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Development of straightforward molecular transformation method of unprotected
carbohydrates using chiral organoboron catalyst
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Although multi-step protection/deprotection methods have been used for the
synthesis of sugars, in recent years, development of new one-step regioselective functionalization
methods for unprotected sugars is required. In this study, we achieved regioselective
functionalization of various unprotected sugars such as galactose, galactosamine, arabinose,
rhamnose, and mannose in a single step using originally developed chiral organoboron catalysts.
Furthermore, utilizing this method, we achieved kinetic resolution of unprotected sugars via
regioselective sulfonylation.



¥ X C—19. F—19—1, Z—19 ({3m)

1. WFFERRAE S 0D 5

PERR TR B R O s 70 & ORI AR AAEA S, Ml b7 & O AMmMERFICE D 2 EE R
METHD, 2072, Zib OBIROPRRCEIES BT TN B EYE DR G D AT H

Aﬁﬁﬁ BERSHEE OB BRII RIS T BT T RERIC AN THREICREETH D5, 72872 5,

%% EOERL T BB OKEEIE RO, T B REEICIXA LSS TE RN LT & 7
éﬁ%f%é I T, ﬁ%@Am IIIE SR 2 B 2 B9 5 IR/ AR E S U ST
Tomy, UTHE, PR/ THE 5 7o\ — B P C O LR FEBE DAL [ESRI B BE AL OFR A 03k £
STW5b, = @ﬂ@ﬁf_iﬁﬁﬁ:/\%’%@] DI SEERAG 2 & LT, Kawabata HIZ L D ¥ T VREE
il 2 N5 45 (J Am. Chem. Soc. 2007, 129, 12890.) & . Onomura 52 X 5 A A Xfidit %
W5 FE (Org. Lett. 2008, 10, 5075.) NG SN TW5, SHROMFTERELE LT, AIE TlEZ v
O — AFHERIC R SHPEE—RYED 72 DHERD, B E TIIHEA LAY O BRE~D AR DK
AT 5D, BUIE, KA A O CHIE L7z TRV ECRFERE ) ICEH cx 5 T—BepE
BREAE AL ORI 72, — T, HEEEIMB ICBRE L AR U R chH 557
w«/f7$ﬁm—wﬁ\ﬁ%ﬁ%@?fch}Vﬁ—wﬁ%ﬁ%%K%§w7:¢y@ﬁ&
FE~EEM LT 2 RHE LTS

2. e EM

B ORFFEBR A S DA BT IR & | ARBFZE CTIlIA AR 7B A2 % TRk & 7 SRR |
X9 D (SRR ER ) O—BBEEANLOMBE BN E TS, TR0 T Th D HEZ KEE
A~ EIEMAL T DR EARE & UC, MBI T AT VR GiFR U R a2 5, A%
R T SR LR L0 R T A SRR L — R T = R O & RS A RSB IR L
MEIAVHEE ) ~0 TR BERESSE A (2HY fde,

3. WD L

Fligtat e LT, AR EMEEE AW T 7 b—ZAFERONEEIRA) A LR = ALK
EIToT2 8 Z A FATHFIRIZ IV T Taylor HIZ &Y B &R Y Rl (J. Am. Chem. Soc.
2011, 733,3724.) 7NEADIEIRE & [FREIZ 6 (7 A VR = ALK E 52 2 O2k L, MEICEF L=
TN AT PR — VL 3L ANV = AR ALERIRIC 5 2 5 Z L 2 R LT b,
Z ZTHIDI, RANVFR =AU GE BT 0 & UGN 6T 2 A7 B RE L — B P A &
%ﬁ?ékb®%ﬂ%%£¢5 ASGRIE, BT BRGNS T T 7 b — AFH LR SRR L —
N7 =~ N-AF A IZ = NPEACANVKR =V EREAMET VU 7 A~ G
HAFER TH D72, BOUNE LN EBREOHIENC EE L 72 5 R IC OV TR Y —
=T ELTD, i, BEITE U TR U RMBHA O AR NVETIRREEZITH, oM, AL
R BRI 7 E B b L, 27 B — BB AL + B E T 5,

4. WF7EEk R

HREAR 0 Bk A2 T2 T 7 b — AFFER DN ERIRE Y ALRSIZ DWW T, KR
T OEF A T o1, Au U, AU VB, RUOXFFH R —L, TEX TR AT
A — M EIZ 6 M ANK =R E 52 72Dkt L, FT7N7_ AT PR a—/UH 314
NAR= bR ZE BIF R TH 25 Z 2l LT,

catalyst (15 mol %)
OH OH NMI (5 mol %) OH OTs OH OTs

G Na,CO; (2 eq) e o)
HO + TsCl —— > TsO
3 HO OMe (1.5eq) MeCN,rt,15-24 h
(from p-galactose)
(3-0- tosylated) (6-0- tosylated) (3,6-0- dltosylated)
OH
HO\B,OH BI PH Ph_ 0 EH
o B, B +]
N—Bn Ph u
Md Me 2 O
Boronic acid Benzoxaborole Benzazaborole Borinic acid Borinic acid
A: 2% yield A: 7% yield A: 2% yield A: 1% yield A: 19% yield
B: 11% yield B: 16% yield B: 12% yield B: 36% yield B: 6% yield
C: 2% yield C: 6% yield C: 2% yield C: 24% yield C: 27% yield
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HO N Benzazaborole Hol N Benzazaborole H0~B/°H N Boronic acid
1
B‘N“‘ S A: 71% yield B‘N“' | Xy A:60% yield N N A: 9% yield
@J [\ B: 1%yield @—/ _N B: 1% yield v B: 13% yield
=z Me N
i i C: 9% yield

C: 18% yield C: 22% yield
MeO
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Benzazaborole (15 mol %)

OH OH OH OH OH OTs OH OTs

Lo wmvrianem, Ko Kea | L
HO ’ ~ 5 TsO HO TsO
® HO e  solvent, rt, 1524 h * HO fme ¥ HO (Me # HO (e
(from p-galactose) A B Cc
(3-O-tosylated) (6-O-tosylated) (3,6-O-ditosylated)
entry base solvent co-catalyst A (%) B (%) C (%)
1 Li,CO3 MeCN NMI 23 1 4
2 Na,CO,; MeCN NMI 7 1 18
3 K,CO,4 MeCN NMI 52 <1 17
4 NaHCO; MeCN NMI 34 3 7
5 Et;N MeCN NMI 1 23 14
6 Na,CO,; THF NMI 23 <1 2
7 Na,CO, CH,CI, NMI 29 <1 21
8 Na,CO; MeCN DMAP 46 <1 15
9 Na,CO, MeCN DMAPO 38 <1 23
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NMI (5 mol %)
OH

Bo,
Na,CO; (2 eq) OH NY
+ R-CI @J
HO (1.5 eq) MeCN, rt, time RO

Carbohydrate derivatives Benzazaborole
Product
OH OH OH OH OH OH OH OH OH OH
oc’ °C1aHz1
(from p-gal ; (from p-gal )  (from p-galactose) (from p-gal )  (fromp-g
18h 15h 18h 20ha) 16 h
71% yield 70% yield 84% yield 88% yield 60% yield
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o]
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(from L-rhamnose) (from p-quinic acid) (from p-galactose) (from D-galactose)
14h 14h 48h? 48h?
98% yield >99% yield 67% yield 62% yield
2 Without NMI.
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Benzazaborole B (15 mol %)
NMI (5 mol %)

Na,CO; (2 eq)
+ Ts—Cl >
OH (1.5 eq) MeCN, rt, time oTs

Carbohydrate derivatives

Product
OH
HO TsO
OH OH
OH Me o OH o OTs
o] [o} o) g
OTs OTs OTs OTs
HO | HO CI) OH (o] |
HO ome X MeO OH
(from p-mannose) (from p-lyxose) (from L-fucose) (from D-galactose) 0
20h 24h 18h 48h? H
66% yield >99% yield >99% yield 84% yield (from Helicide)
48h"
74% yield

) 2 eq of TsCl were used. ® 3 eq of TsCl and 3 eq of Na,CO; were used.
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Reaction using D-glucose derivative
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(from D-glucose) Borinic acid Benzazaborole
cat = Borinic acid; 41% yield

cat = Benzazaborole; <1% yield

Attempt to kinetic resolution of carbohydrate derivatives

OH OH OH OH
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Benzazaborole A z
(15 mol %)
NMI (5 mol %)

TsCl (1.5 eq)

NaZCO3 (2 eq)
+ H 0
MeCN rt
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3-0O-protected D-galactopyranoside

T
Benzazaborole (15 mol %) kB\\o
HO OH NMI (5 mol %) HO OTs o
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BzO + TsCI > BzO BzO
3 MeCN, rt, 4 h 3
HO ome 45 eq HO ome HO ome
trace
1,3-diol moiety
6-O-protected D-galactopyranoside
Benzazaborole (15 mol %) _
HO OBz NMI (5 mol %) HO OBz <B,0 OB;
¢ o Na,COy (2 eq) ¢ _o 5
HO + TsCI » TsO
HO MeCN, rt, 4 h HO HO due
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cis-1,2-diol moiety

ESI-MS analysis

% HO OH % HO OBz - /g
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0 _o N Bzo% HO % &(o N
& ¥ HO
W A oM By BN
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~aweon MeCN

A+B-H,0 B A+C-H,0
[(A+B-H,0)+H]* calcd: 690.3345 [(A+C—H,0)+H]* calcd: 690.3345
found: 690.3334 found: 690.3339
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