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Linh vue ky thuat dwge dé cap

Sang ché d& cap dén phuong phap diéu ché chét nén heteroaryl dugce flo hoa.

Tinh trang ky thuit ciia sang ché

Cac phan t hitu co dugc flo hoa duge su dung ting 1én trong cong nghiép
khoa hoc cudc séng. Su ¢6 mat ciia nhom thé flo c6 thé c6 tac dung tich cuc Ve céc
ddc tinh sinh hoc cua cac hop chit. Viéc thé nguyén tir hydro bang nguyén ti flo trong
phén tu c¢6 hoat tinh sinh hoc thuong lam tang tinh sinh kha dung va/hodc tinh 6n dinh
chuyén héa. Tuy nhién, mic di sy quan trong vé viéc dua flo vao cac phan tir hitu co,
¢6 cac phuong phap tong hop nhe va chon loc twong d6i d6i véi viée hinh thanh lién
két C-F, cu thé & pham vi xtr ly. Do d6, k§ thuat tong hop dé flo hoa cac hop chat 1a
linh vuc quan tdm dang ké.

Mdt phuong phap ding cho viée diéu ché cong nghiép aryl va heteroaryl florua
1a su flo hoa thom wa nhan (SyAr) hoac su flo hoa halex (Adams, D.J.; va cOng su,
Chem. Soc. Rev. 1999;28:225; Langlois, B.; va cong su, In Industrial Chemistry
Library; Jean-Roger, D.; Serge, R., Eds.; Elsevier: 1996; pp 244-292). Viéc nay bao
gbm phan tmg ctia (hetero)aryl clorua thiéu hut dién t hodc nitroaren c6 ngudn florua
wa nhan dé tao ra aryl florua tuong ung (Id.; Kuduk, S.D.; va cong su, Org. Lett.
2005;7:577). Florua cua kim loai kiém khan (MF) hau hét thuong dugc ding lam
ngudn florua. Tuy nhién, mudi nay 1a c¢6 thé hoa tan kém trong dung maéi hitu co; két
qua 1a, nhi¢t d¢ cao va thoi gian phan ung dai can thiét dé thu duoc ning suét san
phidm flo hoa cao. Céc didu kién bat budc c6 thé gidi han hé dung sai nhém chirc cta
céc phan Gmg nay va din dén sy hinh thanh san phim phu khong mong muén (/d.).

Tetrabutylammoni florua (TBAF) da duoc st dung 1am ngudn ion florua ua
nhan cao dé flo hoa cac nén. Chat phan Gng nay dugc didu ché bang cach xu ly
tetrabutylamoni xyanua voi hexaflobenzen trong dung moi va dudi cac didu kién
khan. TBAF thu duoc (¢d nghia ld, TBAF 4, hodc TBAF*) sau d6 c6 thé can dugc st
dung dé flo hoa nén nhét dinh. Xem DiMagno, va cong su, J. Am. Chem. Soc. 2005,
127, 2050-2051; DiMagno va céng su. Angew. Chem. Int. Ed. 2006, 45, 2720-2725;
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Allen, L.; va cdng su, Org. Quy trinh xir Iy. Res. Dev. 2014, 18(8):1045-1055; Allen,
L.; va cong su, J. Org. Chem. 2014, 79(12):5827-5833. Tuong tu, o hop axit florua
va N-heterocyclic carben (NHCs) tao ra chit phan tmg florua azoli axyl khan ma tham
gia trong qua trinh flo héa SyAr & nhiét do trong phong (Ryan, S.J.; va cong su, Org.
Lett. 2015;17:1866; Tang, P.; va cong su, J. Am. Chem. Soc. 2011;133:11482;
Fujimoto, T.; va cong su, Org. Process Res. Dev. 2014;18:1041; Fujimoto, T.; va
cong su Org. Lett. 2015;17:544).

Trong cac phuong phap nay da thanh cong & cac hé théng nhét dinh, ching c6
gi61 han, nhu chon loc kém va phan Ung ddi v6i nén nhat dinh. Cac phuong phap nay
can viée sir dung cac chit phan ung hé sb ty lugng gia thanh cao (C¢Fg, NHCs) ma
ngan viéc thuc hién trén pham vi cong nghi€p. Lam gi dé c6 phuong phap mdi flo hoa
cac hop chét, dic biét nhiéu loai hop chit duoc flo hoa, va cac phuong phép va céc
hop chét duoc boc 16 & ddy giai quyét cac van dé can thiét nay va céc vén dé can thiét

khac.

Ban chit k§ thuit ciia sang ché

Sang ché dé xuét ¢ ddy dén phuong phap diéu ché chat nén heteroaryl duoc flo
hoa. Cu thé, sang ché thuong dé& xuét cac phu:(mg phép flo hoa cac hop chét va cac
hop chét duoc flo hoa. Theo mot s6 khia canh cu thé, sang ché dé xudt phuong phép
flo hoa aryl hodc heteroaryl cic hop chét va cac hop chét dugc flo héa. Theo mot s6
khia canh cu thé, sang ché d& xuét phuong phap diéu ché nén aryl va heteroaryl dugc
flo hoa ma bao gdm: budc két hop tetrametylamoni florua va nén aryl hoic heteroaryl
duoc thé boi it nhat mot trong clo, brom, iodo, nitro, hodc sulfonat, nam trong khoang
tir 0°C dén 80°C. Cac quy trinh da néu co thé fhuc hién trong bé hodc 1 quy trinh lién
tuc. MOt trong cic vu diém ciia cac phuong phép duoc dé xuat do 1a mot hodc nhiéu
bude ¢6 thé duge thuc hién & hodc trong khoang nhiét d6 trong phong va tinh chon loc
phan ung la twong d6i cao.

Céc vi du vé nén heteroaryl ma c6 thé duge sir dung c¢6 Cong thic I-A hoic I-
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trong do:
A 1a C, Br, I, NO,, hodc SO;R’;
B 1a H, Cl, Br, I, NO,, hodc SO;R’;
C1a H, Cl, Br, I, NO,, hodc SO;R’;
R!1a H, CN, hodc CO,R?, trong d6 mbi R? doc 1ap véi nhau 1a C,-Cy, alkyl, C,-
Cy, alkenyl, C,-Cy, alkynyl, heteroxycloalkyl, heteroaryl, xycloalkyl, hoac
aryl duoc thé ty v ; va
R’ 1a H, aryl dugc thé hoic khong dugc thé, heteroaryl duogc thé hoac khong
duoc thé. Hon nita, cac vi du v& nén heteroaryl ma c6 thé dugc st dung c6 Cong thirc
I-A:

/A
\ \\
| )
// X’I//X2

[I-A

trong do:

mdt trong s6 X' va X* 1a N va nhém con lai 1a C;

A 1a C, Br, I, NO,, hodc SO;R’;

R doc lap v6i nhau la C;-Cy, alkyl, C,-Cj, alkenyl, C,-C;, alkynyl,

heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl dugc thé tuy y; va

R* 12 H, CN, C;-Cy, alkyl dugc thé hodac khong dugc thé, C,-C), alkenyl dugc
thé hodc khong dugc thé, C,-C, alkynyl duoc thé hoac khong dugc thé, OR? , C02R3 ,
aryl dugc thé hodc khong dugc thé, heteroaryl duoc thé hodc khong duoc thé.

Hon nita, cac vi du v€ nén heteroaryl ma c6 thé dugc st dung c6 Cong thirc IV-
A:
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C
C X B
L
B N A
IV-A

trong do:

A 1a CL, Br, I, NO,, hoic SO;R’;

mdi B, doc 14p v6i nguyén tir khac, H, Cl, Br, I, NO,, SO;R’, SO,R® CN, R°,
COR’, hodc CO,R?;

mdi C 1a, doc 1ap vdi nguyén tir khac, H, Cl, Br, I, NO,, SO;R’, SO,R>. N *3-
COR?, hodc CO,R’; va

R’ doc 14p v6i nhau la C;-Cpp alkyl, C,-Cy, alkenyl, C,-Cy, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl dugc thé thy v .

Hon nita, cac vi du vé nén aryl ma c6 thé duoc st dung c6 Cong thirc V-A:

(B)n
| A
"
V-A
trong do:
A 1a CL, Br, I, hoac SOsR?;
n la 0-5;

mdi B, doc lap véi nhau, CI, Br, I, CN, SO,R*, R?, COR’, hoic CO,R’;

R’ doc 1ap voi nhau 1a C;-Cy, alkyl, C,-Cy, alkenyl, C,-C;, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl dugc thé tiy y.

Hon nita, cac vi du vé nén heteroaryl ma c6 thé duoc sir dung c6 thé c6 Cong

thie VI-A, VI-B, hodc VI-C:

B B
B I X A A 1 X B
~-N ~-N
R? hoac RZ "N
VI-A VI-C

trong do:
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A 1a CL, Br, I, NO,, hodc SO;R’;
mdi B doc 1ap v6i nguyén tir khac 1a H, CL, Br, I, CN, NO,, SO,R’, SO,R?, R?,
COR’, hogc CO,R’;
R* 1a H, aryl duoc thé hoac khong duoc thé, heteroaryl dugc thé hodc khong
duoc thé;
R’ doc 1ap véi nhau la Ci-Cy, alkyl, C,-Cy, alkenyl, C,-Cy, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hoac aryl dugc thé tuy y.

Hon nira, cac vi du vé nén heteroaryl ma cé thé dugc stt dung c6 thé c6 Cong

thire VII-A:
RZ N R?
Tx
~
RZ °N” A

VII-A
trong do:

A 1a Cl, Br, I, NO,, hodc SO;R’;

mdi R? dugc chon doc lap voi nhau H, cac halogenua, aryl dugc thé hoac
khong duogc thé, heteroaryl dugc thé hodc khong dugc thé; va

R’ doc 1ap véi nhau 1a C;-Cyp alkyl, C,-Cy, alkenyl, C,-Cy, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl duoc thé tuy y.

Hon nita, cac vi du vé nén heteroaryl ma cé thé duoc s dung c6 Cong thic

VIII-A

R2

R2 | Ny
R? N/)\A

VII-A

A 1a Cl, Br, I, NO,, hodc SOsR’;

mdi R? doc 1ap véi nhau 1a H, aryl dugce thé hoac khong dugc thé, heteroaryl
duoc thé hoic khéng duogc thé; va

R® doc lap véi nhau la C;-Cy, alkyl, C,-Cyp alkenyl, C,-C;, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl dugc thé tuy y.
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Ciing theo cdc khia canh khac, d6i twong chinh dugc dé xuat & day lién quan
dén cac san phdm duoc ddiefu ché bang cic phuong phap duge boc 16 & day. Ciing
theo cac khia canh khac, dbi tugng chinh dugc dé xuét & day lién quan dén cac hop
chit dugc flo hoa, nhu cac hop chit duoc didu ché bing cac phuong phap da dé xuat.

Uu diém thém cia ddi twong chinh da néu s& duge thiét 1ap truée trong mot
phin ctia phan mo ta sau ddy va cic hinh v, va mot phén s& dugc 1am 13 tir phan mod
ta, hoac cé thé duoc nghién ctru béng cach thuc hién cac khia canh duoc néu dudi.
Céc uvu didm duge mo ta dudi ddy s& duge nhén thdy va dat dugc bang cac phuong an
clia cac nguyén td va céc td hop duoc chi ra cu thé trong cac yéu cau bao ho thém vao.
Can duoc hiéu 12 ca phan mo ta tong quat néu trén va phén mo ta chi tiét sau day 1a vi

du va chi 14 gii thich va khong gi6i han sang ché.

MO ta vin tit cac hinh vé

Céc hinh vé di kém, ma dugc két hop va tao thanh mot phan cta sang ché nay,
minh hoa céc khia canh khac nhau dugc néu dudi day.

Fig.1 12 so dd thé hién so lugc phan tng cho cac phan tng 3a-e voi NMeyF
khan dé tao ra 4. Cac diéu kién: nén 3 (0 ,1 mmol, 1 duong lugng) va NMeyF khan
(0,2 mmol, 2 duong lugng) dugc khudy trong DMF (0,2 M) & nhiét do 80 °C trong
thoi gian nhét dinh. Hiéu sut duoc xac dinh béng quang phélgF NMR str dung 1,3,5-
triflobenzen lam tiéu chuén.

Fig.2 14 so do thé hién so lugc phan tng cho cic phan Gng Sa-e voi NMe,F
khan dé tao ra 6. Cac diéu kién chung: Nén (0 ,1 mmol, 1 duong lugng) va NMeyF
khan (0,2 mmol, 2 duong luong) duge khudy trong DMF (0,2 M) & nhiét d§ 80 °C
trong thoi gian nhit dinh. Hiéu sudt duoc xac dinh bang quang phélgF NMR str dung
1,3,5-triflobenzen lam tiéu chuén.

Fig.3 chta nhém céu tao nén 1am vi du cac phuong phap flo héa da néu sir
dung NMe,F khan. (a) NMeyF khan (2 duong luong) va nén (1 duong luong) duoc
khudy trong DMF & nhiét do 25°C trong thoi gian 24 h (b) vé6i 3 equiv NMeyF khan.
(¢) Nitroaren duoc st dung lam nén. (d) Hiéu sut duge xac dinh bang quang phd'’F
NMR st dung 1,3,5-triflobenzen 1am tiéu chuén. (¢) Phan tmg dugc khudy & nhiét do
80 °C trong thoi gian 24 h.
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MG ta chi tiét sang ché

Vit liéu, cac hop chét, ché phém, vat dung, va cac phuong phap dugc mo ta &
day c6 thé duoc hiéu ro rang hon bang cach vién dan dén phin mo ta chi tiét sau day
cua cac khia canh cu thé cua doi tuong chinh dugc bdc 16 va cac Vi du va hinh vé bao
gbm trong do.

Trudc céc vat lidu theo sang ché, cac hop chét, ché pham, va cac phuong phap
duogc boc 10 va duoc mo ta, cin duoc hiéu 1a cac khia canh dugc mo ta dudi day
khong bi gidi han dbi voi cac phuong phap téng hop cu thé hoac cac chét cu thé, nhu
c6 thé, tAt nhién, khac nhau. Ciing can dugc hiéu 1a thuat ngit dugc st dung ¢ day 1a
nhim muc dich chi mé ta cac khia canh cu thé va khong nham giéi han sang ché.

Ngoai ra, trong toan bo phan md ta ndy, céc cong bd khac nhau dugc vién dan.
Su boc 10 ctia cac cong bd nay trong toan bd phan mo ta do d6 két hop bang cach vién
dan vao sang ché dé mo ta day du hon tinh trang k¥ thuat ma céc vAn dé lién quan
duoc boc 16. Céc vién dan duge néu ciing duoc két hop riéng va cu thé béng cach vién
dan & day dung cho vat liéu dugc chira trong chiing ma dugc tham khao trong cac tai

liéu ma trong do6 vién dan duoc trich dan.

Cac dinh nghia chung

Theo sang ché va theo cac yéu ciu bao hd, sau day vién dan s& duoc dé thanh
sb cua thuat ngit, ma s&€ dugc xac dinh dé c6 nghia sau day:

Trong toan bd phin mb ta va cac yéu cau bao hd cia sang ché, tir “bao gdm” va
cac dang tur khac, nhu “bao gdm” va “bao gdm,” c6 nghia 1a bao gdm nhung khong bi
gidi han, va khong nham loai trir, vi du, céc bd sung khéc, thanh ph?m, sb nguyén,
hoac cac budc.

Nhu dugce st dung trong phén mo ta va cac yéu cau bao ho di kém, mao tir s it
bao gdm céc vién dan sd nhiéu trir khi dugc chi ra r rang khéc. Do d6, vi du, vién dan
dén “ché phdm” bao gdbm hdén hop hai hoic nhiéu ché phim nay, vién dan dén “hop
chét” bao gdm céac hdn hop hai hodc nhiéu cac hop chit nay, vién din dén “chat” bao

gdm hdn hop hai hogc nhiéu chét, va tuong ty.
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“Tuy y” hodc “tuy y” c¢6 nghia la kha nang dugc mo ta sau do hoac truong hop
¢ thé hoac khong thé xdy ra, va ph?m mo ta bao gém vi du ma la kha nang hoac
treong hop xay ra va cac vi du ma khong xay ra.

Pham vi ¢c6 thé duoc thé hién & day 1a tor “khoang” mot tri sb cu thé, va/hoic
dén “khoang” tri s6 cu thé khac. Khi pham vi nay dugc thé hién, khioas canh khac bao
gém tur tri sb cu thé nay va/hodc dén tri sb cu thé khac. Tuong tu, khi céc tri s6 duoc
thé hién 1a gin dung, bang cach st dung tir ding truée “khoéng,” s& dugc hiéu 1a tri s6

cu thé tao ra khia canh khéc.

Céac dinh nghia hoa hoc

Nhu dugce st dung ¢ ddy, thudt ngit “duoc thé” dugc du dinh dé bao gém tat ca
cac nhom thé co thé dung dugc cua cac hop chit hitu co. Theo khia canh rong, cac
nhom thé ¢6 thé ding duge bao gdbm cac nhém thé khong vong va c6 vong, c6 nhanh
va khoéng nhéanh, vong cacbon va di vong, va thom va khong thom cia cac hop chét
hitu co. Cac nhom thé minh hoa bao gﬁ“)m, vi du, cac nhom duoc md ta dudi day. Cac
nhém thé c6 thé dung duge c6 thé 1a mot hodc nhiéu nhém va nhém gidng nhau hodc
khéc nhau dung cho céac hop chét hitu co thich hgp. Nham muc dich sang ché nay, cac
nguyén tu khac loai, nhu nitrogen, cé thé ¢6 cac nhom thé hydro va/hodc cdc nhém
thé c6 thé ding duge bat ky clia cac hop chét hiru co dugc mod ta & ddy ma dap tng
cac hoa tri cua cac nguyén tu khéac loai. Sang ché khong nhim giéi han theo cach bt
ky bang cac nhom thé c6 thé dung dugc clia cac hop chét hitu co. Ngoai ra, cac thuat
ngit “sur thé” hoic “dugc thé boi” bao gdm quy dinh ngam 14 viéc thé nay theo hoa tri
dugc cho phép cua nguyén tr dugc thé va nhom thé, va viéc thé din dén hop chét 6n
dinh, v du, hop chit ma khong trai qua qua trinh chuyén dbi tu phat nhu bang su sap
xép lai, tao vong, khtra, v.v...

AR A “737 va “7% qugc st dung ¢ day la cac ky hiéu chung biéu dién
céc nhom thé cu thé khac nhau. Cac ky hiéu nay co thé 1a nhom thé bat ky, khong bi
gi6i han d6i vi cac nhom thé duge néu & day, va khi chiing duoc dinh ra 1a cac nhom
thé nhit dinh theo truong hop nay, chiing ¢é thé, theo truong hop khac, duoc dinh 1a
cac nhom thé khéc.

Thuét ngir “alkyl” dugc st dung ¢ day la nhém hydrocacbon c6 nhanh hodc

-0
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khong c6 nhanh c6 tur 1 dén 24 nguyén tir cacbon, nhu metyl, etyl, n-propyl,
isopropyl, n-butyl, isobutyl, #z-butyl, pentyl, hexyl, heptyl, octyl, nonyl, dexyl,
dodexyl, tetradexyl, hexadexyl, eicosyl, tetracosyl, va twong tu. Nhoém alkyl con c6
thé duoc thé hodc khong dugc thé. Nhom alkyl ¢ thé duge thé béi mot hoic nhidu
nhom bao gdm, nhung khong bi giéi han, alkyl, alkyl dugc halogen hoa, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, aldehit, amin, axit carboxylic, este, ete, cac
halogenua, hydroxy, keton, nitro, silyl, sulfo-oxo, sulfonyl, sulfon, sulfonat, sulfoxit,
hodc thiol, nhu dugc mo ta dudi day.

Trong toan bo phan md ta “alkyl” thudng duge st dung dé vién din dén ca hai
nhom alkyl khong duge thé va duoc thé; tuy nhién, cac nhom alkyl dugc thé con duoc
vién din cu thé & day bang cach nhan biét (cac) nhom thé cu thé trén nhom alkyl. Vi
du, thuat ngtr “alkyl dugc halogen hoa” vién dan cu thé dén nhom alkyl ma duogc thé
bé1 mot hoac nhiéu halogenua, vi du, florin, clorin, bromin, hodc iodin. Thuét ngix
“alkoxyalkyl” vién dn cu thé dén nhém alkyl ma duge thé boi mot hodc nhiéu nhom
alkoxy, nhu dugc md ta dudi day. Thuat nglt “alkylamin” vién dan cu thé dén nhom
alkyl ma duoc thé boi mot hodc nhiéu nhém amin, nhu duoc md ta dudi ddy, va tuong
tu. Khi “alkyl” dugc st dung trong trudng hgp nay va thudt ngt cu thé nhu
“alkylalcohol” dugc st dung trong truong hop khac, khong c6 nghia la dé bao ham la
thuat ngir “alkyl” ciing khong vién dan dén céac thuat ngit cu thé nhu “alkylaﬂcohol” va
tuong tu.

Viéc thuc hién nay cling duoc st dung ddi v&i cac nhoém khac duge mo ta &
day. C6 nghia 13, trong khi thuat ngit nhu “xycloalkyl” vién dan dén ca hai goc
xycloalkyl khong duogc thé va duoc thé, géc duoc thé co thé, ngoai ra, dugc nhan biét
cu thé & day; vi du, xycloalkyl dugc thé mot phﬁn c6 thé duoc goi la, vi du,
“alkylxycloalkyl.” Tuong tu, alkoxy duoc thé c6 thé duoc goi cu thé 1, vi du, “alkoxy
dugc halogen hoa,” alkenyl duoc thé mot phﬁn c6 thé 1a, vi du, “ruou alkenyl,” va
tuong tu. Ngugc lai, viéc thuc hién khi sir dung thuat ngit chung, nhu “xycloalkyl,” va
thudt ngt cu thé, nhu “alkylxycloalkyl,” khong c6 nghia la bao ham la thuét ngir
chung ciing khong bao gdm thuat ngit cu thé.

Thuét ngir “alkoxy” dugc su dung ¢ day la nhom alkyl lién két qua lién két ete

dAu cudi don; ¢6 nghia 13, nhém “alkoxy” ¢6 thé duoc dinh ra 1a —OZ' trong d6 Z' 1a

-10-
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alkyl dugc dinh ra nhu trén.

Thuéat ngir “alkenyl” dugc su dung ¢ day 1a nhom hydrocarbon c¢ tir 2 dén 24
nguyén tir cacbon cé cong thirc cAu tao chira it nhat mot lién két doi cacbon-cacbon.
CAu tao bit d6i xtng nhu (ZIZZ)C=C(Z3Z4) nhim bao gdm cé hai dong phan E- va Z-.
Viéc nay co thé duoc gia dinh trong cong thirc ciu tao & day trong do c6 alken bat dbi
xtng, hodc c6 thé dugc chi ra rd rang bang ky hiéu lién két C=C. Nhom alkyl c6 thé
duoc thé boi mot hodc nhiéu nhém bao gdm, nhung khong bi gisi han, alkyl, alkyl
duoc halogen hoéa, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, aldehit, amin, axit
carboxylic, este, ete, cac halogenua, hydroxy, keton, nitro, silyl, sulfo-oxo, sulfonyl,
sulfon, sulfonat, sulfoxit, hodc thiol, nhu dugc mo ta dudi day.

Thuat ngir “alkynyl” dugc st dung ¢ day 1a nhém hydrocarbon c6 tir 2 dén 24
nguyén ti cacbon cé cong thuc chu tao chua it nhit mot lién két ba cacbon-cacbon.
Nhém alknyl ¢6 thé duoc thé boi mot hodc nhiéu nhém bao gdm, nhung khong bi gisi
han, alkyl, alkyl dugc halogen hoa, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, aldehit,
amin, axit carboxylic, este, ete, cac halogenua, hydroxy, keton, nitro, silyl, sulfo-oxo,
sulfonyl, sulfon, sulfonat, sulfoxit, hodc thiol, nhu dugc mo ta dudi day.

Thuat ngit “aryl” dugc st dung ¢ ddy 1a nhom ma chira nhém thom gbc cacbon
bat ky bao gdm, nhung khong bi gi¢i han, benzen, naphtalen, phenyl, biphenyl,
phenoxybenzen, va twong tu. Thudt nglt “heteroaryl” dugc dinh ra 1a nhém ma chira
nhom thom ma c6 it nhat mot nguyén tir khic loai két hop trong vong nhém thom.
Céc vi du vé cac nguyén tir khac loai bao gdm, nhung khong bi gi6i han dbi voi, nito,
oxy, luu huynh, va phospho. Thuét ngit “khong heteroaryl,” ma bao gdm thudt ngir
“aryl,” 1a nhom ma chira nhém thom ma khong chtra nguyén tir khic loai. Nhom aryl
hoic heteroaryl c6 thé duge thé hoic khong dugc thé. Nhom aryl hodc heteroaryl c6
thé duoc thé bdi mot hodc nhiéu nhém bao gdm, nhung khong bi gi¢i han, alkyl, alkyl
duoc halogen hoda, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, aldehit, amin, axit
carboxylic, este, ete, cac halogenua, hydroxy, keton, nitro, silyl, sulfo-oxo, sulfonyl,
sulfon, sulfonat, sulfoxit, hodc thiol nhu dugc mo ta ¢ day. Thuat nglr “biaryl” 1a kiéu
dic biét ctia nhém aryl va bao gdm trong dinh nghia aryl. Biaryl vién dan dén hai
nhom aryl ma dugc lién két cing nhau gua két cau vong ngung tu, nhu trong

naphtalen, hodc dugc gén qua mot hodc nhiéu lién két cacbon-cacbon, nhu trong
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biphenyl.

Thuét ngir “xycloalkyl” dugc st dung & day la vong gbc cacbon khong thom
bao gbm it nhat ba nguyén tir cacbon. Cac vi du vé cac nhom xycloalkyl bao gom,
nhung khong bi giéi han, xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, v.v...
Thuét ngit “heteroxycloalkyl” 1a nhém xycloalkyl nhu dugc dinh ra trén trong do it
nhét mot trong cac nguyén tir cacbon ciia vong dugc thé boi nguyén tir khac loai nhur,
nhung khong bi gidi han, nito, oxy, luu huynh, hodc phospho. Nhom xycloalkyl va
heteroxycloalkyl ¢o thé duoc thé hodc khong duoc thé. Nhom xycloalkyl va
heteroxycloalkyl c6 thé duge thé boi mot hodc nhiéu nhém bao gém, nhung khong bi
giéi han, alkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, aldehit, amin, carboxylic
acid, este, ete, cac halogenua, hydroxy, keton, nitro, silyl, sulfo-oxo, sulfonyl, sulfon,
sulfonat, sulfoxit, hodc thiol nhu dugc mo ta & day. Trong céc vi du cu thé nhat dinh
xycloalkyl 1a Cs-g xycloalkyl.

Thuét ngit “xycloalkenyl” dugc st dung ¢ day la vong gbc cacbon khong thom
bao gdm it nhat ba nguyén tir cacbon va chua it nhét mot lién két doi, cé nghia la,
C=C. Céc vi du vé& cac nhom xycloalkenyl bao gém, nhung khong bi gidi han,
xyclopropenyl, xyclobutenyl, xyclopentenyl, xyclopentadienyl, xyclohexenyl,
xyclohexadienyl, va tuwong tu. Thuat ngit “heteroxycloalkenyl” Ia kiéu nhom
xycloalkenyl nhu dugc dinh ra trén, va bao gdm trong nghia cta thuit ngit
“xycloalkenyl,” trong do¢ it nhit mot trong nguyén tir cacbon ctia vong duoc thé boi
nguyén tir khac loai nhu, nhung khong bi giéi han, nito, oxy, luu huynh, hodc
phospho. Nhom xycloalkenyl va heteroxycloalkenyl c6 thé duoc thé hodc khong duoc
thé. Nhom xycloalkenyl va heteroxycloalkenyl c6 thé dugc thé boi mot hodc nhidu
nhom bao gdm, nhung khong bi giéi han, alkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, aldehit, amin, carboxylic acid, este, ete, cdc halogenua, hydroxy, keton,
nitro, silyl, sulfo-oxo, sulfonyl, sulfon, sulfonat, sulfoxit, hodc thiol nhu dugc mo ta &
day.

Thuét ngit “nhém c6 vong” duoc sir dung & day vién dan dén hoic 1 cdc nhom
aryl, cac nhom khong aryl (cé mghia la, cac nhom xycloalkyl, heteroxycloalkyl,
xycloalkenyl, va heteroxycloalkenyl), hodc ca hai. Cdc nhom c6 vong ¢6 mot hodc

nhiéu hé vong ma co6 thé dugc thé hodc khong duoc thé. Nhom c6 vong c¢6 thé chira
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mot hodc nhiéu nhom aryl, mot hodc nhiéu nhom khong aryl, hodac mot hoac nhiéu
nhém aryl va mot hodc nhiéu nhom khong aryl.

Thuét ngtr “aldehit” dugc st dung & day biéu dién bang cong thirc —C(O)H.
Trong toan by phdn md ta “C(O)” hogc “CO” 1 ky hi¢u viét tat ding cho C=0, ma
con dugc goi la “carbonyl.”

Thuat ngir “amin” hodc “amin” dugc st dung ¢ ddy duoc biéu dién bang cong
thitc —NZ'72, trong d6 mdi Z' va Z* ¢6 thé nhom thé nhu dugc mo ta & diy, nhu
nhom hydrogen, alkyl, alkyl duoc halogen hoda, alkenyl, alkynyl, aryl, heteroaryl,
xycloalkyl, xycloalkenyl, heteroxycloalkyl, hodc heteroxycloalkenyl dugc néu trén.
“Amido” la
—C(O)NZ'Z?.

Thuat ngir “axit carboxylic” dugc st dung & day duoc biéu dién bang cong
thuc —C(O)OH. Nhém “carboxylat” hoac “carboxyl” dugc s dung ¢ day duoc biéu

dién bang cong thirc

—C(0)O.
Thuat nglr “este” dugc st dung & diy duoc biéu dién bang cong thiec —
0C(0)Z! hoic

—C(0)0Z', trong d6 Z' c6 thé 1a nhém alkyl, alkyl dugc halogen héa, alkenyl,
alkynyl, aryl, heteroaryl, xycloalkyl, xycloalkenyl, heteroxycloalkyl, hodc
heteroxycloalkenyl néu trén.

Thuat ngit “ete” dugc su dung & day duoc biéu dién bang cong thirc 7'07%,
trong dé 7! va 7% ¢6 thé 1a, doc 1ap, nhom alkyl, alkyl dugc halogen hoa, alkenyl,
alkynyl, aryl, heteroaryl, xycloalkyl, xycloalkenyl, heteroxycloalkyl, hoéc
heteroxycloalkenyl néu trén.

Thuat nglt “keton” dugc st dung ¢ day dugc biéu dién biang cong thirc
7'C(0)Z?, trong d6 7' va 7* ¢6 thé 1a, doc 1ap, nhom alkyl, alkyl dugc halogen hoa,
alkenyl, alkynyl, aryl, heteroaryl, xycloalkyl, xycloalkenyl, heteroxycloalkyl, hodc
heteroxycloalkenyl néu trén.

Thuét ngit “cac halogenua” hodc “halogen” dugc sit dung ¢ day vién dan dén
florin, clorin, bromin, va iodin. Thudt ngit twong ung “halo”, v du, flo, clo, brom, va

iodo duoc st dung & ddy vién dan dén goc hodc ion twong Gmg.
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Thuét ngir “hydroxyl” dugc sir dung & ddy duoc biéu dién bang cong thuc —
OH.

Thuét ngit “xyano” dugc sit dung & ddy dugc biéu dién bang cong thire —CN.,
Xyanua duoc sir dung vién dan dén ion xyanua CN'".

N, e

Thuét ngit “nitro” dugc sit dung & ddy duge biéu dién bang cong thirc —NO,.

Thuat ngr “silyl” dugc st dung & ddy duoc biéu dién bang cong thic —
SiZIZZZ3, trong do Zl, Zz, va Z° ¢6 thé la, doc lap, nhom hydrogen, alkyl, alkyl duoc
halogen hda, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, xycloalkyl, xycloalkenyl,
heteroxycloalkyl, hodc heteroxycloalkenyl dugc néu trén.

Thuat ngit “sulfonyl” duoc st dung & ddy vién dan dén nhém sulfo-oxo dugc
bidu dién bing cong thire —S(0),Z', trong d6 Z' ¢6 thé 1a nhom hydrogen, alkyl,
alkyl dugc halogen hoéa, alkenyl, alkynyl, aryl, heteroaryl, xycloalkyl, xycloalkenyl,
heteroxycloalkyl, hodc heteroxycloalkenyl dugc néu trén.

Thuat ngir “sulfonat” dugc st dung & ddy vién dan dén nhém sulfo-oxo duoc
bidu dién boi cong thirc —OSO,Z', trong d6 Z' ¢6 thé 1a nhém hydrogen, alkyl, alkyl
duoc halogen hoa, alkenyl, alkynyl, aryl, heteroaryl, xycloalkyl, xycloalkenyl,
heteroxycloalkyl, hodc heteroxycloalkenyl néu trén.

Thuat ngfr “sulfonylamin” hodc “suifonamit” duge st dung & ddy dugc biéu
dién bang cong thirc —S(0),NH—.

Thuét ngit “thiol” dugc st dung & ddy duoc biéu dién bang cong thirc —SH.

Thuat ngit “thio” dugc st dung & ddy duoc biéu dién bang cong thirc —S—.

“Rl,” “R27 SRR vy trong do n la mot s s6 nguyén, duoc st dung &
day co6 thé, doc lap, c6 mot hodc nhidu nhém duge liét ké néu trén. Vi du, néu R' 1a
nhom alkyl mach thing, mot trong cac nguyén tir hydro ctia nhom alkyl c6 thé dugc
thé tuy y boi nhém hydroxyl, nhém alkoxy, nhém amin, nhém alkyl, cdc halogenua,
va tuong tu. Phu thudc vao cac nhém ma duoc chon, nhom thir nhét c6 thé 1a duoc két
hop trong nhém thir hai hodc, ngoai ra, nhém thir nhét c6 thé déi xtimg (cé nghia la,
duogc gén) v6i nhom thtr hai. Vi du, v6i cum tir “nhém alkyl bao gdm nhém amin,”
nhém amin c6 thé duge két hop voi mach chinh ciia nhém alkyl. Ngoai ra, nhém amin
¢6 thé duge gin voi mach chinh ctia nhém alkyl. Ban chét ciia (cac) nhom c6 nghia 1a

duoc chon s€ xac dinh néu nhom tha nhat dugce dat hoic duoc gén vao nhom thr hai.
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Trir khi duge quy dinh nguoc lai, cong thirc ¢6 cic lién két hoa hoc chi dugc
thé hién 1a cac duong nét lién va khong 14 hinh ném hozc duong nét gach du dinh mdi
dong phan c6 thé c6, vi du, mdi each ddng phan ddi hinh, déng phan khong d6i quang,
va hop chit rung gian, va hdn hop céc dong phéan, nhu hén hop triét quang hodc
scalemic.

Hién tai cac vién dan s& dugc thuc hién chi tiét theo cac khia canh cu thé cua
cac vat liéu da néu, céc hop chét, ché phém, vat dung, va cac phuong phéap, vi du ma

duoc minh hoa trong cac Vi du va hinh vé di kem.

Cac phuong phép thuc hién sang ché

Sang ché d& cép dén cac phuong phap flo héa nén nhit dinh ma s dung
tetrametylamoni florua (NMe4F) lam ngudn florua khan c6 thé hoa tan. NMe,F c6 thé
mang lai vu diém nhit dinh nhu: (1) ¢6 thé dugc diéu ché tir NMeyCl va KF hodc
NMe,OH va HF gia ré (Dermeik, S.; va cong su, J. Org. Chem. 1989;54:4827,
Tunder, R.; va cong su, J. Inorg. Nucl. Chem. 1963:25:1097; Christe, K.O.; va cong
su, J. Am. Chem. Soc. 1990;112:7619; EP 0457966 Al; DE1191813 B, ma két hop &
day trong toan b chung cho viéc huéng dan diéu ché NMeyF); va (2) co thé duoc 1am
khé chinh xac & nhiét do cao (khong giéng NBuyF, ma co thé d& loai bo khi gia nhiét)
(Sharma, R.K.; va cong su, J. Org. Chem. 1983;48:2112). C¢ it tai liéu bao cao vé
viéc sir dung NMe4F‘khan trong phan tng flo hoa (hetero)aren. Vi du, Grushin béo
c4o viéc flo hda cua aryl bromua chua hoat héa vdi NMeyF trong DMSO ¢ nhiét do
90-110°C (Grushin, V.V.; va cong su, Organometallics 2008;27:4825). Cac phan ung
nay cung cip hdn hop san pham regioisomeric véi higu sudt binh thuong (10-65%), va
co cAu aryn dugc d& xuét cho su bién dbi nay. Clark va cdng sw da chimg minh nhiéu
vi du vé cac phan tng flo khir nito SyAr cta nitroaren sit dung NMeyF khan (Boechat,
N.; va cong su, J. Chem. Soc., Chem. Commun. 1993;921; Adams, D.J.; va cOng su, J.
florin Chem. 1998;92:127; Clark, J.H.; va cong su J. florin Chem. 1995;70:201; Clark,
JH.; va cong su, Tetrahedron Lett. 1993;34:3901; Clark, J.H.; va cong su, J. Chem.
Res. 1994:478). Cac phan Gng nay dugc thuc hién dién hinh & nhiét do nam trong
khoang tir 60-100°C, va cac san phém phu khéc nhau (vi du, arylet, phenol) duoc tao
ra trong cac hé nay (Id., Adams, D.J.; va cong su, Tetrahedron 1999;55:7725; Adams,
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D.J.; va cong su, J. florin Chem. 1999;94:51; Maggini, M.; va cOng su, J. Org. Chem.
1991;56:6406). Trong qua trinh flo khtr nito dugc nghién ctru chuyén sau st dung
NMe,F, chi ¢c6 mdt sb vi du duge béo céo vé viée st dung cua chung trong phan ung
halex SyAr, va pham vi nén ciia cic phan Gng nay khong dugc nghién ctru rong rai
(Id.; Filatov, A.A.; va cong su, J. florin Chem. 2012;143:123; Smyth, T.; va cOng su,
Tetrahedron 1995;51:8901). Thuc vay, trong nhiéu béo cdo, su chuyén dbi aryl clorua
thanh aryl florua dugc bao cdo la phan tng phu khong mong mudn cta phan tng flo
khtr nito (Adams, D.J.; va cong su, Tetrahedron 1999;55:7725; Adams, D.J.; va cOng
su, J. florin Chem. 94:51, 1999). Ciing ¢6 cac nghién ctu tong hop twong tmg vé ty 18
phan ung flo hdéa SyAr lam chirc ndng cua nhom chuyén doi, va hau hét cac nghién
ctru nay dugc thuc hién trong pham vi ctia qua trinh birc xa flo hoa (Karramakam, M.;
va cong su, Bioorg. Med. Chem. 2003;11:2769; Al-Labadi, A.; va cong su, J
Radioanal. Nucl. Chem. 2006;270:313; Guo, N.; va cong su, Appl. Radiat. Isot.
2008;66:1396; Dolci, L.; va cong su, J. Labelled Compd. Radiopharm. 1999;42:975).

O day, sang ché dé cap dén su flo hoa SyAr & nhiét do trung binh (vi du, nim
trong khoang tir 0 dén 80°C) ctia loai halogenua va sulfonat dugc thé nén aryl va
heteroaryl stt dung NMeyF. Duoc thé hién 1a tbc do phan Gng thay ddi dot ngot lam
chirc ning ctia nhém doi chuyén, véi nitroaren va aryl bromua tao ra phan tng nhanh
nhét. Dugc thé hién 1a NMe,F ¢ thé duoc st dung cho su flo hda su thay ddi cua
clopicolinat lién quan dén cong nghiép cling nhu céc chét nén (hetero) thom thiéu dién
tir khac. Cac phan tng thuong dugc thuc hién theo hiéu suét wu viét, va nhiét do trung
binh gidi han sy hinh thanh céc san phém phu dugc dan xuét tir viéc hoan thanh céac
cach chuyén vi este va/hodc khir proton. C4c phuong phép sdng ché bao gdém budc két
hop tetrametylamoni florua va nén aryl hoic heteroaryl duge thé boi it nhat mot trong
nhom clo, brom, iodo, nitro, hodc sulfonat. Cac vi du vé cac nhom sulfonat thich hop
1a triflat (OTY), mesylat, esylat, besylat, va tosylat, va tuong tu.

T hop cia tetrametylamoni florua va nén aryl hodc heteroaryl ¢ thé dwgc két
hop bang cic phuong phép da biét trong linh vuc k¥ thuat. Vi duy, tetrametylamoni
florua c6 thé duge bd sung vao nén aryl hodc heteroaryl. Dién hinh, viéc bd sung c6
thé dugce két hop thanh hdn hop, khudy, léc hodc dang khudy. Ngoai ra, chit nén aryl

hoidc heteroaryl c6 thé dugc bd sung vao tetrametylamoni florua. Ngoai ra viéc bo

-16-



35247

sung nay c6 thé duoc két hop thanh hdn hop, khudy, lic hodc dang khudy. Theo vi du
khac, tetrametylamoni florua va aryl hodc heteroaryl ¢6 thé duoc bd sung dong thoi
v6i nhau. Cac qué trinh x Iy ndy bt ky ¢ thé duoc thuc hién xir Iy hang loat hodc
chung c6 thé duogce xir 1y lién tuc.

Luong tetrametylamoni florua c6 thé thay ddooiro phu thudc vao chét nén aryl
hodc heteroaryl cu thé. Trong céc vi du nhéat dinh, tr 0,5 dén 10 duong luong
tetrametylamoni florua c¢6 thé dwoc st dung trén dugc lwong chdt nén aryl hoic
heteroaryl. Vi du, tur 0,5 dén 9 duong lugng, tur 0,5 dén 8 duong luong, tir 0,5 dén 7
duong luong, tir 0,5 dén 6 duong lugng, tir 0,5 dén 5 dwong luong, tir 0,5 dén 4 duong
lugng, tir 0,5 dén 3 duong lugng, tur 0,5 dén 2 duong luong, tu 1 dén 10 duong luong,
tir 1 dén 9 duong lugng, tir 1 dén 8 dwong luong, tir 1 dén 7 dwong luong, tir 1 dén 6
duong luong, tir 1 dén 5 duong luong, tir 1 d&én 4 duong luong, tir 1 dén 3 duong
lugng, tur 1 dén 2 duong luong, tir 2 dén 9 duong lugng, tir 2 dén 8 duong lugng, tur 2
dén 7 duong luong, tir 2 dén 6 duong luong, tir 2 dén 5 dwong luong, tir 2 dén 4
dwong luong, tir 2 dén 3 duong luong tetrametylamoni florua ¢ thé dugc st dung trén
duoc lugng chéat nén aryl hodc heteroaryl. Theo mdt s6 vi du cu thé, tir 0,5 dén 5
duong luong, tr 0,5 dén 5 dwong luong, hoic tr 1 dén 2 duong lugng
tetrametylamoni florua c6 thé trén duong luong cia chét nén aryl hodc heteroaryl.

Viéc bd sung cac vat liéu c6 thé duogc két hop & nhiét do nam trong khoang tur
0°C dén 80°C. Vi du, tetrametylamoni florua va chat nén aryl hoic heteroaryl c6 thé
duoc két hop trén 0°C, trén 10°C, trén 20°C, trén 30°C, trén 40°C, trén 50°C, trén
60°C, hoac trén 70°C. Theo cac vi du khéc, tetrametylamoni florua va chit nén aryl
hodc heteroaryl co thé dugc két hop & dudi 80°C, dudi 75°C, dudi 65°C, dudi 55°C,
dudi 45°C, duéi 35°C, dudi 25°C, hodc dudi 15°C. Van theo cac vi du khac,
tetrametylamoni florua va chét nén aryl hodc heteroaryl c6 thé duogc két hop 60, 5, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, hodc 80°C ma bt ky céc tri sb da biét
c6 thé tao ra diém dau trén hodc dudi hodc khodng. Ciing theo cac vi du,
tetrametylamoni florua va chét nén aryl hodc heteroaryl c6 thé duoc két hop & nhiét do
tir 10°C dén 60°C, tir 20°C dén 40°C, tir 25° dén 35 °C, tir 50°C dén 80°C, tlr 55°C
dén 75 °C, tir 0°C dén 40°C, tir 40°C dén 70°C, hodc tir 15°C dén 50°C. Theo vi du cu
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thé, tetrametylamoni florua va chat nén aryl hodc heteroaryl c6 thé dugc két hop &
nhiét d6 trong phong.

Tetrametylamoni florua va nén aryl hodc heteroaryl c6 thé duoc két hop trong
khoang thoi gian tr 1 phut dén 24 gid. Vi dy, tetrametylamoni florua va chat nén aryl
hoic heteroaryl c6 thé duge két hop trong thdi gian 16n hon 1 phit, 16n hon 15 phut,
16n hon 30 phat, 16n hon 1 gio, 16n hon 3 gid, 16n hon 5 gid, 16n hon 10 gid, 16n hon
15 gio, hodc 16n hon 20 gio. Trong cac vi du khéc, tetrametylamoni florua va chét
nén aryl hoic heteroaryl c6 thé duoc két hop trong thoi gian nho hon 24 gid, nho hon
20 gi®, nho hon 12 gio, nhé hon 8 gid, nhd hon 6 gid, nho hon 4 giv, nho hon 2 gio,
nho hon 45 phut, hodac nhé hon 20 phut. Van theo cic vi du khic tetrametylamoni
florua va chét nén aryl hodc heteroaryl c6 thé dugc két hop trong thoi gian 1 phit, 5
phut, 10 phut, 20 phut, 40 phut, 1 gio, 1,5 gio, 2 gio, 2,5 gio, 3 gio, 3,5 gio, 5 gio, 6
gio, 7 gio, 8 gio, 9 gio, 10 gio, 11 gio, 12 gio, 13 gio, 14 gio, 15 gio, 16 gio, 17 gio,
18 giv, 19 gid, 20 gio, 21 giv, 22 gid, 23 gio, hodc 24 giv, ma bat ky tri s6 da biét co
thé tao ra diém dAu trén hodc dudi hodc trén cua khoang thoi gian. Van theo céc vi du
khac, tetrametylamoni florua va chat nén aryl hodc heteroaryl c6 thé dugc két hop
trong thoi gian tir 1 phut dén 3,5 gio, tir 10 phit dén 2 gid, tir 1 phit dén 1 gio, hogc tir
1 gio dén 3 gio.

Céc dung mdi ciing c6 thé duoc sir dung trong cac phuong phap da néu. Vi du,
tetrametylamoni florua va nén aryl hodc heteroaryl c6 thé duogc két hop v6i su c6 mat
cia dung moi. Cic dung moi ¢o thé dugec bd sung vao cac chit nén hoic
tetrametylamoni florua, hodc t6 hop bét ky clia cac chét nay. Dung mai thich hop ¢6
thé 1a dung moi khong proton c6 cuc. Theo céac vi du nhit dinh, dung méi c6 thé 1a
mot hodc nhiéu dimetylformamit (DMF), dimetylaxetamit (DMAc), sulfolan,
dimetylsulfoxit (DMSO), hodc céac chét tuong tu cua chung dugc doteri héa. Cac vi
du khac v& cac dung mdi ma c6 thé duogc sir dung 1a tetrahydrofuran (THF), N-
metylpyrolidon (NMP), va benzonitril. BAt ky trong cac dung mdi don hodc to hop
nay voi cac dung moi khéac co thé duoc st dung trong cac phuong phap dugce néu &
day.

Néu duoc sir dung trong cac phuong phap di néu, lugng dung mdi c6 thé thay

dbi phu thudc vao chit nén aryl hoac heteroaryl cu thé. Theo cac vi du nhét dinh, tur
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khoang 0,5 dén khoang 5 duong luong dung mdi c6 thé dugc sir dung trén mdi duong
lugng cua chit nén aryl hoac heteroaryl. Vi du, nam trong khoang tr 0,5 dén khoang
4,5 duong luong, nam trong khoang tir 0,5 dén khoang 4 dwong lugng, nim trong
khoang tir 0,5 dén khoang 3,5 dwong lugng, nam trong khoang tir 0,5 dén khoang 3
dwong lugng, nam trong khoang tir 0,5 dén khoang 2,5 dwong luong, nim trong
khoang tir 0,5 dén khoang 2 dwong luong, nim trong khoang tir 0,5 dén khoang 1,5
dwong lugng, nam trong khoang tir 0,5 dén khoang 1 equivalent, nam trong khoang tir
1 dén khoang 5 duong luong, nim trong khoang tir 1 dén khoang 4,5 duong luong,
ndm trong khoang tir 1 dén khoang 4 duong lugng, nim trong khoang tir 1 dén khoang
3,5 duong luong, nim trong khoang tir 1 dén khoang 3 duong luong, niam trong
khoang tir 1 dén khoang 2.5 duong lugng, nim trong khoang tir 1 dén khoang 2 duong
lwong, nam trong khoang tir 1 dén khoang 1,5 duong luong, nam trong khoang tir 1,5
dén khoang 5 duong luong, nim trong khoang tir 1,5 dén khoang 4,5 duong luong,
nam trong khoang tir 1,5 dén khoang 4 dwong lugng, niam trong khoang tir 1,5 dén
khoang 3.5 duong lugng, ndm trong khoang tir 1,5 dén khoang 3 duwong lugng, nim
trong khoang tur 1,5 dén khoang 2,5 duong lwong, nim trong khoang tir 1,5 dén
khoang 2 dwong lugng, nam trong khoang tir 2 dén khoang 5 duong luong, nim trong
khoang tir 2 dén khoang 4,5 duong lugng, nim trong khoang tir 2 dén khoang 4 duong
~ lwong, nam trong khoang tir 2 dén khoang 3,5 dwong luong, nam trong khoang tir 2
dén khoang 3 duong luong, nam trong khoang tir 2 dén khoang 2.5 duong luong, nim
trong khoang tur 2,5 dén khoang 5 duong lugng, nim trong khoang tir 2,5 dén khoang
4,5 duong luong, nim trong khoang tir 2,5 dén khoang 4 dwong luong, nim trong
khoang tu 2,5 dén khoang 3,5 duong luong, nim trong khoang tir 2,5 dén khoang 3
dwong lugng, nam trong khoang tir 3 dén khoang 5 duong lwong, nam trong khoang tir
3 dén khoang 4,5 duong luong, nim trong khoang tir 3 dén khoang 4 duong luong,
nam trong khoang tir 3 dén khoang 3,5 dwong luong, nim trong khoang tir 3,5 dén
khoang 5 dwong luong, nam trong khoang tir 3,5 dén khoang 4,5 duong luong, nim
trong khoang tir 3,5 dén khoang 4 duong luong, nim trong khoang tir 4 dén khoang 5
duong lugng, nim trong khoang tir 4 dén khoang 4,5 duong lugng, hoic nam trong
khoang tir 4,5 dén khoang 5 duong lugng dung mdi c6 thé duoc sir dung trén mdi

duong lugng cua chét nén aryl hoic heteroaryl.
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[I-A I1I-B
trong d6 D 1a B hodc F; va G 1a C hoac F.
Theo céc vi du nita, tetrametylamoni florua c6 thé duoc két hop v&i nén

heteroaryl va nén heteroaryl c6 Cong thirc ITI-A:

A
&
P - X2
R4/ X
III-A

trong do

mdt trong s6 X' va X* 1a N va nhém con lai 1a CH hodc C-A;

A 1a CL, Br, I, NO,, hodc SO;R’;

R’ doc lap voi nhau 1a C;-Cyp, alkyl, C,-Cj, alkenyl, C,-C, alkynyl,

heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl dugc thé tuy y; va

R*1a H, duoc thé hoac khong dugc thé C;-Cy, alkyl, duogc thé hoac khong duoc
thé C,-Cy, alkenyl, duoc thé hodc khong duge thé C-Cy, alkynyl, CN, SO,R’, hoac?,
COZR3 , aryl dugce thé hoic khong duogc thé, heteroaryl dugc thé hodc khong duoc thé.
San phim flo hoa thu duge c6 thé dugc luu ¥ trong cong thie III-A ma A dugc thay
thé bang F hodc nhu duoc thé hién duéi cong thirc I11-B

F
NG
A 2 X‘//X2

III-B.

Van theo cac vi du, tetrametylamoni florua c6 thé dugc két hgp véi nén

heteroaryl va nén heteroaryl c6 Cong thirc IV-A:
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Theo mdt sb6 vi du, hé bao g6m tetrametylamoni florua, chat nén aryl hoac
heteroaryl, va dung méi (néu ¢6) khan. Do d6, tetrametylamoni florua c6 thé 1a khan.
Chét nén aryl va heteraryl ciing c6 thé 12 khan. Dung méi ciing c6 thé 1a khan. Cac
phuong phéap da néu, tuy nhién, da dugc phat hién dé chiu su c6 mit cua nude. Do do,
trong mot s6 vi du & ddy, tetrametylamoni florua, chat nén aryl hoic heteroaryl, dung
mdi, hodc td hop bét ky cta hop chét nay c6 thé chira nude. Vi du, ¢6 thé 1én dén 2
duong lugng nudce trén mdi duong luong tetrametylamoni florua. Trong cic vi du
khéc, co thé 1én dén 1,5 duong luong, 1 duong lugng, 0,5 duong lugng, hoac 0 ,1
duong lugng nude trén mdi duong lugng tetrametylamoni florua.

Theo céc vi du cu thé cua cac phuong phap di néu, tetrametylamoni florua va
nén aryl hodc heteroaryl c6 thé duoc két hop & khoang nhiét do trong phong va dung
mdi [ dimetylformamit.

Céc chit nén

Uu diém cua cac phuong phép do 1a chung c6 thé hitu hiéu & qua trinh flo hoa
su khac nhau 16n cua cac chat nén. Pic biét phi hop khi flo héa chat nén aryl va
heteroaryl. Theo céc vi du cu thé, tetrametylamoni florua c6 thé duoc két hop véi nén

heteroaryl va nén heteroaryl c6 Cong thirc I-A hoic I-B:

trong do

A 1a C, Br, I, NO,, hodc SO;R’;

B 1a H, Cl, Br, I, NO,, hodc SO;R’;

C 1a H, C1, Br, I, NO,, hogc SO;R’;

R! 1a H, CN, SO,R?, hodc CO,R’, trong d6 mdi R’ doc 1ap vi nhau 1a C;-Cy
alkyl, C,-C;, alkenyl, C,-C;, alkynyl, heteroxycloalkyl, heteroaryl,
xycloalkyl, hodc aryl dugc thé tiry y; va

R% 1a H, aryl dugc thé hoac khong dugc thé, heteroaryl dugc thé hoac khong

duoc thé. San phim flo héa thu duoc c6 thé c6 cong thire II-A hodc 1I-B
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R3 dGC lé.p v6i nhau la CI'CIZ alkyl, Cz-clz alkenyl, C2-C12 alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl duoc thé tiy y. San pham flo hoa

thu duoc c6 thé ¢ cong thirc V-B

V-B.
Van theo cac vi du nita, tetrametylamoni florua cé thé duoc két hop véi nén

heteroaryl va nén heteroaryl c6 thé c6 Cong thie VI-A, VI-B, hoic VI-C:

B A
B | A B [ B
/,N //N
R? RZ "N
VI-A VI-B

trong do

A 12 Cl, Br, I, NO,, hodc SO;R’;

mdi B doc 1ap véi nguyén ti khac 1a H, CI, Br, I, CN, NO,, SO,R’, SO,R?, R,
COR?, hoic CO,R’;

R* 1a H, aryl dugc thé hoac khong dugc thé, heteroaryl dugc thé hoic khong
duoc thé;

R’ doc 1ap va6i nhau la Ci-Cypp alkyl, C,-Cy, alkenyl, C,-Cj, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl duoc thé tuy y. San phim flo hoa
thu duoc ¢co thé c6 cong thuc VI-D, VI-E, hodc VI-F:

D F D
D~ F D | P Fe P
~-N -N -N
RZ "N R °N hoge R?® N
VI-D VI-E VI-F

trong d6 mdi D duge chon doc 1ap tir B hodc F.
Van theo cic vi du nita, tetrametylamoni florua c6 thé dugc két hop v6i nén

heteroaryl va nén heteroaryl c6 thé c6 Cong thirc VII-A:
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C
C N B
A
B N A
IV-A

trong do

A 1a CL Br, I, NO,, hoic SO;R’;

mdi B doc 1ap v6i nguyén ti khac 1a H, Cl, Br, I, NO,, SO;R’, SO,R’ CN, R?,
COR?, hodc CO,R?;

mdi C doc 1ap v6i nguyén tir khéc 1a H, Cl, Br, I, NO,, SO;R’, SO,R’ CN, R?,
COR?, hodc CO,R?;

R’ doc 1ap véi nhau la C-Cy, alkyl, C,-Cy; alkenyl, C,-C;, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl duoc thé tuy y. San phdm flo hoa
thu dugc c6 thé c6 cong thiuc TV-B

G
G X D
L
D N F
IV-B

trong do mdi D ddc 1ap dugc chon tir B hodc F; va mdi G doc 1ap duoc chon tir C hodc
F. V6i céc chat nén nay, su flo hoa c6 thé xay ra wu tién & 2 vi tri. Vi vay khi bét ky
trong s6 B va C 1a Cl, Br, I, NO,, SO3R3, nhém D va G tuong Ung trong san phém
khong 1a F.

Theo céc vi du nita, tetrametylamoni florua c6 thé dugc két hop v6i chat nén

nén aryl va chat nén aryl c6 Cong thic V-A:

(B)n
5
=
A
V-A
trong do

A 1a Cl, Br, 1, hoic SO;R;
n la 0-5;

mdi B, doc l4p véi nhau, Cl, Br, I, CN, SO,R®, R?, COR®, hogc CO,R’;
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R? ] N R
R2ji N/jiA
VII-A

trong do

A 1a Cl, Br, I, NO,, hodc SO3R’;

mbi R® dugc chon doc 1ap véi nhau 1a H, cac halogenua, aryl dugc thé hoac
khong dugc thé, heteroaryl dugc thé hoic khong duogc thé; va

R’ doc 1ap v6i nhau la C-Cypp alkyl, C,-Cy, alkenyl, C,-Cj, alkynyl,

heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl dugc thé tiy y.

San phdm duoc flo hoa thu dugc ¢6 thé ¢ cong thire VII-B
R2. _N. _R?
XX
—
R "N °F
VII-B.

Van theo cac vi du nifa, tetrametylamoni florua c6 thé duoc két hop véi nén

heteroaryl va nén heteroaryl c6 thé c6 Cong thire VIII-A

RZ

R?2 | Ny
R2 N/)\A

VIII-A

A 1a Cl, Br, I, NO,, hodc SO;R’;

mdi R? doc 1ap véi nhau 1a H, aryl duoc thé hoic khoéng dugc thé, heteroaryl
duoc thé hoac khong dugc thé; va

R’ doc 14p voi nhau la C;-Cy, alkyl, C,-Cyp alkenyl, C,-C;, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl duoc thé tuy y.

Trong cac vi du cu thé ctia cac phuong phap da néu, NMe,F duge st dung cho
qua trinh flo hoa SyAr cta 5-clopicolinat 1 (két cdu motip duoc phat hién trong US
2012-0190548; US 2012-0190860; US 2015-0025238; US 2012-0190549; US 2009-
0088322; US 2007-0220629). Su chuyén héa nay dugc xem xét so bd ¢ nhiét do >100

°C, ma 1a cac diéu kién dugc dung thong thuong dung cho su flo hoa SyAr (Adams,
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D.J.; va cong su, Chem. Soc. Rev. 1999;28:225; Langlois, B.; va cong su, In Industrial
Chemistry Library; Jean-Roger, D.; Serge, R., Eds.; Elsevier: 1996; pp 244-292;
Allen, L.J.; va cong su, Org. Process Res. Dev. 2014;18:1045). Nhu duoc thé hién
trén Bang 1, phan tmg 1 ¢6 2 equiv NMe,F khan & nhiét do 140°C c6 thé chuyén doi
hoan toan 1 nhung chi 66% hiéu sudt san phim flopicolinat 2 (1an 1). Tuong tu & nhiét
d5 100°C, su chuyén ddi 1 1a dinh lvong, nhung hiéu suét 2 chi la 74%. Céc san phdm
phu chu yéu dugce quan sat trong su chuyén héa nay 1a axit carboxylic 2-CO,H va iso-
propyl ete 1-iPrO (So o 1).

Cl i~ NMe & F

jl\/lcozlpr 2100 °C, 24 h m "

Ph N Ph N~ "CO,iPr
(1) DMF (2)

F N iPrQ x
0T
Ph” N7 COH  Ph” N7 > COuPr
2-COH 1-iPrO
Céc san pham phu chi yéu dugc
quan séat & nhiét dé cao

Khi nhiét do phan tng thap hon, vi du, dén nhiét do trong phong , chuyén doi
hoan toan 1, cung véi hiéu suat dinh lugng 2 (Ién 5), dugc quan sat. Hon nfra, véi chi
1 equiv NMeyF khan, sy flo hda SyAr 1a 1 duge xur ly dén dén 80% hiéu suit & nhiét
do trong phong (l4n 7). Cac két qua nay ching minh 12 NMe,F khan c6 phan tng
tuong duong dbi v&i NBuyF khan duogc bao cdo trude (Allen, L.J.; va cdng su, J. Org.
Chem. 2014;79:5827) va céc chét phan Gng axyl azolium florua (Ryan, S.J.; va cong
su Org. Lett. 2015;17:1866).

Bang 1. Sy flo hoa SyAr cta 1 véi NMe,yF khan

Cla NMe ,F Fox
PhI“N)j\COé/Pr 24 h, DMF Ph :((I;l)j\COz/Pr

Lan®  equivNMeF  nhiét do (°C) Su chuyén hiéu suat®

doi
1 2 140°C 100% 66%
2 2 100°C 100% 73%
3 2 60°C 100% 85%
4 2 40°C 100% 95%
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5 2 Rt 100% 99%
6 2° Rt 0% <1%
7 1 Rt 80% 80%

“ Céc diéu kién: Chat nén 1 (0,1 mmol) va NMe,F khan duogc khudy trong DMF trong
thoi gian 24 h. ® Hidu sut duoc x4c dinh bing quang phd"’F NMR st dung 1,3,5-
triflobenzen 1am tiéu chuén.  NMe,F+4H,0 duoc st dung thay cho NMe,F khan.

Viéc st dung NMeyF+4H,0 duéi cac diéu kién khac tuong tu khong cé san
phim dugc flo héa (Bang 1, lan 6). Dua vao két qua nay, tac dung ctia H,O & phan
trng nhiét d6 trong phong la 1 véi 2 equiv NMeyF khan duoc néu. Theo nghién ctru
nay, dinh luong khac nhau cia nuéc duoc bd sung vao phan Urng ma dugc thiét lap
duéi cac didu kién khan (Bang 2). Viéc bd sung 1 equiv nudc thu duge trong viée khir
gin 25% theo hiéu sudt phan tmg (tir 99% dén 76%; tuong tng cac 1an 1 va 2). Tuy
nhién, viéc bd sung >2 equiv nudc lam dung phan Umg, va <1% hiéu suét cua 2 duoc
quan sat dugi cac didu kién nay (toan bd 3 va 4). Biflorua (HF,) 1a hop chit chinh
dugc phat hién bang phan tich quang phd F NMR & du phan ung (F NMR tuong
ung & —152,0 ppm trong CH,Cl,).

Bang 2. Tac dung cia nude trong phan tmg 1 v61 NMeyF

rt, 24 h, DMF | pz

Ph” N7 > CO,Pr Ph” N7 > CO,Pr
(1) (2)

2 equiv Nme4F
XX equiv H20

lan”  equiv hiéu suit”
H,0O

1 0 99%

2 1 76%

3 2 1%

4 5 <1%

“C4c didu kién: Chét nén 1 (0,1 mmol) va NMe,F khan (0,2 mmol) duge két hgp vao
lo 4 mL. DMF (0,2 M) va nudc dugc két hop va duoc bd sung lam dung dich vao chét
ran. Phan ung dugc khudy & nhiét do trong phong trong thoi gian 24 h. "Hiéu sut
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duge xac dinh bing quang phé'’F NMR st dung 1,3,5-triflobenzen l1am tiéu chuén

bén trong.

Pham vi cac chit nén aryl-X (X = Cl, Br, I, OTf, NO,) dung cho su flo hda
SNAr v6i NMe,F khan ciing duge xem xét. Chudi chét nén benzonitril duoc thé 2 co
sn trén thi truong 3a-e duoc st dung. Cac hop chit 3a-e phan tmg cham vdi 2 equiv
NMeyF khan ¢ nhiét d§ trong phong, tao ra hi¢u suét 4 nam trong khoang tir 2 dén
98% sau thoi gian 48 h (Bang 2). Trong hau hét cac trudng hop, tbc do nhanh hon
dang ké duoc quan sat ¢ nhiét do 80°C, va 3a-d tao ra 4 ¢ hiéu suét 88-99% sau thoi
gian 3h ¢ nhiét d6 80°C (Bang 2, céc lan 1-4). Nguoc lai, aryl triflat 3e duogc thé hién
trong dbi nho & nhiét do 80°C, ngay & thoi gian phan ung 1én dén 48h (lan 5). Cac
nghién ctru vé thoi gian duoc thuc hién dé thu dugc hiéu biét chi tié hon vé toc do
tuong ung cua su flo hoa ctia cac chat nén 3a-e. Nhu duge thé hién trén Fig , 1, toc do
tuong di 1a NO, >> Br > C1 > I >> OTf. 2-Nitrobenzonitril 3d dwgc phan tng dé tao
ra hiéu sudt dinh lugng gan 4 ngay trong thoi gian 5 phut & nhiét do 80 °C, trong khi
tat ca ba chit nén halogenua duoc tao ra chuyén dbi dinh luowngj trong thoi gian 3h
duéi cac diéu kién khac tuong tu.

Céc phan ung 3a-e v6i NMe,F khan duoc so v6i cac phan tmg v6i CsF, chét
phéan tng thong thuong hon dung cho su flo hoa SyAr. O nhiét d 80°C, CsF dugc tao
ra hiéu suit <5% la 4 trong tit ca cac truong hop. O nhiét do 140°C (cac diéu kién
dang ké hon dung cho phan tmgCsF halex) (JP 2011153115 A; WO 2010018857; WO
2009014100; Hyohdoh, I.; va cdng su, ACS Med. Chem. Lett. 2013;4:1059; Finger,
G.C.; va cong su, J. Am. Chem. Soc. 1956;78:6034), aryl halogenua 3a-c¢ dugc phan
g v6i CsF dé tao ra 4 theo hiéu sud moderat 22-52% (cac 1an 1-3). Trong tat ca cac
truong hop nay, vat licu dau khong phan Gng con lai sau thot gian 24h & nhiét do 140
°C.

2-Nitrobenzonitril 3d tao ra 4 ¢ hiéu sudt 73% & nhiét do 140 °C, ma thap hon
dang ké so v6i thu duge v6i NMeyF. Cac san pham phu khac nhau (hau hét 1a din xuét
ete dang k&) dugc loai bd bang GCMS. dng & cac phan tng flo héa nhw ion nitrit duge
dich chuyén 6 thé tac dong lam nucleophil (Boechat, N.; va cong su, J. Chem. Soc.,

Chem. Commun. 1993;921; Adams, D.J.; va cong su, J. florin Chem. 1998;92:127;
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Clark, J.H.; va cong su, J. florin Chem. 1995;70:2011; Clark, J.H.; va cong su,
Tetrahedron Lett. 1993;34:3901; Clark, J.H.; va cong su, J. Chem. Res. 1994;478;
Adams, D.J.; va cdng su, Tetrahedron 1999;55:7725; Adams, D.J.; va cong su, J.
florin Chem. 1999;94:51; Maggini, M.; va cong su, J. Org. Chem. 1991;56:6406).
Nguoc lai, aryl triflat 3e duoc tao ra hiéu suét t6t hon dang ké véi CsF & nhiét do 140
°C (76%) hon 1a vdi NMeyF & nhiét do 80 °C (8%). Cac két qua nay néu bét cic uu
diém ctia phuong phap hién tai ciing nhu sy hoan thanh né d6i voi qua trinh xir 1y flo
héa SyAr.
Bang 3. Su flo héa SyAr cua cac chit nén 3a-e voi NMe,F khan
X 2 equivNmesF

CN CN
DMF

X =Cl (3a) (4)
X =Br (3b)

X =1(3¢c)

X = NO, (3d)

X = OTf (3e)

Lan Chatnén Hiéu sudt (24 h, Hiéusuit (3 h, 80 Hiéu suét

25 °C)* °C) (CsF)*
1 3a 32% 94% 52%
2 3b 48% 95% 49%
3 3¢ 8% 88% 22%
4 3d 95% 97% 73%
5 3e 2% 8% 73%

9 C4c diéu kién: Chat nén (0 ,1 mmol) va NMeyF khan (0,2 mmol) duoc khuéy trong
DMF (0,2 M) & nhiét do 25°C trong thoi gian 24 h. °Cac diéu kién: Chét nén (0 ,1
mmol) va NMeyF khan (0,2 mmol) dugc khudy trong DMF (0,2 M) & nhiét d6 80°C
trong thoi gian 3h. “Cac didu kién: Chit nén (0 ,1 mmol) va CsF (0,2 mmol) duogc
khudy trong DMF (0,2 M) & nhiét do 140°C trong thoi gian 24 h. Tat ca hiéu suét
dugc x4c dinh bing quang phéF NMR st dung 1,3,5-triflobenzen lam tiéu chuan

bén trong.

Céac chudi tuong tu cua viéc nghién ctru dugc thuc hién voi cdc chat nén

pyridin dugc thé-2 5a-c (Finger, G.C.; va cong su, J. Org. Chem. 1963;28:1666).
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Tuong tu dbi véi cac két qua st dung 3a-e, cic phan tng cua 2-clo, 2-brom, 2-iodo,
va 2-nitropyridin (5a-d) vdi NMe,F khan & nhiét d 80°C tao ra 2-flopyridin 6 tot dbi
v6i hiéu sudt wu viét (72-98%) (Bang 4, cac lan 1-4). Trong tat ca cac truong hop, cac
két qua so sanh thuan loi d6i véi cac két qua thu duoc dudi cac didu kién thong
thuong halex(2 equiv CsF, 140 °C; 9-100% hiéu sudt ding cho 5a-d; Bang 4).
Pyridin-2-yl triflomethanesulfonat (Se) trdi qua qud trinh flo héa véi NMeyF khan dé
tao ra 6 trong moderat 43% hiéu sut. Vi chit nén nay, cac san pham phu (hau hét 1a
dan xuét ete dang ké) duoc loai bo béng GCMS.

Bang 4. Su flo hoa SyAr cua céac chit nén 5a-e voi NMe,F khan.

X 2 equiv NmesF X
1 - - |
z DMF z

N X N F

X =Cl (5a) (6)

X =Br (5b)

X =1(5¢)

X = NO, (5d)

X = OTf (5e)
Lan Chatnén  Hiéu suat (4h, Hiéu suét

80 °C)* (CsF)”

1 5a 72% 9%
2 5b 96% 17%
3 5c 91% 19%
4 5d 98% 100%
5 Se 43% 87%

 Cac diéu kién: Chat nén (0 ,1 mmol) va NMe,F khan (0,2 mmol) dugc khudy trong
DMEF (0,2 M) & nhiét do 80°C trong thoi gian 4h. *Cac didu kién: Chat nén (0 .1
mmol) va CsF (0,2 mmol) dugc khudy trong DMF (0,2 M) & nhiét do 140°C trong
thoi gian 24 h. Tét ca hiéu suat dugc x4c dinh bang quang phd'’F NMR sir dung 1,3,5-
triflobenzen 1am tiéu chuin bén trong.

Céc nghién ctru vé thoi gian d6i v6i cac phan tmg clia Sa-e v6i NMeyF khan
dugc thé hién trén Fig.2. Trong hé nay, tic dong ¢ nhom chuyén doi & toc d6 phan
ung hoi khac so v6i duge quan sat d6i voi 3a-e, v6i kha nang phan ung theo thir tur 1a
NO, >> Br =1 > Cl > OTf. Do d6, tdc d6 ban dau v6i chat nén triflat Se co thé so sanh

thuc té d6i voi cua aryl bromua; tuy nhién, phan Gng cham dot ngdt sau thoi gian
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khoang 20phut. Téng thé, thoi gian nghién ciru trén cac Fig.2 va Fig.3 thé hién 1a
nhom doi chuyén c6 tic dong dbi véi tbc do phan tng 1a chit nén doc lap.

Su khac nhau cia cdc chit nén duogc thir nghiém véi cac phuong phap da néu
st dung NMeyF khan. Nhu duoc thé hién trén Fig.3, su cac khau cua
monoclopicolinat va diclopicolinat dugc phan tmg dé thu duge céc san pham mono-
va diflo hoa tuong tng 2 va 7-11 tdt d6i v6i hiu suét phan tach uu viét. Dac biét, su
chuyén hoa nay tat ca duoc thuc hién & nhiét do trong phong qua 24h, va cac phan
{tng cua cac chét nén diclopicolinat chi can 1a 1,5 equiv TMAF trén moi clorua.

Céac chéit nén cloquinolin, cloisoquinolin, va clopyridazin ciing dugc dua vao
qué trinh flo hoa & nhiét do trong phong dé tao ra 12-16 v6i higu sudt uu viét. Viéc
tong hop hiéu suét cao cua 8-(benzyloxy)-2-floquinolin (15) dic biét déng ké, 1a '*p-
15 da dugc st dung cho hinh anh PET cua cac mang amyloid. Cdc nhom thé metoxy,
xyano, va triflometyl co thé so sanh véi cac diéu kién phan ung (cac san phams, 11,
13, va 17-21). Ngoai ra, caic nhom thé halogenua (CI, Br, va I) va nitro & vi tri hoat
hoa thap trong phéan tir chiu dugc tdt ngay trong su c6 mit cua luong du NMeyF (cac
san phém 7, 10, va 23-26). Aryl chlorua hoat héa thép can nhiét do cao hon dé tao ra
san phém mong muén & hiéu suét tir thép dén wu viét (cac san phém 4,28,va29). Su
flo hda SyAr véi NMeyF tao ra 2- va 4-flobenzonitril (4 va 29) véi hiéu suét wu viét,
trong 3-flobenzonitril 28 duoc tao ra & hi€u suét thép. Két qua nay xem xét vOi cac
béo cacso trude vé phan ung halex st dung florua khan thé hién 1a cac nhom thé & vi
trimeta khong hoat héa vong aryl dbi voi cac phan tmg SyAr (Sun, H.; va cong su,
Angew. Chem. Int. Ed. 2006;45:2720). Trong khi etyl 4-clobenzoat va 4-
clobenzophenon khong du hoat hoa dbi véi su flo hoa SyAr vai NMeyF (ngay & nhiét
do 80°C), chét tuong tu nito dugc phan tng dé thu dugc hiéu suit cao ciia cac san
pham dugc flo héa & nhiét do trong phong (30 va 31).

Chubi thtr nghiém duoc thuc hién dé danh gia hi€u qua cua cac dung mdi khéc
nhau trong qua trinh flo hoa v6i NMeyF ¢ nhiét do trong phong trong thoi gian 24 gio.
Cac két qua dugc thé hién trén Bang 5.

Béng 5. Dung moi c6 tac dung trén cac phan tng SyAr
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TMAF (1 dwong lwong)

-
dung méi, rt, 24 h

. 2
dung moi kha nang hoa tan hiéu suat
DMF hoa tan mot phan 80%
MeCN hoa tan mot phan 0%
DMAc hoa tan mdt phan 22%
sulfolan hoa tan 30%
DMSO hoa tan 28.
propyen carbonat hoa tan 0%

Vi du thye hién sang ché

Céc vi du sau ddy duoc thiét 1ap trude dudi ddy dé minh hoa cac phuong phap,
ché phidm, va cac két qua theo sang ché. Cac vi du nay khong nham bao gdm ca céac
khia canh cua sang ché, nhung minh hoa cac phuong phap dién hinh, cic ché pham,
va két qua. Cac vi du nay khong nham loai trir cac duong luong va sy thay doi theo
sang ché, ma ro rang d6i v6i ngudi ¢6 hidu biét trong linh vuc k¥ thuat.

N& luc da dugce thue hién d& dam bao d6 chinh xac dbi véi cac sd (vi du, lugng,
nhiét do, v.v...) nhung mot sb 16i va do 1éch nén duoc tinh. Trir khi duogc chi ra khac,
phan 13 phan theo trong lwong, nhiét do 1a theo °C hodc & nhiét do xung quanh, va ap
sudt & hodc gin ap suat khong khi. Co su thay dbi va két hop vé sb cua cac diéu kién
phan tng, vi du, néng d6 thanh phén, nhiét do, ap Suét, va pham vi phan tng khéc va
cac diéu kién ma ¢ thé duoc st dung dé t6i uu d6 sach va hiéu suét san phém thu
dugc tir qua trinh da néu. Chi cdc thtr nghiém hop ly va thuong xuyén s€ can dé t6i uu
cac didu kién xtr Iy ndy.

Quang phé NMR thu dugc & quang phd ké Varian MR400 (400,52 MHz for
'H; 376,87 MHz for °F; 100,71 MHz & nhiét d6"°C), a Varian vamrs 500 (500,01
MHz for 'H; 125,75 MHz & nhiét do °C; 470,56 MHz for F), Varian vomrs 700
(699,76 MHz for 'H; 175,95 MHz & nhiét d6'°C), hoac Varian Inova 500 (499,90
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MHz dbi vé6i 'H; 125,70 dbi v6i C). 'H va °C do dich chuyén héa hoc dugce bao cdo
trong cac phan trén mdi triéu (ppm) lién quan dén TMS, véi pic dung moi con lai
duoc sir dung 1am vién din bén trong (CDCls; 'H & 7,26 ppm; °C 8 77 ,16 ppm).
pho 9 NMR dugc vién dan dua trén tidu chuin bén trong 1,3,5-triflobenzen, ma Xuét
hién & —108,33 ppm. Sé nhidu duoc bao cdo nhu sau: don (s), ddi (d), ba (t), bdn (q),
nhidu (m), doi ctia doi (dd), ba cta ba (dt). Cac hing s6 lién két (J) dugc béo cdo theo
Hz. Phan tich GCMS duge thuc hién & quang phd khdi luong sic ky khi cong
Shhnadzu(EChdSJQP2010.Cécs@nphénlduqctédléiﬂ)n1déib5ng(L25Innlcétid
RESTEK XTI-5 dugc pha bang mang 0,25 pum. Heli duoc dung lam khi mang, v6i t6t
d6 cot khong ddi 1a 1,5 mL/phut. Nhiét do phun duoc gitt khong d6i & 250°C. Chuong
trinh nhiét @6 16 diéu nhiét GC ding cho cac hop chét c6 trong lugng phén tir thip nhu
sau: 32°C duge giit 5 phat, ramp 15°C/min dén 250°C, va duoc gitr trong thoi gian 1,5
phut. Chuong trinh nhiét do 16 didu nhiét GC dbi véi cac hop chét c6 trong luong
phén tr trung binh nhu sau: 60 °C, duoc giir trong thoi gian 4 phut, ramp 15°C/phut
dén 250°C. Trur khi duoc luu y khac, phuong phép c6 trong lugng phén tir trung binh
duoc st dung cho phan tich GCMS. Cac diém néng chay dugc xac dinh bang thiét bi
do diém néng chay mao mach Thomas Hoover Uni-Melt 6427-H10 va khong stra
duoc. Quang phd theo khdi lugng phan giai cao dugc ghi trén quang phd ké theo khoi
lugng Micromass AutoSpec Ultima Magnetic Sector.

Céac chit phan Gng c¢6 tinh thuong mai dugc st dung duoc nhén trir khi duge
luu y khac. Tetrametylamoni florua khan thu dugc tir Sigma Aldrich. N,N-
dimetylformamit khan thu duogc tir Alfa Aesar. Isopropyl cloarylpicolinat dugc didu
ché st dung cac phuong phéap dugc néu truge do (Allen, L.J.; va cong su, J. Org.
Chem. 2014;79:5827). 2-xyanophenyl triflometansulfonat (Qin, L.; va cong su,
Angew. Chem. Int. Ed. 2012;51:5915), pyridin-2-yl triflometansulfonat (Xu, X.-H.; va
cong su, Org. Lett. 2012;14:2544), va 8-(benzyloxy)-2-cloquinolin (JP2011-153115)
duge diéu ché st dung quy trinh theo tai liéu va dugc lam kho qua P,Os trude khi sur

dung.
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Céc quy trinh xir Iy chung d6i v6i phan tng flo héa

Quy trinh xu Iy A: Chi tiét thir nghiém doi voi cdc phan itng flo héa duoc béo
cdo trén Bang 1.

Trong hop khd, chit nén 1 (0 ,1 mmol, 1,0 duong lugng) va khan
tetrametylamoni florua (NMeyF) dugc can trong luong vao lo 4 mL duoc trang bi
bang thanh khudy nhé. DMF (0,5 mL) duoc bd sung, va lo phan ung dugc lam kin
bing nép Teflon-lined, dugc loai bo khoi hop khd, va duge khudy & nhiét do duoc
thiét ké trong thoi gian 24 gid. Sau d6 phan @mg dugc lam lanh dén nhiét do trong
phong, duoc pha loang véi diclometan (2,5 mL), va tiéu chuan bén trong (1, 3, 5-
triflobenzen, 100 pL dung dich toluen 0,5 M) duoc bd sung. Phan con lai dugc loai bo
d8 phan tich bang quang phd"’F NMR.

Quy trinh xu [y B: Chi tiét thir nghiém doi véi cdc phan iing flo héa dwoc bdo
cdo trén Bang 2.

Dung dich DMF khan (2 mL) va nudc khir ion héa ma dugce phun véi N, duoc
didu ché trong binh Schlenk va dugc phun véi N, trong thoi gian 15 phut. Ong
Schlenk sau d6 duoc bom vao hop kho. Trong hop kho, chit nén 1 (0,1 mmol, 1,0
duong lwong) va NMeyF khan (0,2mmol, 2,0 duong luong) dugc cin trong luong vao
4 mL duoc trang bi bang thanh khudy nhé. Dung dich DMF-nuéc sau d6 dugc bd
sung (0,5ml), va lo phan tmg dugc lam kin bang nip Teflon-lined, dugc loai bé khoi
hop khd, va dugce khudy & nhiét do trong phong trong thoi gian 24 gio. Sau d6 phan
tng dugc dugce pha lodng voi diclometan (2,5 mL), va ti€u chuin bén trong (1, 3, 5-
triflobenzen, 100 uL. dung dich toluen 0,5 M) dugc bd sung. Phan con lai duoc loai bo
dé phan tich bang quang phé'F NMR.

Quy trinh xit Iy C: Chi tiét thir nghiém d@6i véi cdc phdn vmg flo héa dwoc bdo
cdo trén Bang 3 va 4 va Fig ,1 va 2.

Déi v6i cac phan tng véi NMeyF khan: Trong hdp kho, chét nén 3a-e hoic 5a-
e (0,1 mml, 1,0 duong lugng) va NMe,F khan (0,2mmol, 2 duong luong) dugc cin
trong lugng vao lo 4 mL dugc trang bi bing thanh khudy nho. DMF (0,5 mL) dugc bd
sung, va lo phan Umg dugc lam kin béng nép Teflon-lined, dugc loai bd khéi hop kho,
va duge khudy ¢ nhiét do da cho trong thoi gian da cho. Sau d6 phan tung dugc lam

lanh & nhiét d6 0°C, pha lodng véi diclometan (2,5 mL), va ti€u chuén bén trong (1, 3,
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5-triflobenzen, 100 uL. dung dich toluen 0,5 M) duoc bd sung. Phin con lai duoc loai
b6 dé phén tich bang quang phé"F NMR.

D&i v6i phan Gng v6i CsF (So sanh): Trong hop khd, chit nén 3a-e or Sa-e(0 ,1
mmol, 1,0 duong lwvong) va CsF (0,2mmol, 2 duong lugng) duoc can trong lugng vao
lo 4 mL dugc trang bi béng thanh khqu nhd. DMF (0,5 mL) dugc bd sung, va lo phan
ting duoc 1am kin bang nip Teflon-lined, dugc loai bo khéi hop khd, va duge khudy &
nhiét do 140°C trong thoi gian 24 gio. Phan ung duoc 1am lanh dén nhiét do trong
phong, dugc pha loang véi diclometan (2,5 mL), va tiéu chuan bén trong (1, 3, 5-
triflobenzen, 100 uLL dung dich toluen 0,5 M) duogc bd sung. Phan con lai dugc loai bo
dé phan tich bang quang phélgF NMR.

Quy trinh xw Iy D: Thir nghiém chi tiét doi voi hiéu sudt phdn tach dwoc bdo
cdo trén Fig.3.

Trong hdp kho, NMe4F khan (93 mg, 1 mmol, 2 duong lugng) va chét nén aryl
clorua hodc nitroaren thich hop (0,5 mmol, 1 duong lugng) duoc can vao lo 4 mL
duogc trang bi véi thanh khqu nhé. DMF (2,5 mL) dugc bd sung, va lo dugc loai bd
khéi hop kho va duogc khudy & nhiét do trong phong trong thoi gian 24 gio. Sau do6
phan ung dugc pha loang v6i diclometan (15 mL) va duoc chuyén dén phéu chiét
tach. Ldp hitu co dugce lam sach bang nude (3 x 25 mL) va nudc mudi (1 x 25 mL),
duoc lam khé qua magie sulfat, va dugc co dic chan khong. Hon hop thd duge lam
sach bang sic ky cot nhanh trén silica gel stt dung gradient ciia hexan va hodc 1a dietyl
ete hodc etyl axetat lam dung moi.

Quy trinh xu Iy E: Thir nghiém chi tiét chung d@oi véi hiéu sudt NMR dwoc bdo
cdo trén Fig.3.

Trong hop kho, NMe4F khan (18,6 mg, 0,2 mmol, 2 duong lugng) va chét nén
aryl clorua hodc nitroaren thich hgp (0 ,1 mmol, 1 duong luong) dugc can vao 1o 4
mL duoc trang bi véi thanh khqu nhé. DMF (0,5 mL) dugc bd sung, va lo dugc loai
b6 khoi hop kho va duge khudy & nhiét d trong phong trong thoi gian 24 gid trir khi
duge luu ¥ khac. Phan Gng duoc 1am lanh dén nhiét do trong phong va tiéu chuan bén
trong (1, 3, 5-triflobenzen, 100 pL. dung dich toluen 0,5 M) dugc bd sung. Phan con
lai dugc loai bo dé phan tich bing quang phd'’F NMR va GCMS.
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Téng hop san pham va su khac biét

Isopropyl 5-flo-6-phenylpicolinat (2).

Quy trinh xtr Iy chung D sau d6 st dung isopropyl 5-clo-6-phenylpicolinat (1)
(138 mg, 0,5 mmol, 1 duong luong), tao ra 2 1a ddu khéng mau (106 mg, hidu suit
82%, R;= 0,61 trong 70% hexan/30% Et,0). 'H, °C, va "F dit liéu thue nghiém phu
hop véi dit liéu duge bao cao trong tai liéu (Allen, L.J.; va cong su, J. Org. Chem.
2014;79:5827). 'H NMR (500 MHz, CDCl5): & 8,06 (d, J = 7,0 Hz, 3H), 7,56 (dd, J =
10,5, 8,5 Hz, 1H), 7,51-7,44 (m, 3H), 5,32 (septet, J = 6,5 Hz, 1H), 1,43 (d, J = 6,0,
6H). °C NMR (175,95 MHz, CDCly): 8 163,7, 159,8 (d, J = 267 Hz), 146,2 (d, J =
12,0 Hz), 144,4 (d, J = 4,2 Hz), 134,5 (d, J = 5,4 Hz), 129.6, 129,0 (d,vJ= 6,2 Hz),
128.4, 125,3 (d, J = 5,4 Hz), 124.,6 (d, J = 21,9 Hz), 69,5, 21,8 ,1’F NMR (100 MHz,
CDCly): & -117.5 (d, 2,6 Hz). IR (cm™): 1734, 1712, 1463, 1438, 1357, 1312, 1285,
1213, 1101, 1052, 795, 725, 692. HRMS ESI" (m/z): [M + H]" duogc tinh cho
CsHsFNO, 260 ,1081; duge thdy 260 ,1080. Hiéu suit (82%) biéu dién trung binh
cua hai khoang chay (82% (trudc) va 81%,).

Isopropyl 5-flo-6-(p-clophenyl)picolinat (7).

Quy trinh x&¢ ly chung D sau d6 st dung isopropyl 5-clo-6-(p-
clophenyl)picolinat (122 mg, 0,5 mmol, 1 duong luong), tao ra7 la chét rin mau trang
(122 mg, hidu suit 83%, Ry = 0,59 trong 70% hexan/30% Et,0, mp = 73-76 °C). 'H,
B, va F dit liéu thue nghiém pht hop véi dit lidu duge bao cao trong tai liéu (Ryan,
S.J.; va cong su, Org. Lett. 2015;17:1866). "H NMR (500 MHz, CDCl;): & 8,07 (dd,
J= 8.5, 3,5 Hz, 1H), 8,03 (d, J= 8,0 Hz, 2H), 7,57 (dd, J= 10,5, 8,5 Hz, 1H), 7,47 (d,
J= 8,5 Hz, 2H), 5,31 (septet, J= 6,0 Hz, 1H), 1,43 (d, J= 6,5 Hz, 6H). °C NMR
(175,95 MHz, CDCly): & 163,5, 159,7 (d, J= 267 Hz), 144,8 (d, J= 2,6 Hz), 144.,4 (d,
J=4,2 Hz), 135,7, 132,9 (d, J= 5,5 Hz), 130,3 (d, J= 6,7 Hz), 128,6, 125,6 (d, J=5,5
Hz), 124,8 (d, J=21,1 Hz), 69,6, 21,8. ’F NMR (100 MHz, CDCl5): § -117 ,1 (s). IR
(cm™): 1726, 1597, 1452, 1408, 1386, 1286, 1218, 1142, 1110, 1085, 1047, 866, 839.
HRMS ESI" (m/z): [M + H]" dugc tinh cho C;sH;4CIFNO, 294,0692; dugc
thdy294,0689. Hiéu sudt (85%) biéu dién trung binh ctia hai khoang chay (83%
(tru6e) va 87%).
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Isopropyl 5-flo-6-(p-metoxyphenyl)picolinat (8).

Quy trinh x ly chung D sau do6 st dung isopropyl 5-clo-6-(p-
metoxyphenyl)picolinat (153 mg, 0,5 mmol, 1 duong lugng), tao ra 8 1a chét ran mau
tréng (138 mg, hiéu sut 96%, Ry = 0,38 trong 70% hexan/30% Et,0, mp = 46-48 °C).
'H, BC, va F dir liéu thuc nghiém phit hop véi dit lidu dugc bao cdo trong tai ligu
(Id.)). 'HNMR (500 MHz, CDCl;): 8,05 (d, J= 7,5 Hz, 2H), 7,98 (dd, J= 8.0, 3,5 Hz,
1H), 7,52 (dd, J= 10,5, 8,5 Hz, 1H), 7,01 (d, J= 8,5 Hz, 2H), 5,30 (septet, J= 6,5 Hz,
1H), 3,86 (s, 3H), 1,42 (d, J= 6,5 Hz, 6H). °C NMR (175,95 MHz, CDCl3):5 1638,
160,7, 159,5 (d, J= 267 Hz), 145,8 (d, J= 10,9 Hz), 144,2 (d, J= 4,8 Hz), 130.4 (d, J=
6,7 Hz), 127 ,1 (d, J= 6,2 Hz), 124,5 (d, J=5,5 Hz), 124,4 (d, J= 21,6 Hz), 113.8, 69.4,
55,2, 21,8. F NMR (100 MHz, CDCl3): 6 -117,7 (s). IR (cm™): 1703, 1609, 1453,
1359, 1310, 1256, 1213, 1183, 1136, 1101, 1050, 1021, 754. HRMS ESI" (m/z): [M +
H]" duoc tinh cho C,¢H;,FNO5 290 ,1187; dugc thay 290 ,1185. Hidu suit (93%) biéu
dién trung binh ctia hai khoang chay (96% (trudc) va 90%).

Isopropyl 4,5-Diflo-6-phenylpicolinat (9).

Quy trinh x1r Iy chung D sau d6 st dung isopropyl 4,5-diclo-6-phenylpicolinat
(155 mg, 0,5 mmol, 1 duong luong) va NMesF khan (140 mg, 1,5 mmol, 3 duong
luong), tao ra 9 1a dau khong mau (121 mg, hiéu suat 87%, Ry = 0,64 trong 70%
hexan/30% Et,0). 'H, *C, va "°F dir liéu thuc nghiém phu hop véi dit liéu duge bao
cdo trong tai liéu (Allen, L.J.; va cong su, J. Org. Chem. 2014;79:5827) ,1H NMR
(500 MHz, CDCl3): & 8,03 (d, J= 7,5 Hz, 2H), 7,88 (dd, J= 9.0, 5,0 Hz, 1H), 7,50-
7,45 (m, 3H), 5,30 (septet, J= 6,5 Hz), 1,42 (d, J= 6,5 Hz, 6H). BC NMR (175,95
MHz, CDCl;): 6 162.,8 (d, J= 2,8 Hz), 157,4 (d, J= 13,0 Hz), 155,9 (d, J= 13,0 Hz),
148,4 (d, J= 17,6 Hz), 147,2 (dd, J= 270, 10,2 Hz), 145.,4 (t, J= 6,7 Hz), 133,8 (dd, J=
5,3, 3,3 Hz), 130 .1, 129,0 (d, J= 6,2 Hz), 128,6 (d, J= 15,0 Hz), 113.,5 (d, J= 16,3
Hz), 70,0, 21,7. "F NMR (100 MHz, CDCl;): 8 -144.8 (m, 1F), -125,2 (m, 1F). IR
(cm™): 1744, 1714, 1605, 1471, 1435, 1416, 1371, 1226, 1135, 1094, 974, 879, 786,
737, 714, 691. HRMS ESI" (m/z): [M + H]" duoc tinh cho C;sH4,F,NO, 278,0987;
duoc thiy 278,0986. Hiéu suat (88%) biéu dién trung binh ctia hai khoang chay (87%
(trudce) va 88%)).
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Isopropyl 4,5-Diflo-6-(p-clophenyl)picolinat (10).

Quy trinh xt ly chung D sau d6 st dung isopropyl 4,5-diclo-6-(p-
clophenyl)picolinat (172 mg, 0,5 mmol, 1 duong luong) va NMe,F khan (140 mg, 1,5
mmol, 3 duong luong), tao ra 10 1a chit rin mau tréng (138 mg, hi¢u suét 89%, R;=
0,69 trong 70% hexan/30% Et,0, mp = 74-76 °C). 'H, °C, va "°F dit liéu thuc nghiém
phu hop véi dit lidu duge béo cdo trong tai liéu (/d.). "H NMR (500 MHz, CDCl5): &
7,98 (d, J= 8,0 Hz, 2H), 7,87 (dd, J= 9,5, 5,5 Hz, 1H), 7,44 (d, J= 9,0 Hz, 2H), 5,28
(septet, J= 6,5 Hz, 1H), 1,41 (d, J= 6,0 Hz, 6H). °C NMR (175,95 MHz, CDCLy): &
162,6 (d, J= 3,3 Hz), 157,5 (d, J= 12,8 Hz), 156,0 (d, J= 12,1 Hz), 147,2 (dd, J=
269, 10,9 Hz), 147,0 (d, J= 7,6 Hz), 1454 (t, J= 6,2 Hz), 136.,4, 132 ,1 (dd, J= 23,0,
3,5 Hz), 130,2 (d, J= 6,8 Hz), 128,8, 113,7 (d, J= 15,6 Hz), 70 ,1, 21,7. ’F NMR
(100 MHz, CDCly): & -144,3 (m, 1F), -124,7 (m, 1F). IR (cm™): 1715, 1594, 1496,
1463, 1419, 1394, 1345, 1243, 1217, 1174, 1090, 974, 909, 878, 829, 789, 753.
HRMS ESI" (m/z): [M + H]" dugc tinh cho CysHsCIF,NO, 312,0597; dugc thiy
312,0597. Hiéu suét (84%) biéu dién trung binh cia hai khoang chay (89% (truéc) va
79%).

Isopropyl 4,5-Diflo-6-(p-metoxyphenyl)picolinat (11).

Quy trinh x¢ ly chung D sau d6 st dung isopropyl 4,5-diclo-6-(p-
metoxyphenyl)picolinat (170 mg, 0,5 mmol, 1 duong lugng) va NMe,F khan (140 mg,
1,5 mmol, 3 dwong lugng), tao ra 11 13 chét rin mau trang (136 mg, hiéu suat 89%, Ry
= 0,61 trong 70% hexan/30% Et,0, mp = 37-38°C). 'H, °C, va F dir lidu thuc
nghiém phu hop véi dit liéu duoc bdo cdo trong tai li€u (/d.). 'H NMR (500 MHz,
CDCls): 6 8,04 (d, J= 8,5 Hz, 2H), 7,81 (dd, J= 9,5, 5,0 Hz, 1H), 7,00 (d, J= 8,5 Hz,
2H), 5,29 (septet, J= 6,0 Hz, 1H), 3,05 (s, 3H), 1,41 (d, J= 6,0 Hz, 6H). °C NMR
(175,95 MHz, CDCl;): & 162,9 (d, J= 2,6 Hz), 161 ,1, 155,9 (dd, J= 264, 12,1 Hz),
148.,0 (d, J= 7.4 Hz), 146,9 (dd, J= 276, 10,4 Hz), 145 .1 (t, J= 6,9 Hz), 130,5 (d, J=
6,2 Hz), 126.4 (d, J= 5,4 Hz), 113,9, 112,8 (d, J= 16,4 Hz), 69,9, 55,3, 21,7. "F NMR
(100 MHz, CDCL): & -145,2 (d, J= 4,7 Hz, 1F), -125,7 (m, 1F). IR (cm™): 1707,
1600, 1586, 1518, 1461, 1409, 1372, 1258, 1238, 1183, 1137, 1089, 1025, 971, 879,
787, 760. HRMS ESI" (m/z): [M + H]" dugc tinh cho Cy¢H;6F,NO; 308 ,1093; duge
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thdy 308 ,1091. Hiéu suit (89%) biéu dién trung binh cla hai khoang chay (89%
(trude) va 88%).

2-floquinolin (12).

Quy trinh xr 1y chung D sau dé st dung 2-cloquinolin (82 mg, 0,5 mmol, 1
duong luong), taora 12 1a dau khong mau (56 mg, hiéu suit 77%, R;= 0,51 trong 70%
hexan/30% Et,0). 'H, °C, va "°F dir liéu thuc nghiém phu hop v6i dit liéu duge bao
céo trong tai liéu (/4.). "H NMR (500 MHz, CDCls): § 8,22 (t, J= 8,5 Hz, 1H), 7,95
(d, J= 8,5 Hz, 1H), 7,83 (d, J= 8,0 Hz, 1H), 7,72 (t, J= 8,0 Hz, 1H), 7,52 (t, J= 8,0
Hz, 1H), 7,07 (dd, J= 9,0, 2,5 Hz, 1H). BC NMR (175,95 MHz, CDCl;): & 161,7 (d,
J=242 Hz), 145,7 (d, J= 17 ,1 Hz), 141,9 (d, J= 10,2 Hz), 130,5, 128,0, 127,5, 126,38,
126 ,1 (d, J= 2,6 Hz), 110 .1 (d, J= 42,2 Hz). PF NMR (100 MHz, CDCl5): & -61,6
(s). IR (em™): 1620, 1601, 1579, 1507, 1472, 1428, 1309, 1271, 1251, 1230, 1205,
1107, 967, 815, 777, 752, 706. HRMS ESI" (m/z): [M + H]" dugc tinh cho CoH,FN
148,0557; duoc thdy 148,0555. Hiéu suat (79%) biéu dién trung binh cla hai khoang
chay (77% (truéc) va 80%).

4-flo-7-(triflometyl)quinolin (13).

Quy trinh xir Iy chung D sau d6 st dung 4-clo-7-(triflometyl)quinolin (116 mg,
0,5 mmol, 1 duong lugng), tao ra 13 1a chit ran mau tréng (88 mg, hi¢u suit 82%, R/=
0,38 trong 70% hexan/30% Et,0, mp = 84-86°C). 'H, "°C, va "°F dit liéu thuc nghiém
phu hop véi dit liéu duge bao céo trong tai licu (/d.). 'H NMR (500 MHz, CDCl5): &
8,94 (dd, J= 8,0, 5,0 Hz, 1H), 8,40 (s, 1H), 8,19 (d, J= 8,5 Hz, 1H), 7,75 (d, J= 9,0
Hz, 1H), 7,19 (dd, J= 9.0, 4,5 Hz, 1H). "C NMR (175,95 MHz, CDCl;): § 164 .1 (d,
J= 270 Hz), 152,9 (d, J= 8,3 Hz), 149,3 (d, J= 4,0 Hz), 132,2 (q, J= 33,2 Hz), 127,0
(quintet, J= 4,2 Hz), 1259, 124,3, 122,8, 122.,5 (t, J= 1,4 Hz), 122,0 (d, J= 4,7 Hz),
121 .1 (t, J= 19,7 Hz), 1073 (d, J= 14,2 Hz). PF NMR (100 MHz, CDCl5): 6 -111,5
(t, J= 1,4 Hz, 1F), -63,0 (s, 3F). IR (em™): 1616, 1559, 1507, 1456, 1326, 1297, 1193,
1149, 1110, 1058, 905, 833. HRMS ESI" (m/z): [M + H]" dugc tinh cho C;oHgF4;N
216,0431; duoc thiy 216,0430. Hiéu suét (79%) biéu dién trung binh cua hai khoéng
chay (82% (trudc) va 75%).
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1-floisoquinolin (14).

Quy trinh xt Iy chung D sau d6 st dung 1-cloquinolin (82 mg, 0,5 mmol, 1
dwong lugng), tao ra 14 1a dau khong mau (59 mg, hiéu suat 80%, R/~ 0,53 trong 70%
hexan/30% Et,0). 'H, °C, va "F dir liéu thuc nghiém phu hop véi dit lidu duge bao
cao trong tai liéu (Ryan, S.J.; va cong su, Org. Lett. 2015:17:1866). 'H NMR (500
MHz, CDCls): 6 8,12 (d, J= 8,0 Hz, 1H), 8,02 (d, J= 6,0 Hz, 1H), 7,82 (d, J= 8,5 Hz,
1H), 7,72 (t, J= 7,5 Hz, 1H), 7,61 (t, J= 8,0 Hz, 1H), 7,49 (d, J= 6,0 Hz, 1H). Be
NMR (175,95 MHz, CDCl;): ¢ 160,6 (d, J= 247 Hz), 139,6 (d, J= 5,5 Hz), 139,2 (d,
J=16,4 Hz), 1314, 127,8, 126,3 (d, J= 3,3 Hz), 123,0, 119,3 (d, J= 5,4 Hz), 117.7 (d,
J=32,7 Hz). F NMR (100 MHz, CDCl;): & -71,2 (s). IR (cm™): 1637, 1591, 1573,
1497, 1344, 1269, 1051, 819, 748, 720, 658. HRMS ESI" (m/z): [M + H]" dugc tinh
cho CoH,FN 148,0557; dugc thay 148,0555. Hiéu suat (78%) biéu dién trung binh cua
hai khoang chay (80% (trudc) va 76%).

8-(Benzyloxy)-2-floquinolin (15).

Quy trinh xr Iy chung D sau d6 su dung 8-(benzyloxy)-Z-cloquinolin (134,5
mg, 0 ,1 mmol, 1 duong lugng), tao ra 15 la chit ran mau tréng (120 mg, hi¢u suét
95%, Ry = 0,38 trong 70% hexan/30% Et,0, mp = 67-69 °C). 'H va “F dit liéu thuc
nghiém pht hgp véi dit liéu dugce bdo cdo trong tai liéu (Hicken, E.J.; va cong su, ACS
Med. Chem. Lett. 2014;5:78; W02014/00730). "H NMR (500 MHz, CDCl3): & 8 ,17
(t, J= 8,5 Hz, 1H), 7,52 (d, J= 7.5 Hz, 2H), 7,36 (q, J= 7.5 Hz, 4H), 7,29 (q, J= 7.5
Hz, 1H), 7,08 (dd, J= 7.5, 3 Hz, 2H), 5,40 (s, 2H). °C NMR (125,75 MHz, CDCl): &
161,5 (d, J= 242 Hz), 153,4, 142.,0 (d, J= 9,5 Hz), 138,7, 137,6 (d, J= 15,3 Hz),
136.8, 128,6, 128.0 (d, J= 1,9 Hz), 127,0, 126,9, 126 ,1 (d, J= 2,9 Hz), 119,6, 111,6,
110,6 (d, J= 42,9 Hz), 70,7. ’F NMR (100 MHz, CDCl;): 8 -61,07 (t, J= 1,5 Hz, 1H).
IR (cm™): 1600, 1507, 1475, 1426, 1378, 1341, 1260, 1239, 1087, 981, 827, 754, 730,
706, 693. HRMS ESI" (m/z): [M + H]" duoc tinh cho C;¢H;3sFNO, 254,0976; duoc
thdy 254,0975. Hiéu suit (91%) biéu dién trung binh cia hai khoang chay (95%
(trudce) va 86%).

3-flo-6-phenyl-pyridazin (16).

Quy trinh xtr Iy chung D sau do6 st dung 3-clo-6-phenyl-pyridzaine (95 mg, 0,5

mmol, 1 duong lugng), tao ra 16 la chét rdn mau tréng (79 mg, hi¢u suét 91%, Ry=
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0,38 trong 70% hexan/30% Et,O, mp = 129-131°C). 'H NMR (500 MHz, CDCls): &
8,01-7,98 (m, 3H), 7,53-7,49 (m, 3H), 7,29 (dd, J= 9,5, 2,0 Hz, 1H). °C NMR
(175,95 MHz, CDCl3): 4 166,7 (d, J= 245 Hz), 159,2 (d, J= 3,5 Hz), 135 ,1 (d, J= 2
,1 Hz), 130,2, 129,5 (d, J= 7,6 Hz), 129,0, 127,0, 116 ,1 (d, J= 33,4 Hz). PF NMR
(100 MHz, CDCl5): -84,8 (d, J= 1,5 Hz). IR (cm™): 1584, 1556, 1450, 1427, 1278,
1108, 852, 778, 739. HRMS ESI" (m/z): [M + H]" duoc tinh cho C,,H;FN, 175,0666;
duoc thiy 175,0663. Hiéu suét (90%) biéu dién trung binh cla hai khoang chay (91%
(trudce) va 88%).

2-flo-3-(triflometyl)pyridin (17).

Quy trinh xt Iy chung E sau d6 st dung 2-clo-3-(triflometyl)pyridin (18 ,1 mg,
0,1 mmol, 1 dwong luong), tao ra 17 vé6i hiéu sudt 100% duoc xac dinh bang phan
tich quang phd F NMR cua hdn hop phan ung tho. San pham dugc thé hién cac tin
hiéu F NMR & -63,42 (3F) va -68,06 (1F) ppm trong DCM (lit. —60,62 (3F), —63,01
(1F) ppm trong DMSO) (Sun, H.; va cong su Angew. Chem. Int. Ed. 2006;45:270). Su
nhén biét san phém con duoc xac dinh béng phan tich GCMS, ma dinh san phém duoc
quan sat & 6,07 min su dung phuong phap trong lwong phan tu thip. Hiéu suit (97%)
biéu dién trung binh cia hai khoang chay (100% (trudc) va 97%).

2-flo-5-(triflometyl)pyridin (18).

Quy trinh xr Iy chung E sau d6 st dung 2-clo-5-(triflometyl)pyridin (18 ,1 mg,
0,1 mmol, 1 duong lugng), tao ra 18 va4i hiéu suét 95% duogc xac dinh béng phéan tich
quang phd PF NMR cua hdn hop phan tng thd. San pham dugc thé hién cac tin
hiéu'’F NMR 6 -62,68 (3F) va -63,51 (1F) ppm in DCM (lit. —60,62 (3F), —63,01 (1F)
ppm trong DMSO) (/d.). Su nhin biét san phdm con dugc xac dinh bang phan tich
GCMS, ma dinh san pham dugc quan sit & 4,48 min st dung phuong phép trong
lugng phan ti thap. Hiéu suit (98%) biéu dién trung binh cua hai khoang chay (95%
(trude) va 100%).

2-flo-4-xyanopyridin (19).

Quy trinh xir Iy chung E sau d6 st dung 2-clo-4-xyanopyridin (13,8 mg, 0,1
mmol, 1 duong lugng), tao ra 19 véi hiéu suat 100% duogc xac dinh béng phén tich
quang phd'°F NMR ctia hdn hop phan @mg tho. Dit liéu phd™’F NMR phu hop véi dit

liéu ciia mau xac thuc (Synthonix, s, -64,94 ppm). Su nhéan biét san phém con duoc
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xé4c dinh bang phan tich GCMS, ma dinh san pham dugc quan sat & 6 ,13 min. Hiéu
suét (95%) biéu dién trung binh cua hai khoang chay (100% (trudc) va 89%).

2-flo-3-xyanopyridin (20).

Quy trinh x1r Iy chung E sau d6 st dung 2-clo-3-xyanopyridin (13,8 mg, 0,1
mmol, 1 duong lugng), tao ra 20 v6i hiéu sudt 93% duge xéc dhﬂlbéng phan tich
quang phd'’F NMR ctia hdn hop phan tng thd. San phim dugc thé hién tin higu'’F
NMR & —62,66 ppm trong DCM (lit. —=60,0 ppm in CDCl;) (Umemoto, T.; va cOng su,
J. Org. Chem. 1989;54:1726). Su nhan biét sin phdm con duogc x4c dinh bang phan
tich GCMS, ma dinh sén phidm duoc quan sat & 7,55 min. Higu suat (91%) biéu dién
trung binh cta hai khoang chay (93% (trudc) va 88%).

2-flo-5-xyanopyridin (21).

Quy trinh x1r Iy chung E sau d6 st dung 2-clo-5-xyanopyridin (13,8 mg, 0,1
mmol, 1 duong lugng), tao ra 21 v6i hidu sudt 87% dugc xac dinh bang phan tich
quang phd!’F NMR cuaa hén hop phan tng thé. Dit liéu phd'’F NMR phi hop véi dit
liéu ctia mau xac thuc (Matrix Scientific, s, -59,41 ppm). Su nhén biét san pham con
duge xac dinh bang phan tich GCMS, ma dinh san pham dugc quan sat & 6,95 min.
Hiéu suit (94%) biéu dién trung binh cuia hai khoang chay (87% (trudc) va 100%).

2-flopyrazin (22).

Quy trinh x1r Iy chung E sau d6 st dung 2-clopyrazin (11,4 mg, 0 ,1 mmol, 1
duong lugng), tao ra 22 véi hiéu suit 99% duoc x4ac dinh bang phén tich quang phéwF
NMR hén hop phan tng tho. San phdm dugc thé hién tin hiéu”F NMR & -81,00 ppm
trong DCM (lit. —80,4 ppm in DMSO) (Sun, H.; va cong su Angew. Chem. Int. Ed.
2006:45:2720). Su nhan biét san phdm con duoc xdc dinh bang phan tich GCMS, ma
dinh san phdm dugc quan sat & 3,93 min sit dung phuong phap trong lugng phén tir
thép. Hiéu suit (92%) biéu dién trung binh cia hai khodng chay (99% (trudc) va
84%).

2-flo-3-clopyridin (23).

Quy trinh xir 1y chung E sau d6 st dung 2-nitro-3-clopyridin (15,8 mg, 0,1
mmol, 1 duong luong), tao ra 23 véi hiéu suat 94% duoc xac dinh béng phan tich
quang ph619F NMR cta hdn hop phan tng tho. San phdm duge thé hién tin hiéu'’F
NMR & ~72,54 ppm trong DCM (lit. =73,03 ppm in DMSO) (/d.). Su nhén biét san
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pham con dugce xic dinh bang phan tich GCMS, ma dinh sin phiam duoc quan sat &
5,48 min. Hiéu suét (94%) biéu dién trung binh cta hai khoang chay ([94% (trudc) va
94%).

2-flo-5-iodopyridin (24).

Quy trinh x1r Iy chung E sau d6 st dung 2-clo-5-iodopyridin (23,9 mg, 0 ,1
mmol, 1 duong lugng), tao ra 24 véi hiéu suét 85% dugce xac dinh béng phéan tich
quang phd “F NMR cta hdn hop phan tng tho. Dir liéu phd'’F NMR phi hop véi dit
liéu ctia mau xac thuc (Sigma Aldrich, m, —71,28 ppm). Su nhén biét san phém con
duoc x4c dinh bang phan tich GCMS, ma dinh sin phidm dugc quan sat & 8,28 min.
Hiéu suét (86%) biéu din trung binh cta hai khoang chay (85% (trudc) va 87%).

2-flo-5-nitropyridin (25).

Quy trinh xr ly chung E sau d6 st dung 2-clo-5-nitropyridin (15,8 mg, 0 ,1
mmol, 1 duong lugng), tao ra 25 véi hiéu suat 70% duge xac dinh béng phan tich
quang phd "F NMR ctia hdn hop phan tng tho. Dt liéu phd"'F NMR pht hop véi dit
liéu cua mau xac thuc (Oakwood Chemicals, s, -59 ,14 ppm). Su nhan biét san phém
con duoc x4c dinh bing phan tich GCMS, ma dinh san pham dugc quan sat & 8,08
min. Hiéu sudt (73%) biéu dién trung binh ctia hai khoang chay (70% (trudc) va 76%).

2-flo-5-brompyridin (26).

Quy trinh xr 1y chung E sau d6 su dung 2-clo-5-brompyridin (19 ,1 mg, 0,1
mmol, 1 duong lugng), tao ra 26 v4i hiéu sudt 100% duoc xac dinh bang phan tich
quang phd "’F NMR hén hop phan tmg thd. Dit liéu phd"’F NMR phit hop véi dit liéu
clia mau xac thuc (Oakwood Products, s, —71,69 ppm). Su nhén biét san phidm con
duge xac dinh bang phan tich GCMS, ma dinh san phdm dugc quan sat & 6,54 min.
Hiéu suét (94%) biéu dién trung binh ctia hai khoang chay (100% (trudc) va 88%).

2, 6-Diflopyridin (27).

Quy trinh xtr ly chung E sau do6 st dung 2,6-diclopyridin (14,7 mg, 0 ,1 mmol,
1 duong luong) va NMeyF khan (28 mg, 0,3 mmol, 3 duong luong), tao ra 27 véi hi€u
suat 91% duoc x4c dinh bang phéan tich quang phd YF NMR cua hén hop phan tng
thd. Dt liéu phd"F NMR phit hop véi dir liéu ctia mau xdc thuc (Alfa Aesar, m, —
68,91 ppm). Su nhan biét san phdm con dwgc xac dinh bang phan tich GCMS, ma

dinh san phdm dugc quan sat & 4,87 min st dung phuong phap trong lugng phén tir
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thdp. Hiéu suit (93%) biéu dién trung binh cla hai khoang chay (91% (trudc) va
95%).

2-flobenzonitril (4).

Quy trinh x1r Iy chung E sau d6 st dung 2-clobenzonitril (13,7 mg, 0 ,1 mmol,
1 duong luong) at 80°C, tao ra 4 vdi hiéu sudt 98% duogc xac dinh bang phan tich
quang pho F NMR cua hdn hop phan tng thd. Dit lidu phélgF NMR phu hgp véi div
liéu ciia mAu x4c thue (Ark Pharm, m, -108,02 ppm). Sw nhén biét san pham con duoc
xac dinh bang phan tich GCMS, ma dinh san pham dugc quan sat & 7,10 min. Hiéu
suét (94%) biéu din trung binh cta ba khoang chay (99% (trudc) 83% va 100%).

3-flobenzonitril (28).

Quy trinh xr ly chung E sau d6 st dung 3-benzonitril (13,7 mg, 0 ,1 mmol, 1
duong luong) & nhiét do 80°C, tao ra 28 véi higu suit 6% dugc xac dinh bang phan
tich quang phd'’F NMR ctia hdn hop phan tg thd. Dit liéu phd'’F NMR phut hop véi
dit liéu ctia mau xé4c thuc (Oakwood Chemicals, m, -111 ,18 ppm). Sy nhén biét san
pham con dugce xic dinh bang phan tich GCMS, ma dinh san pham duoc quan sat &
6,35 min. Hiéu suét (7%) biéu dién trung binh cta hai khoang chay (6% (trudc) va
7%).

4-flobenzonitril (29).

Quy trinh xt Iy chung E sau d6 st dung 4-clobenzonitril (13,7 mg, 0 ,1 mmol,
1 duong luong) at 80 °C, tao ra 29 véi hiéu sudt 79% duogc xac dinh bang phan tich
quang phd "“F NMR ctia hdn hop phan img thd. Dit liéu phd'’F NMR pht hop véi dit
liéu ctia mau xac thuc (Oakwood Chemicals, m, -103,89 ppm). Su nhén biét san phém
con duoc xac dinh béng phén tich GCMS, ma dinh sén phém dugc quan sat ¢ 6,72
min. Hiéu sudt (80%) biéu dién trung binh ctia hai khoang chay (79% (truéc) va 81%).

Etyl 4-flobenzoat (30).

Quy trinh xr Iy chung D sau d6 st dung etyl 4-nitrobenzoat (98 mg, 0,5 mmol,
1 duong lugng), tao ra 30 la dau khong mau (51 mg, hiéu suét 61%, Ry= 0,58 trong
90% hexan/10% EtOAc). 'H, °C, va "F dir liéu thuc nghiém phu hop véi dit lidu
dugc bao cdo trong tai liéu (Ryan, S.J.; va cong su Org. Lett. 2015;17:1866). 1
NMR (500 MHz, CDCly): 6 8,04 (dt, J= 5,5, 2,0 Hz, 2H), 7,08 (t, J= 8,5 Hz, 2H),
4,36 (q, J= 7,0 Hz, 2H), 1,37 (t, J= 7,0 Hz, 3H). BC NMR (175,95 MHz, CDCLy): &
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166,3 (d, J= 253 Hz), 165,6, 132,0 (d, J= 9,5 Hz), 126,7 (d, J= 2,6 Hz), 115,4 (d, J=
21,8 Hz), 61,0, 14,2. ’"F NMR (100 MHz, CDCl;): & -160 ,1 (m). IR (cm™): 1715,
1601, 1507, 1236, 1153, 1105, 1089, 1015, 853, 765, 687. HRMS ESI" (m/z): [M]"
duoc tinh cho CoHgFO, 168,0587; duoc thiy 168,0584. Hidu suit (63%) biéu dién
trung binh cua hai khoang chay (61% (trudc) va 65%).

4-flobenzophenon (31).

Quy trinh x Iy chung D sau d6 st dung 4-nitrobenzophenon (114 mg, 0,5
mmol, 1 duong lugng), tao ra 31 1a chit rdn mau tr:fmg (89 mg, hi¢u sut 89% , R=
0,54 trong 90% hexan/10% EtOAc, mp = 47-48°C). 'H, °C, va "F du liéu thuc
nghiém phu hgp véi dir liéu dugc bao céo trong tai liéu (/d.). 'H NMR (500 MHz,
CDCly): 6 7,85-7,82 (m, 2H), 7,76 (d, J= 7,5 Hz, 2H), 7,58 (t, J= 7,5 Hz, 1H), 7,47 (t,
J=1,5 Hz, 2H), 7 ,14 (t, J= 8,5 Hz, 2H). °C NMR (175,95 MHz, CDCl;): & 195,2,
166,0 (d, J= 254 Hz), 137,4, 133,7 (d, J= 2,6 Hz), 132,6 (d, J= 9,5 Hz), 129,8, 128,3,
115,4 (d, J= 22,5 Hz). ’F NMR (100 MHz, CDCl3): & -105,9 (m). IR (cm™): 1645,
1594, 1500, 1297, 1279, 1223, 1148, 939, 924, 849, 793, 733, 678. HRMS ESI* (m/z):
[M + HJ" duoc tinh cho Cy3H;oFO 201,0710; duge thdy 201,0708. Higu suét (90%)
biéu dién trung binh cta hai khoang chay (89% (trudc) va 90%).

Vat liéu va cac phuong phap cia yéu cau bao ho kém theo khdng bi gi¢i han
trong pham vi cua céc vat licu va cac phuong phap cu thé dugc mé ta ¢ ddy, ma nham
minh hoa cho mot vai khia canh cua cac yéu cAu bao ho va vat liéu va cac phuong
phép bit ky ma c6 tac dung tuong duong nam trong pham vi séng ché. Sy cai bién
khéc nhau déi véi vat lidu va cac phuong phap ngoai cac cai bién duoc thé hién va
duoc mo ta & ddy nam trong pham vi ctia cac yéu ciu bao ho di kém. Hon nita, trong
khi chi céc vat liéu, cac phuong phép, va cac khia canh dién hinh nhét dinh ctia vat
liéu nay va cac phuong phap dugc mo ta cu thé, cac vat liéu va cac phuong phap va to
hop khéac cua cac du hiéu khac cta vat liéu va cac phuong phap nim trong pham vi
clia cac yéu cau bao ho di kém, ngay ca khi khong duge néu cu thé. Do d6 t6 hop cac
budc, cac nguyén td, thanh phén, hodc cAu tao co thé duoc dé cap rd rang ¢ day; tuy
nhién, tit ca cac tb hop khéc cua cac budc, nguyén td, thanh phﬁn, va cAu tao duoc

bao gdm, ngay ca khi khong dugc néu cu thé.
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YEU CAU BAO HO

1. Phuong phap diéu ché chét nén heteroaryl dugc flo hoa, bao gdm céc budce:
két hop tetrametylamoni florua va chét nén heteroaryl ¢ nhiét d6 nim trong
khoang tir 0°C dén 55°C,
trong do tetrametylamoni florua va chét nén heteroaryl dugc két hop véi su c6
mit cia nude voi luong toi da 1a 1,5 duong lwong cho mdi duong lugng
tetrametylamoni florua,

trong d6 chit nén heteroaryl c6 cong thirc I-A hoic I-B:

trong do:

A 1a Cl, Br, I, NO,, hodc SO;R’;

B 12 H, Cl, Br, I, NO,, hodc SO;R;

C 1a H, CI, Br, I, NO,, hogc SO;R’;

R'1a H, CN, SO,R?, hodc CO,R?, trong d6 mdi R* doc 1ap véi nhau la C;-
Cy, alkyl duogc thé tuy v, C,-Cy, alkenyl, C,-Cy,alkynyl, heteroxycloalkyl,
heteroaryl, xycloalkyl, hodc aryl; va '

R%1a H, aryl dugc thé hoic khong dugce thé, heteroaryl dugc thé hoic khong

duoc thé; va san phém flo héa thu dugc c6 cong thuc II-A hodc II-B:
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trong d6 D 1a B hodc F; va G 1a C hoac F;

hodc chét nén heteroaryl c¢6 cong thie I1I-A:

A
» /7
F24/// X"
III-A

trong do:

mot trong s6 X' va X* 1a N va nhom con lai 1a CH hodc C-A;

A 1a CL, Br, I, NO,, hoac SO;R?;

R’ doc 1ap véi nhau 1a C-Cy, alkyl, C,-Cy, alkenyl, C,-Cy, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl tuy y dugc thé; va

R*1a H, C,-Cy, alkyl duoc thé hoic khong dugc thé, C,-C, alkenyl dugc thé
hodc khong dugce thé, C,-Cp, alkynyl dugc thé hodc khong dugc thé, CN,
SO,R’, OR’, C02R3 , aryl dugc thé hodc khong duge thé, heteroaryl dugc thé
hoac khong dugc thé;

va san pham dugce flo héa c6 cong thirc 111-B:

F
Dk
/ S
F24/// X
1II-B

hodc chat nén heteroaryl c6 cong thirc IV-A:
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C
C X B
L
B N A
IV-A

trong do:

A 1a CL Br, I, NO,, hoic SOsR’; |

mdi B doc 1ap v6i nhau 1a H, CI, Br, I, NO,, SO;R®, SO,R’, CN, R’, COR?,
hoic CO,R’;

mdi C ddc 1ap v6i nhau 1a H, CL, Br, I, NO,, SOsR®, SO,R’, CN, R’, COR?,
hoic CO,R’;

mdi R doc 1ap va6i nhau la C;-Cy, alkyl, C,-Cy; alkenyl, C,-Cy, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl tuy y duoc thé;

va san pham flo hoa thu duoc ¢6 cong thirc IV-B:

G
G X D
P
D N F
IV-B

trong d6 mdi D ddc 1ap duoc chon tir B hodc F; va mdi G doc 1ap dugce chon tir
C hoac F;
hodc ¢6 cong thic VI-A, VI-B, hodc VI-C:

B A B
B | A B ‘ B A ‘ B
~-N ~N -N
RZ "N R? N hogc R® °N
VI-A VI-B VI-C

trong do:
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A 1a C, Br, I, NO,, hodc SO;R’;

mdi B doc lap v6i nhau 1a H, CI, Br, I, CN, NO,, SO,R’, SO,R’, R?>, COR’,
hogc CO,R’;

R?1a H, aryl dugc thé hodc khong duoc thé, heteroaryl dugc thé hodc khong
duoc thé;

R’ doc 1ap vai nhau la C1-Cy; alkyl, C,-Cy; alkenyl, C,-Cy; alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl tuy y duoc thé;

va san phém flo hoa thu duogc c6 thé co cong thuc VI-D, VI-E, hodc VI-F:

D F D

D | o F D | P F [ P

RZ "N R °N hoic R?* "N
VI-D VI-E VI-F

trong d6 mdi D doc lap duge chon tir B hodc F;

hodc chét nén heteroaryl ¢6 cong thirc VII-A:

RZ N R?
Tr
~
RZ N A
VII-A

trong do:

A 13 Cl, Br, I, NO,, hodc SOsR’;

mdi R? doc 1ap vdi nhau la H, halogenua, aryl dugc thé hoac khong dugc thé,
heteroaryl dugc thé hodc khong duogc thé; va

R’ doc 14p véi nhau la C-Cy; alkyl, C,-Cy, alkenyl, C,-Cy, alkynyl,
heteroxycloalkyl, heteroaryl, xycloalkyl, hodc aryl tuy y dugc thé;

va san phadm flo hoa thu dugc c6 thé c6 cong thire VII-B:
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RZ._N._R?
1L
=
RZ "N °F
VII-B.
2. Phuong phap theo diém 1, trong d6 tetrametylamoni florua va chit nén heteroaryl

dugc két hop & nhiét do ndm trong khoang tir 15°C dén 50°C hodc & nhiét d6 nim

trong khoang tir 20°C dén 40°C hodc & nhiét do trong phong.

3. Phuong phép theo diém 1, trong d6 tetrametylamoni florua va chét nén heteroaryl
dugc két hop trong thoi gian tir 1 phit dén 24 gio hodc trong thoi gian tir 1 phut dén
3,5 gio.

4. Phuong phap theo diém 1, trong d6 tetrametylamoni florua va chat nén heteroaryl
duoc két hop véi su c6 mit cia dung mdi, trong d6 t6t hon néu dung méi 1a dung moi
khong proton phén cuc va tot hon nita néu 1a mot hodc nhiéu trong sé cc hop chat
dimetylformamit, dimetylaxetamit, sulfolan, dimetylsulfoxit, N-metylpyrolidon,
tetrahydrofuran, benzonitril, hodc cac chét tuong tu cua chung da dugc doteri hoa, va
tham chi t5t nhét néu tetrametylamoni florua va chét nén heteroaryl duge két hop &

nhiét d6 nam trong khoang tir nhiét do trong phong va dung mdi 1a dimetylformamit.
5. Phuong phéap theo diém 1, trong d6 tir 0,5 dén 10 duong luong hodc tir 1 dén 2
duong luong tetrametylamoni florua dwgc st dung cho mdi dwong lugng chét nén
heteroaryl.

6. Phuong phép theo diém 1, trong d6 tetrametylamoni florua 1a & dang khan.
7. Phuong phép theo diém 1, trong d6 tetrametylamoni florua va chét nén heteroaryl

duoc két hop v6i sy ¢6 mdt cia nude voi lugng toi da 1a 1 duong lugng cho mdi

duong lugng tetrametylamoni florua.
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