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ABSTRACT
The chlorination of 2,3,4,6-tetra-O-benzyl-D-glucopyranose utilizing a new and efficient
combination of triphenylphosphine and trichloroacetamide could be smoothly converted to
the corresponding glycosyl chlorides in excellent yields under mild and neutral conditions.
Furthermore, the developed reaction could be applied to glycosylation of glycosyi chloride
and monobenzyl hydroquinone in the presence of zinc (I1) bromide and molecular sieve 5A

to furnish arbutin derivative in high yields with alpha -stereoselectivity.
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ABSTRACT
The chlorination of 2,3,4,6-tetra-O-benzyl-D-glucopyranose utilizing a new and efficient
combination of triphehylphosphine and trichloroacetamide could be smoothly converted to the
corresponding glycosyl chlorides in excellent vields under mild and neutral conditions.
Furthermore, the developed reaction could be applied to glycosylation of glycosyt chloride and
monobenzyl hydroquinone in the presence of zinc(ll) bromide and molecular sieve 5A to furnish
arbutin derivative in high yields with a-sterecselectivity.
Key words: Stereoselective Glycosylation, Halogenating agent, Triphenylphosphine,

Trichloroacetamide
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1.1 H9ATIEH Methyl-2,3,4,6-tetra-O-benzyl-0l-D- glucopyranoside (1)

HO BnO
HO 0 NaH, BnBr A 0
HO BnOS
° n
HOOMe DMF, 0°C—>RT : BnOOMe
1 (59%)
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NAN Methyl-a-D-glucopyranoside 10.00 g (0.051 mol) AU DMF 170 mL aslugnafiunau 2

AB 1WA 500 mL Meildussanig N, hhufludrabudaieliigrugiiasanljiseedii 0°c det

\Au Sodium hydride (NaH, 55% oil dispersion) 10.11 g (0.232 mol) aslulfisensanau anduien

1afunaneenangatiing Lﬁmﬂgﬁuqmmﬁmmﬂﬁﬁ?wm 0°C lugamuugiitias wWhaaiany
Uffsansieniies 30 wnf mn‘tfuﬁfaﬁqtﬁu Benzyl bromide (BnBr) 36.75 mL (0.309 mol) asluilfjisen
2191 wazAulundeiiies 16 alua u?'aﬁmmumsa”uzgmfamﬁﬁ?mEvi'm TLC (Thin Layer
Chromatography) Lﬁ@ﬂﬁﬁ?mﬁmugmiué’q v‘hqumﬂﬁﬁ?mimmﬂauﬁ”ﬂ AT TesHaLIn
afAuaNan&at Diethyl ether 600 mL uAZin 200 mL wends ether " EN9E9e 17 200 ML uay
finRe 200 mL AaAEY Sy ether TUszmesiavnazansdeisia Rotary evaporator w&auen
Namﬁm%’ﬁﬁmmﬂﬁﬁ%mﬂ%ﬁm?ﬁ Silica gel column chromatography iRl Hexane:Ethy!

acetate luansdow 7:1 lEnansuan Methyl-2,3,4 6-tetra-O-benzyl-Ol-D-glucopyranoside N3N
16.69 g Aawtlu 59% yield

1.2 FAFITH 2,3,4,6-Tetra-O-benzyl-D-glucopyranose (2)

BnQ2e \L CH3COOH, HC BnO
BnO 0
BnO e 8o OH
BnOOMe BnO ‘
1 2 (80%)

NAN Methyl-2,3,4,6-tetra-O-benzyl-OL-D- glucopyranoside 1.94 g (3.5 mmol) 11 Acetic acid
40 mL uaz 2M Hydrochloric acid 16 mL asluaasfunanauna 250 mL ﬂuﬂf]ﬁ?mmﬂﬁmm’é@uﬁ
80°C \fluan 24 %Tm falfidy maesnauadllut AUNARZNAUIEY 2,3,4,6-Tetra-O-benzyl-D-
glucopyranose (Asay tnlUanaAndnEae MeOH Bna%e Wiiminamandadostvingy 1.51 g ALy
80% yield
1.3 HILATITH Monobenzyl hydroquinone (3)

OH OH
NaH, BnBr
DMF, 0°CoRT
OH OBn
3 (27%)

HAN Hydroquinone 11.01 g (100 mmol) 11 DMF 120 mL Auauazais S ldudluenatinusa
Lﬁalﬁqmuqﬁmmﬂﬁﬁ?mmﬁ 0°C arniiuiin NaH 2.4 g (100 mmol) AULAzeN 15 w19 Aee) Wiv
Benzyl bromide 11.87 mL (100 mmol) LL&’Qﬂuﬂﬁﬁ?ﬁmﬁqmugﬁﬁm AamNNTINALgATENsoe TLC
Lﬁ@ﬂﬁﬁ?mﬁmug?du%q 11989HANNNARAKIY  Dichloromethane (CH,CL) uawtin ubauendu

CH,CI, lsuinasiannazaiadaeidses Rotary evaporator wdausnuaniusinsiasnisifiignsiaald
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(%

Silica gel column chromatography fitlifateiili Hexane:Ethyl acetate lusasidau 3:1 LEnans ot

=

4-(Benzyloxy) phenol #fltmin 2.70 g Aswily 27%
1.4 upseinaanasalaues

BnO o CIPPh, BnO o
BnO” OH - BpoJ OPPh,

BnO DMAP, Et3N BnO
2 6

vy 2,3,4,6-Tetra-O-benzyl-D-glucopyranose (10 mmol), 4-Dimethylamino pyridine (3 mmol)
waz Triethylamine (12 mmol) wrazaelu dry THF 20 mL aelé N, @ﬁmfuﬁifﬂﬂ"]tﬁm Chloro
diphenylphosphine (11 mmol) w’éﬂmfmuﬂﬁ'ﬁ?mﬁfqmmﬁﬁm Shanan 2 alug arntuinldsuive
aufeuutic TaeldiAsas Rotary evaporator WRIANAINIAZAILEAN Hexane/EtOAC 8R4 8/1
udatinlunsestingys Alumina-Celite antfutinansazanelluszmsfamiazattesnauuii THaaena
a- Uaz S-isomer 189 2,3,4,6-Tetra-O-benzyl-D-glucopyranosy! diphenylphosphinite (6) 110
95% Yield A Thaeanandananaananeandan EOAC waz Hexane 1§ B-isomer (B-6) 5N
45% yield

2,3,4,6-Tetra-O-benzyl-#D-glucopyranosyl diphenylphosphinite (#-6): white solid; "H-NMR
(CDCl,) 8 6.98-7.59 (m, 30H), 4.79-4.97 (m, 4H), 4.43-4.71 (m, 5H), 3.51-3.71 (m, 6H).

BnO o
BnO
BH&OPP% ,

OBn
I A8

gﬂﬁ' 1 'H-NMR 209 2,3,4,6-tetra-O-benzyl-B-D-glucopyranosy! diphenylphosphinite (f-6)
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WHELNR 2,3,4,6-Tetra-O-benzyl-f-D-glucopyranosy!  diphenylphosphinite tiani1saaesialully
2,3,4,6-Tetra-O-benzyl- f-D-glucopyranosyl diphenylphosphine oxide 15-1’&&115@1%&1%:4%@%% O,
wema  siallidszautlymlunisinnismaseadusdraunn adlilfiieaneialauefsiaily
ﬂnmm@Llﬁ‘ﬂmwﬂuﬁivawﬁmwlummmﬂgmmnnlnaima‘[mLu@ﬂum@uq mufisuals lag
Lmumum”mlu@mﬁmmmmﬂmmmwm qz ﬂm:mmmﬁum%mnmﬁuw@awma‘imwﬂmw in
situ memmmmawﬂmimmm*numu‘lﬂlﬂmumiﬂlmmuw Lmuﬂgmmmummmm (one pot

reaction)

2) MmaAnwIAzuazladeMunIs AN
2.1 nsAnwimazuaziadeusnzaslunmsdaiasziauiusaas Abutin
msﬁnmnwvuaﬂj@ﬁ'ﬂﬁmm"au’lumiﬁaLmﬁ“ﬁ@uﬁuéﬂm Arbutin (5) T azBudufinm
Lf;mu,@v@mmu‘wmmmuluma‘mmﬁgmmn@mﬂummmwn InalfugRsansuuuulunisdnm
Aa duf 1 1 lnalndalaues 2 wdAsand Triphenylphosphine (PPh,) Wway Halogenating
agent 3UARN9 uaH CH,Cl, Wiusvinazane mﬂimmsmmﬂ Nltrogen Imﬁmﬂgmmwﬂmmu
WAL Lfmmw’]nu waalﬁLﬂﬂ Glycosyl  halide  (4) @Wﬂuu m‘nu'w 2 falatliv Monobenzyl
hydroqumone UaE Additive y DUTRRY Imﬂmﬂgmmmmmmm ZAA) iU B LHA AR AT
N %Yield mnmm panansluannIsEIuans

- PPh, HOQOB"
n 1) Halogenating agent 51O 0 Additive BnO o
BnO OH ~ BnO x > BnO o
BnO . BnO BnO
OBn

BnO CH,Cl,, Temp, Time BnO Temp, Time BnO
2 (Step ) 4 (Step 1) 5

WINIMAResAa W 2,3,4,6-Tetra-O-benzyl-D-glucopyranose (0.1 mmol) WAz PPh, a1
¥auiae CH,Cl, 0.5 mL neléussennia Nitrogen TN Y Halogenating agent figula udaau
ﬂﬁﬁ?m‘aﬂwﬁmﬂmﬁ@munﬁ UATLIANGEN) T Feanihui Monobenzyl hydroquinone (0.1 mmol)
war Additive mu’me"Lﬂluﬂgm‘m ATNAAU ws@umﬂuﬂgnsmmmmmummmmuuamm
ANg i Lm@aumﬂgnsm WresnaNNy aindiaa CH,CI, uazin (m‘@anmmmﬁmmuq mu@ﬂnu
Additive #11) usndu CH ,Cl, Tilszmasiavnazaradaeiatns Rotary evaporator aMnshuenuans e,
5 Iummlﬁtmﬁlm%ﬂuﬂ Preparative Thin Layer Chromatography (PTLC)
4-Benzyloxyphenyl-Z,3,4,6-tetra-O-benzyl-D-qucopyranoside (5): colorless oil: 'H NMR
(CDCl,) ) 7.12-7.43 (m, 25H), 7.02 (d, J = 8.1 Hz, 2H), 6.87 (d, J=8.1Hz, 2H), 5.28 (d, J = 3.6 Hz,
1H), 4.42-5.07 (m, 10H), 4.18 (t, J = 8.1 Hz, 1H), 3.58-3.79 (m, 5H).
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(Wiin 15)
BnO o
Bno’&g,
BnO 0
BnO OBn
5
29.244.00 091 1126 080 558
| S S— | I hd b ]
I S Af Laaa: aaiaseata e , LA EAASS L Aaiss At M i Mt manas aatds Mad e e pa s e T e et S
7.5 7.0 6.5 8.0 5.5 5<0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

3119 2 'H NMR 78301uaes Arbutin (5)

o-isomer (a-5) \ | )
=D ( \ |
|

- f-isomer (B-5)

o~ | \ TN, \r}
e’ M e T A
T 'lm} - ”l“”l”’“r’! T tl T | Ty lw T 'Eﬁ'lm? 1
5.40 5.30 5.20 5.10 5.00 4.90
ppm (f1)

1% 3 Auedtyeyins 'H NMR 1e30yius84 Arbutin (5)

2.2 madAnmmazsusziladeiiunnzaalunnsdaiasizs Glycosyl halide

nsAnmnzuasiladeiwusanlunisdanmey Glycosy! halide (

4) walild %Yield 194

Glycosy! halide TuiBunnigehign Ine %Yield azunlfannmaiia 'H NMR ilasan Glycosy! halide

Fuprzfliiduansiliiades fellszanid mmlunmmnmﬂﬁﬁm‘%

Thenozuazilasefiasinunilaed slauasiunans Halogenating agent, 1Fnntues PPh,

memwhlunmnmﬂgmm AYANNNT
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BnO PPhy BnO
BnO 0] Halogenating agent BnO 0]
BnO O Ch,Cl RT, Time . BnO X
BnO 2l 1, Time BnO
2 4

FBNINMARBIAE 11 2,3,4,6-Tetra- O-benzyl -D- glucopyranose 0.1 mmol uaz PPh, 11
a.,mﬂma CH,Cl, MelEussennid Nitrogen antiudis Halogenating agent fiaula uwhnauljisen
atnsraiiasfingn pinayin mnuumﬂgnsmlﬂsvmﬁmma anedaeAies Rotary evaporator Auudia
u&ain Crude ‘nmﬂ{]nsm‘wimmwm Wmsageundnsnsiiisaulae1inaiin 'H NMR g
Fa8EiNN A0yrynd 'H NMR 284 Crude ﬁ‘té’mmmlugﬂﬁ 3

ATUtU04299 H U C1 ATUyIu8s H Ui C1

%494 Glycosyl chloride ‘
ycosy | mq e

m@amsﬁa AL (2)

]
a2

ppm(f1)

LN ) MNUM “J*Llﬁ'ipﬁgm_ m

SO ——— =
P
R ———

B ——

¢ 00b
180 -«

ppm(f)

3% 3 'H NMR 189 Crude aannsnsnnagiimunzasnlunisiiia Glycosyl chioride

2.3 NMSANHINATRS Additive

FENNNINARBPD 1N 2,3,4,6-Tetra-O-benzyl-D-glucopyranose (0.1 mmol) uaz PPh, (0.3
mmol) 3axaebiae CH,Cl, 1 mL meldiussennia Nitrogen aniiuiis CLCCONH, (0.3 mmol) wda
aulfjisenetsaiiiasigruuniities Wuwan 1 falus aamiudin Monobenzyl hydroquinone (0.12

mmol) uaz Additive awla (Promoter %8 Drying agent) mlﬂluﬁﬁﬁ?‘mmuﬁ’]ﬁu WEaNNIAY

a

(
ﬂﬁﬁ?‘mmmﬁimﬁmﬁ@mmmﬁmm@ Reflux Lﬂumm 24 Flg Lmaumﬂgmm Ta8naNNAin

b2 act

fngl CH ,Ch, LLﬂuu’W (m@@n@mmﬁm?@uq mufaﬂnu Additive “/11"11) LLEJﬂ‘Du CH,CI, hlumamm



mw-')-'s(m)

il 17)

AranEnLATed Rotary evaporator AR 5 1ﬁu?‘2§ﬂ§1ﬂﬂ1?‘ﬁmﬂﬁﬂ Preparative Thin
Layer Chromatography (PTLC)

HAWRLIRTIL

1. ramsAnmnazussiladeiimanzaalunsdonsisiaywusaas Arbutin
mnmamiﬁnmmmm:ﬂﬁaﬁmmmulumsﬁqmm:ﬁ@uﬁuﬁmm Arbutin+ (8)  Taeld
UfAsenAuLLUAe $a7 1 lnaledalaies 2 W MUJASEAY Triphenylphosphine (PPh,) waz
Halogenating agent 1ilnse7 uazil CH,CI, Wudavinazate nalfussennnd Nitrogen taesin
ﬂﬁ?ﬁ“mﬁqmuqﬁLmzmwhﬂﬁu Woliiifin Glycosyl halide (4) amiu 4wl 2 selaeiiy

' 1
=l

Monobenzyl hydroquinone wax Additive aliafe Tnavindfizengumpiivazioaisineiu el
a a o o’e;d . d‘ [ % d‘
\NARARATIINT %Yield nnfign Asusnslunsad 1

5o PPh, HO_Q_OB”
Bng&&m Halogenating agent BBgO E o Additive 888&\”
- n e e P n
BnO OH BnO X BnO O
OBn

BnO CH,Cl,, Temp, Time BnO Temp, Time
2 (Step ) 4 (Step i) 5
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m19199 1 NsAnnezuazadefiuanzanlunisdunmzdayiusaas Arbutin

AIN-2-5(m)
(Wi 18)

Entry Halogenating agent PPh, CH,CI, Step | Step I Additive %Yield
Type eq (eq) (M) Temp Time {(h) Temp Time (h)

1 CIC,CN 2 2 0.05 RT 1 RT 2 - 0
2 CIC,CN 2 2 0.2 RT 0.5 RT 3 Pyridine (6.7 eq) 8%
3 CIC,CN 3 3 0.1 RT 1 RT 3 - 0
4 CIC,CN 3 3 0.1 RT 3 RT 6 - 0
5 CIC,CN 3 3 0.1 RT 3 RT 12 - 0
6 CIC,CN 3 3 0.1 Reflux 3 RT 3 - 0
7 CIC,CN 3 3 0.05 RT 3 RT 24 TMU (6.7 eq) trace
8 CI,CCOCCI, 3 3 0.05 RT 3 RT 24 TMU (6.7 eq) 4
9 Br,CCOCHBr, 3 3 0.05 RT 3 RT 24 TMU (6.7 eq) trace
10 CI,CCONH, 3 3 0.05 RT 3 RT 24 TMU (6.7 eq) 7
11 CL,CCONH, 3 3 0.2 RT 1 RT 24 - 0
12 CI,CCONH, 3 3 0.2 RT 1 Reflux 24 - trace

a) Monobenzyl hydroquinone was used in 1.2 eq
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d’ 1 R o = °| 1 nﬂ' =
AMNUANINARBIMUAITNA 1 WU %Yield 189813 5 fadiBuinusn Widraznisldeusiia
189 Halogenating agent, 1Ranngedsioiauiuazdainasaie, gougi waza i lunisfing iz
usipdslafimudanugamitasAne  Aeuales  Additive  (WSIZAINEANIINASES  WUIINNIRL
Additive 11913 11U pyridine Y$8 tetramethyl urea (TMU) RualfinuiBunandnsfmsnfindwdniias
ANNN1INAFBY wanliifiudn %Yield veen@nsing 5 fafifiunasnunn Geanaazsulyligan
nMaglilu dumeauil 1 anaasdalidanunsawldauanssadiu 2 Wiy Glycosyl halide Eavun 3af)
a d‘ =S o d' A’ . [ o’/’

wwaANAANAzianNANEINazIasTataivnzaN U ANDBNNE %Yield sendlu 2 Tuneu
AR TUR 1 Mswiien Glycosyl halide uaz 1u% 2 Nsiu Nucleophile uaz Additive elihily

NARADUN 5

2 namsAnsINuszaseiuanzanlun1sAatAsIz Glycosyl halide
nazusrilademumunzanluduniasien Glycosyl halide (fuf 1) fazfnmiie wfiauas

1311184 Halogenating agent, 13110984 PPh, LLammﬁ’L’*ﬂumﬂﬁmﬂﬁﬁ?ﬂ'\ FEHANITNARBIA

wanIluA13199 2

A3199 2 navesAnEINITIasiade MmNz anlun1sdaunsze Glycosyl halide

PPh,

BnO : BnO
Bré(r?g&&.«OH Halogenating a?ent . ngo/g :o X
BnO CH,Cl,, RT, Time BnO
2 4
Entry Halogenating agent PPh, CHCl, Time % Yield® % Recovered
Type eq (eq) (M) (h) 2"
1 Cl,CCOCCl, 2 2 0.1 2 27 (X=ClI) 73
2 CLCCN 2 2 0.1 2 quant (X=Cl) -
3 CI,CCONH, 2 2 0.1 2 quant (X=Cl) -
4 CI,CCONH, 2 2 0.2 1 51 (X=Cl) 49
5 CILCCONH, 2.5 2.5 0.2 1 50 (X=Cl) 50
6 CILCCONH, 3 3 0.2 1 quant (X=Cl) -
7 Br,CCOCHBr, 1 1 0.2 1 23 (X=Br) 7
8 Br,CCOCHBr, 2 2 0.2 1 50 (X=Br) 50

a) Determined by "H NMR
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uansnaneslumeR 2 i CL,CCN U8z CLCCONH, flu Chiorinating agent #
manzaalunsasugnsiady 2 Wy Glycosyl chloride (entries 2 wag 3) Ltazﬁéwﬁmﬁ@ﬂ'ﬂmﬂﬂﬁ
Meunsldans 2 Silunsssey Glycosyl chloride 1naw wsatinalsimn lunisAnmsalilasy
#enld CLCCONH, fiasann fisengn uazamnsaindaeentéialntnisaiafuii Fanudnf§iden
N3N Glycosyl chloride @:Lﬁm{ulﬁmhmug?mﬂummLﬁm 1 dalue el PPh, uac
CI,CCONH, Tu1Bunns 3 eq dleeuruanssadiu (entry 6) Tagaziinasiid W unsiine Ufjnsen
7 2 delt) Wanifimadainms Glycosyl bromide 841 %Yield #iain (entries 7-8)
wisanlinesimunzanlunafindfisenduit 1 ufa azluAnsnasesda Addiive lu
ﬂﬁﬁ?ﬁﬂfumuﬁ 2 elHARNARAT 5 75 %vYield mn‘?’izgm (mm\ﬁ; 3)
AnHamMMaaes A 3 wudnniu ZnCl, 31147% 2 eq Azl %Yield v09nARSuA
ANTINSAN TMU, Tetramethyl urea, Pyridine uazliifines1siae uaeianudnnisiiia Molecular sieve

f=3 o

(MS) 93 4A uaz 5A Feiwiimdusogeainbulfizen Saouddny lunsinli %Yield vesudninsg

¥
&

A‘ 49’ ] = o dl' 09’ d’ a aaa (3 Y a aaa v o d‘
WruguReany wWesnnifsdululiisen eraasinlinadfisandeunsy Tnauldau Glycosyl
chioride naLiua1sAsiu 2 denialii %Yield IaauBasinsinido wenaniidiwudnnsinlfisend
aoangfl Reflux finasieniafia %Yield 1oanAm ot u@n@'mumwmwmmmﬂnmwammmm“i@

Lﬂmmﬂgnsﬂfwmnmm‘"@ﬂumq a/f=2/1 73 3/1



A3199 3 MeAnmnazuaziade RN zanlunnsfaasmzieysiusaes Arbutin

AIN-2-5(R)

(wth 21)

(1.2°eq)
HO—@—OBn
BnO PPhs (© q) BnO BnO
BE&&&;OH ClaCCONH, (3 eq) eno O&&MCI Additive Bg?,&gw
BnO CH.Ci,, RT, 1h BnO Temp, Time ( jL
2 (0.1 mmol) 4
Entry Additive Temp Time  %Yield ap
Promoter Drying agent ('C) (h)
(eq) (3 g/mmol)
1 - - RT 24 0 -
2 - - Reflux 24 trace -
3 TMU (6.7) - RT 24 7 -
4 Pyridine (3) - RT 24 3 78122
5 Pyridine (3) - RT 24 5 -
6 Pyridine (3) MS 4A RT 24 0 -
7 ZnCl, (2) - RT 24 6 68/32
8 ZnCl, (3) - RT 24 11 84/16
9 ZnCl, (2) MS 4A RT 24 52 72128
10 ZnCl, (3) MS 4A RT 24 30 68/32
1 ZnCl, (4) MS 4A RT 24 44 64/36
12 ZnCl, (6) MS 4A RT 24 41 60/40
13 ZnCl, (2) MS 4A Reflux 24 46 64/36
14 ZnCl, (4) MS 4A Reflux 24 58 62/38
15 - MS 4A Reflux 24 9 -
16 ZnCl, (2) MS 5A Reflux 24 46 69/31
17 ZnCl, (2) MS 5A Reflux 24 48° 75125
18 ZnCl, (4) MS 5A Reflux 24 57 65/35

a) CH,Cl, 0.5 mL was used

n1sAnENaTes Promoter 1llnsin « luufienduneud 2 e A audnsioes 5 7ifl %vield

1NNgA Azudnsadum e 4
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13199 4 3AnEINaTEY Promoter lunsdaiaszifayusans Arbutin

(1.2 eq)

HO—@—OBn
6o PPhs (3 eq)
n -
Bnoﬁm CI,CCONH, (3 eq) BESO&&M Additive ng()/&g\w
- ———
BnO OH . BnO Ci 8n0O 0
BnO OBn
5

BnO CH,CI,,RT, 1h BnO Reflux, Time
2 (0.1 mmol) 4

Entry : Additive Time %Yield ap
Promoter Drying agent (h)
(eq) (3 g/mmol)

1 ZnCl, (2) MS 5A 24 46 69/31
2 ZnCl, (2) MS 5A 24 39° 74126
3 CuCl, (2) MS 5A 24 41 67/33
4 FeCl,-6H,0 (2) MS 5A 24 45 -
5 AICI, (2.5) MS 4A 24 0 -
6 ZnBr, (2) MS 5A 24 61 72/28
7 ZnBr, (4) MS 5A 24 44 77123
8 ZnBr, (2) MS 5A 6 43 -
9 ZnBr, (2) MS 5A 12 48 -
10 ZnBr, (2) MS 5A 48 50 -
11 ZnBr, (2) MS 5A 24 59 -
12 ZnBr, (2) MS 5A 24 75° 72128

a) 0.8 eq of monobenzyl hydroqtjinone was used
b) 1.5 eq of monobenzyl hydroquinone was used

c) 2.0 eq of monobenzyl hydroguinone was used

ANuANINARBINITY ZnBr, 1 Promoter AfitlszAvnwannTign uaziruidendnimng
NNAMET BN 9T o/ = 3/1 Imﬂl%mﬂﬁﬁﬂﬁﬁ?mlmlzumuﬁ 27 24 Falus uenanniida
WU %yield 9849 5 %L‘ﬁluﬁw‘utﬂu 75% L&dj’asl,"ﬁ monobenzyl hydroguinone Lﬁlmﬁyulﬂu 2eq

ssusalihiiunisinmasimunzanildanninedu indnsuanazes Halogenating agent 1u

nMrdaATIEiRYR T3 Arbutin AsudnsluAseh 5
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A15199 5 NSANHINATEY Halogenating agent lunisdaiaszsfaywusans Arbutin
(1.2 eq)

_ HO—@—OBn
BnO PPh; (3 eq)
B0 0 XCR(3eq)  _BNO\ Additive B0\ o
BnO BnO BnO
BnO OBn
5

BnO CH,Cl,, RT, Time BnO Reflux, 24 h
2 (0.1 mmol) 4

Entry X,CR Time Additive %Yield ap

(h) Promoter Drying agent

(eq) (3 g/mmot)

1 Cl,CCONH, 1 ZnCl, (2) MS 5A 46 69/31
2 CI,CCONH, 1 ZnCl, (2) MS 4A 4 -

3 Br,CCO,Et 1 ZnCl, (2) MS 4A 48 74126
4 Br,CSO,Ph 0.5 ZnCl, (2) MS 5A 42° 54/46
5 CI,CCN 1 ZnBr, (2) MS 5A 48 -

6 Cl,CCOCCl, 1 ZnBr, (2) MS 5A 9 -

7 Cl,CCONH, 1 ZnBr, (2) MS 5A 61 77123
8 CI,CCONH, 1 ZnBr, (2) MS 4A 85’ -

9 CBr, 3 ZnBr, (2) MS 5A 39 -
10 Br,CSO,Ph 3 ZnBr, (2) MS 5A <50 -
1 2-(Tribromomethyl) 1 ZnBr, (2) MS 5A <50 -

quinoline

12 Cl, 3 ZnBr, (2) MS 5A 0 -
13 CBr, 3 TMU (6) - 45° -
14 CBr, 3 TMU (6) - 54°¢

a) 3-Phenyl-1-propanol was used instead of monobenzy! hydroquinone

b) PPh, and Br,CSO,Ph were used in 1.2 eq

c) 3 eq of monobenzyl hydrogquinone was used

d) Reaction time in step 2 was 96 h

AMNNINARBINLLY CI,CCONH, flu Halogenating agent ﬁﬁﬂqmmmmumnﬁthm?

wiaswily Glycosy! chiolide Tuanueh Fumeudt 2 nsld ZnBr, uaz MS 5A 1w Additive azl¥ %Yield
TRINAAA T AING A

d7Unan15NARas
mnmsﬁnmmq:ua:ﬁq@”&ﬁmmmuﬁm?"uma‘ﬁﬂﬂﬁﬁ?‘m Glycosylation 184 2,3,4,6-tetra-
O-benzyl-D-glucopyranose TnelfTiaiausnauuunlsdszndng PPh, uaz CLCCONH, Hianumniivas
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a

{haan 1 dalus audiaenisiiis Monobenzyl hydroquinone waz MS 5A figouunil Reflux 1uaan

k1)

24 Falug axilildinandnueinsieinisgaign uaziinuidanaumiznsametewiifluiuy o Tae

A liiaunTuiiih@Ensduamsiunlnl fewisoi ldWdaemziinalalodignanidanm

2w W TeansimnzanlunsfiadUfisen aansasahiluaunisfuans

- Pph3 (3 eq) ZnBr2 (2 GQ)
n
Bnoﬁ% CIiCCONH, (3 eq) Bﬁgo/ﬂ% ROH(12eq) 8530&&”
BnO = X Refux 24h OR
BnO CH,ChL,RT,1h  BMOT Reflu, 24h  BnO=TN
2 (0.1 mmol) 4 MS A 5 (@/B=3/1)
\ANATBIR
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