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Molecular Complexity
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orgainc solvent
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Motomu, K. et al. Chem. Rev. 2023, 123, 6793-6838
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Classification
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Steric Effects

HO TBDPSCI (1.1 equiv) TBDPSO
0] imidazole (2.2 equiv) (@)
"9 . Mg
OH DMF, 25°C,4 h OH
OMe OMe
75%
HO PivO
PivCl (2-5 equiv)
0] 0]
I_IQIO > |I_=l|v0
OH pyridine, 0 °C OH
OMe OMe
91%
general reactivity trend
H
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Electron Density

acidity
TBDPSO
o NaH (1.1 equiv) TBDPSO
H(|2|O CH3(CH,)oOTf (1 equi\l H(|2|O (0]
OH ~OH PhCH,, rt., 15 h o4 OCoHy
58%
(a:B= 4:1)

basicity of amino group

6-NH, > 3-NH, > 2-NH, > 4-NH,

Pedersen, C. M. et al. Chem. -Eur. J. 2011, 17, 7080-7086.



Hydrogen Bond Network

Ac,0 (0.7 equiv) o
Ac

HO DMAP (0.05 equiv) HO . HO . )
(@) chO3 (97 eqUiV) (0] + Ac + H
H%&/OCBH17 > |-LCO OC8H17 %O OCBH17 ?IO OCSH17
OH OH

OH OH

CHCl3, 25°C, 1 h

42% 37% 19%

weaker hydrogen bond
due to flexibility of
6-OH group

4-O-acetylation 6-O-acetylation

Kurahashi, T. et al. J. Chem. Soc.,Perkin Trans. 1 1999, 465-474.
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Anion Effect

AcX (1 equiv)

HO DMAP (5 mol) HO HO AcO
K,CO, (1 equiv
H?| o 2CO3 (1 equiv) N o o) + Acﬂ o + H?I o
OH DCM, 0°C, 5h OH OH OH
Entry AcX Yield (%) Ratio
3-0 4-0 6-0
1 Ac,0 47 0.50 0.46 0.04
2 AcCl 44 0.17 0.03 0.74
3 ACCN 44 0.15 0.08 0.76
Me\r,o\
T
‘- H
O‘\H,O/,.
. 6~ | |

Albert, M. et al. Org. Lett. 2004, 6, 945- 948.
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Cyanide Effect

OH OBn

OH OBn BzO OBn
BzX, DMAP (10 mol%)
HO 0 OA - (0] + (0]
r o HO OA
DCM., -78 °C, time Bz0 OAr r
OBn OBn OBn

Ar = 4-OMG'CGH4

Entry BzX Time (h) 3-0 (%) 4-0 (%)
1 BzCN 4 <3 90
2 BzCl 4 0 0
3 Bz,0 10 90 <3
4 BzF 1 57 6
OH
OH OH OBz OBz
o BzCN, DMAP (10 mol%) Bz0 OH Bz0
HO OAr > ©} + o} + o)
0B DCM/DCM (1:2), HO OAr HO OAr HO OAr
z -40t0-20 °C, 4 h OBz OBz OBz
Ar = 4-OMG-CGH4 61% 7% 10%
N
i
Xe
H, _aH Schmidt, R. R. et al. J. Am. Chem. Soc. 2016, 138,
0 _0OBn F° O _OBn
H o *H o 6002-60009.
o OR o) OR
OBn OBn
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Protecting Group Effects
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BnO
OTf

covalent triflate
(20)

Ph

Tf,0 (1.1 equiv.), DTBMP (2 equiv.)
CHQC|2, -78 °C, 2-5 min

[——

Me OMe
N Y
N7 7?/0

DTBMP (18) ROH (19)

Ph—X0 +
o2
BnO
OTf

contact ion pair
(21)

Ph~X=0 ‘
. Tes
BnO

sol
OTf

solvent separated ion pair
(22)

sol

Crich, D. etal. J. Org. Chem. 1996, 61, 4506- 4507
Crich, D. etal. J. Org. Chem. 1997, 62, 1198-1199. 13



Enhance Innate Reactivity
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Stannylene Acetal

Improved Valverde and Herradén's method
3,5-F,-PhSO,CI (1.5 equiv)

HO PEMP (2.0 equiv) HO oH
OH 5 Bu,SnCl, (5 mol%) HO -0
H(I?IO - o] Me Me
- 0\\ / N

tone, 10 °C, 12 h Z2S Me | Me
OMe acetone o~ OMe Me

PEMP

Bu 95%
Matsumura, Y. et al.

Tetrahedron Lett. 1998, 39,

Bu‘ /
HO\Sn\O
via Hog/ -0
=N 5601-5604.
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Borinate Ester

1997, Aoyama
OMe
Me o] OH
OH OH

PhB(OH), (1 equiv)
Drierite

via

Me

2011, Taylor

OH OH

HO

OH
OMe

BzClI (1.5 equiv)
iPr,NEt (1.5 equiv)
borinic acid (10 mol%)

L
r

MeCN, 23 °C, 4 h

Bul (1 equiv)
OMe NEt; (1 equiv) OMe
Ag,0 ( equiv
0 OH 920 (equiv) _ Me o) OH
PhH, reflux, 22 h OB
(ONg P OH .
B
\
Ph
OMe —
O OH
0
O\ /
/B—\Ph
Et,N
* - Aoyama, Y. et al. Tetrahedron Lett. 1997, 38, 5001-5004.
OH
OH H
o Ph\B?JNj
7
BzO Ph \O
OH
OMe borinic acid
95%

Taylor, M.S. et al. J. Am. Chem. Soc. 2011, 133, 3724-3727.
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Borinate Ester

Ho
Ph‘B’Nj . OH
- R
B %6 HO&' R'
NHTs TsCl
TsO~ ProNEt
iPr,NEtHCI
Ph
Ph—B\’O
o\ Er
OH catalyst resting state
TsO&E R'
TsCl
+ ProNEtH*
OH cr
&H turnover-limiting
HO R' step
I?h
-B«
+ iPryNEt Ph” O

L 0

E=0 or NMe
affinity to diols Higher Lower
nucleophilicity

of Lower Higher
borinate
Catalytic activity Lower Higher

Dimitrijevic¢ ,E

.etal. Chem. Sci. 2013, 4, 3298.
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Boronate Ester

1,2-cis diol

BzCl (1.5 equiv) HO(

. B N
OMe Pr,NEt OMe I/>

Me o OH cat (0.2 mol%) : Me o OH ’Tj
OH 1,4-dioxane, r.t., 7 h OBz Me
OH OH
oM
> 99% e
_ OMe _ DMAP instead of cat: cat
87% (2-0: 3-0: 2,3-bis=5:44:38)
Me o OH
via oo
| =
~8-N N
Me
Makino, K. et al. Org. Lett. 2019, 21, 3789-3794.
1,2-trans diol
HO  OH
OBn B_p Ph—\~0 o
AN 0
BnO o HO OH o
BnO + PhTXO o) (0.2 equiv) o o
Po = OMe
BnO OH
o] o MeCN, r.t., 4 h
OMe no
OB
" 93%
complete a-selectivity
BnO 2-0:3-0=29: 71
BnO PhO/VO o
via BnO p OO
N .
7 TB-P~o Toshima, K. et al. J. Org. Chem. 2020, 85, 16254-16262.
0" HO OMe
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Metal Salts Coordinated by Diols

Zn?**(Nishino, Ishido), Mos*(Evtushenko), Fe3*(Dong)

OR OR
M™]
HO - HO

OMe OMe

1,2-trans-diol

BnBr (1.1 equiv)
K2003 (1 5 eqUiV)

Ph—\-0 o [Fe(dibm)s] (5 mol%) Ph—\-0 o
%o OMe > ®o OMe
CH3CN, 80°C,8-12h

OH

BMP (1 equiv.)

o La(OTf)g (10 mol%) o i}
HO oH  Mg(OTf), (08 equiv) HO OH g' “"Mg?
Ho HO EPPS buffer (pH 8.0) HOBZO MeO”3y"0
r.t., overnight
100% - -

2-0:3-0:4-0 = 6:3:1 o)
( ) HO%OH
0

O O HO_ ;” H~ base
J_P (N s0gH “es?
Ph” O] “OMe N 0
ONa HO ™ \) 5 }\\Ph
BMP EPPS Ot,F\'“o
L OMe _




Oxidation by Metal Catalysts

OH [Pd] (2.5 mol%) o 7\ \
HO\)\/OH benzoquinone (3 equiv) . HO\)J\/OH N\PJN
DMSO, r.t., 15 min AcOf\ ~
97% ", ] (OTh,
[Pd]

3-oxidation and 4-epimerization

OMe [Pd] (3 mol%)

OH
38% 42%
OMe o,
[Pq] (1 mol%) . OMe
Me o OH benzoquinone (1.5 equiv) ‘
> M 0]
OH TFE, 50°C., 2 h Ho o
OH ) g 0
64%

Waymouth, R. M. et al. ACS Catal. 2016, 6, 4653-4659.

OMe OMe OMe
OH CD3CN/H,0 (10:1),50°C., 2 h OH
3 20 ( ) OH o} o fo}

2%
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Epimerization

R
OR o OR
O R'B(OH), R'B(OH), N work-up
HO&\:S > _— ——
O/ OH
OH on °H B OH

R'

[Ru] m——==[Ru]—H H
Ph o . Ph
OR Phﬂ/ . \%Ph
yol Ph E‘L{/ '"“"IF!’U Ph
& on o€ Co 0oC €O

Tang, W. etal. J. Am. Chem. Soc. 2022, 144, 3727-3736.
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Enhance Innate Reactivity

> O Overide the innate site-preference
R20 X

OH

22



Asymmetric Catalyst

Carbohydrates have many chiral centers

Achiral reagents are hard to
distinguish similar steric
space
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Peptide Catalysts

1997, Miller

HC, NHAc tripeptide (0.05 mol%) AcO, NHAC
/ Ac,0 (1 equiv)

Y

PhCH;, 0 °C
(%) 84% ee
2003, Miller
TBSO peptide a (2 mol%) TBSO
0 Ac,0 (1 equiv) 0
H?IO OMe > %0 OMe
o]
NHAC PhCH3, 25°C, 15 h NHAC

0._.OtBu
ERIEEIT!
BocHN s N : N
: H/I : ﬁ/@/ S Do
Y\N \O \@
N-7
Me
peptide a

Miller, S. J. et al. J. Am. Chem. Soc. 1998, 120, 1629-1630.
Miller, S. J. et al. Tetrahedron 2003, 59, 8869-8875.



Peptide Catalysts

Me  Me
Ph—\~O o (1.5 equiv) 2 equw /E o Po
fo > s * o
o peptide catalyst (20 mol%) (o} S OMe
OMe DCM, -40/-20 °C, 5 h OPh OMe
OPh

O
D'\'"|LN/<‘[’/O w/ peptide b 67% 3%
(-40 °C)

Me| N "H H N«
<\ | N -—O/ NH N w/ peptide ¢
NTBoc” " "H----""" oBoc w/ FeCly (15 mol%) 8% 53%
(-20 °C)
Ph OMe
peptideb

BUCHNQ:/\)LN/\H’N\/U\ £ i \)J\OMe

i

ﬁ'n

peptide c

Sanchez-Rosello, M. et al. J. Org. Chem. 2008, 73, 1774-1782.
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Chiral 4-Pyrrolidinopyridine Catalysts

240 (1 mol%)

HO PrC0),0 (1.1 equiv. HO
i e
St OCeM7 2 4 6-collidine (1.5 equiv) on o

CHCI3, —20 °C, 24 h

98%
1 Ho ] 6-0:4-0:3-0:2-0
- N BRI PE
CgH470 ik % \;)LOGan 0:99:1:0

0 0O =
= - -
HN (l] NH cf. with DMAP

N 47%
catalyst (240) 6-0:4-0:3-0:2-0
36:26:26:12

HO OCO/Pr =—

RCO H’&O O: Oj/o &0:
o} OCgt A HO OCgH
oH ° S oH =7
O HNK\ N ",,H\O 6 ‘H O
D- i >:_[< ZD T 00,1 1 SR -

HO
R =/Pr:y. 98% N\ m -
. 46%
->99% 4-O-selec N (0] 51 % g-Oselective
R =Me: y. 96% H

96% 4-0O-selective

Schedel, H. et al. J. Am. Chem. Soc. 2007, 129, 12890- 12895. 26



Chiral 4-Pyrrolidinopyridine Catalysts

Acyl group scope

HO o
RCOO
HS&X,OCBHH

Ph/‘\;)L S Qj/\l)L Ph/\,)J;H AcO s
NHCbz NHCbz

phenylalanyl tryptophanyl cinnamoyl galloyl

Application

) innate reactivity

4) oxidative
coupling \ / ) Mitsunobu HO
0]
— H /&/
07’0 OH total 5 steps ?!O OH o
/0&

OH

2) chiral PPY strictinin glucose

Kawabata, T. et al. Angew. Chem., Int. Ed. 2015, 54, 6177-6180.
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Other Asymmetric Catalyst

Chiral Thiourea Catalysts

Hydrogen
General bonding CF,4
base

Bu S
Me_<_:_ :NW/LNJLN 0

N 5,0 ol 0
Me ” IP\—OPh
C-Hin HO ,OI\OP"
interaction HH
FsC N_ _N_ ~cMe
T \| Me
S R

CF3 Hydrogen
bonding

Cinchona Alkaloid-Boron Catalysts

=
OH L
: B desymmetrization
P .
N~ B qcylation
OMe

0
H-o v x
H-. ’
(@] "
Meom ‘fl /0 OMQ

O  iiMe o " Me

Rz :: Rz

2-OH activation 3-OH activation

Chiral Copper Catalysts

&‘%’\2 B desymmetrization

,* cl B acylation
CuCl,-(R,R)-PhBox
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Reversible Covalent Bond-Forming Catalysts

>—-OMe
p? NN OMe
4 ] oTBS
R N & OH
/
Me O
OMe 0 7/0g OMe
oTBS Pr : 7 OTBS
a7 \ I N R~ 1
OH H)_< 0
HO \ 4N HO

MeOH

Tan, K. L. et al. J. Am. Chem. Soc. 2008, 130, 9210-9211.
Tan, K. L. et al. J. Am. Chem. Soc. 2012, 134, 7321-7324.
Tan, K. L. et al. Org. Lett. 2013, 15, 4710-4713.
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Reversible Covalent Bond-Forming Catalysts

TBSCI (1.2 equiv)

TBSO o , catalyst TBSO ore TBSO o TBSO o
'ProNEt-HCI (3 mol%)
HO O o - HO, -O . HQ & . TBSQ e
(o) ro,NEt (1.2 equiv) 0] (o) 0]
>
OMe OMe

S
OMe tert-amyl alchohol, 4 °C, 2 h OMe

entry Catalyst Yield (%) 20 : 30 : 40
1 NMI (20 mol%) 77 5:78:17
2 (+)-cat 1 (20 mol%) 84 90: 10: -
3 (-)-cat 2 (20 mol%) >98 -:100: -
4 (+)-cat 1' (20 mol%) 7 3:92:5
S) (-)-cat 2' (20 mol%) 9 2:92:6

0 o) o
»-[N)IlorTe ,Pr/[N%c}Te ~'[N> N /[N> N

Pr Pr Pr
] J ] (]
iPr N N iPr N }\l
Mé Me Me Me

(+)—cat 1 (-)-cat2 (+)—cat 1’ (-)-cat2’
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Hybri

d Catalysis

2017, Niu

Cu(CH5CN)4BF, (5 mol%)
ligand (10 mol%)

TBSO borinic acid (30 mol%) TBSO oH :
’ o) NEt, (2 equiv) HO .0 TBSO 0/\\
Po MS 4A o + H O T
> Phire. 9|0
OMe THF, -20 °C, 24 h OMe
\\ OMe
Z (0]
0 ~ | 0 entry Catalyst Yield (%) 3-0
N
[ |
N N— ||3 1 ligand 82
Mé Me OH 2 ent-ligand 63
ligand borinic acid 3 (+/-) ligand 40
Mechenism

(0)

s

OMe

Niu, D. et al.

E Cu*
TBSO Og @ S @ OBoc
HO N TBSO/E [ /\
OMe R

Chem. 2017, 3, 834-845.
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Regiodivergent O-allylation

/\/OBOC

(1.5 equiv)
Pd,(dba);-CHCI5 (2.5 mol%)

PPhs (10 mol%) TBSO o \F
LHMDS (1 equiv.) HO= -Q
THF, rt., 3 h

Y

OMe
/\/OBOC
(2.0 equiv)
TBSO Pd,(dba);-CHCI; (2.5 mol%) TBSO ~
OH PPh; (10 mol%) Ol
HQ, O borinic aci . HO : X
o orinic acid 1 (5 mol%) _ (0] N
OMe THF, r.t, 12 h )/ OMe B(OH),
borinic acid 1
/\/OBOC
(2.0 equiv)
Pd,(dba)s-CHCl (5 mol%)
PPhj (20 mol%) TBSO ol BOH),
borinic acid 2 (1 equiv.) \/\?I -0
> 0 Me,N

THF, rt., 12 h
borinic acid 2

Niu, D. et al. Nat. Commun. 2020, 11, 5681. 30



Hybrid Catalysis

Cu(OAc), (2 equiv)

OMe HO\B,OH iPr,NEt, (4 equiv)
Me MS 4A
(0] +
HO
G CH,4CN, 40 °C, 16 h
OH
(5 equiv.)

Mechanism studies

B MeQO, ] T
(0]
O
Me 0 /
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Soft-Metal Hard-Anion Cooperative Catalysts

OH pr— Ph (12 equiv.) OH NA||y|2

NHAIlyl, (1.2 equiv.
> HO ; NN
OH CuBr (10 mol%), P(CgF5)3 (12 mol%) E)H OH R Ph
OH B(OH)3 (1 equiv.), iPrOH (10 equiv.)
MS 5A, 1,4-dioxane, r.t., 72 h 84%, d.r. ca. 1: 1

Mechanism

Kanai, M. J. Synth. Org. Chem. Jpn. 2021, 79,391-405.
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Radical Catalysis Approaches

OH _OH
@)
HO X EEE—

OH

> g ;O : »
HO R3 Orthogonal to polar functionalities

OH
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Classic System

H+
/\ -
O,P
“OH
*Ir(Il)
blue
light Aj
A
m Ir(ll
H+ HO. OH Bu
A A
i o OH P o OH P
R tBu

Cooperate with P, B, Sn...

MacMillan, D. W. et al. Science 2015, 349, 1532-1536.
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Redox Isomerization

A &
47 %_#C’
F liiee |
“Ir(Il) (C'@:Q)
blue N A
light Aj + BzO OMe
439 k 0#
Ir(Il) Ie(ll) o)
440
BzO HOMe
HO\_ ,OH -'-e_l H+
or HAT

ot Lot
i B
e ~
0.5.0 A7 ar
N/ “Ar BzO OMe
438 3
441
2 H,0 BzO . OMe

OH OH

Taylor, M. S. et al. Chem. Sci. 2020, 11, 1531-1537.
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Redox Isomerization

2020, Murakami

0]
HO o
o BPSS (50 mol%) HO NaOs;S SO3Na
H NaOH (1.5 equiv.) OH
Fio > %o ONa O O
o] H,O, rt., 2.5h
"on 365 nm light Ho
2021, Wendlandt
4-CzIPN (2 mol%)
quinuclidine (5 mol%)
- e BusNOAc (5 mol%) Me Ciig Me fMe
additive
How How + HowOH
OH oy MeCN/DMSO (95:5) 0 o
25 °C, 18 h, blue LED : 2
Entry Additive Yield 1 Yield 2
N
1 none 2% 9% NC CN
2 Bronsted base or acid < 3% <10%
(A NN )
3 CgFsB(OH), (5 mol%) 1% 7%
4 Cu(OAc), (5 mol%) 5% 38% O N Q
5 Mn(OAc),4H,0 (10 mol%) 50% 0%
4-CzIPN




Site-Selective Epimerization

2020, Wendlandt
4-CzIPN (2 mol%)

quinuclidine (10 mol%)
e Ad-SH (50 mol%) B
HOHO 4-ClOBzBuy4N (25 mol%) HO
HO Aue MeCN/DMSO (10/1), r.t., 3 h HO HO OMe
blue LED
Methyl D-a-glucoside Methyl D-a-alloside

92%

BIe X
) /@oog ‘NBu,

4-CzIPN
4-CIOBzBu,N

39



Site-Selective Epimerization

Blue LED
l B_
[PC]* o P
RN Rs . [FCl
[PCred] [PCr]
BH
RN RsNH RSH RS
H H
H%%% - /‘HOO&% ety H& Q
0 ) H
HO OMe HO" OH Ay oM OMe

Wendlandt, A. E. et al. Nature 2020, 578, 403-408.
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Site-Selective Epimerization

w=0"

HO ,OH
most 0 /

; H
accessible HO

HO OMe

4-CzIPN (2 mol%)
quinuclidine (10 mol%)
adamantane thiol (50 mol%)
4-Cl-OBzBuyN (25 mol%)
DMSO/MeCN (20:1), r.t., 18 h
blue LED

i
OMe
Me
o
o]
Ho O oH X

34%

+e~, +H*
ArSH ArSe
OH / H OH
(0] - (o)
“%gﬁ
HO OMe HO OMe
OMe
@]
0
(BU;;N}"_WA] 0032 (1 m0|°/o)
(4'OME'CGH4)2S2 (10 mol%)
(BuO);P(O)O(NBu,) (20 mol%)
MeCN/H,0 (85:15), r.t., 24 h
390 nm LED
OMe
o082 -07
e
(o] 0]
HOMH o] o
OH X

37%

Wendlandt, A. E. et al. J. Am. Chem. Soc. 2022, 144, 11870-11877.



Epimerization with Thermodynamic Control

H atom abstractor H atom donor
0] Ph3SiS * (@) PhsSiSH (0]
Ph,;SiSH PhsSiS *
HO OH 351 HO OH 39l H OH
cis-1,2-diol trans-1,2-diol
Example
IrF (1 mol%) Bu
o4 OMe  DABCO (10 mol%) OMe
Mw PhySiSH (30 mol%) Me o
HO HO
MeCN, r.t., 456 nm LED OH
Bu
L-digitoxoside L-olivoside
73%

Wendlandt, A. E. et al. . Am. Chem. Soc. 2022, 144, 599-605.
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Epimerization with Thermodynamic Control

H
Ny
OH

trans-1,2-diol

‘ Boronate
formation

H R
e
(0]

trans-ester
(disfavored)

OH

H abstraction -S H donation

PhSH

@@

(BU4P)4W10032 (2 mol%)

HO PhSSPh (50 mol%)
H0/§ E ;o MeB(OH), (3.5 equiv.)
HO OMe
HO MeCN, r.t., 8 h
365 nm LED

(BU4P)4W1 0032 (2 mOl%:)

HO
HO 0
/%OMe
HO

OH

62%

HO PhSSPh (50 mol%)
Hagﬁ\ MeB(OH), (3.5 equiv.)
HO MeCN, r.t., 24 h
OMe 365 nm LED

HO OH
HO O

OMe

40%

OH
=
OH
trans-1,2-diol

Boronate
formation

R
O\B’

N !

cis-ester
(favored)

MacMiillan, D. W. C. et al. J. Am. Chem. Soc. 2022, 144, 93-98. 43



Conclusion

cat1

cat2

@

OH

Enhance

OH_OH

o)
R20 X

OH

Overide

OH_OH

o)
HO R3

OH

Orthogonal

Protection: borinic acid,
boronic acid, Sn**, Fe3*,
Ca?*, etc.
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