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Review of the synthesis of glycosides from glycosyl halide

ZHANG Gai-hong, WANG Nan, BAI Bing, YANG Jing
(College of Food and Bioengineering , Zhengzhou University of Light Industry , Zhengzhou 450001 , China )

Abstract ; The recent advances in organic synthesis of glucosides from glycosyl halide were summarized, in-
cluding glycosyl bromide, glycosyl fluoride, glycosyl iodide as glycosyl donors. The advantage of these gly-
cosyl halides as glycosyl donor is that the synthetic product is pure O-glycosides with high yield, mainly for
the B-configuration. The disadvantage is the harsh reaction conditions, which are strictly anhydrous, light
avoiding, expensive heavy metal salt catalyst and great toxicity. Glycosyl bromide was unstable at room
temperature and not easy for long-term preservation. Thus, exploration of novel glycosyl halide derivatives,
implementation of stereo-selectively synthesis, exploration of green synthesis conditions, and avoiding the
use of heavy metal salts, are the future research direction in this field.

Key words : glycosyl halide ; glycosides synthesis;heary metal salt

0 3l

WAL G Yy R A Y 1 A KOS AR PR R —
MOURGACHS 7=, BAT RLAF R E b 1E — € A AF
A AR AR A Bk AL G4 B A
SR FERIT AN AR AE RS AE O i FE 4 2]
R AR T I A e ) B 2R AR R A Y
JS7 FHRE 8% 2 i T A A7 o A v OB o 7 R ) Jo ) 9
K ABTENNIAS T RE S Az 2800, BRI H AR B Y 2K

Wi B H7.2014 -02 - 17

Aot , T B ASE B A U B, 38 T
I 20 A 7™ T E Al A R 2 2 U A
LB 1) 17 FH I 52

B4 A BRIR 25 1 1 M R AR v
20 T A e A R I S R P I A 7 0. T
G5 T HE RO 0 B D B, AR 20 A A
e Y SR P S L e R, S A PO R — AR IR
RECERE B TR 00 A B Ik
BV RPE B, DA sik o £ i B B a5 Ay

HEETH . THEXKET THAFIHRET SRR R (14A550017) ; #M 22 T b i 4 £ 457 B (2010BS]J018)
EB A kA Lr (1980—) , %, iy B M AL, #6002 Tk SR HH0F , ¥ 4, T 2AF R 7 @ A 0 A0 3.



- 26 BMBEILZRZHR(BARMFMW)

2014 4§

TEH Z AR (—OH ) FI4RIE LA, (A5 88 1 5 hl
HA I R R = A AR S 03 B A JERT I 2
FEPE, RS I T oA 2 5 g )E . H R — R
FIERI — I — JBE DR 7 1) SR Ok & U 2R AL &
PR R F R A AR BB =
CEN LT | 4 S WEN | R R PR | 4 | DR
ARV E BB A, AR S B X i A UEAE 2 1
B AT AR Y005 T R T A TP IE.

1 R E R A

TENEE B 5 B, BB L HAT 2 0% 04 SR i
sebi s TAEE H B B R R L 1901 4F, W. Koe-
nigs 553 1ot 2 MR BRI LA RO, AL T 2
Mt AR, —Br HAT RAF A9 B PR BE, NI AERE Y
SRR EEAE T CF AR B RS s 1, OF
H i T 852 5, AR 5 A H A i 538 A% R & 2R
SN2 SRR, A1 B - BT LA SCSERE. Ty ik
XPRERAL A W) HAT B 158 I, BEFR ) Koenigs-
Knorr J53% , g1 T # HIEAL T Ag, CO; Y Ag,0, 1
PR AR Eh k. SRR A Ag, CO5, AgOTE, Ag-
Cl0, ,Ag,0,CF,CO,Ag Fl Hg(CN), """ 3 e fiitf,
FE SR PR BR IR 1 AR T, 1 3k S il b b
G R AL R, AR B S B (InCLY
FeCl, ) . 287 v 14 7K 3 48 4 05 i 4 5 'JF%
o R GH LR R R, BLE SO A
HRIUAY 2RI k2 —.

S. J. Ma 255038 T RGBSR I 4 188 4 0K ) R
SRR R T 7.8 - A —a - B L - B -
D — ntk g ) A B, HAR RO B (UL 1) R
Hg (CN), AT 44 530t A # Ak, JoK CH,CN

N, Z0F R IR 36 h, 15 2 XS F {4,
SR 42% . 58 1 FEZ AR 20 2 AR X Bk S A 1R 4y

B, ZJ5 2 NH;/CH, OH Jiit 25 Z B REAG 2 R 27 4).
J. Mastelic¢ Z£"® F] Koenigs-Knorr-Zemplén 34
BT RIRFFAERIREE (9a) AT EE( ) (9b) Sl

OAc

0 ROH
+ PhOH or
AcO g PhONa
r

8 9a-f

CaS0,,Ag,C0O,/Ag,0
- Ax(
ether/THF c0

Me()N

JH
HO OR
HO (Ph)

11

Me()H

BKEE(+) (9¢) A BAFR (9d) FFTH (9e) | T &
(OF) OB A=y (ILIET 2) , %8 19. 5% ~52.2% . 5l
Ao — £ 2k R A S B Ay HNMR il CNMR %
PR PIr B S B - D — A 1, J5 hid it 8 - Hi
B 7K A 3 — 25U SE T A B B -
B A DY 22 B — D — N i 28 Bt AT
GC-MS 73 7. a7 it DU L TR BE B — D — WLk W ) 26 W
A — XX Bl S A4 (A AT 3 2k HP - 101 #4325, B
TN BRI T 6 1 45 19 L TR AR AR Ag, O
VEREALTR) , g 1R IR SR T Ag, CO, AEAEALF. H]
KR IEoK CaSO, YEM KT, F S BEFE R (T &
By gl ] THE VRV , REEAAE N 3 SO 24 h.

S. A. Patov 250 T HIFSE A IR T (19 45 21
161, F Koenigs-Knorr 3 L Ag, CO, B AL F A L

TR ER T |l B B R IR (L
3) MR 35% ~ 58% . Iy IS L A B Y S K

SRAFAE BT ELA A R (9 45 4. S 285 o ), R
IV (19 B ST 5 K 2 R R R 2. P W o e A 2
Hrdt R Wi As CHCL,/CH,OH L 31l 3K i 4k 7= i
AR A I D 1 T B BB K
ROHTTEE L Ag, COy A ARH, LA THF i
OH OR

OBz
0 (C
Bz0 ¥ SHe(CN), |
2 Je/K CH,CN
1

BzO
.
2

3 42%
R=2.3.,4,6-tetra-bhenzoyl- ﬂ—g]('

l*IJ?:»*)TG}%“

OR OR

NN

i 5
R=2,3.4,6-tetra=benzoyl- g-glc R=2.3.4,6-tetra~benzoy1 —ﬂ—g](t

NH,/CH,0H lNHI/(IHI()H
OR OR
R= g-glc R= g-gle
Bl 7,8-—&-a-%F2H-B-D-
o ) &) B A RS2,

OAc

10a—f

, CH,0H
0 OH
%) ROH
-1 Otbn)

OH
()( H,
PhOH

B 2 Koenigs-Knorr-Zemplén % &~k A R ¥EH 474 W Eééi



53 )

KA, % DL sd RAE A R & BN 0 7 iR R0 27 -

F, EH WS o - RN Z Bk % s 2w AL i
LRI ZZ 2F B -3 -0 -8 - D — A A pE AT (LA
4) W% 60. 8% , 7= ¥y Ty 2l Ak B AT 47 B £ e Ak
SR it IR,"HNMR A1 CNMR ) i 4 %5 4 15 A
- WL R TEFmAEEA 2R, BET
AL 223 ) KOH. A0 B s A 52 It 3145 20
{HISCREAK(36.2% ) .
iR T RO I L AL AT 0, SR Tk
1Y Koenigs-Knorr 1 ( LI il 28 A0 i ik 52 $H 1 77 1)
ERERAEMEALH)) fb2e B B T &I 3E -8 - D - N
AT HEAT S - B - D - ML BE T O -3 - &
fidk - B - D — MR A 25 1 (ILIELS) Wi 4.
DA I3 — B — D — Nk e 5 280 W5 17 19 45 LR 1), S it
R 51% i LB AL —25 IR R 92% .

OAc OAc

. - Ag.CO, A ()’&&/(m
Angjigi;ﬁ + ROH — % "Ac0
AcC

AcO

5”/( 58%
()H

12a 12b 12d

B3 ik *ﬁﬁ%%%*er 9 é\ﬁk%éi

OAc 0

A(() 0, OHI)Ag CO,. THF
0 +
2)MeONa/MeOH
60.8%

A4 EF8-3-0-p-D-&HBEFeRHX

OH 0
0
(7&\\/ 0
HO ||

(0]

B. W. Xin %" FIH 6 ~ (4 - AR EL) -
3(2H) - WA 4R R 5 2,3,4,6 - U - O - LT
-1 -9 -1 - B4 - — D — Ve 4 28 W A=
Koenigs-Knorr Jz v, &7 3-0-(2,3,4,6 -4 -
0 - LMk -8 - D—nttﬂm%%ﬁ%—l -Jk) -6-(4-
AT ) R, PR TR 2 RAE 0 ~ -5 C TR AR B
JBi L ERE PR AP IERF ARV 3 — O — (B = D — ML e 3
ZghE -1 - ) -6 - (4 — AR BhER (WL 6).

T RIS O B e 1 EBUA P 0 2 W 2 R
SR, ] Koenigs-Knorr 325, DLV 7 %4 4 O & 4
W,5 4 - WEREEENEE ROV T, B SRS, 15 3
4 - NEAETNEE -8 - D - LW A (W 7).
S P WA T Ag, CO5 I TR (SO 10
), WA R TR AR (69% ) .

T. Murakami 25" % 30 T 52 7 2% 14 4H X IR F
AR FE M/ B RO okl A 1,2 - fif -
B — WP A (DL IR] 8 ) . DA 2 4 T R R
RE W 5k ik iAW) (AR TRAEH)) | 53 125 5
LA UG (R P RRTR A A 20 5 = 1 R 1 fit

OAc _ )
¢ I i B 4145 1 0Ac

AcO 0 B & [11Ag,CO,
A(&\\ v ron FHEBACO. o o
A(‘O Br Acl

A()

M(-‘OH
HO/\/_\/('H
[ HO
0

H.C” CH, 16bR=1B m,ccH, H
16a R=7 N2 16¢ R =i fif B HO

B 5 it sy Koenigs-Knorr 7% A w48 B34 2,

KOH = AgNO, =
—Wo _— X—@—O—()K — X N )—OAg
N-N N-N
20 21

19 X=F,Cl
OAc

Ad)&&i\ 0Ac
A(() A(() 0
AcO

lolu ene

A 6 3—0—(3—D—vkbw$:%ﬁéjfb%—

OAc
AcO ’g&/m +
AcO AoO HO

1-%4%)-6

()

X—> HO

MeOH  HO

-(4- 4&1\%)%‘%/‘3\&%&

0OAc OBn
Ag,CO,, CH,CI,
/_©_()Bn ;» A(O()&\\/ \/©/

4AMS 13h

()H OBn
K,CO,. MeOH.6 b B
HO
HO

H 7 4—7*%2%

B -p-D

— whoih #] £ 4 A R A,



<28 - BMBEILZRZHR(BARMFMW)

2014 4§

OBz OBz ROH OBz

Béi)oﬁo Me,Si-X Hﬁm Pno)moler B@%ﬁ&/m{
Bz0 ZnX,(cat) """ By | 4AMS T80
LT X CHLCL,

(X=1,Br) B—glucosides

27 " 28 29

Promoter:(a)NBS with Znl,(cat)
or(B)ZnX,” (X"=Br,Cl)

B8 1,2-RX -B-wkrdd HMHEFEmikE

FZBE) , A ZnX, (X = Cl, Br) 8¢ NBS-Znl, fi#ft ~ 5
A FEESNL, R AR B 1,2 - e - B -
BT X R EIR AL AT AT REIRCACAR ER AR £
FHT Koenigs-Knorr ¥4k ) v .

TRACHVE BRI, 3 W 25 A AR AL S W e S
SR, 2 = R, SEAR BB X
THEHEmE AR RO 22 Y E 4 T (AR Eh Bk ER) |
% b BT RR S SA AR R X T 13 288 AR A S vy )
Z ARFE ARSI EE oA 7] Bu, NBr 25,

2 AR DB LA

T. Mukaiyama %[mff 1981 /RS A BACHH
VEEEEALAR , F SnCl,-AgClO, Ay 35 8 A A6 571 il
FWET. 5 A o AR AR B, SRUAORE 1R S B SR AL
P 2 3 D0 e B B i R T AR AR R
P, AT 3E Ao 2 1R A O A A 2 A Y ik R AT 4R
afi. SRR AT LAAR 7558 1 by S Ath 4 5 R A 15, 4
B BE . W 5 L R RO B 4L R A SnCl,-
AgClO, ,Hf( OTf) ') %5,

K. Sasaki 25 317 115 % 285 B nbt i 91 49 R A
A BT ER A B A T ZE SRR S5 1R RO A
RSCRE L AR 1, A0 238 v A 31 R OB AR Y S AR i R
PEZ BN B RAR R s, b DL 1 - IEC 2 -
3 — H LR m = 550 HH it R AR ( Comim [ OTE] ) i 1 -
(3 — UNHE) 3 — HT g me = 5 FH sk 5t 7 Jie 6
(CNCymim[ NTY, | ) Sy s WA Ji b, E 2R3 B - 14
AUy (WLIEL9) .

OBn OBn

B0 ﬁi\m . HOT{/C,min[OTf] o ﬁM
~ =~ n
BnO p T ROH g, BnO OR
OBn HNTL,/CNC,min[NTT,] OBn
30 31 32 B>a

B9 AARBEAELES TR B TR T A mIES

Y. Okada 25 138 7 — MR RIAT IS 51
SE4x B — PR IO AL S, BT AR T3 - 0
16 — O 2 Ju] fF i 1 0 o 02 b A SR A

Wy, 12 58 A6 ) AT LA 200 R 45 A B AE SnClL-AgB
(CoFs)y MEALIR Z Pt AT B — Bl AL S 1 (L
10) . SR R R AT AT RES U £ 1) SnB
(CoF5),CL100% 1) B — A 1kt ol T8 B A0 7= 2E
9 HB(CoFs), WML, o - ARSI IE S B -
SRR XIS Al S B B B BT A R
RO T —

/ I SnCl, /
0 + HOR ——— Oy

) )
=0, AgB(CHy), -0 or
F 34
OBn OBn OBn OBn

33 35

H10 =& p-&BHEFIR S

FACRE B B W AR e PE AL S R 1 H
T P R AT, T T P — S S A R R R A b
N B &4, 0 SnCl,-Ag(OTS), , TMSOTY %5, % T4
RWEEA —E RRE Pk, AR ] 16 B — 285 %
7EH).

3 WLCRHE DR A

L E AR E , A T8 & VR R 1
A H 2 30 K A WF 53 41 T AR AR Sy bl {1t
A2 AR BRI 1 T OB OB A 5 8 1
T PR I BLTE o 2R AT B B A R A IR
20 Tt LA 57 B i IS 28 R A S 4 gk
PEbE A R T

J. A. Perrie 258 S B A BE 5 — R 51— AN
ZRPERORE AL SOV < SE F NIS F L AR, 0 ~
20 CZ )5 FH = WP i ik o = 30 Yl 22 TG A e 1 91D
B~ FEHUCR 60% ~83% (WK 11). #FETE 48
AR REA RO AR AL SO, 1B R T 1) — 4 s
PSR E Y o« = 7).

- COMe CO,Me
Me.CCO, 0  ROH Melccow
—_—
Me,CCO, ] JEAEF] Me,CCO, OR
Mecco,” | Me,CCO,
16 37

B 11 sR¥ELE —B e BB TR

Y. J. Ko 252 il 4 B R 2 - O — il 2 Tt 3
NEL it 2 B R A 1 A B S A8t Ak, I Ak 3 mT A 2
MG EE RN AR AL 2 - O - L ZU e - 1,2 — 2 s
ORI AR E PRI A (UL 12).2 - 0 - fill



53 )

KA, % DL sd RAE A R & BN 0 7 iR R0 ©29 -

T ] AL R T2 P P 25 T AN 532 i HG A 1) £ 47
FERNSF SRR AL, R AR I 2 - RO - 1,2 - )X
B

OAc

) OAc
AcO O 1)ROH.AgOTf 0
O — AcO
AcO OR
0 t AcO

2)Thiourea OH
0
38 g 39

A 12 2-0-sTBAwvhH & ey
A A A

LR (S B St L NTUE S TE R DO A (2P 2 1
FPOBEE M3 5 , BT LA S0, 2% 438 8 58 i A, X
— S A ORI A 1 RS A T AR P O O Lt
AW e SibE /Al o7 Nl I 1 EAw A DR A €
JI 225, PRL T DA o 06 45 A [im] 198 4 5k AT ) 4
v HiOpEE o

4 jEY

Zr L id , OB S B R AR 5 i
Rt A A TR, 0 R G O A AR 4 i
JHYTR T pe A A O P Y . A A Sl (A A
MO B2 B B S O — 1 IR &, %
N B = ML 5 i i SN AR AT 2 AR K sk
JEARMT, T JR R A AL 7R LU A SR LA AR K R
P AU F L P RATRE , A5 KIFRAT. 255
AT LA (9 SCRRAGE 7] DU 31, 3K AT 58 12 i 1) 34 88
FAFHTT 0 K S 5 I WIS H AR e 1) SRR TR
1 OB AT A2 0, 58 B W S AR e — B A G
2) TR H M aR (Y B A5, R O B R R Y
.

S & 3k

(1] #o TP WEFHBZARESLAM]. b T
W R A ,2009.

(2] RABE BHXNAEADHCFEIM]L. LEZ . 5E5HFHRK
#,1987.

[3] Kaeothip S, Yasomanee J P, Demchenko A V. Glycosida-
tion of thioglycosides in the presence of bromine: mecha-
nism , reactivity, and stereoselectivity [ J]. J Org Chem,
2012,77:291.

[4] Koenigs W, Knorr E. Ueber einige derivate des trauben-
zuckers und der galactose[ J]. Chem Ber,1901,34.957.

[5] &) F.gia@E, M 2 p-KF2®-B-D-HH#
bR B AT & 8% ,2012,33:21.

[6] Yajima A,Oono Y,Nakagawa R et al. A simple synthesis

(7]

(10]

(11]

(13]

(19]

of four stereoisomers of roseoside and their inhibitory ac-
tivity on leukotriene release from mice bone marrow-de-
rived cultured mast cells[ J]. Bioorg Med Chem, 2009,
17.:189.

Turnbull W B, Harrison J A, Kartha K P R, et al. Obser-
vations on chemical and enzymatic approaches to a-2,3-sia-
lylated octyl B-lactoside[ J ]. Tetrahedron,2002,58 :3207.
Mastelic J,Jerkovié¢ I, Vinkovi¢c M, et al. Synthesis of se-
lected naturally occuring glucosides of volatile com-
pounds : Their chromatographic and spectroscopic proper-
ties[ J|. Croat Chem Acta,2004 ,77:491.

Xue J L, Cecioni S,He L, et al. Variations on the SnCl,
and CF,CO, Ag-promoted glycosidation of sugar acetates:a
direct, versatile and apparently simple method with either
a or 8 stereocontrol [ J]. Carbohydr Res,2009,344 :1646.
Maslov M A ,Morozova N G,Chizhik E I, et al. Synthesis
and delivery activity of new cationic cholesteryl glucosides
[J]. Carbohydr Res,2010,345.2438.

Mukherjee D,Ray P K, Chowdhury U S. Synthesis of gly-
cosides via indium(IIT) chloride mediated activation of gly-
cosyl halide in neutral condition [ J ]. Tetrahedron, 2001,
57.7701.

Koto S, Hirooka M, Tashiro T, et al. Simple preparations of
alkyl and cycloalkyl a-glycosides of maltose, cellobiose,
and lactose[ J]. Carbohydr Res,2004,339.2415.

Ma S J, Watanabe N, Yagi A, et al. The (3R,9R)-3-hy-
droxy-7,8-dihydro-B-ionol disaccharide glycoside is an a-
roma precursor in tea leaves[ J]. Phytochem,2001,56:819.
Patov S A, Puneov V V,Kuchin A V, et al. Synthesis of
certain monoterpenoid glucosides[ J]. Chem Nat Compd,
2006,42 :431.

REF FRT.EFBREFH 3 -0-F-D_#
HAEH A R [)]. & A L3 ,2004,12:391.
MR EHEEFRAIRS R AN AR
L A % ,2004.

Xin B W,Sun C J,Cao X R, et al. The Synthesis and
Characterization of 3-0-( B-D-glucopyranos-1-yl ) -6-( 4-
halophenyl) pyridazines[ J]. Chin J Synthetic Chem ( &
A #) ,2003,10(4) :356.

WM BERR. (4-FEREFHE) -23-2-0-F
B -p-D-f @ HEHE AR L ER,2006
(2):119.

Murakami T, Sato Y, Shibakami M. Stereoselective glyco-

D]. &

sylations using benzoylated glucosyl halides with inexpen-
sive promoters[ J]. Carbohydr Res,2008,343:1297.
Mukaiyama T ,Murai Y, Shoda S. An efficient method for

(TF#% 56 n)



