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Recent Progress of Glycerol as Green Solvents in Organic Synthesis

Zhang, Xiazhong” Zou, Runying” Deng, Jiaying” Zhou, Wenjun™* Wang, Jinxian”
(“ College of Chemistry and Chemical Engineering, Neijiang Normal University, Neijiang 641112)
(® College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)

Abstract Traditionally, organic synthesis is carried out in solvents, which not only facilitate the intimate contact of reactants
and catalysts but also determines the choice of work up procedures and disposal strategies. Glycerol (1,2,3-propanetriol or
glycerin) is easily available as the main by-product of the biodiesel industry. The increased production in the synthesis of bio-
fuel, i.e., biodiesel, has led to a growth in the supply of glycerol, which is a non-toxic and recyclable liquid that is highly inert
and stable, and compatible with many other non-irritating and non-toxic chemicals. According to the twelve principles of green
chemistry, the features of glycerol are to meet the criteria for green solvents. Recently, glycerol has attracted attention as it is a
versatile, cheap, and renewable feedstock and has been proven to be an environmentally friendly reaction media for the syn-
thetic organic chemistry. In many reactions, glycerol as green solvent can improve the yield of the reaction or change the se-
lectivity of the reaction. In order to provide some inspiration of better organic synthetic method design for glycerol, the use of
glycerol as a green solvent in organic synthesis is reviewed, such as addition reactions, reduction reactions, coupling reactions,
multi-component reactions, and so on.

Keywords biodiesel; glycerol; green solvent; organic synthesis
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(R i R, RIIE S IE R Wy 53832 3 T fb
ISR INSANAi 0k R

BEE T RESE R B ISR N, A RS
VEIR I H 25 k55 DA K A 3ok A 3 i A B4 55 5 e el
CLRN I 204 £ 2 FE . 3 S8 VS 5 AN A 855 ) FUAE
MATHR TR B A AR IR, PRl 5 A 5T 7ol )
PRI R, RS S A PR AN K, AL
TH AR e — AN AR T B R, B R, Hh =
Tl AR 6 0 R O R 2 G 5 2 R IR0 R A A AL A8 460 S T
A BCH AT = RS (Eq. DPL HhE — Rk, B, &
WELPFDRE VR A, PR IR, B A KRR
A EEEL AR ERE. TR, fE5 K.
FERERCIRY, WA TV 28 WA NIAERI(CR RS —
AH B B TIAE TR, HR BT s 2
BES AT RANA S ERES. RE. Rk,
EnTHR MEFER . ETRRE SRR R A AR AR (IR R
AT ER.

(0]
RZAO : OH 0
RSYO\)\ CH3OH(53eqU|v.) ﬁ& . )k W
I OTR1 OH HO OH R™ ™0

(0]

R= R1, RZ, R3= hydrocarbon chain from 15 to 21 carbon atoms

—H LR, ANTAES S\ H M R IR R, K
FE T AR 2K T i 5 m A B AR P A 2 o)
FH i =R A R R, IRk, HhE N skt R
AR, S TSR 2 55E. H Wolfsons 257k
UH AT DU R G 68 ) RV FITE A WA A LU,
A A FIAE A BSOS A ) P R i 22 ™, A Skt
AR H A sk GV I S AT B, EEAHHE
TEMMBU N 38 S5 S AR IR NI 22 41 53 e 37 55 A L
S ATB HR R) BEF

2 RR N

2.1 Michael iR R

2008 4, Gu 2P 5T 7 Hil st AR F IS op-
AHAIIRIEN EWIH aza-Michael RN, 1% BAE
TAHEA AT, 100 C/ M 20 h BIAT DU & = 2%
(82%) 1S B HAx /=4y, RN, A8 &I NE RN APt
BETEZ 26 T RAE aza-Michael Il V. (Scheme 1). ¥
ZH BRI NN-—F I F L (DMF). —HF
PA(DMSO)FE X ik e AENEH . PLKCHE I A
DEFEIAE R, A, AR ESMEH 3 kEEE
IRTFELUF .
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R3 (0]

H glycerol R?
RZ/N\R1 + 028: —Q——_ > O N~
4100°C,5~38h L4 o |y

60% ~ 85% yield

4 02
N R* R
H R* Z glycerol ,‘\l
+ - - \R1
2/N\ 1 ‘ 0, Né
R R R3 80°C,45~14h R3

72% ~ 93% vyiel
R'=H, CH;, Bn; R?= Ph, Bn; % ~ 93% yield

R3=H, CHy; R*= n-Bu, Cy
B 1 5 ap-AHMRENEWEIERNEWN aza-
Michael 1 J= 7

Scheme 1 The aza-Michael addition reaction of amines to a.,f-
unsaturated carbonyl compound or nitrile compound

W5IAAT AR S ALK 2 (1 Michael Jil RSt g
FET A LAEST, HLRESRAF B = 7= 2 M= M(Bq. 2)P.
HAR—3EHE, RN T FTART AL R AT 3E4T, T
I ABA BT 2K . DMF)ARE Hl R Ae13 2)1R D
(174,

1
R ph R

_R?
2 lycerol 7N
ZNR o\ N0, _gveero | @)
80~90°C,24h NO,

; 5 62% ~ 84% yield
R'=H, Ph; RZ = H, CH,
2R T By A0 AT A5 B AT DULE H 9 R R AR N R R R
(Scheme 2), F H., kA0 55 (1) 3% 35 0] DLR D) SEE
NN PL KF/ALOs AHEALH, &N FIT 1,4-In
AR, TR HaSO, LTI, EEAZH] 1,2-
=), Hor KE/ALOs EEALTRIRT, OB 1)3dE Y
IRT, MRWTGIREE . 7 TR AR ST KA 1,4-
k.

OHC glycerol Phw
| P CHO

SH |KF/AlL,Og3, r.t., 3h
a 66% yield
+
‘ glycerol /{/\/\r

L s

HoSOy, rt,, 2h

2504 T Phs” SPh
86% yield

B2 IRE AR Michael AN
Scheme 2 The Michael addition reaction of thiophenol to citral
22 REHERN
Wolfson 5 T 78 i 1 H- il v (12 B 405 45 Jse o
(Eq. 3). 7£ 80 CZ% T, UL KOH AL, 1EREERE
KA SRR A N, H R EIE 52%.
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BT
OHC
glycerol, KOH Z 1)
PN
OHC 80°C.2h ®3) RIS glycerol, 3 g2 OJ\OH
. o0 HO R? . oom an
(2 equiv.) 110°C, 3 h

52% yield

23 HAHERM

R R LK & iEH & o ET 2, i
AT DA S S A R0 7(Eq. 4N, BIF 98 % 30 H- i
AT DLV AR TE OB AL R FE M. 75 Ny R 1.0
MPa, NY3 f#4L5 20 g HAETRIE, EH S SEN
6.25%), Ktt=4.6, HIMELE 20~45 g 2 [A], i
FEHITE 120~140°C, JMHFAIZ) 20 min, 7= FELR
1E 99%LA I, EFEME EL 95%.

o glycerol, NY3 catalyst

HO. (4)
N, (1.0 MPa), water >~ 0H

120 ~ 140 °C, 20 min  99% yield, 95% ee

TRIEIR SR L e 55 0 Y SRk R (RO 34 R AE 7K

BCH I ERE IR K A (Bq. 5), (H/ %R M2
Uﬁ5ﬂﬂtl:ixj<[9] B TR W H O R, 12 % ) 1
P T T DK IR .
NH,
solvent OH
+?%P 80°C2hHCO/©/ w/\
OCHjg
y ©OH
o
H3CO 2

In glycerol: 85% yield, ratio 1/2 = 93/7
In water: 88% vyield, ratio 1/2 = 76/24

Jérome ZUHRTT T URARE A TRIELHE 3 (AP)
(B DFEMEAGTR, 78 H b b se Il 7 3 Ak &9 5 RR i
ITFIRIBE, 3 h A, BL 85%~98% ™ 245 S| AH W (1] il
(Eq. 6). ZMHEATIIEIE TR L b, RIS M %
K. LG, 1 ZnO, K,CO5 %%, MIHAK, o
K, EPEMEZE. SE— D0t W, FH AR H 2R
RN 4 (PPOIEAMEAFIE 2), Hae Kk EIERE
PR s 82 A= A 7 Fr EigL 4

}
HO OR' OR
o
0" o
. NH NH
OR R2 R2
3 n

R' = (CH,CH,0),H; R?= (CH,)41CHj

B1 ZEZREAP)HILH

Figure 1 The structure of aminopolysaccharide (AP)
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o
R'= CH,Bn; R? = (CHy)1oCHs; 85% ~ 98% yield
R" = (CH,)gCH=CHb,

R? = (CHy)4oCHOH(CH,)5CHj stc.

R" = (CHy)3N(CH,CH,CH,NHR?),
HO 0O
o 1o ?}—{ OH
R = H%o( \lOH O{OH
B2 REHITHEEPPDI SR
Figure 2 The structure of polypropylene imine (PPI)
24 WHERK
PAH WvE R, TR, 2- F RN e b5
KA & WA H Be A Rt & s s ] we F BE AT AR ) (Bq.
N % NAE 4. IE T B2, DMF. DMSO %4
TR, AETCHEAL IR 26 1F T H 7 2R, CeCly KM RE
A Rk SN HEATUOL AN, % R IE Y FELAR T,
A A IR AR i S T ) llﬁ%'J%EﬁlUif“ HT &

R T Hl, 55745 L 8 i T 52
Bl H.
R
Z°NH 0o glycerol
B ——————_— 7
RAH 90°C,1.5~24 h O O "
(2 equiv.)

75% ~ 98% yield
R = Ph, 2-furyl, 4-CH3CgHy, 4-NO,CgH,, 2-NO,CgHg,
2-HOCgH,4, 4-CH30CgH,, 4-AcOCgH, etc.

Himd, SOBEERERS 1,3- 32 5] DR
MR ARG, DA R R 7 2R AR A B ) SR A AT AR )
(85%) (Eq. 8! #Fi% X N.7EH 7K. DMF. DMSO.
CH:NO, EHWLE R 4T, RSB RAMEN =Y
(<5%). HIMAEZ S o 5 HA e e 1) 25 R, B
NATTFGETE & A & B H il = AN T i &
W28 7ERTAE .

O
glycerol
o .
90 °c 1h ):o
(2 equiv.)
0 85% yield

FIFE, DUH AR 9vsm, o2& A1F T, Wl 5y
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. AR o f- AR 5 1,3-9F 2 Wi 45 OB
AL — RAVA S BATAEY. RN K,
12 N H NN B BR YR AL R AR 1 260 T A BE
17, Rk FH ARV ), AR 24, it
K P[] (6~12.5 h) BRI AT DA i ARV R A5 214 N F B
FRFAHI(Eq. 9)1L

o)
CHO glycerol 0 OH
OH —_—
R—‘\ * 90°C,6~12.5h 2 O
N 0 X
(2 equiv.) R
=
R = H, 2-OCHjz, 2-OCH,CHj, 4-Br 0

78% ~ 90% yield

Gt « A Ba AR BT 7 R I B A T I A A
e, B AR ML R I B AR T — R L
T, ARBREE AL SN 0 H 7T IR Bk B B A AL
AL BRI, FETCMEA IR, FH AR R R A 2L
TR AR AL R R EATS. R, n#E] 90 °C,
fig AV e 5 AR M B 1,2- 4 6B R A= e i B AL
S, 1S 2RSS B 4 0 B B 46 TR (Scheme 3). [ B &E
WG, PR Ol 2B AT Se A &, T H e BAZE
N FEAT FEEH 4 UL L

SH
glycerol
90°C,2~18h
(2 equiv.)
R'=Ph; R?= Ph, CH,
R', R?= (CHy)s, (CHp)s

R'=H; R?= Ph, 2-furyl, n-Bu, CH,CHj, 4-CH3CgHj,
4-N(CH3)2C6H4, 4-C|CGH4, 4-N02C6H4 etc.

(6]
R1)LR2 +

SXSO

50% ~ 98% yield

0] glycerol [\
1)L ) + HS/\/SH S S
R” R 90°C,4~16h g
R

R'=H, Ph; R?= Ph
R'R?= (CH,)s
R'=Ph; R?= CH,

B3 Hulh SIS R gt AL S8

Scheme 3 Thioacetalization of carbonyl compounds in glycerol

TR RS, E R In(0Th); Ref A
BEH I 5 A FROIR 4 % A8 AR A S A T A8 45 I A g
FARL RGBS (Bq. 10)"°) 22 5 B A 7 T B 4%
PR AT (SR, NI R ER(0.5 h), A BCAF e AR
(=85%) MBI AL AL FE L.

TETCMEAC TSRS, AR sl KR & g
SRR R IFIERE, ZRIFIEME, MEREIRSE 2R IR AL
E )G Bu(Scheme 4)P022 ARG EIRGIE), 4REHEIR

79% ~ 97% yield
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OH lycerol, r.t.
1 2 gly )
RXR neat, 0.5 h — (%\
o Yo + )—OH 0<% "o o (0
p ¢ In(OTf)s (1 mol%) < o<

RP R® oy R 5R . R?
(1.1 equiv.)

R'=Ph; R?=H; ratio (%)(5/6) = 38:62

R'R? = (CH,)s; ratio (%)(5/6) > 98:2

R'=R?= CHj; ratio (%)(5/6) > 98:2

R® = Me or Et

R \@: N H2 (0] R
glycerol \C[N
+ )-L —_— \> Ar
XH Ar H X

X=8,r.t., 0.5 h, 80% ~ 93% yield
R = Cl, Ar = 4-CH30CgH,; R = OCHg; Ar = 4-NO,CgHy;
R= H, Ar= 3-N0206H4, 3,4-(OCH3)3C6H2, 2-HOCGH4;

>85% vyield

X = NH, 90 °C, air, 0.7 ~ 6 h, 84% ~ 94% yield
R= H; Ar = Ph, 2-CH3006H4, 4-CH3CGH4, 4-CH3006H4,
4-CICgH,, 4-NO,CgH,

X =0,90°C, 2~6h, 70% ~ 90% yield
R =H; Ar =Ph, 4-CH3CGH4, 4-CH3OC6H4, 4-C|CeH4,
4-BrC6H4, furyl, etc.

R
o O glycerol, 90°C, 4~6h
e I
R2 R? /@i
HoN NH,

83% ~ 91% yield
= Cl, NO,, CHj, H; R? = Ph, 4-CH30CgH,
= Cl, NOz, CHS;
R?COOCR? = 1,2-di(furan-2-yl)ethane-1,2-dione
R'"= H; R2COOCR? = rhenanthrene-9,10-dione

B4 FRIFORME. SRIFMERE . SRIFRERE . TR A
Scheme 4 Synthesis of benzimidazoles, benzothiazoles, ben-
zoxazoles and quinoxalines

My el 40K e Re SR A VIR, L 70%~93%[F1>
SRR FAF N ) 2- BRI e e | e AT 8 R I e T
AW, RNIK T ERE . IR EANEEHOE A, 7EAE
F R B ZAF TR, 482K g5 1,2- e R A4 &
DB 150 110 77 2 A5 S AH I PR P B AT AR 0 (83% ~91%).
X JUAN S A HL AT I8 VG B, e R PR ] 5 4R A
UEAME N5 G, AR NI 7 il 28 w] Sl R oAg 6
.

[ERE, Vit R TR M A 1 B 7K — 3R B A B S 1)
PEHEVE I (BEq. 1)), T 7ETCya 7 sl e K i iz s B AAS
A, AR HAE SR B AR IR 95%.

25 FERKM

Colacino 2P pE it Sl 7 Hh o F 47 R =i &
YMEAL A R BL(RCM). fEALFICI 7, 8, 9)REAT Rk
A N,N- 0 P 2RI i & 42 RCML )R BE(Eq. 12). 1%
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Al

Ph Cl SCN

OH glycerol, KSCN é
\ycerol — (14)
SI0,-SO4H (5 mol%) é 80°C.05h
an 95% yield
[CgMImM][NTf,] (25 wt%)

5 %0°C. 7h O A FEH IR VAR, B R (HSPOL) 1R 38 JEL 3 RS 5 2%
A 2- SR 5 WL AR A SR, A AT 2-
o5 yied H WU Eq. 15)2, S RAE N, 50, 90 "C A1

/ glycerol, 40°C, (MW: 400 W)
TsN@ (12)

TsN \—//

Ru (5 mol%), 0.5~1h
60% ~ 100% vyield

\
(0] Ru—R
cSl P  _ 0 \
Cyp R R-RY 0=$ OY
¥R Cl ¢| N

SIS R ET AR AT, T R BRI, TE 40 C kA
N, REPRIEAE SO R B AR . RS RS, T AE
ok 2R RE B S B 4 28, H i /T R A FR T B R A 4
TR LA A 35 P B

T BRI R SR =W b I A2 AE, DRI R IR 24 1)
B BRI, b, (2)-1 BRI R A — B
WA B BRI IR (K47 RO VR Hlhep, Sk vEA
(IT) cis- [PACL(DAPTA),JRE A Rt (2 1 (Z)-2-#5-4-Br-
V-FEEATT AR R A B A B AR A S PR PER R Ak 5 ) (Eq.
13)201 B AR 1% S AE 7K R R AT IR S B B e, (HLCA
HIh ¥ SR SR A R T AR A P R . DOk
TR, AT PR I PR B e 2 R S R AT T A, B %
REREIEIE 5 Uk, LAHHCAIA T, Ak REIATIEIAMER 17
R, HRIFALE(TON)IE 8190.

cis-[PdCIy(DAPTA),] (0.2 mol%) gi___O

\inknm

77% ~ 90% yield

RZ—=
HO glycerol, 75°C, 0.3 ~ 24 h
R1
R'=H, Ph;R?=H, Ph
R'= n-Bu, CH,C(CH3)=CH,; R?=H

3 BRRM

Wolfson S5 TSe il T A EE S0 5 T A AL 155 %
PR N(Eq. 14). 780 CHAFT, LLHM¥EFIFE 0.5
h A, R AU B ™ 2 A 95%.
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TR 1.5~5.5 h A BB = 172 3(70%~97%). 15
RERNE, RMTERE, =UH WOk
ig)=95/5 ZHL, HiH/HPO, A RIEHZ N TJE T H
FAEEF S AL, T BN TG 75 3N 22 (1038 iR 7).

3
xR glycerol (70% ~ 97% yield)

RN HaPO2 N, 90°C, 1.5~55h

Se\ /R1 + ‘

R sg

| R (15)
RN sé
R' = Ph; R? = H; R®= NH,, CI, H
R'=Ph;R?=Cl; R®=H
R' = Ph, 4-CH3CgHj, 2-CH3CgHy, 4-OCH3CgHy, etc.; R? = R® = H

4 SR

PLH W R 7, NayCOs 1EB, 120 CHBtiES 15
min JE R AR AEMEE, BL 81%~93%H) = %43 24
ML AL YI(Eq. 16)%). FEiZSME T, 75 00 I 4
A BRI 1) 0 B iR, (EARE R, 1 BR
M, fRifE, RMNETEE, Ok CER AR5 1S, 1k
FUE)REH =4, I F B2 45 5 T BRG]

glycerol (81% ~ 93% yield)

o ey 120°C,025n © s
(2equiv.)  NaxCO3 MW TR (18

R = CgHs, CH,CH3, (CH,)7CHs, C(CHj3)s3,
4-NH206H4, 4-C|C6H4, 4-BFC6H4, 2-fury|, etc.

5 TEKRMN

PAH AR, AT PASEEL C=C SR JEPY. b,
Wolfson ZEPALUH AR, LA = AL A IR R
A, BT SEIL TR B IR SR (Eq. 17). d#E— PRk
B, 7EIZMF R, HABI B Sl . p- B e 51
AT DA 3 B A Y, % 5 N HAT A (15 min),
FERE IR A (RIE 100%), ELE 7 F & Al %
fiX, 0.25 equiv. B ALANEE T LLE 2k 2.1 2. B 5¢
Al Ry 3-$2 3 T BRI,

H b B S A 290 °C, AT AR v v VA T AE
Wolff-Kishner-#% 1 1o e i 4 P, SRS HA, 18
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OH

CHO
lycerol, NaBH
glycerol, Rt A7)
80°C, 15 min
100% yield

90 CZMFT, 5 min BT 58 A S 21) FH R (0 5 1k
(Scheme 5).

CHO glycerol (100% vyield) _N=~NH, glycerol (100% yield)
90 °C (MW, 300 W) 90 °C (MW, 300 W)
HoNNH,, 5 min KOH, 5 min
CHs

B 5 ZHEER Wolff-Kishner i J5 fx V.
Scheme 5 Wolff-Kishner reduction of benzaldehyde

I 1 D 7 70048 R DALE S A S B AR A DL A P2,
Wolfson 25127 1#E 80 °C, 1.0 MPa H, 2 F, BZhseEl T
[RhCI(TPPTS);]8k Pd/C ALK 2R F Ay 52K, [H]
i, AATTSEEL T Hh T 2 G 8R BRI A ERPY. R
EZEMNE P R (T %), (HIEXBA T B (ee H)
A 99%, RIS AE Ay H A 57 AN Bk 1D 46 e AR AL ) T
B N JE S TAERITF AL TR EE M S

e LM LTHER, SRAMERE AR B(TH)Z
W, Wi BRI IR S WUAR IR 0 ok —PY. 18
AR RS, HBRAE A R RIS, A
M HE A, IR 4E BT A7 38 35 2 14 4k T JRURE — ¥R 2 T
(DHA) (Eq. 18)%737,

OH OH
[M]cat
OH+ A O + AH, (18)
OH OH
DHA

A = hydrogen acceptor molecule

PAUH AT, 100 CHAET, [ AT, K,CO;s
b, RRIHLSZELIE Z AR TH &3, LA 39%MfiR 15
FIHH R R FE 2B (Bq. 19)P%. (HR R 5t 3 % 0 AT B 2
BB B R s, %254 DHA & K4
TR ER/> DHA K50, Crotti 2P R T AL &
P 3R LRI JE RS T, BARZEC & )2 S N
HOTH SRR s AR, (B H il oo 2K LT

BAHBER (PR <8%=. KEMR, B SV
FH S ()0 J B AR 3EE L, BB DL 18%~46% IR
RIS BRI TH 724t
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OH
egceroI 100°C, 1 h
+ DHA (19)
[Ir] (1 mol%)
K,COj (2 mol%)

39% yield

[Ir] = [Ir(1,5-hexadiene)(Me,phen)][Cl]

Pr— N/>
l RPhy
Ir:
N\
P
Phy
B3 ROEEDILER-
Figure 3  Structure of the iridium(I) complex
Crotti % MK 47 — % 1K [{RuCl(u-Cl)(n°-p-cy-
mene) }, A1 KOH (1 mol%ff] Ru, 12 mol% fIHs) 4Lk i
A Z G0 8 FH B0 H b o8 R A A A SO, AR K
AR H AR (900 W), & 785 FmAeo CTH&MHT,
PL 33%~45%[1 /= 25 2R EE, RA Ru AL ERY
INZE] 25 mol%elf A W] R fd 4% FH i & AE 58 4 6 4 (Eq. 20).

CHO OH OH

glycerol, MW or Heat
H
[Ru] (1 mol%), 60 °C
OH KOH+NaOH (12 mol%) 33% ~ 45% yield
[Ru] = [{RuCI(u-Cl)(r>p-cymene)},]

+ DHA  (20)

Hh, I I R A SN B BRI AL A P IR T 2
5, LLPA/C (0.2~0.3 mol% Pd) NHEALF, £ 70 C %M
T, R COMEIE 207 5~9 h P 58 I & Bk R e
Fe(Eq. 20 {ERARBUR R =2 2@ s 1,1- =%
I 205 HBE R 38 JF (7%~ 35%)1*)

R2 OH
% o glycerol, 70°C, 5~9h

= Pd/C (0.2 ~ 0.3 mol% of Pd)
OH

R2
8 + DHA  (21)
1

R'=H, R?=Ph
R'R?= (CHp),

100% yield

H A o R AN R R I 5 — AN H S
BRI A VIS L [ N (BEq. 22)%). 78 H, %14 F,
DL PA/C AR ik 2 oA (i A 77, e s 0yt gk B
KA 1-0-%E AL 2-O-%e AL A BUHH B IR Bk 4.
H =R pK, HENRARILE, WTEER T 267
FHAI G R, FE 1-O-Ka A0 B =P A2 [ SRR AL 35 7= 1)

HAE NS FIFIE AEE, Raney Ni/NaOH {4 Z 1] LA
T A JR A FE A (Eq. 23)*. 723 Raney Ni 727EM
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BUHE
glycerol, H, (1.0 MPa)
140°C, 24 h
i +HOT Y oH
R2 R! OH camphorsufonic acid
Pd/C (0.5 mol% of Pd)
OH ; HO R
O__R
H\/ Y + g\o)\Rz (22)
OH R?

OH

R'= CH.: R2 b 57% ~ 94% yield
= 3; =n-Pr

R1 = H; R2 = n-Bu, n-C7H15, n-C11H23, (CH2)2Ph etc.

NO, OH glycerol, NH,
Raney Ni
R+ )y—OH ——————= g ) + DHA+2H,0 (23)
- NaOH, 100°C L~
OH 24 h

44% ~ 81% yield

T, MEEASRERR. AEATIIMANGEK
Raney Ni 1 NaOH, F 100 ‘C FJ 24 h, F4IEA K5
VIR 44%, #5F R BT R ZEK A 78 h, A] SLILAH A
K TEFAL. RNEWR G, 755 L= 0 4 2 A
I ESCE R . B sEEE, 4 B )E, 18 H
FFOINNE & 9 NaOH B AJ F T F — 753K

DUH AR VR A A, Sk ET (D BC & P 1E = ik
MEALT, AR A B AL A R AN EE Eq. 24)°) %
JNEAE Ny Z50F R, 100 °C /B 6~15 h g% S i 20
1, 57 I TR 2R Ak S R IR 0 1 475 TR B AL B W 38
RESEBLA Bk, T H., 78 Tk g 1 H (87 %6 4l ) %
PN HBEAT RIRE 1 S5 B AR, ) 1T B8 58 2 1) % Ak D A . 1
fi, XAE1F AT A F ARG B RS
Wa, & CRERER B =Y, B A A Ak R mT DAOR
IMEH YKL E.

glycerol (86% ~ 97% yield)
OH 100°C, 6~15h

N (24)
R [RUCI(1~CgHg)(DAPTA)] (5 mol%) OH R

KOH (40%), N,
R = 2-CH30CgHy, 4-CH30CgH,, 4-FCgHy,
(CH2)4CHs, (CH;)5CHa

Andrade £V Bt NaHPO, Al KH,PO,4 4% pH=
7 MZEMPEPBS) S HIMEL 4 0 1(RFLL)IR G E N
7, FAEYIEEERLT, 7632 C4&MF N4 48 h a4 2-
SR QIR JFON -5 K3 1%, H ee 115 99% (Eq. 25).
HARAR - TAF A7 R AR SR (B & R EIE 5
BF 15 ) 7 R arah 8. SR T 8 A A LI R (o
DMSO. THF. ZJE. CEEERE HM, JHEA 4585
MMEER, XeTae 2l T LR EE S (O)HMRmA
AT SOSEARIE R ()5 A HUEFIAE, T
LKRERIRYE, MIME R — MR R, ZhREMT
SN 5 HE W A (3) H i 5 PBS 444 & AT
DARSE B E R IRGE M, FEBT kAR, T OR KRS
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P

O, OH
PBS/glycerol (V:V = 4:1 *
al gly ( ) cal (25)
Aspergillus terreus
32°C,48h

44% vyield, 99% ee

DAy R 2- P32 D S R PO VRS 5 A ORI 5, K
BERRAMIE BLEUA, 2,2'- T IEIE (2,2 -bipyridine) fFAC /A, Ru
AL 7 BE A RO K R 26 4k & W) 38 R 9 A L B (Eq.
26)14. ZRBAM R A NI R (RIS 95%), T HEA
PRI A IE SRR BIEFETE(97% ee fB). F73A LAl
Al B, )REEZLFM FRBEUREE, IR
TRt REAR A M 22 5 B S N2 v

glycerol/2-MeTHF
80°C,18~24h

Q' (39% ~ 95% yield, 97% ee) jD\H 26)
R "R’ NaH,PO, H,0 (2.5 equiv.) R'~*R2
[RuCl,(P-Cymeme)], (1 mol%)
bipyr (2.4 mol%)
R'=R?=Ph

R'= Ph; R?= CH,CH,CHj
R" = CHj; R?= Ph, 4-BrCgH,, 4-CNCgH, efc.

6 ZHEISRN

Z M5 [ BL(MCRs) e VF — B B AEh & A JUM B
RN, HHEAEAER R, SRR H 2 &/ m R 25
PESERE Y T R N R D T A A BRI At
PCERAE R AL, I T AR A, BRI SEE R ks,
[FIf, —83 N MCRs fEAT40 5 [ S I], L2220 &
AHE SR SRS . Bk, B MCRs R 52k ta 5t
PR HRA IR RIS 77, T ANE RS 2597k B
FIM RERFE U T TGS, FENAT A 2 H 5 N 3R
grRfh. A g, MR T R R,

Gu 25U el T Hleh 5,5- T E-1,3- 30
TR 2 RPEERNCOR MR 2 A5 V. (E 110 CHREE
T, 5,5-“HE-13- O ZERe 5 2 R K Olfimnt
—AN#ES: Knoevenagel/hetero-Diels Alder <M, LA 68%
(17 R A B A P2 HI(Eq. 27). ERAHZE. 2 5. DMF,
DMSO SR, SO REMRAEAT, (H 2 2L

glycerol

/ +(HCHO), ————
ﬁi () O o
(o] (0]

o

68% yield
TETCMEAF AT, CUHONER, (A8, 2-251 .
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6-FJE-4- 2 JL-2- ML AL 1-H JR-4- 32 22 - T i e S5
13- I RA 2 H o B, DU 7= R 15
FIAH N Z LA Y)(Scheme  6)*%. fEiX e MCRs
2R, 2L HE. DMF 5% DMSO %5 81 845 L7
L REAS AR RL P24, A= A B, X ] Re 2
T AR M S A R AR MR R s e, (R A5 A
MCRs H I HH b HAth 7 771 5 9 6 R S8R

OH _R®

HN
3
_HNRT R
glycerol, 1.5 ~3 h R?
90 ~ 100°C R’ 00 R!

42% ~ 97% yield
R1 R%=H, CHy; R®=Cy

= R? = CHg; R® = Ph, 4-CH3CgH, etc.
i
| Y7 oH
glycerol O ‘ R!
o) 2

R_R?
130°C, 1h
61% yield
o (6] 1_p2-
+  —1~_0_0 R'=R*=H
(HCHO),, | _ 0 o]
OH o .
R
X
glycerol (6) R?
90°C, 3 h 53% vyield
R'=R?=CH,
OH

e
glycerol

o
110°C, 3h R? 0

58% yield
R'=R%=CH,

B 6 HF 1,3-FFC BB % A5 M
Scheme 6 Multicomponent reactions of 1,3-cyclohexanediones
and formaldehyde in glycerol

HME SR TR p-EARREE . HEERIZK 2
I — R 2 0 I N2, B T AN R R
Wi Scheme 7 7R, H— B RMAATE110 CHRMAET, HPF
Al p-FABREGAEH W b S B 4 h, FERR 1,3- HUAR-5-ntk e
HMIT B J B % 20 A 22 5 F S IO\ 31 ) TR A R
110 CZ&KM T &M 10 h, @il Knoevenagel/hetero-
Diels-Alder J A= BAH R H bR = 4).

H b, YR RN, 13- ZHEA S, 13-
EAR-S-MEMAembi ] . 2-25 79y, (2 Lb RS th ks 5 R AR
IR RAEZ WY R N(MCRs)PO. [ERE, WINE, F5E. p-
@Hﬁx@ﬁnz % FH I b B8 R A 22 4 0 I N A R 2 B S

WEAT AW (Scheme 8)) ToHA (1, 7EIX 48 Sz b7 A H i
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PRI R T ARSI 5.

REVIEW
R’ Ph

R 3
>—< }R

N. 4 70 gyeerd NN :
Ph™ "NH, o 4t M (HCHO),, glycerol
0110°C,4h g  gly

CoHs0 110°C, 4 h

R'=Ph;R?=H; R¥= H, CH,
2
N R'=Ph; R?=CH4;R®=H, CI, F
Ph/N o, R® R1 Ph,CHa, t-Bu, 4-OCH3CgHy;

R =CHg; R®=H
47% ~ 78% yield

B 7 Hul a4 — 2 0 N
Scheme 7 Four-component one-pot, two-step reaction in glyc-
erol

OCH;

OCHs —
N
H glycerol Ph@
~ + _—
Ph™NH, 110°C, 5 h

(HCHO),,, glycerol
110°C, 6 h

42% vyield

e 2 N YR
Scheme 8 Synthesis of the functionalized indole
LDl K ERIRAN 2-Z5 N SRR, 2 110 CHAFT,
HM A LSOV FIAAE AL R, il =2 — e
BE, & c— &G 1- 55 3 58 I [f] v ok AT A P (Eq.
28)P1 oI IR R IR AR, AR R ALIE X
K7, ¥4 HLBEUT (77 2.(80%~86%). ILAb, %7k A
SSLGFARIRAN P23 SR AL BT B IS AT AR

=y
W glycerol
110°C 12~16h

(28)
Ar O

80% ~ 86% yield
Ar = Ph, 4-FC6H4,4-BI'C6H4, 4-C|C6H4, 4-N02C6H4,
3-N0206H4, 4-CH3OC5H4 eftc.
PLUH R, BBoR a}:ﬁ% PEG [& 4% (PS-PEGO
SOsH) 2 t A] [l HE AL 51, Sl 2 20 70 S B2 AT 45 A
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3.4- A MEIERRATAEY). fE 100 CHMHET, LBt
Ll PR PSRN PR 35 (B IR )@ Biginelli &<, 8 h 4
PL 75%~93%[ 7™ 2243 R AH R 3,4- — S g BT A
(Eq. 29). M E5HJE, PS-PEGOSO;H £:id il Sk is
Jei BT [l WSCOE SR P, I 2k s A< 40 i AR AT 95 2R P

> | |
d glycero

X
Ar__H o 100°C,8h
HZNJkNHz + W + ;
O

PS-PEGOSO;H

/\o)f\NH (29)
N/g X
H

75% ~ 93% yield

O; Ar = CgHs, 4-CH30CgH,, 4-NO,CgHy, 2-CICgH,

S; Ar- = CgHs, 4-CHy0CgHj, 3-NO,CgHg, 4-NO,CgHy,
4-CICgHy, 4-CHyCgHj etc.

X=
X =
DAHHAE T, KF/ALOs AT, 15 N, fRI 45 1F
N, 5 IR AR B — A N R R R A R BT
B B-BREHRTAE(55%~78%) (Scheme 9)PY. x5 B AT
WV BRSNS, KN
SV CRE/ BB 2895 ¢ 5, ) EEE, BT {53
B A=, Hmm BEH T — k.

SH
X
Ox_H R3@/
glycerol, 90°C, 4 h =

N KF/AI03 (50%), Ny KF/AI,O3 (50%)

R
= N,, 90°C, 3 h
glycerol
0/ ~ 0, :
/@ " 55% ~ 78% vyield
i
o S
X X
VG
R~ ‘ R
= =

R'=4-0CHy; R? = H; R®= CgHs
R'=R?=4-OCHjy ; R® = 4-CH3CgH,

R'=OH; R?=H; R®= CgH5

R'=R?=H; R®= CgHs, CyoHys, 4-CH30CgH;, etc.

B9 p-755-B-BEAATAE VI & Ak
Scheme 9 Synthesis of f-aryl-f-sulfanyl ketones
1,4- &g i T B SR AR T, Az
B 7Tz RERY, R 7k 2 — & Hantzsch RV,

BI—2rF IS . P21 BT B T AN — 43 1) 2k 2 (1]
I = P05 T — 8RR, Nagaiah 2P0 I &
Al AT, H AR, ISR T LB LR &
Bs. LFREAEEAL G P Hantzsch &N, BL 80%~
95% 7= FRAF R M B 1,4- A MIE(Eq. 30). &7 EEE
FAGH, SAE 7 e i 7 1 05 R . 7 AR
ol AR R B R B IR A 1.
o) 0 glycerol, 80°C,3~5h
/\OM ' R™>H CeCly 7H 0, NH,OAC

R =Ph, Bn, i-Pr, 2-furyl, 2-pyridyl, n-C4gH,
3-C6H4C|, 4-C6H4N02 etc.

O R O
Ay
H

80% ~ 95% yield

7 BEERE

2007 4, Wolfson 228 o ik B 7 H il /& Heck
S R B B(Eq. 31). Mluﬁﬂizﬁuﬁ\ik«%ﬁaETﬁa
(1) [ SR FERT B, %2 T UG B e f e vs 1. 3
iR KW, AEfEH PACl . Pd(OAc), 5% [Pd(OAc),-
(TPPTS),] [TPPTS: —(3-fift 23 ) il — 4 Eh 11F (b 571
i, ROREAT, 80 CHN# 4 h J&, HARFEWIHIR AN

32%~100%.
) glycerol, 80°C, 4 h @_\»
©/ Pd catalyst (2 mol%) \ , @
( 2 equiv)  NazCOs 32% ~ 100% yield
X =Br, |

R = CO,Bu-n, CO,Bu-i, Ph
Pd catalyst = PdCly, Pd(OAc), [Pd(OAc),(TPPTS),]

Jérome ZECMILUIE BEAOBUR Y S DT R TG A JERY,
FEH I I T IX Heck SNSRI T PIRIR IR K — 05 &
1k. ii}‘ﬁi%ﬁﬂ:ﬁ/"iQ%T%H%F”F@KIO%)EEE
R A R I ETT HEAG =), AR EEAVE M i) S L, —
SM e el A RIFRIWCE, ﬂ““%l%@ﬁ%%?yii
Y KARTE. A, AR, B
ANTR] IR TS K, AT DA SE I DA A4 T i P AN S PR — 55 kA
(Scheme 10).

T

g ol
Ve
R| NEts, glycerol, 120 °C Q Ph OR

60% ~ 76% vyield, ratio Z.E = 1:1

B 10 PSRRI A A PR 57 J 4 S B

Scheme 10 Unsymmetrical diarylations of acrylates

(0] (0]
Pd/3 (0.9 mol%)
P+ sy ——— |
OR  NEt,, glycerol, 90°C |PN o
R = Cy, n-Bu
1246 http://sioc-journal.cn/
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REVIEW

CLUHVHAEVE R, AT SC IR 5 2K LR (1) Suzuki
R Azua ZEOTDLH TN TE I, K,COs TEZRRF, N-Z238
R EA(PA-NHO AT, fE-E A (US)Z& At T SEIIRAR
Tk AT R 5 77 SR . 75 AR 2 1028 SR
N, DU R B S 2E(68% ~ 90%) 75 2| AF B ) Bk 95 1 254k,
HWYNEq. 32). RILfEE R, FrA RSLEF/N PRI A)
FE K.

R

glycerol (68% ~ 90% yield) O
Cat. (1 mol%), K,CO5
@x + (32)
pulsed US (40%)
40°C, 0.5h O
R = OCHa; X = I; M = B(OH),

R =NO,; X = I; M = B(OH),
R = CH, OCHj; X = I; M = BF3K
R = CHO, H; X = Br; M = B(OH),

—
/ =
\ | Cl R
Cat: O cnPA N XNy ,
S ML
\/\/N
—0
R = n-Bu, trimethoxybenzyl R =CHjz, n-Bu

DA IR, Cul fEMEILT], DMSO fE4LE 7, —
5 HE T e R S 0 SRR K AR A8 AR B R B AR BAH B
() 55 LR AL I(Eq. 33)Y. % N TE TR M I AR AR,
EZSHBEF 110 CHRAF TR 30h, BL73%~90%™
HAGEAER HbRr=). RN KRG, ¥ RBEE YA K
MBI Ot/ 1R ZE(95 5, AAAH HL) 2B BN AT SE 3
FEYIR AR, H/Cul BB AW UL EERR TN —
S

glycerol (73% ~ 90% yield)

110°C, 30 h, air Arl
ArggSep t 1" S (39)

Ar
Ar’ Cul (5 mol%), DMSO (equiv.)  Ar

Ar = Ph, AI'1 = Ph, 2-CH30C6H4, 4-CH3C6H4, 2-CH3CGH4,
4-CICgHj, 2-CICgHy, 4-BrCgHy, 2-BrCgH,, 3-CF3CqHy;
Ar = Ph, 4-CH30CgH,, 4-CH3CgHj, 2-CH3CgH4, 4-CICqH,,
3-CF3CgHg, 2,4,6-(CH3)3CeHy ; Ar' = 4-CHy;0CgH,

PAUH AR 7, Cul {EMEALF], DMSO 1R,
K,CO; TEZHIRF, W] LASKEHN| WA 75 35 1 A0 1) 58 AR
B M(Eq. 34)%%. ROBIAE 120 CHMET, &M 24 h fg
L ZE ) v E@N%ﬁﬂﬁlﬂﬁh TEAHFI AR TR, LR e
MM AYT A 240 6 -5 TR R A R R P N- 05 A .
glE, %ZM&&WT%%F#@B@%%, i3 H-iHi/Cul
T R e B A IAE FH Ik A L.
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R3
R2
X R3 glycerol \
2 120°C, 24 h

RS R \ 2 N 64

= N Cul (10 mol%) ) R

H DMSO (1 mmol) X

K>CO3 (2 equiv.) =S
X =1, Br; R" = CHz, OCHg, Br, F, NO, 65% ~ 92% yield
= OCHj, Br, NOy; R® = CHj4

8 HWIE

HM R ER O HLE B R A BARL S, A CA
A A S e E R R s g 1 BngAe, i B
NEF R T2 LS. g BA AR ToE.
A G RANAT AL R S i, A NS G
J L O BRARE ). SRTIT, B mRG PR T AR R BUR N
WAES B B U E B, AR — MR E
JS2 R RN, 0 = A vt P P W] B e R A M
] AN R SR U A R B B S, AR H sk e it AR
JEY A Jir 8 e AT K AR 1) S5 o 2 ) 22 T 75 228 R 1
e 5 BRI, BUAEA A2 S, i s
W R AL G NI, KR T AL it
FEAR RIS T ZAR AR Z 55 7).
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