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Hexoses

 Carbohydrates with molecular formula C;H,,04
 Differentiation in aldoses and ketoses
» 16 Different stereoisomers for aldoses

« Most important are b-Glucose, b-Mannose and b-Galactose

CHO CHO CHO oo "
H——OH HO——H H——OH HO OH
HO——H HO——H HO——H O HO  oh
o
H——OH H——OH HO——H HO
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D-Glucose D-Mannose D-Galactose strictinin

P. Y. Bruice: Organische Chemie. 5., aktualisierte Auflage;, R. T. Morrison; R. N. Boyd, Organic Chemistry, 2
Edition.



Hexoses

« Numbering of carbons starts at the most oxidized C

* Open-chained form is disfavored in solution

OH OH OH
6
—— 4 ——

HO O HO— %5 OH — 0
H&ﬁ Ho——T~—H "o OH
HO OH HO 9] HO
36% 0.02% 64%

 3-anomer is favored because OH is equatorial

P. Y. Bruice: Organische Chemie. 5., aktualisierte Auflage; R. T. Morrison; R. N. Boyd, Organic Chemistry, 2

Edition; J. Lehmann: Kohlenhydrate. Chemie und Biologie. 2., neu bearb. und erw. Auflage.
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Hexoses e

» Lot of possibilities to draw/display hexoses
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P. Y. Bruice: Organische Chemie. 5., aktualisierte Auflage; R. T. Morrison; R. N. Boyd, Organic Chemistry, 2™,

Edition; J. Lehmann: Kohlenhydrate. Chemie und Biologie. 2., neu bearb. und erw. Auflage.



Reactivity of pyranoses

* Benzoylation used to rank reactivity by Richardson and Williams

HO © 67% yield

HO BzO
o 3.1 equiv. BzCl #~ OMe
HO N
HO pyridine

HO oMe BzO

BZSO © 28% yield

BzO OMe

* In all investigated sugars the 6-position reacts first
- methyl a-D-glucopyranoside: 2-OH > 3-OH > 4-OH
- methyl a-D-mannopyranoside:  3-OH > 2-OH > 4-OH
- methyl a-D-galactopyranosie: 2-OH > 3-OH > 4-OH

J. Lawandi, S. Rocheleau, N. Moitessier, Tetrahedron 2016, 72, 6283-6319; A. C. Richardson, J. M. Williams, Chem.
Comm. 1965; 104-105, J. M. Williams, A. C. Richardson, Tetrahedron 1967, 23, 1369-1378.
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Reactivity of pyranoses

« 1999 DMAP was first used as a catalyst

« Change of reactivity could be observed

0.7 equiv. Ac,O

H& - HO&%

0 0

HO - HO

OOct OOct
HO K,COs, CHCl, AcO

OH . 1h OH
2-OAc : 3-OAc : 4-OAc : 6-OAc
2 42 - 37 : 19
0.7 equiv. Ac,O
HO 5 mol% DMAP HO
Hgo 2 ” AClgl)o 2
K>CO,, CHCI
HO ooct 2 rt3 o HO ooct
2-OAc : 3-OAc : 4-OAc : 6-OAc
0 25 61 : 14

T. Kurahashi, T. Mizutani, J. I. Yoshida, J. Chem. Soc. Perkin Trans. 1 1999 ,465-473; W. Muramatsu, T. Kawabata, 6
Tetrahedron Lett. 2007, 48, 5031-5033.



Reactivity of pyranoses

« Comparable results for mannoside and galactoside

* Delocalization of positive charge via hydrogen bond network
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T. Kurahashi, T. Mizutani, J. I. Yoshida, J. Chem. Soc. Perkin Trans. 1 1999 ,465-473; W. Muramatsu, T. Kawabata,
Tetrahedron Lett. 2007, 48, 5031-5033.
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Hydrogen bond network in pyranoses

* IR (in DCM or DCE) and NMR (in CDCl,) studies

* Network has influence on acidity of the hydroxyl-groups

Ph—X-0
0 @)

O\
-0

Ph/%O o) Ph/TOO o
0 pMe 7 OMe
0 RS

J. Lawandi, S. Rocheleau, N. Moitessier, Tetrahedron 2016, 72, 6283-6319, P. R. Muddasani, E. Bozd, B. Bernet, A.

Vasella, Helv. Chim. Acta 1994, 77, 257-290.
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Hydrogen bond network in pyranoses

H\O

"R o
28 OMe
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» Reactivity of Carbohydrates also depends on

- Reactants
- Protecting groups

-  Solvent

.
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J. Lawandi, S. Rocheleau, N. Moitessier, Tetrahedron 2016, 72, 6283-6319, P. R. Muddasani, E. Bozd, B. Bernet, A.

Vasella, Helv. Chim. Acta 1994, 77, 257-290; R. C. Wende, New Frontiers in Peptide Catalysis 2016.



Acylation of methyl 4,6-O-benzylidene-a-D-pyranosides

 Review of Lawandi et al. 2016

* Focus on acylation of methyl 4,6-O-benzylidene-a-D-pyranosides

* Lipases catalyze acetylation with very high selectivity (up to 100%)

and very high yields (up to 95%)

» Most catalysts/additives are only working with one of the pyranoses

J. Lawandi, S. Rocheleau, N. Moitessier, Tetrahedron 2016, 72, 6283-6319, M. J. Chinn, G. Lacazio, D. G.
Spackman, N. J. Turner, S. M. Roberts, J. Chem. Soc., Perkin Trans. 1 1992, 661-662; L. Panza, M. Luisetti, E.
Crociati, S. Riva, J. Carbohydr. Chem. 1993, 12, 125-130.
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Acylation of methyl 4,6-O-benzylidene-a-D-pyranosides

« 1984 Eby et al. used HgCl, and CucCl,

Ph/%O o 1 equiv. MCl, Ph/%O 0
HO 2 equiv. Ac,0 - HO +

HO OMme THF, rt, 2 h AcO OMe
Cu: 82%
Hg: 15%
Ph/%O Og 1 equiv. HgCl, Ph/%O Oé‘c
HO 2 equiv. Ac,0 - HO +
OMe THF, rt, 2 h OMe
38%

Ph—\ O o
O
AcO +

HO OMe

80%

Ph—\:0 0\ P4
e
AcO *

21%

OMe

Ph—\X O o
(@)
AcO

AcO oMe

18%

5%

Ph—X"0 Oéc
0
AcO

41%

OMe

R. Eby, K. T. Webster, C. Schuerch, Carbohydr. Res. 1984, 129, 111-120.
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Acylation of methyl 4,6-O-benzylidene-a-D-pyranosides

* Allen and Miller used CuCl, and a PhBOX ligand

1 equiv. Ac,0

Ph/%ﬁ 10 mol% catalyst Ph/%(&% ) Ph/vo(&%
O due oo T b TR0 e
CuCly(R)-PhBOX: 18 ’
CuCl,(S)-PhBOX: 1.6 1
- With Acetylchloride higher regioselecitivies Oh&
- (R)-catalyst: 2-0/3-O (7.0:1.0) @

- (S)-catalyst: 2-0O/3-0 (1.0:4.5)

(S),(S)-PhBOX
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C. L. Allen, S. J. Miller, Org. Lett. 2013, 15, 6178-6181, J. |. Garcia, G. Jiménez-Oseés, V. Martinez-Merio, J. A.
Mayoral, E. Pires, I. Villalba, Chem. Eur. J. 2007, 13, 4064-4073.
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Acylation of methyl 4,6-O-benzylidene-a-D-pyranosides

« Zhou et al. used TBAOAC as catalyst

0.6 equiv. TBACOAC

HO ) 3 OH 1.1 equiv. Ac,0 AcO ) 3 OH HO ) 3 OAc
Y > — + Y
R1 R2 o R1 R2 R1 R2
CH3CN, 40°C,8-12h

Ph—X:0
o) 0

Ho 88% 0%
HO OMe
Ph—X0 og
ﬁo 50% 50%
OMe
Ph
%o
0% 90%
o)
HO
HO OMe

8.

9

Q/pm

Y. Zhou, M. Rahm, B. Wu, X. Zhang, B. Ren, H. Dong, J. Org. Chem. 2013, 78, 11618-11622.
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Overview acetylation of methyl 4,6-O-benzylidene-a-D-glucopyranoside

Ph—\"0O o catalyst or Ph—\"O o Ph—\-O 0 Ph—X"O o
O additive O . @) . o)
HO HO AcO AcO

HO OMme AcO OMme HO Ome AcO oMme
Catalyst Product ratio Con\[/(;)r]sion
pyridine 3-29 32-42 6-26 77-93
DMAP 45-49 55-51 - 40-65
Et,N 80 5 15 -
NaOtBu, EtOAc 48 52 - 76
ZnCl,, pyridine 53 13 23 90
Ag,0, KI, AcCl 15 81 - -
cat. TBAOAc, Me,Si(OMe), 65 - - -
lipases up to 100 - - up to 95

N. Moitessier, P. Englebienne, Y. Chapleur, Tetrahedron 2005, 61, 6839-6853, R. W. Jeanloz, D. A. Jeanloz, J. Am.
Chem. Soc. 1957, 79, 2579-2583; S. Hanessian, M. Kagotani, Carbohyd. Res. 1990, 202, 67-79; X.-A. Lu, C.-H.
Chou, C.-C. Wang, S.-C. Hung, Synlett 2003, 1364-1366; X. Liu, B. Becker, M. A. Cooper, Aust. J. Chem. 2014, 67,
679-683; Y. Zhou, O. Ramstrom, H. Dong, Chem. Commun. 2012, 48, 5370-5372; M. J. Chinn, G. Lacazio, D. G.
. Spackman, N. J. Turner, S. M. Roberts, J. Chem. Soc., Perkin Trans. 1 1992, 661-662; L. Panza, M. Luisetti, E.
Crociati, S. Riva, J. Carbohydr. Chem. 1993, 12, 125-130.
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Motivation

* Develop a multicatalysis sequence with our goups catalysts

» McGarrigle showed selective glycosylation of galactals with T1

CF3 CF3
OPG
S PGO
JU 0
OH F3C N™ N CF3 PGO
PGOL _O O H H
e} 1 mol% T1 0O
|
+ o] > >(O
PGO 9] DCM, reflux, 6 - 48 h 5 @)
4%’0

up to 96% vyield
a-selectiv

¢
=
:.\’( P @ ]

E. I. Balmond, D. M. Coe, M. C. Galan, E. M. McGarrigle, Angew. Chem. Int. Ed. 2012, 51, 9152-9155; R. C.
Wende, New Frontiers in Peptide Catalysis 2016.
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Motivation

 Miller et al. 2003: peptide catalyzed acylation

OTBS 2 mol% cat. OTBS OTBS
1.0 equiv. Ac,0
0] > 9) + o)
HO HO AcO
HO OMe toluene, rt, 15 h AcO CHO OMe
NHAc NHAc NHAc
1 2
Catalyst 1 2 DiAc C [%]
NMI 50 22 28 86
3 97 3 0 88
4 53 a7 0 80

0 o:<
0 L 9 Yoo
BocHN N -
oc : N \:)J\N/\)J\N ONQ
: H & i H Ho g

Oj/OtBu
(0] o] o]

BocHN\:)J\ /'_\g QJ\ /_'\[O( Qj\o/
F(

3

K. S. Griswold, S. J. Miller, Tetrahedron 2003, 59, 8869—-8875;

2016.

R. C. Wende, New Frontiers in Peptide Catalysis 16



Benzylidene protection of Methyl-D-pyranoses

OH
OH
HO O
HO
OM

|
0.0
+
e
OH Os_H
OH
HO O *
HO
OMe

M

Ph—\X O o)
(@)
HO
HO OMe

25g/102€
Sigma Aldrich

1 mol% pTsOH

Y

DMF, rt, 48h

Y

HCOOH, rt, 5 min

Ph—\~
w
OMe

OH

A
o o>

b

=

PV 0 o ' .
0o NMR in Methanol-d* !!!

30%

OMe

T. Tewson, M. Soderlind, J. Carbohyd. Chem. 1985, 4, 529-543; J. Buchanan, J. Schwarz, J. Chem. Soc (Resumed) 15

1962, 4770-4777.



Benzylidene protection of Methyl-D-pyranoses

oH | | Ph HO
HO o° 0.25 mol% CSA %O HO
O + > 0 O
HO CHClj, reflux, 2 h Yy
HO Owme 3 HO Hom 0
HO oOMe OH
90%
OH | | HO
OH 0.0 0.25 mol% CSA e
HO O + > @] 0 HO/,,
Ho CHCls, reflux, 2 h HO O
OMe OMe HO 0~
7% OH
R. Raju, B. F. Castillo, S. K. Richardson, M. Thakur, R. Severins, M. Kronenberg, A. R. Howell, Bioorg. Med. Chem. ;¢

Lett. 2009, 19, 4122-4125.



Benzylidene protection of Methyl-D-pyranoses

OH

| |
0 ° 0.25 mol% CSA Ph/%%&
O + OMe
HI(-?O OMe CHClj, reflux, 2 h HO OH

Y

OH

R. Raju, B. F. Castillo, S. K. Richardson, M. Thakur, R. Severins, M. Kronenberg, A. R. Howell, Bioorg. Med. Chem.
Lett. 2009, 19, 4122-4125.
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Acetylation of methyl 4,6-O-benzylidene-a-D-glucopyranoside

DMAP (7 mol%) Q Q
PO o Ac,0 (1.3 eq) PO\ o PO\ o PO\ o
HO HO * 0 * ¢
HO, 0 HO, 0

OMe DCM, t, 20 h o OMe O OMe O:@) OMe
CH
:
(12%) (40%) (40%)

Jull

T T T T T T
2.20 2.15 2.10 2.05 2.00 5
f1 (ppm)

T T
5.7 5.6 5.5
f1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 -1.0 -15
f1 (ppm)

R. C. Wende, New Frontiers in Peptide Catalysis 2016.



Acetylation of methyl 4,6-O-benzylidene-a-D-glucopyranoside % ;

Ph/%o o 5 mol% catalyst Ph/%O o ph/%o o Ph/%O o
HO 1.3 equiv. Ac,0 _ HO + ACO + ACO

HO OMe  toluene, rt, 18 h AcO OMe HO OMe AcO OMe

NMI (10mol%) 23 71 5 87

Q Q 85 9 6 >95 (0 °C
BocHN N@H&LN O ( )
N oo 88 11 1 g8
(6] PN (0]
N:\;N\

a18 mL toluene, 2 mol% catalyst and 1.0 equiv. acetic anhydride were used. 2
"R. C. Wende, New Frontiers in Peptide Catalysis 2016.



Acetylation of methyl 4,6-O-benzylidene-a-D-mannopyranoside

DR
= A\
OH 10 mol% DMAP OAC OH OAc
Ph/voo o 1.1 equiv. Ac,0 Ph/%o o Ph/%O o +Ph/voo o
HO DCM, rt, 24 h HO AcO AcO
OMe OMe OMe OMe
12% 60% 12%

|

T T T T T T T T T T T T T T T
5.65 5.60 5.55 5.50 5.45 5.40 5.35 5.30 5.25 2.3 2.2 2.0 1.9 8
f1 m

2.1
f1 (ppm)

T T T T T T T T T T T T T T T T T
4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Acetylation of methyl 4,6-O-benzylidene-a-D-mannopyranoside ﬁ

OH OH OAc
Ph/%O o 5 mol% catalyst Ph/%O Oéc ph/%o A Ph/TOO o
HO 1.3 equiv. Ac,0 - HO + ACO + ACO
OMe toluene, rt, 18 h OMe OMe OMe

NMI (10mol%) 6 75 19 73

Boc/l'i?)‘\ Q Q N JJ\ (ONQ 30 52 18 83
H
0]




Acetylation of methyl 4,6-O-benzylidene-a-D-mannopyranoside % .

OH H OAc
PRY.O g CEM-cat. PR0 Qe PR0 o PRYO o
HO 1.0 equiv. Ac,0 X HO + ACO + ACO
OMe toluene, rt, 18 h OMe OMe OMe

2 0.005 82 7 11 87




Acetylation of methyl 4,6-O-benzylidene-a-D-galactopyranoside

Ph Ph Ph Ph
Q o 10 mol% DMAP
e} 1.1 equiv. Ac,O
O DCM, rt, 18 h
HO
HO ome HO oOme AcO OMe
36% 48% 14%
\ 5.3 . 2;16 2.‘14 ZjIZ 2;10 2;08 2.‘06 2.‘04 2;02 2;00 1.‘98 .96
f1 (ppm) f1 (ppm)
“ Doty il
;.5 ;.0 E':.S 6:.0 .‘:.5 ;.0 4.5 3‘.0 ;.5 ;.0 1‘.5 1‘.0 l;.S (;.0

4.0 3.5
f1 (ppm)
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Acetylation of methyl 4,6-O-benzylidene-a-D-galactopyranoside ﬁ

Ph Ph Ph Ph
%O 5 mol% catalyst %O %O %O
O 1.3 equiv. Ac,0 0 N 0 N o
O > O O O
HO toluene, rt, 18 h HO AcO AcO
HO Owme AcO Ome HO Ome AcO Ome

NMI (10mol%) 40 55 5 63

26 69 6 95

40
N\.)J\N
K

PN

(0]
BocHN
oC H
O
Ny N~—




Acetylation of D-Isosorbide

H OH 13 equiv. Ac,0
O 10% DMAP
1~g  DCM,tt, 24 h
HO H

HO H
1%

y OH
Ree
10

AcO H

AcO

68% 15%

M

T T T T T T T
4.85 4.80 4.75 4.70 4.65 4.60 4.5 2. 13 2. 12 2. 11 2. 10 2. 09 2. 08 2. 07 2. 06
f1 (ppm) f1 (ppm)
1
T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Acetylation of D-Isosorbide :§

H OH 1.3 equiv. Ac,O H PAC H PH H PAC
O catalyst o 0 ©
- + +
y o solvent, rt, 24 h \ o) \ O ) (6]
né H HO H AcO H AcO H

NMI (10mol%) toluene - 88 12 >95

DMAP (5mol%) DCM ; 79 21 >95
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Outlook

* More carbohydrates

O
OPG
s e TR
OMe
OH OH
« Optimization of reaction conditions
 Catalyst library
CF3
0 0 /@ : H §
BocHN H%ﬁ O FsC NJ\N NJko/
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Outlook

 Glycsoylation with the formed 2-acetylated products

CF,
S 0 CF4 CF,
H
F3CQNJLNQ Vi S
H H O s JJ\

* Is multicatalysis possible ?

peptide catalyst

Ph/%O O Ac,0 Ph/%O 0] thiourea cat. %
HO - HO - PGO% OMe

HO ome AcO oMe oo

OPG

E. I. Balmond, D. M. Coe, M. C. Galan, E. M. McGarrigle, Ang. Chem. Int. Ed. 2012, 51, 9152-9155.
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Thank you for your attention!
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Synthesis of nucleoside derivative

bgo
OH 1.5 equiv. TrCl oTr 10 equiv. NaH oTr
OH . quiv. Ir OH equlv. a OB
20 mol% DMAP 4.5 equiv. BnBr "
HO © = HO © ~ BnoO ©
HO pyridine, rt, 18n  HO DMF, rt, 18 h BnO
OMe OMe
pTsOH
DCM/MeOH (1:2)
rt, 18 h
// 1.4 equiv. (CCIO),
) 1.6 equiv. DMSO OH
OB
HO~( OBn 1.4 equiv. HCCMgBr H " 3.0 equiv. Et;N QBn
BBOO O = BnO BnO O
n THF, 0°C ->rt, 40h BnO DCM, -78°C ->rt, 2 h BnO
OMe OMe

yield (2 steps): x
literature: 82%

4 equiv. Ac,0O
10 mol% DMAP
pyridine, 0°C ->rt, 18h

// 1) 5.5 equiv. BCI3,
AcO~ 0B DCM, -78°C, 1 h Ao
BnO O
BnO 2) 10 equiv. Ac,0 AXCC)O

OMe 10 mol% DMAP

lit.: 75% pyridine, rt, 15 h lit.: 40%

yield (3 steps): 77%
literature: 65%

5 equiv. DIPEA //
4 equiv. CH3COONH, AcO OAc
- 0
DMF, 40°C, 18 h A,%go
OAc or
lit.: 77%
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