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n Overview of Carbohydrates

1) Basic Types of Carbohydrates

p

n=0 Monosaccharides

RONO o ;
n=

2<n =10 Oligosaccharides

Disaccharides

+ Consist of carbon, hydrogen, and oxygen

- The ratio hydrogen and oxygen is 2:1 n>10

Polysaccharides

2) Forms of Sugars: Chain and Ring Structures (Mutarotation)

H
O .OH (I) _0 o. _OH
Rg/j REJ REJ
o H
‘0 0 O
RE/) > RE//:O RE/)‘OH

3) Monosaccharides Classification

a. Based on Number of Carbon Atoms: Triose, Tetrose, Pentose, Hexose, Heptose...

b. Based on Functional Groups: Aldose(-CHO), Ketose(-C=0)

p

1
1 1
examples of naturally aldose ' examples of naturally ketose’
1
1
1
CHO CHO CHO HO .
H——OH HO——H H——OH HO—H |
H—OH HiOH HO——H HO——H :
H—~OH H—~OH H—TOH H—T—OH , ,
CH,0H CH,0H CH,0H CH,0H | FHLOH : (H0H ¢HLOH {H20H
1 o] ! o] (o] (o]
D-Ribose D-Arabinose D-Xyose D-Lyxose 1 H OH 3 HO H HO H H OH
X H——OH ; HO——H H——OH HO——H
1 CH,0H 3 CH,0H CH,OH CH,OH
1
CHO CHO CHO CHO I D-Ribulose L-Ribulose D-Xylulose L-Xyllose
H——OH HO——H H——OH H——0H |
H——OH H—T—OH HO——H H—OH !
H—{—OH H—{—OH H——OH HO——H X
H—oH H——OH H——OH H——OH X CH,0H CH,0H CH,0H CH,OH
CH,0H CH,0H CH,0H CH,0H ! o o o o
1 —
D-Allose D-Altrose D-Glucose D-Glucose 1 H OH HO . . Of Ho A
I H OH H—+-0H HO H HO H
! H OH H—T—OH H OH H OH
1
CH,0OH CH,0OH CH,OH CH,OH
HO CHO CHO ! 2 Z o 0
HO H H—TOH HO—T—H : D-Psicose D-Fructose D-Sorbose D-Tagatose
HO—T—H HO——H H——OH |
H——OH HO——H HO——H 1
H—T—OH H—TOH H—TOH :
CH,0H CH,0H CH,OH h
D-Mannose D-Galactose D-ldose D-Talose :
1

1 Organic Chemistry (Second Edition), 2018




E Reactivity of Hydroxyl Groups in Carbohydrates: steric effect

1) primary(6-OH) vs. secondary’ i 2) axial vs. equatorial?
OH OTBDPS ' OH OH
"R D\ Tenpecl .mg Q! R som
o o) imidazole o OH , HO OA |m|dazole OAc |
OMe DMF, 25°C OMe | 9 J DMF, 25°C o)
yield: 80% yield: 91%
3) Equatorial OH with flanking equatorial substituents®*
Ph/vo(%% PVCI  Ph-Y0\ o
HO . 0
HO pyridine, 0 °C PIVO
wg OMe 10 OMe
79% yield

Ph
o

Ph
o

(o) BzCl o)
%o E
OMe pyridine O OMe
HO HO o°Ctort BzO N
-1 B-12
80% yield
4) Effect of Anomeric Configuration®
o)
TBSO A T8SO
DMAP
OMe

HO OH " CHyClp 0—23°C R10 o,gzMe

a-13 o-14a: R! = cinnamoyl, R2=H

o-14b: R! = H, R2 = cinnamoyl
64% yield, 4:1 a-14a:0-14b
o)
TBSO—  OMe Ph/\)\m TBSO OMe
DMAP

HO OH  CH.Cl, 0—+23°C R'O OR?

B-13 p-14a: R' = cinnamoyl, R2=H

B-14b: R' =H, R2 = cinnamoyl
70% yield, 1:1 p-14a:6-14b

Overview of Steric effects in Carbohydrates:

- secondary OH group > primary OH group
+ axial OH group > equatorial OH group

- flanked substituent(same configuration)
steric effect?

TLavallée. et. al. Can. J. Chem. 1975, 53, 2975-2977. 3 Chan. et. al. J. Org. Chem. 1998, 63, 6035-6038.
2Dy, Y. et. al. J. Chem. Soc., Perkin Trans. 1 2002, 2075-2079.

4 Magnusson. et. al Carbohydr. Res. 1986, 152, 113—-130.

5 Camarasa. et. al. Tetrahedron: Asymmetry 1994, 5, 2141-2154,



n Reactivity of Hydroxyl Groups in Carbohydrates: Relative Acidities of OH

1) Calculated pKa Values of OH in carbohydrate’

O._ _OH(14.08) o

\OH(14.30) O.__OH(11.96)
(20.65)HO (23.84)HO LI OH(H-trans)
(18.06)HO"" ""OH(18.92) (15.87)HO" “OH(18.12)  (16.49)HO" ™ “OH(15.87)
OH(18.11) OH(18.26) OH(17.26)
B-glucopyranose a-glucopyranose B-fructopyranose

(H-trans)HO

16.53)HO
(12.43)HO, ( MO

/OH(H-tranS) (13.71)HO o /OH(H-tranS)

(H-trans)HO"
(15.86)HO
OH(18.73) OH(18.15)

B-fructofuranose a-fructofuranose

[H-trans: proton transfer from a neighboring OH group to the deprotonated site. ]

2) Examples of Selective Functionalization of the Most Acidic OH Group of a Carbohydrate Substrate under
Basic Conditions

a) Selective anomeric acetylation of unprotected sugars?:

Cl
CIl-
OH \N/\< OH
v 0
HOH © HPo
OH  EtsN, AcSH, H,0, 0°C NHAc OA¢C
NHAc
86%
(0]

Plausible reaction mechanism: 0 Hoy‘:ﬁ% —~

_ Cl 6 s

4SS Y] Q

S NE N
() /

y/o + \NAN/
HO OAc /
7 8
b) Selective benzylation at 2-postion of protected sugars?:
Ph/yo o BnBr Ph-\ 0 o Ph~\ 0 o
o] o]
HO on Bu,NHS04(20 mol%) HO + BnO
NaOH
OMe  GH,ClI,/H,0, reflux OBnome OH ome
54% 20%

1Giannis. et. al. J. Phys. Chem. A. 2013, 117, 5211-521.
2 Antony. et. al. Chem. Sci., 2017, 8, 1896—1900.
3 Willi. et. al. J. Org. Chem. 1984, 49, 1, 51-56.



n Reactivity of Hydroxyl Groups in Carbohydrates: Intramolecular Hydrogen Bonding

1) Effect of hydrogen bonding interactions in carbohydrates

9

H,,OR

O as acceptor of hydrogen bonds, nucleophilic!
O as donor of hydrogen bonds, nucleophilic

2) Example: Selective acylation attributed to intramolecular hydrogen-bonding network!

OAc OH
1§ Ay EAe
H H OCgH
O %7 pMAP(S moi%) 19%
H- H K,CO; OH OH
] Ho H
42% 2%
—N/ H O‘H
\ OA i “u ©

=~

Less-Efficient Hydrogen Bonding s 'g'é'

0
H; )

g o Citir
l

HuoanQ
H

3) Example: Selective acylation attributed to directing group’s effect?

Tol 1ol _ Tol, ol
o) Ac,0 N o
“HO Q — HO O
HO DMAP AcO
N', HOQ\e CHLClp, ~78 °C y HOoMme
\
22 23
Ph3CO o 85% vield
HO
HO
HOGOMe
24

1Yoshida. et. al. J. Chem. Soc., Perkin Trans. 1, 1999, 465-473.
2 Chapleur. et. al. Tetrahedron 2005, 61, 6839-6853.



H Migrations of Acyl in Carbohydrate Chemistry(intramolecular transesterification)

a) Rate Constants for Acetyl Group Migration E b) Rate Constants for Phenacyl Group Migration in
in Benzyl B-D-Galactopyranoside Derivatives! |  a-D-Glucopyranoside Derivatives?
OH - OH |
HO o kpg=441h"1  HO o ' og K_p=9.7h" oz ko_3=0.6 h-1 og
HO oen AcO OBn ' %o PRTT TR T .—osnt BnCO
OAc k_g_,g =2.65h-1 OH | HOOCB:241 =15h Bnc,EOOH k3 ,2=0.5h~ il HOOH
31a 31b : 8 o) 32¢
1 32a 32b
ka,3=125h"| k3 4=17.6 "1 | o Ks3=0.8h" “ ka4 =0.7 h~!
E O&Bn \ o OH
HO OAc keg=104h1 AQOH | Hﬁ’oéa\ Bkt R B"el?oé%
HO &O: OBn Hog&/OBn ! HOGy  Ke.sND HO,
OH Kg_4=2.48h"1 OH ! 32e 32d
31d 31c !
D,0, pD= 8.0, Sodium Phosphate Buffer : D,0, pD= 8.0, Phosphate Buffer
Example: Migrations Promoted by Ag,O/Tetrabutylammonium lodide®
Ph Ph
L50 Ag,0(1 eq) %o
% BuyNI(0.1 eq) o
BzO SPh DMF, r.t. HO SPh
OH OBz
95%
Ph"\ —O o Ag,0(1 eq) ph-"\ O o
(0] BuyNI(0.1 eq) 0]
HO BzO
OBz DMF, r.t. OH
SPh SPh
70%
Proposed mechanism:
Ph Ph
R %
%OW %&/ without steric preference:
SPh — SPh
RO (0]
£ o RS
N~ B 0 B Ag;0
bt \A le) (o)
N 0 TBAI Ph 0
Ph Ph o) SPh 0 SPh
$o Ho BzO DMF B0 HO

r.t.
1 12

ratio of 11 and 12 =1:1

1 Leino. et. al. J. Am. Chem. Soc. 2008, 130, 8769-8772.
2 Stachulsiki. et. al. Org. Biomol. Chem., 2011, 9, 926-934

3 Chang. et. al. Synlett., 2006, 5, 756760




n Acylating Agents with Variation of Leaving Group

1) Acylating Agents:

o (o] o )CL O O (o]
RJ\CI R)J\CN RJ\N/\\N R N/@ R)ko)J\R R)kOH
\\/ N-N (Mitsunobu condition)

2) Reactions of Glucopyranoside-Derived Diol with Various Benzoylating Reagents'2-34,5

Ph—X0 0 Ph—X-O o
OHO Q BzX Ph—~ /% + BzO
iti HO % tﬁ
HO econd|t|ons BzO HO

Me OMe
a-9 103a 103b
Acylating agent: Conditions: Result:
BzCl pyridine, 0 °C 24% 103a, 6% 103b, 35% diester
—_ N
B2NTN CHClg, reflux 78% 103a Ph~ O o
BzCN EtsN, MeCN, 23°C  62% 103a o
HO
qu OH
N,N ]@ EtsN, CH,Cly, 23°C  90% 103a, 4% 103b, 2% diester OMe
N
(BzOBt) .
more sterically
BzO. accessible, also most acidic
Eto\n)\CN EtN, CH,Cly, 0 to 23 °C 103a 83%
O 104
Bz,0 pyridine, 20-30 °C 25% 103b, 12% 103a, 9% diester

Bz,0 CH20I2, rt 93% 103a

3) Reactions of a-Mannopyranoside-Derived Diol with Various Benzoylating Reagents’-23

most acidic

OH
P[0 Bx _ PhYO\ 9% P01\ 98
HO — " %o +  Bz0
conditions
OMe

OMe OMe
105 106a 106b

ph/Vo OH

0 -0

HO

BzCl pyridine, —45°C tort 90% 106b T

B#CN ) MeCN, 23°C 2.3:1 1062:106b
e<—< more sterically
B40Bt) H,Cly, 23 °C 90% 106a accessible

BZ\NAN

Acylating agent: Conditions: Result:

OMe

leaving group’s
steric hinderanc

‘ CHCIj, reflux ~1:1106a:106b

stronger base than pyridine

1 Williams. et. al. Org. Biomol. Chem., 2016, 14, 97.

2 Jeanloz. et. al. J. Am. Chem. Soc. 1957, 79, 2579-2583.
3 Hodgson. et. al. Carbohydr. Res. 1970, 12, 463-465.

4 Haines. et. al. Carbohydr. Res. 1975, 39, 358-363.
5Kim. et. al. J. Org. Chem. 1985, 50, 1751-1752.



Carbodiimide- and Uronium Salt-Mediated Esterification

1) Site-Selective DCC-Mediated Esterification’

CH3(CH,)14COOH (1.1

fo) SAMBE (1.1 equiv), DCC QO o equiv), DCC (1,§ equiv) Q\O o
oo&h\ (1.5 equiv), DMAP (1.1 equiv) 05 DMAP (1.1 equiv) o
o CH,Clp, 0°Cto rt, 3 h, 75% 5 CH,Cly, 1t, 3 h, 97% 5
o) o Rl AL L o)
0 0
S XX oX©
0

1 Bno~ O 2 BnO

more sterically SAMBE: OWC%H
accessible Bn

2) Site-Selective EDCI/Oxyma-Mediated Esterification?

OH G OH OBz
H oo o) OMO*fN H 00 § o
\ Me—\—O CN
Me AcHNOMe Me ACHNOMe
(o] Me o]
+ BzOH >

EDCI HN
Me NaHCO4
sozpn 5% 2o /MeCN

yleld 98%
\—l o“[ K}i

3) Site-Selective Esterification of Trehalose with Oleic Acid in the Presence of TBTU?3

OH OR
0]
H
Hﬂo ) RCOOH ﬂO
(0] . (0]
OH TBTU, pyridine, r.t. OH
° /) HO ° OH
HO OH -
(o) R= H,C (CH,),CH OH
gf( 2C)7 2)7CH; 65% yield
ks /\N = N
Proposed mechanism: ° I NZ»QN.‘ o ° N, %S e OR
o+ ¢ base : ® +©N‘O Ho O
N/ JLOH| PF, CN R O; N HO )
\N//< BF b /NTO\N/)\C@E( OCNO)(VON\ R\gO\C‘* “T‘/CN O
IONN ® Co () bos OR
N-o E0,C / l 0 0 o
e Tk >
TBTU (1) °MR'+ Bl R /N\\ _ 15% yield
R + N NF
b) OQNCCOZEI »_O/NYCOQE + N
CN [

1 Kulkarni. et. al. Org. Lett. 2017, 19, 7, 1784—-1787. 2 Kurosu. et. al. Org. Lett. 2012, 14, 18, 4910-4913.
3 Griendley. et. al. J. Org. Chem. 2013, 78, 2, 363—369.



n Organic catalysts in site-selective acylcation: DMAP

1) DMAP-Catalyzed Acetylation on the Identity of the Leaving Group(anion effect)’

OH ACzO
DMAP
HO O +
HaéS/OCBH” pyrldlne ACB%OCBHW AcO /éWoCaHﬂ

OH CH.Cl,, 0
g-20 21c 21 b
34% yield 14% yield
AcCl pyridine
DMAP |CHLCI,, 0 °C
OH

OAc
o HﬂQég/ocaHﬂ
HO N0 ocgH B
HO g7
OH

o J,, oF
21a

62% yield anion effect

2) DMAP-Catalyzed Aclycation when CN as the Leaving Group(Cyanide Effect)?

OH ,OBn B2X 0Bz 0Bn OH ,OBn
0 DMAP(10 mol%) o} . ﬁ
OPMP DCM, -78°C HO OPMP BzO OPMP

Ho OBn OBn OBn
Entry BzX Time (h) 162 (3-0, %) 163 (4-O, %)
1 BzCN (1.0 equiv.) 4 <3 90
2 BzClI (1.1 equiv.) 4 0 0
3 Bz,0 (1.1 equiv.) 10 90 <3
4 BzF (1.1 equiv.) 1 57 6

pKa of conjugate acids of various counterion:

Me. .M
e N e o
-N
L 5
P pK, (DMSO)  12.9 1.1 15 1.8
07 Ph

A rationale for the axial-selectivity mediated by cyanide ion:

N
L
<
H, _H,
O _OBn F~ 0 _OBn
H 0 H, 0
o OR 0 OR
OBn OBn

1 Albert. et. al. Org. Lett. 2004, 6, 6, 945-948.
28chmidt. et. al. J. Am. Chem. Soc. 2016, 138, 18, 6002—-6009.



n Organic catalysts in site-selective acylcation: DMAP derivatives

1) Selective Esterification Catalyzed by a Functionalized DMAP Derivative'

OH OH
Hﬂmocs“w A::,Z’,aNZ?(? - Acﬂmocam
OH : OH
CioHz1~ 0 89% yield
fj (5 mol%)
N

H O-
“H
1°0OH Acetylation 2°0OH Acetylatlon

2) PPY-Derived Chiral Catalyst for Site-selective Acylation of Pyranosides?

OH o 1(10 mol%) OH o
(iPrC0),0(1.1 eq) |
Hﬂmocwﬂ — l-PrOCﬂo OCgHy7
collidine(1.5 eq)
OH CHCl,, 0°C OH

98%
Proposed mechanism:

ZT

1Yoshida. et. al. Tetrahedron 2002, 58, 8669-8677.
2Ding. et. al. J. Am. Chem. Soc. 2007, 129, 42, 12890-12895



m Organic catalysts in site-selective acylcation: Imidazole derivatives

1) Catalyst-Controlled Acetylation of the Cis-1,2-Diol Group in Methyl a-L-Rhamnopyranoside’

OTBS 5% catalyst,

OTBS
3% DIPEAHCI [ > "OMe >"OMe
HO 4 o o 1.2 equiv. TES-CI RO 4 o o /
3 2 1.2 equiv. DIPEA e ) ‘.
o OH THF, 4 °C Or OR 'Pr I\NII c—pentyl
23 cHo 24:R=TES,R,R=H cHo
25:R=TES.R R =H (+)-1 -)-2
26:R=TES,R,R=H
Proposed mechanism:
Catalyst:
NMI = 24:25:26 = 65:3:32; 29%
(-)-2 = 24:25:26 = 95:5:—; 90% 24 OMe
(+)-2 = 24:25:26 = 10:13:77; 63% 26 Me7~0
HO
0 -0 E+
Y H «
NSy
N
i-Pr % ]
c-pentyl N
Me

2) Selective Acylation of Glucopyranoside Derivative Using Enantiomeric Benzotetramisole Catalysts?

(S)-BTM(10 mol%)
Phﬂ?o o (-PrC0),0 Ph/v% é \rfph
HO i-Pr,NEt )

OH CHClIj, r.t. i-Pr }-BTM
OMe 3) BTM
92%
>20:1 selectivity
o, H A) (R)-BTM-catalyzed acylation of a-O-glucosides 5a and 5b
(R)-BTM(10 mol%)| i-Pr,NEt o
(i-Prc0),0 CHClg, r.t. RTB‘(;&\&‘ S(;&\%
Ac-(R)-BT®M HO S HOGme
la: C3-Acylation (favored) lla: C2-Acylation (disfavored)
R=Ph 7a-TS1 6a-TS1
(AAG* = 0.0 kcal/mol) (AAG* = 2.2 kcal/mol)
R=H 7b-TS1 6b-TS1
(AAG* = 0.0 keal/mol) (AAG* = 3.0 keal/mol)
B) (S)-BTM-catalyzed acylation of a-O-glucosides 5a and 5b
ph/YO o P A
Ho—1 Q\ﬂ@ Ho
HO OMe Ac-(S)-BTM OMe
O Illa: C3-Acylation (disfavored) IVa: C2-Acylation (favored)
; R=Ph 7a-TS2 6a-TS2
I-PI’ ‘< OMG (AAGH =a1 .6 keal/mol) (AAGH =ao.o kcal/mol)
R=H 7b-TS2 6b-TS2
(AAG* = 2.5 kcal/mol) (AAG* = 0.0 kcal/mol)
94%
17:1 selectivity t
Ph/TOOj‘ E o
" 0O
. ! e H
Proposed mechanism: / \H O .
" ~ OMe O
@A G
NN HNiPr
\———Y iPr
Ph

1Tan. et. al. Nat. Chem. 2013, 5, 790-795.
2 Tang. et. al. J. Am. Chem. Soc. 2017, 139, 12, 4346-4349.



m Organic catalysts in site-selective acylcation: Amine Catalysts

1) Selective Benzoylation of a-Mannopyranoside Derivative Using Enantiomeric Diamine Catalyst'

TBDPSO OH (5)-1 TBDPSO OH \ E \
Hﬂo -0 BzCl HB%O -0 L/\‘N@ E ../N@
Et;N, 4 A MS N N
OMe DCM, -60°C OMe Me(s)_1 : Me (R)-1
86% vyield '

Proposed mechanism?:

(R)-1 | Et;N,4AMS
BzCl | DCM,-60°C BzCI

}‘\Bn

14 5
AW P O CI Et3N-HCI
TBDPSO 0%2 ‘ ®+ BzCI I

HO - R R

HO EtsN
OMe Bz0  OH @, s

47% yield Scheme 1

2) Base-Promoted Selective Acetylation of the Anomeric OH Group of D-Mannose?

HO 0% DM?I’EI::SH HO O]é i Hoy‘:&%of\ 2%
HOH&AH H0,0C RO ) ?NK\N/ S \N%ﬁ/
OH OAc 1 \?/
— .
SR O
7 8

3) Selective Esterification under Conditions of Phase Transfer Catalysis®

Ho OTBS 0.3eq. TBAOAC, 1.1eq. . OTBS . HO_om
Ac,0, CH4CN, rt. - 40 °C g: _Ac,0/AcO” g:o
o) (o) Olv;e
HO OMe > 80% yield AcO OMe o & 08n
OH OH
OH 0.6 eq. TBAOAC, 2.1 eq. OAc [M-OAc]
HO AC,0, CH,.CN, rt. - 40°C  HO 8GO
o] 1) AHO=0.0
HO OMe > 80% yield AcO OMe
OH OH
{ v
N
7w
AGO=74
AHO=16.7
@ =oxygen
) =carbon

= hydrogen

1vasella. et. al. Helv. Chim. Acta 2002, 85, 4369-4391. 2 Fairbanks. et. al. Chem. Sci. 2017, 8, 1896-1900.
3 Dong. et. al. J. Org. Chem. 2014, 79, 17, 8134-8142 . * Oriyama. et. al.TetrahedronLett. 1998, 39, 3529.



m Organic catalysts in site-selective aclycation: Organotin and Organoboron Catalysts

1) Selective Acylations of Secondary OH Groups via Stannylene Acetal’

OBn Bu OBn oH OBn
OH \ o
0 Bu,Sn0 B“\Sn\ o) BzCl, Et;N 0
HO o 1,4-dioxane, rt. B20
OB MeOH, reflux OB OB

o] o] OT\
W\ k 81% yield X

2) Selective Benzoylation of Uridine through Formation of a Cyclic Stannylene Acetal?

o) o o
NH NH NH
Cr X Cr

HO
HO 0 N" "0 Bu,SnO o o BzCl Ho o) o
MeOH, reflux Et;N
OH OH o 0O MeOH, r.t. OBz OH
Sn.
Bu” Bu 78% yield

3) Selective Benzoylation of Lactose by Trialkystannyl Ether Formationa®

OH OH 1. (BuSn),0 OH OBz
& OH toluene, 140°C & OBz
HO (0] o 2. BzCl BzO (0] o
m OH ho

OH H toluene, 45°C H
OH "OH OBz "OH
72% vyield
HO /O~SnBus O—gnBy,
Bu,Sn’, Og ;o O/é&"
HO

HO o
157 [PH

Sn

Bug

4) Selective Monoacylations of Pyranosides Catalyzed by Borinic Ester*

OMe B2CI OMe . O/OCHa 9

o 1(10 mol%) o) jogmzo” ’? “'f;‘ atom  f, _proton affinity

HO i-PrNEt HO Phg R 14 02 0039 N
HO OH MeCN, 23°C BzO OH Ph r/‘?;ﬁ—- 03  0.177 328 kcal/mol
92% yield a 0-4 0132 318 kcal/mol

methyl a-f ranosi
Me,CHCH,COCI OH o 3.4¥diph:f13‘ljgoingtsede J*
m _iomol%) S
Me MégNrNE;OC FBu \« OHome OCH; ?’SJ :

NN *}“’(‘ atom f proton affinity
Bh 88% yield HO ZO;J—é Jo %y’ 02 0138 321 kealimol
Ph~ 1 0 Ph\?o 9 :ﬁ* 0-3 0.180 327 kcal/mol

?_: Ph ‘t ;\f J 04 0038 -

H2N \) methyl a-rhamnopyranoside o
1 2,3-diphenylborinate

1 Moffatt. et. al. J. Org. Chem. 1974, 39, 24-30.2 Anderson. et. al. Tetrahedron Lett. 1976, 17, 3503-3506.
3 Matsui. et. al. Tetrahedron 1981, 37, 2363-2369. 4 Mark. et. al. J. Am. Chem. Soc. 2011, 133, 11, 3724-3727.



m Organic catalysts in site-selective aclycation: Transition Metal Salt

1) Hg(Il)- and Cu(ll)- and Ni(ll)-Mediated Monobenzoylation'2

Ph-\"0— OH 1.NaH, THF,rt. Ph"\~0— OBz
0 ~ 2. HgCl,, BzCl 0/%
HO " THF rt. HO

OMe 87% yield OMe
(+13% bis-benzoate)
Ac,0
AR LR Y
HO SEt NEt,, DME, 55°C AcO SEt
OH OH
T\h Ph 65% yield
00 L\0
o 1. NaH, THF, r.t. o
- (0]
2. NiCl,, BzCl
HO on OMe 7 THE . Bzo%(onne
85% yield
2) Ag(l) and KI Mediated Monoesterification3*
Ag,0 + M*X — AgO'M* + AgX
Ph FC‘ weak base strong base
L\O 00
0 o BzCl, Ki(0.2 eq) o) RIOH ACOH + Au
Ag,0, DCM, r.. HO STol ° ¢
HO o) STol OBz
70% yield
oH on AgOM* + AgX RIOM*
Ph/go 0 AcCl, Ki(0.2 eq) Ph/go 0
HO Ag,0, DCM, r.t. HO ,
R10R2 RX AgOAg
OMe 93% yield OMe

3) Different Regiochemical Outcomes Obtained Using Cu(ll) and Mo(VIl) Complexes as Catalysts®

BZzo
Ph T—0— OH Cu(OCOCF;), Ph/EO O_gz
Oﬂ (1.28 eq) HO acidic OH preferred
HO 2,4,6-collidine,
oM MeCN, r.t. . OMe
e 70% vyield
BzCl
MoO,(acac), | 2,4,6-collidine,
(2 mol%) MeCN, r.t.
Ph™y O OH
(B)zo&m‘ equatorial position of cis-1,2-diol preferred
OMe
77% yield

1 Avela. et. al. Sucr. Belge 1973, 92, 337-344. 2 Suthers. et. al. Tetrahedron Lett. 1999, 40, 6991-6994.
3 Ye. et. al. J. Org. Chem. 2004, 69, 5774-5777. 4 Dong. et. al. ChemCatChem. 2015, 7, 761-765.
5 Evtushenko. et. al. J. Carbohydr. Chem. 2015, 34, 41-54



m Organic catalysts in site-selective aclycation: Transition Metal Salt

1) Chiral Catalyst-Controlled Benzoylation of a Pyranoside-Derived Diol’

BzClI
Ph-\~0— OH CuCly~(S,S)-Ph-box Ph/V Bz 0% o
o -0 (10 mol%) HO &N N@
HO iProNEt, P -

OMe h
e Ph-B
OMe CHCl,, 0°C 70% yield >
BzCI .
CuCl,-(R,R)-Ph- iPr,NEt,
box CHCl,, -40°C

(10 mol%)

Ph™\ “O— OH
o) -0
BJ)&Q‘

OMe
77% yield . & @R
2) Chiral Catalyst-Controlled Benzoylation of D-Ribofuranoside?
BzClI S
TBSO Cu(OTf),(10 mol%) 1850 o o N*~-O
o (S,S)-Ph-box(10 mol%) Ch N
M N
OH OH OMe  pr,NEt, DCM, -25°C OBz OH OMe | py Ph
69% yield (R,R)-Ph-pybox
BzCl
Cu(OTf),(10 mol%) | iProNEt, Cc"_:? ™SO~ |
(R,R)-Ph-box(10 mol%)| CHCI3, -40°C 208 X Hogﬁo
1a OMe
i turnover-limiting
Ph Cl TBSO
(1st order) B . H}-?O O
TBSO W TBSO N N/—ID -8 N\:{:?"OMe
(0] Hr?o/&ol s : N:\)N
OMe enhanced — O OMe
OH OBZ nucleophlhatyLN %Et L\
iProNHEt

86% yield 2-OH: 3-OH =5.5:1
3) Lanthanum(lll)-CataIyzed Esterification of Glucopyranoside with Benzoyl Methyl Phosphate

OBz

4 BzO’ ‘&ﬁ‘e o .
fo La(OTR,(10mol%)  HPo a:b=3:
Mg(OTf), ] i

©"ome pH 8.0 EPPS buffer

H,50, r.t.
0 0 (=]
Q 07 ’-1(‘. -()
MO weese OH P OH . ’3_0
Mg™ Q" ocH, ‘
' \ 5\ © HO» ™
& e b
P4 .t 1A B“S'J 9] y 2l :

.'.L ‘ < ¢ & *

A8 — ) 0O
QP

L.i." ( H
' o P
| 2 I ")
0" % o"Ne
OCH OCH La”"" Free to React

T Miller. et. al. Org. Lett. 2013, 15, 6178-6181. 2 Dong. et. al. Chem. Eur. J. 2014, 20, 5013-5018.
3 Kluger. et. al. Org. Biomol. Chem., 2010,8, 2006-2008.



E Representative Enzyme-Catalyzed Esterifications of Carbohydrate Derivatives

1) Lipase as catalysts of site-selective transesterification’

(0]

OMe I OMe
Meroy T 0 O Mo 07
HO - - 0

HO porcine pancreatic lipase n-Pr—
OH THF, 45°C o HO on
80% combined yield
04:02:03=88:8:4

Table I. Enzymatic Butyrylation of Compounds la-4a

% monoesters

entry substrate enzyme T, °C time, days overall yield, % b (C-2) ¢ (C-3) d (C-4)
1 la PPLe 45 12 80 8 4 88
2 2a PPL? 45 12 66 4 28 68
3 3a PPL® 45 12 8 41 27 32
4 4a PPL? 45 4 83 94 d 6
5 la CCL¢ 45 3 89 d 35 65
6 2a CCL¢ 45 7 66 4 89 7
7 3a CCLe 45 7 65 63 34 3
8 4a CCLe 45 3 90 78 15 7
9 la PFLe 25 12 63 1 3 96

10 2a PFL® 25 12 45 2 1 97
11 3a PFLe 25 12 42 96 1 3
12 4a PFL? 25 4 88 96 d 4

%Solvent: tetrahydrofuran. ®Solvent: tetrahydrofuran—pyridine, 4:1. ¢Solvent: methylene chloride-acetone, 4:1. 4Traces (by NMR).

OMe HO HO
Q e}
HO. + HO.
MeO,
HO HO
= <A ome
1a 4a
Figure 1.
HO HO
R o Ho~ 4 Ho.
nzo MeO
OMe
2s 3a
Figure 2.

8:R'=R%R%H; b:R'=COPr, R%R’=H;
¢:R'=R%H, R%COPr;  d: R'=R%H, R%COPr.

2) CMP-Sialic acid as catalyst of site-selective transesterification?

Table I. Kinetic Parameters for the Native and Tagged

0 CMP-NeuAc Synthetase
Ps KwmM
HO—ACNH Me” OO AcO—ACNH kaws! NeuAc CTP  units/mg
HO -0 . HO -0 native enzyme 1.8 4 0.31 2.1
Ho Subtilisin 8399 HO tagged enzyme 1.9 438 1.99 23
OH DMF, 45 °C OH
N-acetylmannosamine 178 100
92% yield Il
80 1
Fl
s
§ o
®
404
201
0 T —T T T T 1
] 10 20 30 40 50 60

Time (hours)

Figure 2. Stability study of both the native (W) and the tagged (®)
CMP-sialic acid synthetase.

Toma. et. al. J. Org. Chem. 1990, 55, 13, 4187-4190.
2Wong. et. al. J. Am. Chem. Soc. 1992, 114, 3901-3910.





