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Applications of ionic liquids in drug research
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Abstract: lonic liquids are not limited to the traditional use of solvents because of their high permeability
and excellent physicochemical and unique biological properties. Nowadays, with the deep understanding of their
toxicity and biocompatibility, ionic liquids have been tailored as novel solutions to address potential problems
of marketed drugs. Based on the research and development of modified new drugs, ionic liquids have been
incorporated into drug synthesis and emerged as attractive environmental-friendly reaction media with milder
reaction conditions, higher yields and easier reaction workups and drug delivery systems. In addition, they have
been designed for effective drug carriers removing undesirable properties of solid drugs. Further, ionic liquids
forming active pharmaceutical ingredients dedicated to the liquefaction of drugs for promising clinical applications.
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Figure 1 Summary of pharmaceutical and medicinal applica-

tions of ionic liquids. API-1Ls: Active pharmaceutical ingredients-
ionic liquids
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Figure 2 Applications of ILs in the pharmaceutical synthesis of APIs. lonic liquids domained in the synthesis of an API processed by

natural or chemical approaches, and the later consists of four steps: reaction, extraction/separation, purification/crystallization and drying.

IL-LLE: IL-based liquid-liquid extraction; IL-ABS: IL-based aqueous biphasic systems; SLE: Solid-liquid extraction; UAIL: Ultrasound-

assisted ionic liquid; MAIL: Microwave-assisted ionic liquid
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T 5 BB 7 W A& (microwave-assisted ionic
liquid, MAIL) 58 75 4 B & 74 (ultrasound-assisted
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M (albendazole) 7£[C,mim]PF, ¥ fif ) 54 in T 10 000
5 LA B, Z 5 UM 5 5 KR I [Comim]Br, o
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Il PR 7 2850, B HL K W 1k 22 A5 3 PEAR IR ) 1 1% 38259
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balance, HLB) f&, i ik 2595 45, Wi 3 from. 1%
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ILs as tunable hydrophilic-lipophilic carrier for APIs. (a) Amphotericin B dissolved by the tunable cation lipophilicity with

[OAc] anion broking (inter/intra)molecular hydrogen bond; (b) Itraconazole dissolved by the tunable anion lipophilicity with [MPEG,,-

NH,]* broking (inter/intra)molecular hydrogen bond. [OAc] : Acetate anion; [MPEG,,,-NH,]*: PEG-ammonium cation
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IL 2 18] (B F 45 45 1AL APLS IL 22 1) A R4 3% 482
AL, AP 1L 2 [) DA S B AN 3 A7 4 3 ] &5 & e 2
A WUE EPE A API-ILs. Hough 25019 R %38 1 ik
J7 25 th IR T JE# 1 (ranitidine hydrochloride, [Ran]*) 55
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ERARTIL, BIIER T EHEBE THAMZ I E.
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H a3 = AR 6. 1E 00 i ” AR B T
“HT 2R ZIIARAL RS (R 2) tHR, X API-ILs TE ]
2N 2577 T e A 0 35 m DA 3
31 “R&” EVZYIEYEE TS R S GEE 2
2 53 VE IR) 38 T BRI 5 A R RN R ) ) 45
e P 38 R RO AR PR HL A I B, X 5K
Z B APIs HFAEAHFF . [F Ik, 5 APIs B 5 A FIF
TV BTG s () A £, RN % 1) API-1Ls [ 4 B
A PR T, Q0 N AR R PR (R AR Y B (D TE =
AR BRI TR T VAR R ER) I AU T AR B
AL AR (temperatures of glass transition, Ty,.) 1
TR A U I 2 PR AR S L8, Zakrewsky R 8 £ (69
DA e — Rk S JR B P B 7 5 RNAT R 45 &, F 2k K
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Table 1 Three types of API-ILs: (I) containing ionic API as its
anion; (I1) covalently linked API within its cation; (I11) both ionic

and covalent binding API

Coventional ILs

API-ILs

EI—-N/§L o
=N

1-Ethyl-3-methylimidazolium
chloride

[C;mim]CI

/ﬁ

Et—N -

\jni- BF;
\

1-Ethyl-3-methylimidazolium
tetrafluoroborate
[Comim]BF,

= o OH
el

\'/'N*\_o‘ \E EI

1-Ethyl-3-methylimidazolium

salicylate
Type 1 [Comim][Sal]
BFy
\ +

N:\ o] OH
%"\/\J\@

1-(2-((2-HydroxybenzoyljoxyJethyl)-3-
methylimidazolium tetrafluoroborate

Type Il [Comim-OSal][BF,]

OH O

/--ﬁ
Bu=—N 4 BFS

1-Butyl-3-methylimidazolium
tetrafluoroborate
[Cymim]BF,

o OH
o \p;-_'_.'\
\g.N\ zj)'L Q/N‘/\)J\Ej

1-(2-((2-Hydroxybenzoyljoxy ethyl)-3-

methylimidazolium salicylate
Type Il [Comim-OSal][Sal]

PE2E SIRNA #2465 T 28 JIG 7 siRNA 1) API-1Ls, £
N A, 365 25938 7 3% . Rogers 501 18 fif
H % (acyclovir) 1] B2 5140 BORE B2 0 B i 5

Table 2 Examples of liquefaction strategies for API-ILs. *Metathesis method uesd to combine the ionic API with appropriate counter ions

FF 28 - B T 4 T BOAH R PR BH 25 1, 5 [ s o P e
EHHLL, TS API-1Ls 75 A B /K P PR 5 o 1 73 A FE 6
EFF 206 000 £, £ 2 v T 7 IR H i S e £, B
f80 3% FH R K A WL A 5, BITfS API-ILs A8 % 0435
I RVE R L . Ak, Rogers 513 3K ) [Ran][Doc] -
[Lid][Doc] M [DDA][Ibu] = i T 1 LA, H. Ty FH XS
T RER APIs #4225 PRk . Dean 25013 R, v LR 48
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resulting in dual-functional salts provided with lower crystallinity and melting; "Acid-base reaction with incomplete proton transfer used

to form 'liquid co-crystal' or 'oligomeric' ions. © Prodrug strategy used to the neutral API with ionic functional groups resulting in a new

API-ILs provided without distributions like solid drugs

Liquefaction strategy Example
@ _H
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R R2 Rj
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API API Dual-functional API
® H-_ ©
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Low ionicity” Y *: ol R — | R Y
Y ~ 2
R | R, Ry R
Ry
API API Liquid co-crystal
OYO-H
® _H @ _Hlle R
R‘—N< (s} o R g R,—N< OO /&
Ry Y Rz Y ~o [e]
Ry R Ry £

Prodrug®

Oligomeric ions

API Linker Charged group
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Table 3 Pharmaceutical activity of API-ILs adapted from partial references

Cation Anion Pharmaceutical activity
[Ranitidine] [Docusate] [Ran][Doc]™
Histamine H:-receptor inhibitor Emollient
o o
rId M 7 HO: o ISI 07 TN
o "'\—'(]\/s /E i Histamine H.-receptor inhib-
9 ~ N N 9 O itor; Emollient
H H o
[Lidocainium] [Docusate] [Lid][Doc]"!
Pain reliever Emaollient
o] o
5 g 07NN Pain reliever;
HN 1 Emollient
+
NS v LR g X o N
o L O
[Didecyldimethylammenium] [Ibuprofen] [DDA][Ibu]""!
Anti-microbial Anti-inflammatory
F ”
}N n=7 c,: Anti-microbial;
7/ \_}i— o Anti-inflammatory

[Benzalkonium]’ [Saccharinate] [BA][Sac]™!
Anti-microbial Sweetner
o]
+
@;NW | N Anti-microbial
n=5-15 .}1‘0
[Didecyldimethylammonium] [Saccharinate] [DDA][Sac]™!
Anti-microbial Sweetner
o]
N
/ Ll | N Anti-microbial
o,}:o
[Benzalkonium] [Ibuprofen) [BA][Tbu]™!
Anti-microbial Anti-inflammatory
" &2° R
/NW 1 Anti-microbial;
n a Anti-inflammatory
n=5-15
Trihexyl(tetradecyl )phosphonium [Ampicillin] [P6,6,6,14][ Amp]™
Biocompatibility Antimicrobial
NH,
H H
CeHya Ny = _s
- :P—CE,H‘;; o ] NI x Antimicrobial
613 CyHag o } 3
[0}
0/-
Cetylpyridinium cation [Ampicillin] [C16Pyr][Amp]™!
Biocompatibility Antimicrobial
NH,
H H
N T8
@ \X
o ];N Antimicrobial
S
4 CigHa o } 5
(o]
0/‘
Amino acid ester [Salicylic] [AAEs][Sal]*"!
Biocompatibility Cytoxicity
o] Q
R A~ i
e} g Cytoxicity
HHs OH

WA TEAT 2, B TR AT A A A 1) 2 M AL o e A IRNHEAT o BLAh, B AR AL ) 25 A 7= i B8 b it vf
T, TSRO FE A 2 B 2% . DR, A HOURIF 70 {5 0 7 24 RE 2 WSCT B N A iR B AR AR a2
Hoppiie e, BT AEFH CIFR T FIRIEIE R SoRATE. B, G e SOR LG B8 1 IR AR 254 22 )
25 %) 7 1) W Ui (adsorption). 43 i (distribution). 4% 4 2L AN I BN 5 2L [R5 T EE T .
(metabolism) . HEHt (excretion) A% (toxicity) A& LA R WA KB TR R 78 B Ay, A B
J, IR I S A ADMET $0d P, 44t X bk R AL 25 Re 8 76 A A R BRI T T Z M I
BT AR B EE . FIR TR A IRBA R R, TR G20, R IR PR R 3R, A
() BB R B 1 T B T A0 (R A 0000 IR TN A RIEAE .
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