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Linh vue ki thuét dwoc dé cap

Sang ché @& cap dén quy trinh didu ché hop chit chalcogenon. Cu thé hon, sang
ché d& cap dén quy trinh chuyén hoa cac chit 16ng ion va cac mubi chira cac cation di
vong chira nito va anion bazo thanh céac chalcogenon di vong chira nito twong ung

bang phan ting véi cic chalcogen nguyén tir (nguyén tir thudc nhom 16).

Tinh trang ky thuat cia sing ché

Chalcogenon di vong 12 cac hop chit hoa hoc c6 gia tri c6 cac ing dung rong
rdi trong céac linh vuc k§ thuat. Mot 16p chalcogenon di vong la cac imidazol-2-thion.
Céc imidazol-2-thion da biét c6 thé hién tac dung dugc ly, va dd dugc st dung 1am
sang dé diéu tri mot s bénh. Ngoai ra, cac imidazol-2-thion C-nucleosit dd dugc sir
dung nhu 1a tién chat tdng hop cac azidonucleosit va cac floronucleosit ¢6 tac dung
chéng AIDS (Acquired Immuno Deficiency Syndrome - Hoi chiing suy giam mién

dich).

Bén canh cac tng dung 14m sang, cac imidazol-2-thion cling dugc st dung
trong cong nghiép nhu 1a cic chit chdng oxi hoa cao su va chit thuc diy sy luu hoa
cao su. Ung dung khéc nita ctia cdc imidazol-2-thion 1a cic chit quang ho4 nhay véi
anh sang va chit quang nhiét. Ngoai ra, cac hop chit imidazol-2-thion thé & cac vi trf 1
va 3 thudc 16p xic tac da ning da duogc st dung, vi duy, trong cac chit co6 chirc ndng
lién két ngang ciia epoxy va cac chét cé chirc ning clia isoxyanat dé tao ra chit nhua

ph c6 lién két ngang.

Céac imidazol-2-selenon 1a 16p hop chét lién quan gﬁn nhit da dugc xéac dinh 1a
cac thube e ché tuyén giap (Roy, G., et al., J. Amer. Chem. Soa, 2005, volume 127,
pages 15207-15217), va la chit xuc tic cho cac phan tmg cacbonyl hoa clia cdc amin

(Li, P., et al., Cuihua Xuebao, 2007, volume 28, pages 495-497).

L6p hop chit lién quan khac 1a imidazol-2-telurinon va benzimidazol-2-

telurinon, da duogc the hién 14 c¢6 tdc dung khang khuan chéng lai c4c vi khudn gram
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duong (Kucukbay, H., et al., Farmaco, 2003, volume 58, pages 431 -437; va
Kucukbay, H., et al., Arzneimittel-Forschung, 1996, volume 46, pages 1154-1158).

Theo mdt phuong phap diéu ché imidazol-2-thion da biét, cic mudi imidazol
duoc cho phan tng 1an lugt véi bazo va luu huynh nguyén tir (dé tao ra hop chét trung
gian carben), hodc & cac budc riéng 1¢é (thong qua cac loai cacbin chuyén tiép). Cac
bazo da dugce sir dung theo phuong phap da biét bao gdm kali tert-butoxit (trong phan
tng theo chudi), hoic kali cacbonat va natri methoxit (trong cac phan tmg don) (tham
khao Benac, et al., Org. Syn., 1986, volume 64, pages 92-95; va US 5,104,993).
Nhuoc diém cua cac phwong phép da biét nay 1a cac lugng cac san pham phu la mubi
vd co dugce tao ra va phai dugc tach ra khoi cic san phim imidazol-2-thion & budc
tach. Ngoai ra, phan ing duogc dién ra trong sy ¢6 mat cia dung mdi hitu co, chéng

han nhu pentan hodc metanol.

Gan day da phat hién ra ring bang cach st dung chiéu xa vi séng, cac mudi
imidazol c6 thé dugc chuyén hoa thanh cdc imidazol-2-thion twong Umg st dung cac
bazo mém hon chéng han nhu kali thioaxetat hodc kali thioxyanat (Tao, X. -L., et al.,
Syn. Commun., 2007, volume 37, pages 399-408), hodc st dung kali cacbonat trong
axeton (CN 1001 -1397 20060301 ), tuy nhién, cic cach tiép cén nay van yéu cau sir

dung bazo bén ngoai, dan dén sy tao ra cac san pham phy vd co khong co gid tri.

Ngoai ra, gan ddy quy trinh tao ra cic imidazol-2-thion don budge, khong c6
dung mdi da dugc boc 16 (US 2008/0171883). Phuong phdp nay lién quan dén phan
mg ctia mudi imidazol véi lwu huynh nguyén ti trong s ¢6 mit cua bazo bén ngoai.
Do d6, mic du da tranh duoc van dé st dung dung moi hitu co, quy trinh van yéu ciu
bazo bén ngoai ran thong thuong, ma tao ra cac sin phim phu v6 co khong mong

muon.

Su diéu ché cac imidazol-2-telurinon nhd phan tng ciia cdc cacben di vong
chtra nito véi teluri nguyén tir cling dd dugc mo ta (Kuhn et al., Chemische Berichte,
1993, volume 126, pages 2047-2049; va Arduengo et al., J. Amer. Chem. Soa, 1997,
volume 1 19, pages 12742-12749).
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Ban chit ky thuit ciia sang ché

Muc dich cua sang ché 1a @& xuét quy trinh didu ché hop chit chalcogenon di
vong , quy trinh nay dugc thyc hién dya trén sy phat hién rang cac mudi hitu co bao
gdm céc cation di vong chira nito nhét dinh va cac anion la céc bazo lién hop cla céc
axit yéu c6 thé phan ng véi cac chalcogen nguyén ti trong sy c6 mit ciia bazo b6
sung dé tao ra cac chalcogenon di vong. Phuong phép nay thé hién vu diém dang ké so
v6i cac quy trinh da biét khi tong hop cac chalcogenon di vong 1a chi phi, cac bude xir
Iy bd sung, va rii ro cho ngudi van hanh két hop voi st dung cac chat co ban déu tranh
dugc. Ngoai ra, phan ng 1am viéc hi¢u qua ma khong can cac dung moi khéc, cu thé

1a khi mudi nong chay (ttrc 13, chét 1ong ion) & nhiét do hoat dong cua quy trinh.

Can hiéu ring theo sang ché nay, cic hop chét chalcogenon 1 cdc hop chét
chira it nhit mot gdc thiocacbonyl, selenocacbonyl, hodc telurinocacbonyl. Ngoai ra,
trong sang ché ndy, cac chalcogen nguyén ti bao gbdm luu huynh nguyén tir, selen

nguyén tir hodc teluri nguyén tur.

MO ta chi tiét sang ché
Theo mot khia canh, sang ché dé cap dén quy trinh diéu ché cac hop chit
chalcogenon di vong bao gdm phan tng ctia chalcogen nguyén tit dugc chon tir luu
huynh nguyén t, selen nguyén tr va telu nguyén tir voi chit 16ng ion hoic mudi c6
cong thurc:
[Cat™][X7],
trong d6: [Cat*] 1a mot hodc nhiéu cation di vong c6 cong thirc tdng quat (1) c6
cac nguyén tir cacbon va nito canh nhau:
H
I

(st/Ra
/

QJ )
2%

trong d6 R® 12 nhom alkyl mach thing hoic mach nhanh ftir 1 dén 30 nguyén tur
cacbon, nhom xycloalkyl ¢6 tir 3 d@én 8 nguyén tir cacbon, nhém aryl ¢ tir 6 nguyén tir

cacbon trd 1én, nhom alkaryl c6 tir 1 dén 30 nguyén tir cacbon, hoic nhém aralkyl c6
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tir 1 dén 30 nguyén tir cacbon; trong d6 cac nhom alkyl, xycloalkyl, aryl, alkaryl hodc

aralkyl néu trén duogc thé hodic khoéng duogc thé;

Q la phan gbc lién két, ma bao hoa hoic khong bdo hoa, va dugc thé hodc
khong duge thé; va khi ghép nbi cling v6i cac nguyén tir cacbon va nito tao ra vong di

vong chira tir 5 dén 10 nguyén tir; va

[X] 1a mdt hodc nhiéu anion dugce chon tir cac bazo lién hop cla cac axit co

cong thirc [H"X"] va c6 gia tri pKa 16n hon 2,5; va
trong d6 phan tng dién ra ma khong can c¢6 bazo bd sung.

Theo phwong 4n uu tién cua sang ché, chalcogen nguyén tit duge chon tir luu
huynh va selen. Tét nhét 13, chalcogen nguyén tt 12 Iuu huynh. Viéc tién xtr Iy khong
cu thé cta chalcogen nguyén tir 13 cin thiét, mic du trong mot s6 truong hop ¢6 no thé

thich hop hon nén chalcogen & dang bot.

Sang ché dugc danh gia ring trong céac cation di vong dugc thé hién bing cong
thirc tdng quat (1), Q c6 thé 1a nhém lién két bat ky dé khi duoc dua vao ciing véi cic
nguyén tr cacbon va nito canh nhau, sé& ting 4o 6n dinh cho cation di vong c6 vong tir
5 dén 10 nguyén tir. T6t hon 13, Q 12 nhém kién két ma khi dugc dwa vao cling véi cac
nguyén tr cacbon va nito canh nhau s€ ting do dn dinh cho cation di vong c6 vong 5

hodc 6 nguyén tur.

Theo mot phuong an ctia sang ché, Q c6 thé bao gébm chudi tir 3 dén 8 nguyén
tir cacbon. Theo phuong an khac ciia sang ché, Q c6 thé bao gdm chudi tir 3 dén 8
nguyén tir dugce chon tir cacbon, nito, oxi va luu huynh, chudi tir 3 dén 8 nguyén tir

néu trén 1am titng do dn dinh cho cation di vong.

Nhu duge luu v & trén, Q c¢6 thé bao hoa hoic khdng bdo hoa. Theo phuong 4dn
uu tién, Q khong bdo hoa sao cho khi dua Q vao cung véi cdc nguyén tir cacbon va
nito canh nhau s& tao ra vong thom. Cén danh gia ring, nguoi c6 trinh do trung binh
trong linh vuc k§ thudt nay c6 thé nhan thiy cac vong thom cé thé duoc thé hién trong
hai dang tiéu chuén chinh tic. Véi muc dich ctia sang ché, didu cin thiét 13 it nhat mot
dang tiéu chuén cia cation di vong thom c6 thé duge thé hién bang cong thic tong

quat (1).
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Nhu dugc luvu y & trén, Q co thé dugc thé hodc khong duge thé. Nhu duoc sir
dung & day, thuat nglt khong duoc thé c6 nghia 13 céc vi tri hod tri trbng trong chudi
nguyén tir tao ra Q duoc chiém gitr bdi nguyén tir hydro. Céac hop chét thé thich hop
bao gdm cac nhom alkyl mach thing hoic mach nhanh tir 1 dén 30 nguyén tir cacbon,
cac nhém xycloalkyl co6 tir 3 dén 8 nguyén tir cacbon, cac nhém aryl co tir 6 dén 10
nguyén tir cacbon, cdc nhom alkaryl co tur 7 dén 30 nguyén tir cacbon, cic nhém
aralkyl c¢6 tir 7 d&én 30 nguyén tir cacbon, va cac nhém alkoxy c6 tir 1 dén 30 nguyén
t&r cacbon, cdc nhoém nay cd thé duoc thé hodic khong thé. Ngoai ra, hodc déng thoi, Q
c¢6 thé dugc hop nhét véi vong khac thong qua hai nguyén tir canh nhau trong chudi
nguyén tir tao ra Q, trong dé vong khac co thé 1a vong cacbon hodc di vong bdo hoa
hoac khong bdo hoa. Véi Q dugce hop nhit voi vong khac thong qua hai nguyén tir
canh nhau trong chudi nguyén tir tao ra Q, vong khac nay ciing co thé duoc thé hoic

khong duoc thé.

Khoéng bi rang budc béi bét ky 1y thuyét hoat dong cu thé nao, c6 thé tin ring
cation di vong trong cong thirc (1) bi tach proten béi anion bazo cua chét 16ng ion
hodc mudi dé tao ra cacben trung gian (2), ma sau d6 cacben nay phan ung véi
chalcogen nguyén tu dé tao ra chalcogenon c6 cong thirc (3), nhu duge thé hién trong

co ché 1.

H

X' E ]
[X1 Cn R

s

<|:\+ R? Ss ﬂ Ra
(\N/ _— ( N —_— (\N/
QJ (1) QJ (2 QJ )

Coché 1

Theo phuong 4n wu tién cia sang ché, cong thirc tbng quat (1) thé hién cac loai
cation di vong dugc chon tir nhém gdm c6: imidazol, pyrazol, 1,2,4-triazol, oxazol,
isoxazol, thiazol, isothiazol, 1,2,4-oxadiazol, 1,2,5-oxadiazol, 1,3,4-oxadiazol, 1,2,3,4-
oxatriazol, 1,2,3,5-oxatriazol, 1,2,4-thiadiazol, 1,2,5-thiadiazol, 1,3,4-thiadiazol,
1,2,3,4-thiatriazol, 1,2,3,5-thiatriazol, pyridin, pyridazin, pyrimidin, pyrazin, 1,2,3-

triazin, 1,2,4-thazin, 1,3,5-thazin, 1H-indazol, benzimidazol, benzisoxazol,
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benzoxazol, benzothiazol, benzisothiazol, quinolin, isoquinolin, cinnolin, quinazolin,
quinoxalin, va phtalazin.

Tét hon 14, cong thirc tdng quat (1) thé hién céc loai cation di vong dugc chon
tir nhom g@)m c6: imidazol, pyrazol, 1,2,4-triazol, oxazol, isoxazol, thiazol, pyridin,

pyridazin, pyrimidin, pyrazin, benzimidazol, quinolin, va isoquinolin.

Tét hon nita 13, cong thirc tng quat (1) thé hién cac loai cation di vong dugc

chon tir nhém goém co:

va

Rc + R¢ + Rd +
RY R Re Rr? RE
/ / \n
| , | , | ,
A xn A VY
H i R H N/ R® N H
| E l
— R? n L R* = L R? .
B I+ B 1+ B T+
RY R¢ RS, RS
RS N\ R? N/
| ' (] A 2|
b /I H T/ R R T H
R H H
FL R? R
B 7+ i 7+ i 1+
Ra\ ]? R
N1 N
) \ ¥ / )\ 1
H X RY R® s H
M
l
- R Y 1+ [ R® = T+
Rﬁ Rh RG Rh
=z 7
. |
N
R® T H Re N \R"
- RE R __ RR H .
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trong d6: R?, R®, R¢, RY, R¢, R, R€ va R" dugc lya chon doc 1ap tir nhom alkyl
mach thing hoic mach nhanh tir 1 dén 30 nguyén tir cacbon, nhém xycloalkyl ¢ tir 3
dén 8 nguyén tir cacbon, nhém aryl c6 tr 6 dén 10 nguyén tir cacbon, nhém alkaryl co
tir 1 dén 30 nguyén tir cacbon, nhém aralkyl c6 tir 1 dén 30 nguyén tir cacbon, va trong
d6 RY, R°, RY, R¢, Rf va RM ¢6 thé ciing 1a hydro hodc nhom alkoxy c6 tir 1 dén 30
nguyén tir cacbon, hodc hai nhém bt ky trong s R®, R®, RY, R¢, Rf va R" duoc gén véi
cac nguyén tir cacbon bén canh tao ra chudi metylen -(CHz)q- trong d6 q tir 3 dén 6; va
trong d6 cadc nhom alkyl, xycloalkyl, aryl, alkaryl, aralkyl hodc alkoxyl hodc chudi
metylen n6i trén khdng dugc thé hoic c6 thé dugc thé béi mot dén ba nhom duge chon
tir: alkoxy c6 tir 1 dén 6 nguyén tir cacbon, alkoxyalkoxy c6 tir 2 dén 12 nguyén tir
cacbon, xycloalkyl ¢ tir 3 dén 8 nguyén tir cacbon, aryl c6 6 nguyén tir cacbon,
alkaryl c¢6 7 nguyén tir cacbon, aralkyl c6 7 nguyén tir cacbon, -CN, -OH, -SH, -NO, -
CO; alkyl (c6 tir 1 d&én 6 nguyén ti cacbon), -OC(O)R¥, -C(O)RX, -C(S)R¥, -CS; alkyl
(c6 tir 1 dén 6 nguyén tir cacbon), -SC(S)RX, -S(O)(alkyl c6 tir 1 dén 6 nguyén tir
cacbon), -S(0)O (alkyl ¢6 tir 1 dén 6 nguyén tir cacbon), -OS(O)( alkyl c6 tir 1 dén 6
nguyén tir cacbon), -S(alkyl c6 tur 1 dén 6 nguyén tit cacbon), -S-S(alkyl c6 tir 1 dén 6
nguyén tir cacbon), -NR*C(O)NRYR?, -NR*C(O)O alkyl (co tir 1 dén 6 nguyén tu
cacbon), -OC(O)NRYR?, -NR*C(S)O alkyl (co tir 1 dén 6 nguyén tir cacbon), -
OC(S)NRYRZ, -NR*C(S)S alkyl (c6 tu 1 dén 6 nguyén tr cacbon), -SC(S)NRYR?, -
NRXC(S)NRYR?, -C(O)NRYR?, -C(S)NRYR? -NRYR?, hodc nhém di vong, trong do R*,

RY va R* dugc chon ddc 1ap tir hydro hodc alkyl co tir 1 dén 6 nguyén tir cacbon.

Tét hon 13, R?, RY, RS, RY, Re, R, R# va R! duoc lua chon doc 14p tir nhom alkyl
mach thing hodc mach nhanh c6 tir 1 &n 10 nguyén tir cacbon, nhém xycloalkyl c6 tir
1 d@n 10 nguyén tir cacbon, nhém xycloalkyl ¢6 tir 3 dén 6 nguyén tir cacbon, nhém
aryl c6 tir 6 nguyén tir cacbon, nhom alkaryl co tur 7 dén 10 nguyén tir cacbon, hoic
nhém aralkyl c6 tir 7 @én 10 nguyén tir cacbon, va Rb, R¢, RY, R, Rf va R ciing c6 thé
1a hydro hodic nhom alkoxy c6 tir 1 &n 10 nguyén tir cacbon, hodc hai nhém bét ky
trong sb R®, RS, RY, Re, Rf va R dwoc gin véi cac nguyén tir cacbon bén canh tao ra

chudi metylen -(CHz)q- trong d6 q tir 3 dén 6.

T6t hon 13, R?, Rb, R¢, R4, R¢, Rf, R® va R" dugc lwa chon doc 1ap tir nhom alkyl
mach thing hodc mach nhanh c6 tir 1 dén 6 nguyén tir cacbon, nhém xycloalkyl c6 tir

1 dén 6 nguyén tir cacbon, nhom xycloalkyl cé tir 3 dén 6 nguyén tir cacbon, nhém

-8
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aryl c6 6 nguyén tur cacbon, nhém alkaryl ¢6 tir 7 dén 10 nguyén tir cacbon, hoic nhom
aralkyl ¢6 tir 7 dén 10 nguyén tir cacbon, va R®, R¢, RY, R, Rf va R! cling 6 thé 1a

hydro hoac nhém alkoxy c6 tir 1 dén 6 nguyén tir cacbon.

Céac nhom alkyl c6 tir 1 d&n 6 nguyén it cacbon thich hgp bao gbm metyl, etyl,
n-propyl, iso-propyl, butyl, sec-butyl, iso-butyl, n-pentyl, iso-pentyl, hexyl, 2-
etylbutyl, 2-metylpentyl. Cac nhom alkoxyl co tir 1 dén 6 nguyén tir cacbon thich hop

bao gdbm cac nhém alkyl & trén dugc lién két qua nguyén tir oxy.

Thich hop 14, R* dugc chon tir cac alkyl ¢o tir 1 dén 15 nguyén tir cacbon mach
thdng hodc manh nhanh, cac alkoxyalkyl c6 tur 1 dén 15 nguyén tir cacbon, ho#ic cac
aryl co tir 6 dén 10 nguyén tir cacbon. Tét hon 13, R? dugc chon tir cac alkyl c6 tir 1
dén 10 nguyén tr cacbon mach thing hodc mach nhinh hoic alkoxylalkyl c6 tir 1 dén
10 nguyén tir cacbon; tot hon nita 13 alkyl c6 tir 1 dén 8 nguyén tir cacbon mach thing
hozic mach nhénh hodc alkoxylalkyl c6 tir 1 dén 8 nguyén ti cacbon; t6t hon nita 13
alkyl c6 tir 1 dén 6 nguyén tir cacbon mach thang hodc mach nhanh hoic alkoxylalkyl
c6 tir 1 dén 6 nguyén tir cacbon; va tdt nhat 1a R? 14 alkyl c6 tir 1 dén 6 nguyén tir
cacbon mach théng hodc manh nhanh.

Trong céc cation di vong bao gdm nhém RE, thich hop 14 R& duge chon tir cac
alkyl ¢6 tir 1 dén 10 nguyén tir cacbon mach thing hodc mach nhanh, t6t hon 13 cac
alkyl ¢6 tir 1 dén 15 nguyén tir cacbon mach thing hoic mach nhanh, va t6t nhat 1a Re
1a nhém metyl.

T4t nhét 1a, R®, R¢, R, R, RY, va R" déu 1a hydro.

Theo phuong 4n wu tién khéc, cong thic tong quét (1) thé hién cac loai cation di

vong dugc chon tr nhoém gdm coé:



+ + +
R R R, RY R® R?
/ /
— /) J\
\N A~ ’ R N)\H ' R 0)\H '
| |
R R
B T+ B | T+
9 R =
™N /

H N\_LR" , Va R® /S\H

3

g

trong d6: R?, R®, R¢ va R nhu dugc xac dinh & trén.

Tét hon nita 13, cong thuc téng quat (1) thé hién cac loai cation di vong dugc

chon tir:

trong d6: R?, R®, R® va R& nhu dugc xac dinh & trén.

Tét hon nita 13, cong thie tdng quat (1) thé hién céc loai cation di vong dugc

chon tur:

trong d6: R?, va R& nhu dugc x4c dinh & trén.

Tt nhét 13, cong thirc tdng quat (1) thé hién cac loai cation di vong duge chon

-10-



trong d6: R? 1a nhém alkyl co tir 1 dén 6 nguyén tir cacbon mach thing hoic
mach nhanh. v
Theo phuong 4n wu tién khéc, cong thire tbng quét (1) thé hién céc loai cation di

vong dugc chon tu:

trong d6: R? R, R, R¢ va R® nhu dugc xac dinh & trén.

Tét hon 13, cong thire tdng quét (1) thé hién cac loai cation di vong dugc chon

tur:
' 1+
g
N,
I
L R
trong d6: R? 1a nhom alkyl c6 tir 1 dén 6 nguyén tir cacbon mach thang hoic
mach nhanh.

Theo phuong 4n wu tién khéc, cong thic tdng quat (1) thé hién cac loai cation di
vong tao ra carben c6 hai nguyén tir khac loai thudc vong canh cacbon carben. Céc vi
du v& cac loai cation di vong thich hop theo phwong 4n nay ciia sang ché bao gbm:
imidazol, 1,2,4-triazol, oxazol, thiazol, 1,2,4-oxadiazol, 1,3,4-oxadiazol, 1,2,3,4-

oxatriazol, 1,2,3,5-oxatriazol, 1,2,4-thiadiazol, 1,3,4-thiadiazol, 1,2,3,4-thiatriazol,

-11-
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1,2,3,5-thiatriazol, pyrimidin, 1,2,4-triazin, 1,3,5-triazin, benzimidazol, benzoxazol,
benzothiazol, va quinazolin.

T6t hon 13, theo phuong 4n nay cla sang ché, cong thirc tbng quat (1) thé hién

cac loai cation di vong dugc chon tu:

B - . T+ R +
j i D
" ) ¥
R l‘-J/ H )\
[ RY (Y H
# l
L - L R -
- T+ — T+ u 1+
RY R? RY, Re R?
N/ N N
SU NS U P,
Ré H ' TN £ ' Re s H
o 1
|
R B |
- N ., -
” /
va \>—H '
Rt “\'
L R . -

trong d6: R?, R, R¢, R¢ va R® nhu dugc xéac dinh & trén.

Theo sang ché, [X] 12 anion 13 bazo lién hop ciia axit yéu c6 pKa 16n hon 2,5,

tét hon 12 16n hon 3,5, va tot nhat 13 16n hon 4,5.

Céac vi du vé cac anion thich hgp bao gdm cac ion cacboxylat, chang han nhu

[CH3CO,]", [CH3CH,CO,]", [CH3(CH2)2CO4]", [PhCO.]-.

Céc anion thich hop khac bao gdm [CN], [COs]*, [HCOs], [OH], [SHT, va
[NO2]-.

Sang ché khong bi giéi han & phan ing ciia cac chét 1éng ion va cac mubi bao
gdm céc anion bac mot. Nhu duge lwu ¥ & trén, cac anion ching han nhu [CO3]* ¢6
thé duoc st dung. Do d6, cong thirc [Cat*][X"] dugc du dinh bao gém ca cac chét 16ng
ion va mudi bao gém, vi du, cac anion bac hai, hodc bac ba. Do d6, duong lugng

[Cat*] va [X] trong chét 1ong ion khéng cb dinh ma c6 thé dugc thay dbi theo sd
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cation va anion béc cao. Vi duy, coéng thirc [Cat™][X"] can dugc hicu la bao gom ca cac

chét 10ng ion va mubi c6 cong thirc [Cat][X*]; [Cat*]s[X>"].

Ciing c6 thé danh gia rang sang ché khong han ché & cac chét long ion bao gdm
cac cation don va anion don. Do do, [Cat™] c6 thé, theo cac phuong an nhét dinh, c6
hai hodc nhidu cation, ching han nhu hdn hop 1,3-dimetylimidazol, 1-etyl-3-
metylimidazol va 1 -3-dietylimidazol. Tuong tu, [X'] c6 thé, theo cac phuong 4n nhét
dinh, c6 hai hodc nhiu anion, ching han nhu hdn hop chia axetat ([CH3CO:]), va
benzoat ([PhCO3]").

Néu mudn, phan tmg c6 thé duoc dién ra trong sy ¢6 mit cia dung moi tuong
hop v6i cac chit 1ong ion va mudi va san phim chalcogenon, va tro i v6i hop chat
trung gian carben. Viéc st dung dung moi co thé thich hop v6i mong mudn hoa tan
mudi rén hodc dé thay ddi do nhét ctia chét 16ng ion. Cac dung méi thich hgp cho muc
dich nay 1a cac dung mdi phan cuc aprotic khong phéi bazo, ching han nhu axetonitril,
dimetylsulfoxit, dimetylformamit va sulfolan (tetrahydrothiophen 1,1-dioxit). Tuy
hhién, thich hop 13, phan tmg dwoc dién ra khéng c6 dung mdi bd sung. T6t hon 13,
phan tmg duoc dién ra khdng c6 cac dung méi protic, ching han nhu nudc va rugu, do

chung dugc phat hién lam chdm qua trinh phan tng.

V6i [Cat*][X7] 12 mudi, & thé rén & nhiét do va ap sudt phan tng, phan tng c6
thé dién ra & trang thai ran, phan ung khong can dung méi. Theo phuong 4n niy cla
sang ché, thich hop 1a [Cat*][X"] rédn va chalcogen nguyén tir ran duoc két hop & dang
bot. Ngoai ra, v6i [Cat™][X"] 1a chét 16ng ion & nhiét d6 va ap suat phan Gng, phan ung

c6 thé dién ra st dung hdn hop bun nhio cia chalcogen ran trong chat 1dng ion.

Tt nhét 13, quy trinh theo sang ché dugc dién ra duéi cac didu kién nhiét dd
cao hon nhiét dd néng chay cua [Cat*][X7] (sao cho [Cat*][X7] 1a chéit long ion) va
khong c6 dung méi bd sung. Do d6, [Cat*][X7] thich hop 13 c6 diém noéng chay thip
hon 100°C, va tét hon 1a [Cat™][X7] ¢6 diém néng chay thip hon 25°C.

Céc vi du v& [Cat][X"] 1a chét Iong & nhiét dd va ap sudt thuong 1a 1-etyl-3-
metylimidazol hydroxid va 1 -butyl-3-metylimidazol axetat. Vi du v& [Cat"][X] c6
diém nong chay cao hon nhiét d6 thuong & 4p sudt thuong 1a 1 ,3-diisopropylimidazol

axetat.
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Quy trinh theo sang ché thich hop 1a dugce dién ra & nhiét do tir -10°C dén
150°C, va t6t hon 1a tir 25°C dén 100°C, vi du tir 70°C dén 80°C. Véi phan tng dugc
dun néng 1én cao hon nhiét 46 thuong, viéc dun néng ¢ thé dugc thuc hién sit dung
phuong phép thich hgp. Vi du, phan Umg c6 thé dugc dun néng sir dung phuong phéap
nhiét thong thudng, dun néng bang vi séng hoic str dung cic ngudn nhiét khac ching

han nhu si€u am va hong ngoai.

Quy trinh theo séng ché thich hop dugc dién ra & 4p sudt tir 10.000 dén
1.000.000 kPa (tir 0,1 dén 10 bar), t6t hon 1a tir 50.000 dén 500.000 kPa (tir 0,5 dén 5
bar), va t6t nhét 13 quy trinh duoc dién ra & 4p suét thuong (x4p xi 100.000 kPa).

Theo séng ché, chét 1ong ion hoic mudi thich hgp dwgc cho phan tng véi
chalcogen nguyén tir véi ti 1€ mol, dua trén cac nguyén tir chalcogen la tir 1:100 dén
100:1, t6t hon la tir 1:10 dén 10:1, t6t hon nira 1a tir 1:5 dén 5:1, va tdt nhat 1a chat
16ng ion hodc mudi dwgc cho phan tng véi chalcogen nguyén tir véi ty 1€ mol 1a

khoang 1:1.

Quy trinh theo sang ché duoc thuc hién qua mot khoang thoi gian thich hop aé
dat dugc d6 chuyén hoa dinh lugng hoic gan dinh luong (vi du, 16n hon 95%) ctia chét
16ng ion hodc mudi ban dau thanh san phdm chalcogenon. Sang ché s& duoc danh gia
rang tbc do phan ung s& thay déi theo mudi hozic chét 16ng ion va chalcogen duoc st
dung. Ngoai ra, cic tham s6 phan ng khac ching han nhu nhiét do, ap sudt va sy chon
dung moéi, néu c6, ciing c6 thé anh huong dén tdc do phan tng. Tuy nhién, su chuyén
hoa dinh lugng hodc gin dinh luong cua chét 1ong ion hodc mubi ban dau thanh san
phin chalcogenon thich hop 14 thu dugc trong thoi gian ngén hon 24 gid, tbt hon 1a
ngén hon 5 gio, va tét nhat 14 it hon 1 gio.

Quy trinh theo sang ché c6 thé dugc minh hoa nhd tham khao phan tng cta
mudi imidazol v&i luu huynh nguyén tir (Ss). Nhu duge thé hién trong co ché 2, cation
imidazol (4) phan tng véi anion bazo [X7] dé tao ra hop chét trung gian carben (5), ma

sau d6 phan tng v6i luu huynh nguyén tir dé tao thanh imidazol-2-thion (6).
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Coché 2

S& quan st duge ring chi ¢6 san phim phu cta phan tng 1a axit lién hgp H'X
clia anion bazo [X-]. Axit H*X" ¢6 thé duoc tai ché trong qué trinh tao ra [Cat'][X" ]
tiép theo, st dung phuong phap thich hgp. Vi dy, quy trinh tao ra céc chét 16ng ion
imidazol axetat da duoc bdc 10 bdi Maase, va cong su (don Patent My c6 cong bb sb

US 2007/0142646).

Do d6, theo phwong 4n uvu tién clia sang ché, su tao ra chit 16ng ion hodc mubi
[Cat*][X"] duoc két hop véi su tdng hop chalcogenon. Do d6, sin phim phu axit cua
qué trinh didu ché chalcogeno dugc tai ché hoan toan, va khong c6 ludi san phim phu

dugc tao ra trong qua trinh diéu ché chalcogenon.

Theo khia canh khac cua sang ché, san phim chalcogenon c6 thé dugc phan lap
bang chiét xuit bang dung méi. [Cat™][X] chua phan tmg c6 thé hoa tan trong nuéc va
mét sb dung mdi hitu co, nhu san phém phu axit (H"X") ctia phan Ung; trong khi
chalcogenon khong tan trong nudc va c¢6 thé tan trong mot sé dung méi hitu co. Do
Iuu huynh khong tan trong ca nudc va cac dung mdi dugc dé cap & trén, nén cac chiét
xuét theo chudi st dung nudc va cac dung mdi hiru co dugc st dung dé phan 1ap san
phim chalcogenon ra khoi chét 16ng ion chwa phan Gng, chalcogen chwa phan ting va
san phdm phy axit ciia phan tng. C6 thé hinh dung céc chién lugc khac nhau cho muc
dich nay, phu thudc vao viéc dung moi hitu co co thé tron 13n dugce véi nudce hay

khong.

Néu dung moéi hitu co khéng thé trén 13n véi nudc, thi viée chiét 1ong-long
dugc thuc hién cung véi loc luu huynh c6 thé tich hop. Ngoai ra, néu dung méi hitru co
¢6 tré tron 13n voi nude, viée bd sung dung mdi hitu co vao hdn hop phan tng sau d6
loc lwu huynh khong tan, loai bé dung méi hitu co, va sau d6 chiét 16ng-1ong st dung

nudc va dung mdi hitu co khong tan trong nude 1a thich hgp.
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Su ¢6 mit clia san pham phu 13 axit ctia phan ing trong moi trudng phan ing da
dugc nhan thdy 1a lam cham tdc do phan tmg, nhu thé, trong mot s trudng hop c6 thé
dat dugc trang thai cdn bang ma tai do chét 16ng ion hoic mudi khong dugc chuyén
héa hoan toan thanh san phim chalcogenon. Duéi cac trudng hop nhu thé, nguyén liéu
dAu c6 thé tai tudn hoan vao trong phan tng sao cho khong xay ra sy mét nguyén liéu
du. Tuy nhién, thich hop 14 rit can san phdm phu 12 axit ra khoi hdn hop phan tmg, do
d6 chuyén dich cin bing hoa hoc theo chiéu tao ra san pham chalcogenon mong mudn.
C6 thé 18 rang ring cac axit d& bay hoi ching han nhu axit axetic (CH;CO2H) dugc uu

tién cho muc dich nay.

Sang ché ciing dwoc danh gia ring cic chat 16ng ion va cic mudi bao gdm céc
cation di vong c6 thé thu duoc st dung tong hop "méot ndi” (“one-pot"), ching han nhu
dugc md ta trong US 5,182,405. Theo phuwong 4n wu ti€n cua sang ché, viéc téng hop
cta chét 16ng ion hodc mubi va sau do 1a su tao ra chalcogenon di vong theo quy trinh

cta sang ché, co thé dugc két hop trong quy trinh téng hop “mot ndi”.

Do do, vi du, theo khia canh nay ctia sang ch€, va voi su tham chi€u véi phuong

phap dugc md ta trong US 5,182,405, va imidazol-2-chalcogenon c6 cong thuc (7):

trong d6: R?, R® R° va R& nhu dugc xac dinh & trén; va Z 13 nguyén tir luu
huynh, selen hodc telu;

c6 thé thu dugc bai:

(i) phan tng hop chit a-dicacbonyl c¢6 cong thitc RP-C(0)C(0)-R® véi amin c6
cong thirc R*-NH, (v6i R? = R#) hoidc hdn hgp ciia cac amin R*®NH, va R&NH; (v6i R? #
R®), formaldehit, va axit [H"][X"] (trong d6 [X] nhu dugc xac dinh & trén, tic 1a cé
pKa it nhét 14 2,5) dé tao ra hdn hop phan ting bao gdm chét 16ng ion hoic mudi

imidazol c6 cong thic (8):
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trong d6: R?, R®, R° va R& nhu dugc xac dinh & trén; va [X] nhu duge xé4c dinh
& trén; va

(i) sau d6 thém chalcogen nguyén tir dugc chon tir luu huynh, selen va telu truc
tiép vao hdn hop phan tmg tir buée (i).

Su xac dinh R?, R®, R® va R8 dugc uu tién di cho & trén cling dugc uu tién trong
khia canh nay cta sang ché.

Theo phuong an uvu tién khac, R? va R& dugce chon doc lap tir alkyl (co tir 1 dén
4 nguyén tr cacbon), 2-hydroxyetyl hodc phenyl.

Theo phuwong 4n wu tién khac, R® va R® duge chon dc l4p tir hydro, alkyl (c6 tir
1 dén 4 nguyén tir cacbon), hodc phenyl.

Theo phuong an uu tién khac, [X] dugc chon tir bazo li€n hop cua cic axit
[H"X] c6 gia tri pKa 16n hon 2,5 va t6t hon 1a nhé hon 6. Vi dy, [X] ¢ thé duoc chon
tir [CH3CO.]", [CH3CH2COz]", [CH3(CH2):CO2]", [PhCO2], va [NOz]".

Sang ché s& dugce danh gia ring quy trinh & trén c6 thé dwoc lam thich tng dé
tao ra cac chalcogenon di vong khéc, va viéc lya chon nguyén li€u dau thich hop, va
cac didu kién phan Gng, thudc pham vi hiéu biét ctia ngudi c6 trinh d6 trung binh trong
linh vyuc nay. Nhu thé, viéc tham khao dugc thuc hién vdi céc phuong an uu tién dugce
boc 10 & trén, vi du, ddi v6i khia canh thi nhat cua sang ché.

Sang ché s& dugc minh hoa béng céac vi du sau:

Vi du thwe hién sang ché
Vidu 1

Khoang 3,1557 g (15,9 mmol) 1-butyl-3-metylimidazol axetat khong mau dugc

cho vao trong lo thuy tinh, va lvgng duong lugng luu huynh vang nhat (0,5095 g, 1,99

mmol, trong duong 15,9 mmol nguyén tir luu huynh) dugc thém vao. Hon hop dugc
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dun néng dén 75°C trong lo ¢ ndp, va duoc khudy tir. Sau khoang 1 phut, c6 thé quan
st thdy cac thay dbi dinh tinh thdy trong moi truong phan (mg. Sau khoang 10 phut,
hdn hop chuyén thanh mau nau den, véi mot it luu huynh chua tan van quan sat thiy &
day lo. Phan g duge cho phép dién ra trong thoi gian 48 gid, sau d6 mau dugc rut ra
dé phan tich bang phd cong huong tir hat nhan (Nuclear magnetic resonance -NMR)
'H va 13C. Phd 'H NMR thé hién thong tin vé loai m&i, & ty 1& so v&i chét 16ng ion 13
3:1, v6i cac tin hidu chu thanh dugc bdc 1§ trong tai liéu dbi véi 1-butyl-3-
metylimidazol-2-thion (Tao va cong sy, Syn. Commun. 2007, 37, 399-408; Wolfe va
Schreiner, Eur. J. Org. Chem. 2007, 2825-2838). Mo6i truong phan tng dugc cho phép
tip tuc dudi cac didu kién twong tu trong thoi gian 6 ngay, ma khong quan sét thiy su
thoai bién trong chét long ion; tuong tu dit li€u phé NMR dugc thu & diém nay, va

phan tich phé khéi (ESI-MS) con xéc dinh sy c6 mit cta thion.
Vidu?2

Khoang lugng duong lugng 1-etyl-3-metylimidazol axetat (2,0205 g, 11,9
mmol) va luu huynh (0,3740 g, 1,46 mmol, twong duong 11,7 mmol nguyén tir luu
huynh) duge dit vao binh day nham hai c¢d. Thiét bi ngung tu hdi luu dugc 1ap vao ¢b
chinh, trong khi ¢b phu dugc nut lai mot cach don gian. Hon hop duoc khqu & nhiét
d6 didu khién 1a 25°C. Su thay ddi hién nhién vé& mau cta hdn hop co thé duoc quan
sat trong phit dau tién. Cac miu mdi trudng phan ng dugc rit ra dé phén tich bang
phd 'H NMR & céc thoi diém khac nhau trong thoi gian 5 ngdy. Céc tin hiéu céu thanh
véi thong tin cua 1 -etyl-3-metylimidazol-2-thion, nhu dugc bdc 10 trong tai li¢u (Tao
va cong su, Syn. Commun. 2007, 37, 399-408). Su tich hgp cuia dit liéu phé chira réng
phén Umg ban déu phat trién nhanh, dat dén d6 chuyén hoé chét 16ng ion thanh thion 13
khoang 22 % ngay sau 15 phut bat diu; nhung sau d6 cham lai, dat dugc do chuyén
hoa 16n nhét 1a khoang 47 % trong vong 24 gio dau tién. P& phan l4p thion tao duoc,
axetonitril dugc thém vao mdi truong phan tng. Luu huynh chua phan tng khong hoa
tan, va dugc loc ra. Sau do axetonitril dugc loai bo, va nudc va diclorometan dugc
thém vao. Pha hitu co duoc rira vai 14n voi nude sach, va cudi dung diclorometan dugc
loai bo nhd chan khong. Mau cudi ciing duge tinh ché tiép dudi ap suét cao, va dugc
dic trung boi phén tich phd khdi sic ky khi (GC-MS) bang ESI-MS va bang '"H NMR
va 13C NMR, tit ca két qua chi ra ring san phdm 1a 1-etyl-3-metylimidazol-2-thion.

Vidu3
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Imidazol (0,6864 g, 10,1 mmol) va axit axetic (0,6081 g, 10,1 mmol) dugc dat
vao binh day nham, dugc nut lai va dugc khuit déu cing véi gia nhiét trong thoi gian
khoang 1 gio. Hén hop 16ng duge dé ngudi, va luu huynh (0,3280 g, 10,2 mmol S)
dugc thém vao véi luwong duong luong, gia sir su tdn tai ctia phan ung dé tao ra thion
thong qua su két hop clia mot nguyén tir luu huynh véi chét 16ng ion khong dugc thé
N c6 thé duoc tao ra bsi imidazol va axit axetic (1-H-3-H-imidazol axetat). Hon hop
nay duge khudy & nhiét do 25°C trong thoi gian 4 ngay. Tai thoi diém nay, mau dugc
rit ra dé phan tich bang phép do phd '"H NMR. Nguoc lai v6i két qua ¢ vi du 1 va vi
du 2 véi cac chét 1ong ion imidazol axetat dugc thé N, trong truong hop nay khong

quan sat dugc sy tao ra thion.
Vidu4

Luu huynh (0,1457 g, 4,5 mmol) va 1-etyl-3-metylimidazol axetat (0,7683g, 4,5
mmol) v6i cac luong duong luong dugce trdn véi hai lan s mol axit axetic (0,5447 g,
9,1 mmol)trong binh day nham, c6 gin bo ngung tu hdi luu. Hdn hop dugc khudy déu
& nhiét do 25°C trong 2 ngay. Dit liéu phd "H NMR ciia mau dugc rit ra tir méi trudng
dugc nhan théy thé hién sy két hop cua céac tin hiéu dbi voi chat long ion va axit
axetic, nhung khong cd tin hi€u cla su tao ra thion. Nhu thé, su c6 mit cia axit ¢b tac

dung trc ché co ché phan tng giita chét 16ng ion va luu huynh.
Vidy5

Nude (0,5265 g) va 1 -etyl-3-metylimidazol axetat (0,5226g) dugc tron véi ty 1€
khoang 50:50 trong lugng/trong lugng, va luu huynh véi 100% du so véi luong chét
16ng ion dugc thém vao. Hn hop dugc khudy & nhiét do 25°C trong gin 2 ngay, va
mau duoc 14y ra dé phan tich. Dit liéu phd "H NMR chi ra ring khong tao ra san phim
thion. Nhu thé, phan ng gitta chit 16ng ion va luu huynh khong xay ra trong moi
tredng nude. Tuy nhién, mot lugng nho nude trong hé théng 13 co thé chip nhéan dugc,
nhu duge ching minh béi sy that 13, trong Vi du 1 va Vi du 2, cac chét 1éng ion 1 -
butyl-3-metylimidazol axetat va 1-etyl-3-metylimidazol axetat do dugc lam lugng

nudc 1an luot 13 478 ppm va 516 ppm.
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YEU CAU BAO HOQ

1. Quy trinh diéu ché hop chét chalcogenon di vong bao gdm viéc cho chalcogen
nguyén tir dugc chon tir lvu huynh nguyén tir, selen nguyén ti, va telu nguyén tir phan
g v&i chét 1ong ion hoic mudi ¢ cong thirc sau:
[Cat][X-],
trong do: [Cat™] 1a mot hodc nhiéu cation di vong c6 cong thirc tdng quat (1) c6

cac nguyén tir cacbon va nito canh nhau:

(C§

trong d6 R? 1a nhom alkyl mach thang hoic mach nhénh c6 tir 1 dén 30 nguyén
tir cacbon, nhom xycloalkyl c¢6 tir 3 dén 8 nguyén tir cacbon, nhém aryl ¢ tir 6 dén 10
nguyén ti cacbon, nhom alkaryl co tur 1 dén 30 nguyén tir cacbon, hoic nhém aralkyl
¢6 tir 1 dén 30 nguyén tir cacbon; trong d6 cac nhém alkyl, xycloalkyl, aryl, alkaryl

hodc aralkyl néu trén dugc thé hodc khong dugc thé; va

Qla phén géc lién két, ma bao hoa hodc khong bao hoa, va cb thé dugc thé
hodc khong duoc thé; va khi ghép ndi cling véi cdc nguyén tir cacbon va nito canh

nhau tao ra vong di vong chua tir 5 dén 10 nguyén ti; va

[X] 1a mdt hodc nhiéu anion dugc chon tir cac bazo lién hop cua céc axit ¢6

cong thic [HX] va ¢ gia tri pKa 16n hon 2,5; va

trong d6 phan tng dién ra khong c6 mit bazo b sung.

2. Quy trinh theo diém 1, trong d6 chalcogen nguyén tir dugc chon tir selen nguyén tir

va luu huynh nguyén tir.

3. Quy trinh theo diém 2, trong d6 chalcogen nguyén ti 1a luu huynh nguyén tu.
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4. Quy trinh theo diém bét ky trong s6 cac diém néu trén, trong d6 cong thic tdng quét
(1) thé hién cAu tric cation di vong dugc chon tir nhém gbm c6: imidazol, pyrazol,
1,2,4-triazol, oxazol, isoxazol, thiazol, isothiazol, 1,2,4-oxadiazol, 1,2,5-oxadiazol,
1,3,4- oxadiazol, 1,2,3,4-oxatriazol, 1,2,3,5-oxatriazol, 1,2,4-thiadiazol, 1,2,5-
thiadiazol, 1,3,4-thiadiazol, 1,2,3,4-thiatriazol, 1,2,3,5- thiatriazol, pyridin, pyridazin,
pyrimidin, pyrazin, 1,2,3-triazin, 1,2,4-triazin, 1,3,5-triazin, 1 H-indazol,
benzimidazol, benzisoxazol, benzoxazol, benzothiazol, benzisothiazol, quinolin,

isoquinolin, cinnolin, quinazolin, quinoxalin, va phtalazin.

5. Quy trinh theo diém 4, trong d6 cong thirc téng quat (1) thé hién cAu trac cation di
vong dugc chon tir nhém gbm co:

— —_ — —_— — —_—

Re + R + +
R® R R R
7z z
| , | , ,
A L AN
H N R® H N/ H
R R L
B 1+ B o+ B T+
Rb R® R R9
R® N\ RY N/
’ ! N SR ! b / )\ !
/ H N/ R R q H
RP N H | |
| . ;
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trong d6: R?, R®, RS, RY, R¢, R, R& va R dugc lva chon ddc 14p tir nhom alkyl
mach thing hodc mach nhanh c6 tir 1 dén 30 nguyén ti cacbon, nhém xycloalkyl co tir
3 dén 8 nguyén tir cacbon, nhém aryl c6 tir 6 dén 10 nguyén tir cacbon, nhém alkaryl
¢6 tir 1 dén 30 nguyén tir cacbon, nhém aralkyl c6 tir 1 dén 30 nguyén tir cacbon, va
trong d6 R®, R®, RY, R¢, Rf va R ¢6 thé ciing 14 hydro hodc nhém alkoxy c6 tir 1 dén 30
nguyén tir cacbon, hoic hai nhom bét ky trong s R®, R, RY, R¢, Rf va R dugc gén véi
cac nguyén tir cacbon bén canh tao ra chudi metylen -(CHa)g- trong d6 q 12 tr 3 dén 6;
va trong d6 cac nhom alkyl, xycloalkyl, aryl, alkaryl, aralkyl hodc alkoxyl ho#c chudi
metylen néi trén khong dugc thé hodc ¢6 thé duge thé boi mot dén ba nhém duge chon
tir: alkoxy ¢ tir 1 dén 6 nguyén tir cacbon, alkoxyalkoxy c6 tir 2 dén 12 nguyén tir
cacbon, xycloalkyl c6 tir 3 dén 8 nguyén tir cacbon, aryl c6 6 nguyén tir cacbon,
alkaryl c6 7 nguyén tir cacbon, aralkyl c6 7 nguyén tir cacbon, -CN, -OH, -SH, -NO, -
CO; alkyl (c6 tir 1 dén 6 nguyén tir cacbon), -OC(O)RX, -C(O)RX, -C(S)R, -CS; alkyl
(c6 tir 1 dén 6 nguyén tir cacbon), -SC(S)RX, -S(O)(alkyl c6 tir 1 dén 6 nguyén tir
cacbon), -S(0)O (alkyl c6 tir 1 dén 6 nguyén tir cacbon), -OS(O)( alkyl c6 tir 1 dén 6
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nguyén tir cacbon), -S(alkyl co tu 1 dén 6 nguyén tir cacbon), -S-S(alkyl c6 tir 1 dén 6
nguyén t cacbon), -NR*C(O)NRYR?, -NR*C(O)O alkyl (c6 tir 1 dén 6 nguyén tir
cacbon), -OC(O)NRYR?, -NR*C(S)O alkyl (c6 tir 1 dén 6 nguyén t& cacbon), -
OC(S)NRYR?, -NR*C(S)S alkyl (c6 tur 1 dén 6 nguyén tir cacbon), -SC(S)NRR?, -
NR*C(S)NRYR?, -C(O)NRYR?, -C(S)NRYR?, -NRR?, hodc nhém di vong, trong do R*,

RY va R? duoc chon ddc 1ap tir hydro hodc alkyl ¢6 tir 1 dén 6 nguyén tir cacbon.

6. Quy trinh theo diém 5, trong d6 cong thirc téng quat (1) thé hién cAu tric cation di

vong dugc chon tr nhém goém co:

Re + +
RS RY
/
R® Rrd N
, va
\ l R ) l/ H ,
H N R® I
| R

L R® ] - -

trong do: R?, RP, R®, RY, Re, Rf, Re nhu dugc xéac dinh & diém 5.

7. Quy trinh theo diém 6, cong thirc téng quat (1) thé hién cu tric cation di vong duoc

chon tir nhém gom co:

+ R +
/ N
N 1 , va () ’
N N

trong do: R? va R& nhu duoc xéac dinh & diém 5.

8. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 [X'] bao gbm anion

bazo 1ién hop cua axit [H™X"] ¢ gia tri pKa 16n hon 3,5.
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9. Quy trinh theo diém bét ky trong s cac diém néu trén, trong d6 [X] bao gbm anion

bazo lién hop cua axit [H'X"] ¢6 gid tri pKa 16n hon 4,5.

10. Quy trinh theo diém bét ky trong sd cac diém néu trén, trong d6 [X'] bao gdm

anion cacboxylat.

11. Quy trinh theo diém 10, trong d6 [X] bao gdm anion cacboxylat duge chon tir

[CH5CO;]", [CH;CH2CO,], [CH3(CH2)2CO2], [PhCO-].

12. Quy trinh theo diém 10, trong d6 [X] bao gbm anion dugc chon tir [CN], [COs3]%,
[HCOs], [OH], [SH], va [NOz]-.

13. Quy trinh theo diém bat ky trong sb cac diém néu trén, trong 6 phan tng duoc

din ra & nhiét do tir 25°C dén 100°C.

14. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong d6 muoi c6 diém

néng chay thap hon 100°C.

15. Quy trinh theo diém 14, trong d6 mubi c6 diém néng chay thap hon 25°C.

16. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 phan tng dugc
dién ra véi su c6 mit cia dung mdi dugc chon tir axetonitril, dimetylsulfoxit,

dimetylformamit va sulfolan.

17. Quy trinh theo diém bit ky trong s6 cac diém tir 1 dén 15, trong d6 phan tmg dugc

dién ra ma khong c6 dung mdi bd sung.
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18. Quy trinh theo diém bét ky trong s& céc didm néu trén, trong d6 san phim phu 13

axit dugc 14y ra khoi binh phéan ng lién tuc.

19. Quy trinh theo diém bat ky trong sb cac didm néu trén, trong d6 chit 16ng ion hogic
mubi va chalcogen dugc phan g & ty 1€ mol, dya theo s6 nguyén tir chalcogen, 1a tir

1:100 dén 100:1.

20. Quy trinh theo diém 19, trong d6 chat 1ong ion hoic muébi va chalcogen dugc phan

ung & ty 1€ mol, dua theo s6 nguyén tir chalcogen, 1a tir 1:10 dén 10:1.

21. Quy trinh theo diém 20, trong d6 chit 1éng ion hoic mudi va chalcogen dugc phan

ung & ty 1€ mol, dua theo ) nguyén tir chalcogen, la tir 1:5 dén 5:1.

22. Quy trinh theo diém bt ky trong s cac diém néu trén, trong d6 axit 1a sén phim
phu cta phan ing duogc tai ché va st dung trong téng hop chét 1éng ion hodc mudi bd

sung.
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