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Application of Deep-Eutectic Solvents in Green Organic Synthesis

Xiong, Xingquan® Han, Qian Shi, Lin Xiao, Shangyun Bi, Cheng
(Key Laboratory for Functional Materials of Fujian Higher Education, College of Materials Science and Engineering,

Huagiao University, Xiamen 361021)

Abstract Since the definition of “green chemistry” was proposed in 1991, the green solvents have attracted considerable
attention. In the two decades ago, ionic liquids grew up. However, as following the research, it was found that ionic liquids had
some drawbacks. Nowadays, some new types of low-transition-temperature mixtures, i.e. deep-eutectic solvents (DES) are
raised. Compared with the traditional ionic liquids, deep-eutectic solvents are greener, cheaper and more accessible. Further-
more, the preparation methods of deep-eutectic solvents are easy, and the components of them are biodegradable. In recent
years, deep-eutectic solvents have been applied as green solvents in organic synthesis widely. In this review, the application of
deep-eutectic solvents in cyclization reactions, replacement reactions, addition reactions, multicomponent reactions, enzyme
catalytic reactions and other reactions in the last few years are briefly summarized, and the prospects of DESs are also dis-
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emin leg! > ) 0, =N
GO T R SR A R SRR P (B, 13), Fgeeny,  molmin g DRIEFRIE(>99%) L.
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/\/\)CJ)\ Novozym 435

N N

OEt  * """ BES 50°C, 1 vol% of H,0
o)

A A g (13)

TiAh, ZARB A T LR AR T R L A 7
HAE PSS A BTV, A S e — R T AR AT AR
PR Rk, FORVE iz, WY . s RE T e
HARWT AR 225, HATA A H Il = Be e B 1) 26 A0 T %
WA E S 1) 7 R S N SR . AR AR L 2
T, QR AR R, R i R e g R 2
75 1 FT G 2R 3% DA S FE R MR MLV R 45, 2013 4F,
R P IR T P AR 355 0 e 125 7R A i 7
PAK 91 Ay SRR B A 2% 1R T ) £ 15 20 A= P 52 i (1
T %7 R P IR 0 I AR R, e R T A
eI R, T AR TC R, 5 R 00 AR A
RVELE. SRR, FAE RSN ChCl/H (L - 2)
SRRV I S L, 7 03 B E, B
Novozym“435 {EAfEALH, 7E 50 ‘C R 24 h, H
=BE IR = N 88%.

2.5 {RHIEBFIEE MR AR

2011 4, Azizi Z5P 08 T 7E ChCl/pR 2 B R IA
TR AL 2 3 3% 1 0 TR T B AL I R R AT AE RN Ak &
YJ(Scheme 7). EMETEEIRAMET, A 2 equiv. I
SAbEN, RZHEERER AT /E ChCVJRZE HAE] 5
min [ I TA) 5 BT DA O i, BT 75 A0 D7 16 B 1) 77 R OR
75%~99%. Btz 4h, Ko A AW e
ChC/JRZ HHE IR IR, A R B 17 N 75%~95%.

2012 4F Coulembier Z5*HRiE TN 1,8- &4 —
IR[5.4.01+—B%-7-4(DBUYE A VERRPE AL FRIHEAL T AE
BE(LA)FT 1,3- 5443 O be-2-B(TMO) L R e 5. &
FUR R — P N &R £V R AT, TR

j)]\ Q ChCl/urea OH OH

—_—
or or

R "R® NaBH, rt,5min g™ >H R27OR?

/& ChCl/urea OH
R NaBH,, 60 °C, 30 ~ 180 min R)\
BR 7 (EIEIA AR R T A R A T
S8

Scheme 7 Reduction of carbonyl compounds and epoxides in

deep-eutectic solvent

B 7E ¥ R R v B T — S B T B R LA,
B CAROK L FEA T A R B AU A R Ve . (E2AE
FHHEHRBL L D1 AL LA F1 TMC AT LATE 21.3 CHE
B — i 3L 4% 7% 7 (Scheme  8). 7E % A S 51 & 51,
DBU 1E NI T, SEALBR(PLLA)EE 46 i,
HH M2 i, RS 7 PLLA R, E%ﬁ
BRI, GUAFIINIAE] 60 CH Bl ok Hh % iR T
$ﬁ¢HJqu¢£ﬂMCmE¢%,ﬁLLmM%
R .

AR AL R B, ARILIEVE AT AME R — M e 4
5 B i B AR AR DKM SR B k. b, o
M2 JE 5-F2 RS (HMF) 1] £ . HMF & —Fh 2
HWLE R A, R TT DUE N — L R A VAR
InFa LRGSR 2. Bilhn, 2009 4F Konig Z50YHRIE 11
ChCl/urea (1 & 2)ZH AR I v 70 b pl SR J8 18 £
i K H g HMFE [RJ59%. e b, 480 A Sopl 2
R FERI(40%), FEAMEH T RRHEMF(10 mol% CrCl,,
CrCls, FeCls, AICl; B Amberlyst 15). X1l HMF [#)7= %
HURMK(<30%), IXA& TR0 5 IR 3= 1 2 AR AE B
N MNP ERRE IR R )G, Bk M4 E ],
BT 10 mol% FeCls AL 254~ HNF 177 2 =ik
89%. {H & PO MR 1) 97 FH AR o 17 7 AN B S5 ) 3K

ey

Homo-PLLA nucleation/crystallization

ﬂcwz
ot

B 8 L\ DBU {EMELFILE LA-TMC 4RI A 7 77 h AT SE 3R &
Scheme 8 Co-polymerization of the LA-TMC eutectic mixture in the presence of DBU as catalyst
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BIHE

FEF AN = 4 B ) 1) . Z R R 2L R N B KA A
Y15 ChCl FLIR T B AR LAV AR BUAR 22 B AR SL I
AT, MR DR T IR 28 ) 1, 3 b H B K Ak S P AR
T TR FE VAR IR A(<<80 °C), I A B AN 75 1 11
e AESE, IR TTVEAAAE — A IR SR e A s S
A T &R, — IR AR N, 7 4ha 3
Bk —E iIi5 Y. Han NS T EARIHEHEFIH T
FHEEAN ML T H & HMF 7k EETE
ChCI/FT 5 TR 4 R AT BT RR R AR FLIE VA7) R R
B 7K #1145 HMF (80 °C, 1 h, DES © HHi=5: 1), Hp=
RiEiE 76%. FERE—MEE . ITRANRR, K]
DLIE Tt A (1) 5 340 A e T K AR ) ) 4. BT HMF
1E ChCUFTHR R ZH e AR SL v 77 b v i R ARG, (HH
LR CFREERE HMF, HP=R 5k 91%. TR,
MIEEH LI HMF 177 364N 2 B R v 770 A FH 2
3 0 B PR, 2 ChCUFT IR BR A R ik 2
I FIT R J5, HMF XIS T AR~ 28, SiE 1
ZAME IR A R RS E M. PG, Han 2589 3% Bk
AT T RESE, ABATTSLFH 5687 8 3 A AN B0 K SR i) %
HMF. 455888, 2% ChCUERR A ChCUFT B BRZL K,
R IL S 75, HMF 172 2850 301l R 56% 1 51% (80 °C, 2
h, SHEEARILIEAEFIF IR E AN 16 mol%). [HIFER
12, 52 A aE e, ExAN SRR A G &)
JKATABE I HMF FI7P2 3R, fEIXAD ARG, KIER—F
PSR 7 RN R DG R 25 BT DATE ) 5 IR 3R i
I B B K B AIATAF R . ChCl/ LR 40
R PRSI A R D HL BN 6 Y5, HMF 72 2 545 I &k
1R B

52 RURIEH, Vigier SPMRIE T LARH SR AR
ERBHOWE N— ] A AT B ATRFRR 5 ChCl Fl7KH4
MR ILE AR T H 4 HMF 5%, EX =49
(ChCUBHC/ /K )i 3L 15 ¥ 5 1, HMF 7= 258 63%
(130 C, AW ES N 40%). 5 iR Han 551
TAEA b, 249% 5N P AR A R (R 2 5 T R A D &
BUAFES, HMF (45 7= mnk 95%BA b, FHEC T 5
R RS 84% M=%, HFHE RS, XMt —
E B T M R A A 5 A G0 I DR e 28 B R A A AL
RRPE. [FIRERY, 128 =20 AR AA A R I [EY 7 R,
TR BAT A RICR

FAN, RIS AR AT CASL T B A R T T
FETE RAR =) AN G Ak 25 A Dy — o B 2 1) i 25 45 44,
HAERBONEMEZ, MRS, MRSk, E5EE
2014 4, Nagarkar Z£P*RiE 7 R ChCl %TE’QAJ@M&?J
(ChCVZnCl,=1 : 2)1F F i 55 AR ARG 9 J5 k)G s 9t i
(1) 11 1. 77 ¥2:(Scheme 9). A TG KA R ITi%, %07
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LN S, ERRRRAR R FI, BOIRR, F=3
B (FIA 98%).
H

ChCiznCl, ChCVZan
NH,OHe HZO H,0, 100 °C

B 9 FEARILHE A7) 25 il 26 2% Y I A

Scheme 9 Synthesis of benzamide in deep-eutectic solvent
4 RE

H5HEPER . BT, RIS RE AR
Rt s (DERHMTBEZ S #& 776, Qs t
HIETRMAET 100%; G)RFE, & —fEIERZE
V. TR, R FEAE A R R L RE SE L IE A B A
BRI NI RS, BeR 28 R B B2
Vel A Bk R K (RIS VA TK), BRI 758
SEHUAHRIABVE I . B R 3 B E 7 S50 2
KA, BRI AT IR REfS DR 45 R I A2 €
P, B HEEH T T DN RNIER G, R ERA
KU, BRIEZ A, MAEACAL S RO LA B BE SR U,
R A 5 5 KM B TR SRR v ek, R
JHIAN ] B S B A4t 4 R S0 i 52 Ak I A AR 1) 3 A ] A1
FORRVET, XM RIS R SRR 2. [FI,
?EE%@E%&M&‘THET%M%%N%ﬁ#?
MEALER T BN, PR, WTRATTE, EAIZRIARR, K3k
K A SRR A% v B S TR, O — s
t, N E M.
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