d& tao ra san phAm mong mudn véi hidu sudt 77,2% & d6 tinh khiét 94,8%.

Vi du 7: 1-(2,6-diclo-4-triflometyl-phenyl)-5-metyl-4-triflometylsulfinyl-1H-pyrazol-3-
cacbonitril (Hop chét 2).

Hop chét 2, duoc diéu ché tir Hop chét 3-1 bang cich st dung phuong 4n khac clia
khia canh tht hai cia séﬁg ché nhu duge md ta dudi day.
Phén mg cta Hop chét 3-1 véi 0,8 duong lugng trimetylboroxin bang cach sir dung céc
chit xtc tdc mang polymer khac nhau dugc tién hanh. Chét xtc tic d4 thir nghiém dugc ban
duéi tén thwong mai FibreCat® do Johnson-Matthey cung cdp. Kim loai paladi hoat tinh
duoc lién két dﬁ‘)ng héa tri véi mach polyme va polyme hoat tinh duge lién két tiép voi soi
polyolefin tro khong tan trong dung moi phan tmg. Do d6, Hop chét 3-1 duoc trdn véi 0,8
duong luong trimetylboroxin, 4 duong luong K,CO3 va 0,2 duong lugng chét xtc tac paladi
mang polyme ddng nhét thich hop trong n-butyl axetat va dugc gia nhiét dén 100°C.

Béang dudi day thé hién két qua phan tmg sir dung ba chit xic tic FibreCat® khic
nhau. San phdm c6 thé duoc tach riéng bang cach loc don gian hdn hop phan tmg va xir ly

tiép dich loc dé loai bd dung méi hodc dé két tinh san phdm ra khoi dung dich.

Chét xtc tac Thoi gian phan | % Hop chit 3-1 | % Hop chit 2 | Hiéu suit du
tmg (gid) (HPLC) (HPLC) doan (th
(100°C) nghiém HPLC)

FibreCat® 1001 | 2 6 55 62

FibreCat® 1001 | 15 Nd 54 62

FibreCat® 1007 | 2 24 35 23

FibreCat® 1007 | 15 0,7 32 | 23

FibreCat® 1032 | 2 30 44 45

FibreCat® 1032 | 15 Nd 50 45
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Nd = khong dugc phat hién
Vi du nay chimg t6 ring khia canh thir hai ctia sang ché c6 thé dugc thuc hién bing céach sir
dung chét xtic tac paladi mang polyme.
kkk
Do d6 nhu dugc md ta chi tiét cac phuong 4n khac nhau cia sang ché, cAn hidu ring
sang ché dugc x4c dinh béng cac doan néu trén ma khong lam gidi han céc chi tiét cu thé da
néu trong phdn mb ta trén day do nhidu cai tién hién nhién 13 c6 thé xay ra ma khéng di

chéch y tudng hodc pham vi bao hd cia sdng ché.
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YEU CAU BAO HQ

1. Quy trinh diéu ché hop chét 1-aryl-pyrazol c6 cong thirc (IB):

R2b 1b
Y
3b
RS
R4b
W/ |
R7b X R5b
RO
B)

trong do:

R 1a hydro, xyano, halogen, R® formyl, -CO,H, -C(O)R®, -C(O)OR®, -
C(O)NR*R'® hogic —C(S)NH,;

R* 14 R® hoic —S(O)mR™;

R*® 1a alkyl, haloalkyl, hydroxyalkyl, xycloalkyl, haloxycloalkyl, alkenyl, alkynyl,
aryl, heteroxyclyl, heteroaryl, R¥®0, RS hoac RSbC(O)CHz- trong d6 mdi nhém alkyl,
xycloalkyl, alkenyl, alkynyl, aryl, heteroxyclyl hodc heteroaryl nay c6 thé tiy ¥ duoc thé
bing mdt hoic nhiéu halogen, hydroxy, alkoxy, alkoxyalkoxy, amino, alkylamino,
dialkylamino, nitro, xyano hoaic =~ —C(S)NH; ;

mdi R*, R*® R™ va R™" doc 18p 1a hydro, halogen, alkyl, haloalkyl, xyano hodc
nitro;

R® 1a halogen, alkyl, haloalkyl, alkoxy, haloalkoxy, xyano, nitro, -C(O)R'®, -
S(0)-R* hoic SFs;

W 12 nito hogc C-R';

.R8b 1a alkyl, haloalkyl, hydroxyalkyl, xycloalkyl, haloxycloalkyl, alkenyl,
haloalkenyl, alkynyl, haloalkynyl, aryl, heteroxyclyl hodc heteroaryl;

R®® va R'® doc 14p 1a hydro, alkyl, haloalkyl, hydroxy hoic alkoxy;

R''® 1a alkyl, haloalkyl, alkenyl, haloalkenyl, alkynyl, haloalkynyl, xycloalkyl hoic
haloxycloalkyl;

R!?" 13 alkyl hoac haloalkyl;

m béng 0, 1 hodc 2; va

n bf?mg 0, 1 hoac 2;
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trong d6 quy trinh ndy bao gdm cac bude:
(i) cho hop chét c6 cong thirc (1IB):

R2b 1b
Y
Ve
Q N
4b
w” | R
R7b X R5b
R6b
(IIB)

trong d6 R'® R® R*® R’ ® R® R™ va W 1a nhu duoc x4c dinh trén day d6i véi hop
chét c6 cong thirc (IB) va Q 1a nhém iot, brom, clo hoic haloalkylsulfonat;
phan tmg vé&i hop chét c¢6 cong thirc (Ilc) hoidc (1Id):
R1d

'B B
R-M () R3¢ 07 "R (1)

trong d6 R, R™, R¥ va R* doc 1ap 1 alkyl, haloalkyl, xycloalkyl, haloxycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl hodc heteroxyclyl, trong dé6 mdi nhém alkyl, xycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl hodc heteroxyclyl nay c6 thé tiy ¥ duoc thé bing mot
hoic nhidu nhém halogen, hydroxy, alkoxy, alkoxyalkoxy, amino, alkylamino,
dialkylamino, nitro, xyano hodc —C(S)NH; M 1a MgX, ZnX, RZn, BY>, hodc BF;; X 14 iot,
brom hoic clo; Y 13 OH hoic alkoxy, hofic mdi Y ¢6 thé 13 nhém alkoxy ma 13 mét phin
ctia d4n xuét glycol Y-(CR”’R>>*),-Y trong d6 R*’ va R>>* doc 14p 1a hydro hoic C;-Cs alkyl
vaa béng 2, 3 hoic 4,

hoic

cho hop chét c6 cong thie (IIB) phan tmg véi R®OH, R®SH hodc anion enolat
R¥®C(0)CHy, trong d6 R* 1a nhu duoc x4c dinh trén ddy dbi v6i hop chét co cong thirc
(IB); véi su c6 mit clia cht xuc tac kim loai chuyén dé tao ra hop chét c6 cong thirc (IB);

(ii) trong trudng hop khi R™® trong hop chét c6 cong thirc (IB) 1a -C(O)OR® hoic -
C(O)NRR!®, thi tuy y chuyén héa cac nhém -C(O)OR®® hosc -C(O)NRR'® thanh
xyano, hydroxyalkyl, aminoalkyl, dialkylaminoalkyl, formyl, -C(O)R® hodc —C(S)NH,,
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trong d6 R*®, R”® va R'® 1a nhu duoc x4c dinh trén ddy dbi véi hop chit c6 cong thie (IB),
bang céch cai tién nhém chrrc; va
(iii) trong trudng hop khi R* 1a —S(0),R'"™®, thi tily y oxy hod nhém —S(O),R™®
trong d6 m bing 0 hozc 1, d& tao ra hop chit c6 cong thic (IB);

trong d6 thi tu cia cac budc ii) va iii) c¢6 thé d6i chd cho nhau.

2. Quy trinh theo diém 1, trong d6 hop chét c6 cdng thic (IIB) trong d6 Q 1a I, Br hodc Cl1
duogc didu ché bang cach cho hop chét ¢6 cong thire (IIIB):

R 1b
I\
HNTN 7
4b
w” | R
R7b A R5b
R6b
(IIIB)

trong 6 R'*, R®, R®®, R*®, R®, R™ va W 1a nhu dugc xé4c dinh trong diém 1 déi véi hop
chit c6 cong thirc (IB), phan tmg v&i ngudn Br, Cl hojc I va hop chét nitrit T-ONO,
trong d6 T 14 hydro hoc alkyl, hosc mudi cia ching.

3. Quy trinh theo diém 1, trong d6 chit xtc tic kim loai chuyén 1a chat xuc téc paladi.

4. Quy trinh theo diém 2, trong &6 T-ONO Ia natri nitrit, isopentyl nitrit, hodc tert-butyl

nitrit.
5. Quy trinh theo diém 1, trong d6 Q 14 brom.
6. Quy trinh theo diém 1, trong d6 M 1a ZnX hogic RZn.
7. Quy trinh theo diém 1, trong d6 M 1a BY 5.

8. Quy trinh theo diém 7, trong d6 Y 14 hydroxy.
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9. Quy trinh theo diém 1, trong d6 hop chét ¢ cong thirc (IIB) duoc cho phan tmg véi hop
chét c6 cong thirc (I1d).

10. Quy trinh theo diém 9, trong d6 hop chét c6 cong thire (1Id) 13 trimetylboroxin.
11.  Quy trinh theo diém 1, trong d6 & budc (i) hop chit ¢6 cong thirc (IIB) duoc cho
phan g vé6i hop chit cé cong thirc (Ilc) trong d6 M 14 BY, hoic hop chit ¢ cong thirc

(I1d), va trong d6 quy trinh nay con bao gdm budc bd sung bazo vao hdn hop phan tng.

12. Quy trinh theo diém 11, trong d6 bazo 13 hydroxit ctia kim loai kiém ho#c cacbonat cia

kim loai kiém.

13. Quy trinh theo diém 3, trong d6 chit xuc tic paladi duoc chon tir (PhsP)Pd,
(Ph3P)2PdC12, (CH3CN)2PdC12, sz(dba)3 hOé.C (dppf)PdClz.

14. Quy trinh theo diém 1, trong d6 & bude (i), hop chét c6 cong thirc (IIB) duoce cho phan

{mg véi hop chét ¢6 cong thirc (IId) v6i sy c6 mit cia Pdy(dba)s va kali cacbonat.
15. Quy trinh theo diém 2, trong d6 hop chét ¢6 cong thire (I1IB) 1a fipronil.

16. Quy trinh theo diém 4, trong 6 T-ONO 13 natri nitrit va ngudn Br 14 HBr.
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