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Importance of Synthesizing Rare Sugars

desired methods
o b ides N\ r— important pharmacophores .
broad scope, minimal step sequence OH
HO O, O, g~ aradical soluti \ §
HO HO
HO “oH HO “oH
D-glucose D-galactose

H disaccharide
MeO O OH O doxorubicin
p&i
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o
HO OH

HO (0] HO 0] f
HO HOXN

OH
unique reactivity kinetic control w > How
OH HO “oH
D-mannose

Me
D-xylose

> 50x anticancer activity
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CH3 CH3
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selective C-H molecular D
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v Previous research
using protecting groups

The use of protecting groups
is unnecessary synthetic steps

The direct transformation is efficient
\ But too difficult /

o)
MeN A\
cat. 21 Me” 0 io . P'YL:>
» \
2-O-acylation = jc,\( vie ..p,tN He0
C2.C3:C4 = 84:15:1 OMe O%O\QK
74% Combined yield 18 oy -
" cat 22 j iy
OH Pheg=
HO~7 jo 3-O-acylation HO o P
HO$L( Ol “ /\;kl'
¢y ©2 86% Yield Y N j
O Ph c3 c2
17 19
H
et ¥ N&—oc.ﬂ,
cat. 23 2 uHi ot '7‘""
4-O-acylation Me~y’, O via | | m
N (=]
85% selectivity for C4 Me OCH . N
1% Yield " HOE4 L
20 0% R
C ./
o)
H
e ¢ 1
SN N Ph CaHy O D Y OCsHy;
L ] & 0 o X
o e
N PN HN ) z " NH
Me Hz < |
N
2-O catalyst, 21 3-0 catalyst, 22 4-O catalyst, 23
Tan Taylor Kawabata

Huang, Z. et al. Acc. Chem. 2017, 50(3), 465-471. 5



Mechanism

-0,C /
S
HaN

\ OH “
= ( E H
R HO R

o H o H ‘o %o
NH, +1e NH, . NH,
o 0 - o= X = — o—H
HoN OH —Met HoN OH HAT HoN OH HAT HoN OH
OH OH OH | OH
HS ~ HS -
Neomycin C Cys-249 Neomycin B

Broderick, W. E. et al. Acc. Chem. 2018, 51(11), 2611-2619.

arevious research using ra@

SAM enzymes

Microbial sugar biosynthesis has

\ diverse radical pathways/
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Advantages and Challenges of Radical Pathways

Advantages Challenges

v Reactivity at unconventional sites Reagents or harsh conditions

v No unnecessary substrate activation “

v Easy translation from enzymatic to
synthetic systems

Prefunctionalization is necessary

Vv lIrreversible
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Advantages

v Reactivity at unconventional sites

v No unnecessary substrate activation

v Easy translation from enzymatic to
synthetic systems

Vv lIrreversible



PotohemiStry

HO
epimerization HO o)
HO HO “oRr
HO HO
__Hatom |§ HO 0 alkylation ~ HO 0}
" abstraction HO
H HO "OR theti HO HO OR /. rt HO "OR
synthetic &
simple monosaccharide 1,2-radical HO
precursors \ migration HO%
0 OR

Carolyn E. Suh et al. ACS Chem. 2021, 16, 1814-1828.

Advantages of Photochemistry

v No prefunctionalization v No reagents

v Mild conditions v Minimally Protecting groups
v Selective reaction



Epimerization is Possible ??

v Alkylation and 1,2-radicalmigration is possible

OMe

0
J@ ]
- irm) ) (Ph,BOH OH & accS o
H Rz COzMe
”° Rt * " bweleD
H acetonitrile, 25 °C
Ar ] u ]
e Y (P §I“ kﬁ Epimerization
A -H- °§' diarylborinic ester formation )
H Dimakos, V. et al. J. Am. Chem. 2019, 141(13), 5149-5153. |S POSSIb'E ??

820 o
) ~.
o OMe OMe e ’)
blue LED " [/
Ny

Dimakos, V. et al. Chemical Science. 2020, 11(6), 1531-1537. 10
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iizatin via Kinetic Control

Synthesis of rare sugar isomers through site-selective epimerization

RSH RSH RS:
HO HO HO
HO 0, o) HO O
Ho‘% —> ”O’%‘ —> H‘%,’
i HO “oH Ho HO “oH no HO OH
R3N & R3NH+ R3NH+
D-glucose D-allose
Yong Wang et al. Nature. 2020, 578, 403-408.
v Kinetically controlled mechanism v High yield
v High selectivity v Site-selective

v Single step

12



Standard conditions

2 mol% 4-CzIPN
10 mol% quinuclidine HO

50 mol% Ad-SH
25 mol% 4-ClOBzBu4N

HO
HO 0)

HO
HO

HO‘$:‘O
HO

Ad-SH

OMe MeCN/DMSO, RT, 3 h HO OMe
blue LED
1a, 0.1 mmol 2a, 92% yield
Entry Variation from standard conditions  Percentage yield (% RSM)
1 No photocatalyst 0% (99%)
No quinuclidine < 1% (99%)
No thiol 0% (98%)
No blue LED 0% (99%)

No 4-ClOBzBu,N
Bu,NOBz instead of 4-CIOBzBu,N
1% Ir[(dF(CF,)ppy),(dtbpy)]PF instead of 4-CzIPN
DABCO instead of quinuclidine
Hydrogen atom source?

© 0o N O o B~ W N

Yong Wang et al. Nature. 2020, 578, 403-408.

29% (71%)
63% (35%)
88% (2%)
0% (99%)
0% (99%)

. d
o t\ﬂ'\\ze
SH (1
[ N\7

X =CH, qumuchdlne
X =N, DABCO

7\ \

0 NBU4

R Cl, 4-CIBzOBuN
R = H, BzOBu,N

4 CzIPN Ir[(dF(CFZ)ppy),(dtbpy)]PFg

Fig. 2| Epimerization of a-methylglucose to a-methylallose. Effect of
changes to optimized reaction conditions. Yields determined by proton
nuclear magneticresonance ("H NMR) analysis using 4-fluoroanisole as
internal standard. RSM, recovered starting material; MeCN, acetonitrile;
DMSO, dimethylsulfoxide; RT,room temperature; LED, light-emitting diode;
Me, methyl; DABCO, 1,4-diazabicyclo[2,2,2]octane; Ad-SH, adamantane thiol;
Bz,benzoyl.*See Supplementary Informationsections 5and 8 for full
experimental details.

C3 selectivity
T

Hydrogen bond between 1a and the base
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2 mol% 4-CzIPN
10 mol% quinuclidine

i X0 50 mol% Ad-SH oSS0\
LLOR 25 mol% 4-ClOBzBuy4N
1a-x MeCN/DMSO, RT, 18-24 h 2a-x
blue LED
HO HO
OH

HO 0 HO o OH oH PH

HO —_— ) ——— < °|g
88% (75%)? HO OMe 50% (48%)2

HO ome Ho " ome HO S o S
1a: p-a-methylglucose 2a: p-a-methylallose 1b: o-B-methylgalactose 2b: p-B-methyltalose

1 g scale: 86% (70%)?

(0] o (o} (0]
! OH OH
0 — 0 0 _— O
HO HO OH o OH
37% (33%) OH 41% (38%) oH
OH HO

OH

1c: p-anhydrogalactose 2c: p-anhydrogulose 1d: p-anhydromannose 2d: p-anhydroaltrose
(+ 11% p-anhydrotalose, 3c)

OH OH HO O, HO o]
L 30% (24%) OH HO Svie  80% (74%) Ho MO ome
1e: L-B-methylarabinose 2e: L-B-methylribose 1f: p-o-methylxylose 2f: p-a-methylribose
(+ 27% p-a-methylribose, 2f)
HO HO
HO O, HO (o] OMe
AcHN 38% (33%) AcNH H 70% (69%)° H
OMe HO OMe HOO Hoo OH
1g: N-acetylglucosamine 2g: N-acetylallosamine 1h: L-B-methylfucose 2h: L-6-deoxy-B-methyltalose

(+ 25% N-acetylgalactosamine, 3g)

Yong Wang et al. Nature. 2020, 578, 403-408.

o (o}
OH
0
45% (39%) 2
HO OH HO a6 OH
1i: p-anhydroglucose 2i: p-anhydroallose
TBDMSO TBDMSO
HO fo) HO O,
HO 83% (82%)
HO HO
OMe HO OMe
1j 2j

(This Strategy provides A

rare sugars

1f, 1e ( pentose sugars )
\ C3 and C2 eplmerlzatlon)

14



2 mol% 4-CzIPN
10 mol% quinuclidine

Ho=~—0. 50 mol% Ad-SH HO ==
n 25 mol% 4-ClOBzBu4N w
1a-x MeCN/DMSO, RT, 18-24 h 22-x
blue LED

---------------------------------------------- |Unprotectedmonosaccharides| R e o R e B i S e S B e S S e

HO
E HO O, HO 0 HO O,
HO
42% (29%)24 38% (29%F
Wy 0 o HO  “oH Ho HO OH
1k: p-glucose 2k: p-allose 1l: p-6-deoxyglucose 2I: p-6-deoxyallose

1 g scale: 38% (28%)2d
HO

OH HO
i ok 5 HO 0
Q HO
55% (47%) 61% (55%) HO OH

HO OH OH OH
1m: L.-fucose 2m: L-6-deoxytalose 1n: p-2-deoxyglucose 2n: p-2-deoxyallose
0.5 g scale: 49% (41%) 1 g scale: 58% (48%)
Yong Wang et al. Nature.
Epimerization of unprotected monosaccharides is successful 2020, 578, 403-408.

The only reaction of epimerization of 2-deoxygenated sugars
15




rte Scope of Oligosaccharides and Glycans

2 mol% 4-CzIPN
10 mol% quinuclidine
Ho=—O 50 mol% Ad-SH Ho=~—"C.
i 25 mol% 4-ClIOBzBu4N n
OR OR
1a-x MeCN/DMSO, RT, 18-24 h DAk
blue LED
---------------------------------------------- | Oligosaccharides and glycans | R
HO HO
HF?O-&O: o OH oH OH _oH
HO O,
ol€o 68% (53%)a H HO
HO
l\ —_——
HO OH

. o
44% (25%) HO o
OH HO oH N OH
10: p-sucrose 20: D~ allosucrose 1p: raffinose HO o o 2 HO o o
OH
OYH Y 3 \ I\OH

HO 0 HO' OH HO'
HO N 30% (17%)

OH

OH OH
1q: o-B-glucopyranosylthymine 2q: 0-B- allopyranosylthymlne
(o] (o]

HO HO
HO o] cl $ HO 0, cl

" cre cre

42% (34%
OH (34%)° ho OH
1r: empaglifiozin (SGLT2 inhibitor) 2r Yong Wang et al. Nature. 2020, 578, 403-408.

Epimerization of oligosaccharides and glycans is successful
— High selectivity, High functional group compatibility

16



Meitic

2 mol% 4-CzIPN
10 mol% quinuclidine

MGWO""G 50 mol% Ad-SH
OH

HO OH 25 mol% 4-CIOBzBu4N

MeCN/DMSO, RT, 16 h
2h: L-6-deoxy-B-methyltalose blue LED

b
2 mol% 4-CzIPN

DO 10 mol% quinuclidine
DO (o) 50 mol% Ad-SD
DO 25 mol% 4-ClOBzBu4N
DO OMe MeCN/DMSO, RT, 16 h
2a blue LED

Fig.4|Mechanisticstudiesand proposed mechanism. a, No epimerization s
observed whenreaction productsare re-subjected to the standard reaction
conditions. b, Deuteriumlabelling studies indicate that the reaction product
reactsunder standard reaction conditions, but both epimersconvergetoa

common product.

Yong Wang et al. Nature. 2020, 578, 403-408.

Studies of Sugar Epimerization

r 1

E OMe !

MeW\oMe : MemH :
OH 5 OH :

HO | OH HO
2h:83% recovered T
E 1a Not observed E
DO ' DO :
DO 0 DO 0 5
b i DO !
po “Come HD °ome ;
39% deuterium incorporated - --------------s-o--- :
2a: 95% recovered
4 o
a : No reverse epimerization
b : Hydrogen-atom abstraction is occurred
!
9 Not simple equilibrium control

~N

17



c E 2a Not observed
No thiol ; '
HO 2 mol% 4-CzIPN HO ; HO !
Hog :‘o 10 mol% quinuclidine HO‘§ :‘o ' HO 0 :
HO ' '
25 mol% 4-ClOBzBusN ' :
HO HO . HO :
OMe MeCN/DMSO, RT, 16 h 0 OMe ; HO OMe !
blue LED 3% yield = SmemeoPWeeeeeeeaeood !
1a 1a: 97% recovered
Graph:
Photocatalyst is quenched by quinuclidine
c:

No thiol — No epimerization

Photocatalyst and quinuclidine :
Sufficient for C-H cleavage (irreversible)

klnsufficient for epimerization j

Yong Wang et al. Nature. 2020, 578, 403-408.

Quinuclidine

Ad-SH

Constant Ad-SH
and
Variable Quinuclidine

lo/I

@ y=4067.7x+0.8845
® R?=0.9973

0.001 0.0015 0.002 0.0025 0.003

[al (m)

0.0005

y =8.7438x + 0.9991
R?=0.4538

0.0005 0.001 0.0015 0.002 0.0025

[Ad-SH] (M)

-

o y=38044x+1.1457
= R?=0.9967

0.0005 0.001 0.0025 0.003

[Quinuclidine] (M)
18

0.0015 0.002



L Mechanlstlc Studies of Thiol Co-Catalyst

J AProductlve epimerization conditions B : Non-productive conditions

(Ad-SH) (4BrPhSH)
15 15 : ¥
I 'i;:QuinuclidinGOABrPhSH I
I/Io 10 Ir + Quinuclidine + Adamantane thiol ..., Illo 50 .',.' .-.’ \
5 = Ml = Ir + Quinuclidine 5 '_" e I = Ir + Quinuclidine I
l Ir + Adamantane thiol . I + 4BrPhSH
00_ 0‘0;)05 0.(;01 0‘0:)15 0.(;02 0.0‘025 oo" o,o:)os o,olm o,o;ns o,&oz o_olozs Yong Wang et al. Nature.
Concentration (M) Concentration (M) 2020, 578, 403-408.
[ Fluorescence quenching (B) : \
Quinuclidine + 4BrPhSH >> Only Quinuclidine
Why ?7?
\ Oxidation of thiolate enhanced fluorescence quenching ?7? j

19



tercion etween Quinuclidine and Thiol

Equilibrium Constant between Equilibrium Binding Curve between
4-BrPhSH and Quinuclidine 4-BrPhSH and Quinuclidine

0.06
SH Si=
+ —_— [N"'
ZN H — 0.05 e—* s
Br Br £ e o} =S
0.05M ; =2 .
X.equly. ] . R-SH Eqiv. [R-SH Iy
0.03 mmol in 0.6 mL 2 oo b ) __jppm__jaeem
3 L] B
d5-DMSO/CD4CN 1/10 g 0.2 001 27886  0.0197
T 0.03 0.4 0.02 28095  0.0406
& o
' 0.6 003 28517  0.0828 o Real
€ L 1 005 29302 0.1613
8 "
20.0 equiv. : 0.02 : g_; :_g;z g,;z;g ® Simulated
g - . . .
] 8 04 30006 03217
10.0 equi k3 L 10 05  3.0978 03289
0.1 20 1 3.0083  0.3294
Ld
8.0eq .
.
- 0.20 0.40 0.60 0.80 1.00 1.20
40
i [Adamantane-SH]
20 equwv.
oo / Equilibrium interaction between 4- \
— BrPhSH and Quinuclidine
0.4 equiv.
0.2 equiv.
0 equiv. [4-BrPhSH]

22 18 14 1o Quinuclidine deprotonate acidic thiols
\ to form thiolate salts j

Yong Wang et al. Nature. 2020, 578, 403-408. 20
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tercion etween Quinuclidine and Thiol

4-BrPhSNa Quinuclidine
140
r=gleme s 0 2 ;
100 10
,.-" ‘..'
9 3
80 -
3 = .-®  y=4067.7x +0.8845
~ 60 S 6 R?=0.9973
® @
4 e
40 ’
20 L J ' 2
o 0
0 e 0 0.0005 0.001 00015 0002 0.0025 0.003
0 0.0005 0.001 0.0015 0.002 0.0025 [Q] (M)
[4-BrPhSNa] (M)
Yong Wang et al. Nature. 2020, 578, 403-408.
( Fluorescence quenching : \

4-BrPhSHNa > Only Quinuclidine

g

Oxidation of thiolate enhanced fluorescence quenching

21




A: Productlve eplmerlzatlon condltlons

B : Non-productive conditions

(Ad-SH ) (4BrPhSH )
15 15 - "'
I ‘dr': Quinuclidine + 4BrPhSH I
III 10 Ir + Quinuclidine + Adamantane thiol ...’ I/Io 1 ' ‘.."' ..’ \
5 g I ’ Ir + Quinuclidine 5 ‘.“ s -l' ‘ Ir + Quinuclidine I
- Ir + Adamantane thiol __--"'.' I + 4BrPhSH
N : B . B, Sl s e , Yong Wang et al. Nature.
0 0.0005  0.001  0.0015  0.002  0.0025 0 0.0005  0.001  0.0015  0.002  0.0025 2020, 578, 403-408.
Concentration (M) Concentration (M)
(" A(Ad-SH): Sufficient acidic )/ B (4BrPhSH ) : Too acidic N\

Quenching of the photo-catalyst :
Thiol < Quinuclidine

Quinuclidine deprotonate acidic thiols to form thiolate salt

!

l Quenching of the photo-catalyst :
\_ C-H cleavage Y, Thiolate salt > Quinuclidine
l
\ Formation of thiyl radicals 22/




Thiol Co-Catalyst

a. Epimerization of 1a under Photo-Reductive Conditions through the In-Situ Generation

of Thiyl Radical '®

HO catalyst (1 mol %) HO catalysts tested:
Hoﬁ‘ BuS-SBu' (25 mol %) HO% Ir(ppy)3; Ru(bpy)sCl;
HO "RT: Ru(dtbpy)s(PFs)z;
MeCN/DMSO 10/1; RT; 22 h 3(PFe)z;
HOome Mo be LED Ho MO ome 4CzIPN;
1a 2a [Ir(dFCF 3ppy)(dtbbpy)IPFg
not observed

Thiyl radical

b. Epimerization of 1a under Photo-Oxidative Conditions through the In-Situ Generation # hyd rOgen-atom abStra ction

of Thiyl Radical '° _
HO HO
catalyst (1 mol %) catalysts tested:

”ﬂcﬁ R-SH (50 mol %) “O% Ru(bpz)3[PFel :
MeCN/DMSO 10/1; RT; 22 h Ir(dFCF. dtbbpy)]PF, -
HO One blue LED Ho MO ome firt I{‘_‘;”ﬁ')é(ste d:py)] 6 . Tthl co-catalyst .
1a 2a Cy-SH; Ad-SH = irreversible HAT to sugar radical
not observed

( Second step )

¢. Epimerization of 1a under Thermal Conditions 2°2! \ /

HO Initiator (25 mol %) HO — -
HO 0 Ad-SH (25 mol %) HO 0 Initiators tested: '
HO MeCN/DMSO 10/1; 120 °C; 3 h AISH; benzoyl peroxide;
HO ome © e LED Ho MO ome Lauroy| peroxide; Yong Wang et al. Nature. 2020, 578, 403-408.
1a 2a ammonium persulfate

not observed 23



& Mechanism of Sugar Epimerization

d Blue LED

[F’Cl [PC]

(PC™9) H atom H ato \ re

abstraction donation o]
R3N R3NH R- SH
HO . o] 0O
HO o A
HO ‘oH HO HO “oH
H HO OH HO Yong Wang et al. Nature.
p-glucose p-allose 2020, 578, 403-408.

[ 2 steps

1 : Hydrogen-atom abstraction by quinuclidinium radical cation
2 : HAT from thiol

Kinetically controlled

T

\ Irreversible and diastereoselective HAT from thiol

~

J

24



Synthesis of rare sugar isomers through site-selective epimerization

RSH RSH RS-
HO HO HO
YRR R
n HO “oH ng HO ‘oH o HO “oH
RsN & RsNH+ R3NH+
D-glucose D-allose

Yong Wang et al. Nature. 2020, 578, 403-408.

v Kinetic control
v Sequential steps of HAT
v HAT mediated by two distinct catalysts

v Concise and potentially extensive access to rare sugars
25



2 Contents

1.

2. Representative Researches

— Epimerization via Thermodynamic Control

26



iizatin via Thermodynamic Control

A Change from Kinetic to Thermodynamic Control
Enables Trans-Selective Stereochemical Editing of Vicinal Diols

OH
R;‘ﬁw—.—» REL o
cis isomers @ trans-diequatorial isomers
* robust access in diverse *challenging to obtain
............. o PO
OMe h :
0] :
ﬁOH Ho 0 HOm, ~1s “’
Sesaaliosciad
. v ‘OH HO B . Yu-An Zhang et al. J. Am. Chem.
Pemssssassssssssssssssssssssssssssssssssssssssssssss o 2022, 144, 599-605.
v Ph3SiSH as a HAT catalyst v Mild condition
v Chemoselective v Broadly functional group tolerant
v Thermodynamic v Concise access to trans-diol products

27



Problem Presentation

e N ERINL /e N RN/ L N N

C. Stereochemical editing strategy for trans-diequatorial diol synthesis
OH .

Epoxidation/ :
Ring opening o, . Tﬁ-OH
YIS | S
OH :
trans-diaxial isomers trans-diequatorial isomers W\
e dominant product e challenging to obtain H e
This work: * Flurst-Plattner control i - ‘.eac“\o“
OH ThiS
O = 1)
\ a5 OH
cis isomers
*® robust access in diverse
synthetic contexts

Yu-An Zhang et al. J. Am. Chem. 2022, 144, 599-605.
/The access to cis- and trans-diaxial isomers\
— Many methods This research :
Catalytic reaction to access

The access to trans-diequatorial isomers trgns-qiequatorial Vi.Cin?I
—, Limited diols directly from cis-diols

j 28




- conditions -
OH 1 mol % IrF OH
10 mol % quinuclidine
OH MeCN, 456 nm LED, RT ‘OH
1 24 h 2
Entry conditions Yield 2 (RSM) Final ratio (trans/cis)
1 30 mol % AdSH 38% (51%) 1.0:13
I2 30 mol % Ph3SiSH 69% (22%) 3210 |
3 no IrF -or- no Blue LED -or- no thiol N.R. —

Figure 2. Reaction conditions optimization. (A) Isomerization of
cyclohexanediol. Conditions: 0.1 mmol scale, 1 mol % IrF, 10 mol %
quinuclidine, 30 mol % “thiol”, 0.2 M CH,CN, 23 °C, 24 h, 456 nm
blue LED; yield of 2 and recovered 1 were determined by '"H NMR
with nitrobenzene as internal standard; IrF, [Ir(dF(CF,)ppy),-
(dtbpy) JPE¢; RSM, recovered starting material; N.R,, no reaction.
(B) Reaction timecourse data carried out under Ph;SiSH- and AdSH-
catalyzed conditions.

4 )
2: Ph,;SiSH is best thiol catalyst

3: No IrF, No Blue LED, No thiol
— No reaction

\- J

Table S1. Effect of Different Thiol Catalysts in the Presence of Quinuclidine.

1 mol % [Ir(dF(CF3)ppy)2(dtbbpy)IPFg
30 mol % Thiol
(IOH 10 mol % Quinuclidine O’OH
CH,CN, RT, 24 h .
) OH 456 nm blue light , OH

Thiol Yield
Ph3;SiSH 69% OO 0
iPr3SiSH 40%
C1oH21SH 48% d SH Ac\ﬁ/ SH
Cyclohexanethiol 44% OO
AdSH 38% T1
tBuSH 33%
Thiobenzoic acid 26% i-Pr

Methyl thioglycolate 4%

CF,
™ 12% SH SH
AcSH 20%
T2 25%  iPr i-Pr F5C CFs
T3 T4
i
-/

PhyCSH 0
Thiophenol 0 S
T3 17%  Pho I Ph
T4 0 H H
Thiourea 2%
N,N'-Dimethylthiourea 0 TU1 Tu2
TU1 2%
TU2 0

Yu-An Zhang et al. J. Am. Chem. 2022, 144, 599-605. 29



trans diol (%)

Reactlon Tlmecourse

100

-«—— slarting from ftrans

gl
Ph,SiSH A
final product ratio
AdSH Y
40 9
20
-«—— starting from cis
0
0 4 8 12 16 20 24
time (h)

Yu-An Zhang et al. J. Am. Chem. 2022, 144, 599-605.

The cis- / trans- isomer starting substrate
— Same final product ratio

The thiol catalyst dictates
the final equilibrium product ratio

PhSiSH > Ad-SH

\

J
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@ +  PhySi—SH
In

H
0.02500
° °
0.02000 e ° °
°
g 001500 s Ph;SISH (M) Appm A ppm %
g ° 0.00000 0.00000 0.00000 @ Experimental
o o 0.00200 0.02780 0.11010
2 s 0.00400 0.05060 0.20040 ® Simulated
& 004000 . 0.00600 006500 025743
0.00800 0.09780 038733
0.01000 0.11990 0.47485
P— ] 0.02000 0.23430 092792
: ° 0.04000 0.26270 1.04040
0.06000 0.25920 1.02653
° 0.10000 0.25250 1.00000
0.00000
0.00000 0.02000 0.04000 0.06000 0.08000 0.10000 0.12000

Ph,SiSH [M]

Figure S10. NMR titration of Ph3SiSH and quinuclidine. Fitting based on the peak shift of C-H
of quinuclidine, K5 = 2131 M.

The interaction between
Ph;SiSH and Quinuclidine

Ay @ =[HNAJ@

0.06000
Ad-SH (M) Bppm _ Appm%
0.05000 0.000 0.0000 0.0000
' ® 0.002 0.0045 1.4063
0004 00003 00937
0006 00003 00937
0.04000 L] 0008 00077 24063
0010 00003 00937
E‘ 0.020 0.0066 2.0625
= 0040 0.0006 01875
& 0060 0.0021 06563
g 003000 ° 0100 00032 1.0000 ® Experimental
]
<
0.02000 °
L]
0.01000
L]
0 o
0.00000
0.00000 0.02000 0.04000 0.06000 0.08000 0.10000 0.12000
AdSH [M]

Figure S11. NMR titration of AdSH and quinuclidine reveals no significant binding interaction.

No interaction between
Ad-SH and Quinuclidine

Yu-An Zhang et al. J. Am. Chem. 2022, 144, 599-605. 31



Sy
- P Ph;SigNa
. 240
Ph;SiSNa . 7
N Ph;SiSH + quinuclidifie 7
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Optimization of base ( Ph;SiSH )

1 mol % [Ir(dF(CF3)ppy),(dtbbpy)IPFs

30 mol % Ph3SiSH
10 mol % Base

CH3CN, RT, 24 h
456 nm blue light

o
OH

Base Yield
222 | DABCO 69% |
ae/ quinuclidine 69%
2,2,6,6-tetramethylpiperidine 9%
piperidine 60%
EtsN 5%
diisopropylethylamine 9%
NaHCO3 68%
Cs,CO;3 7%
K2CO3 17%
TBAOAc 3%
TBAH,PO, 3%
no base 10-20%

o
“'OH

-

N

Ph;SiSH

Quinuclidine :
replaced with DABCO, NaHCOQO3, or
other basic additives

!
Not HAT
\_ J
4 Ad-SH A
Quinuclidine :

Not replaced with DABCO, NaHCO3,

or other basic additives
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Mechanlsm of the Eplmerlzatlon

C

pcred P . c* pcred
PhySis® + [ > pnsis 4 [ < == | AdSH D A A N [ + AdsH
Ky=2100 M N Ky<< 1M1
al:;::l::r H atom abstractor
D R le HAA/HAD leading ic control: q I HAA/HAD leading to kinetic control:
O:OH Ph;SiS+ (I _PhssisH O/ R3N OH AdSH OH
OH PhsSiSH OH Pn;s-s (I (I O/
[trans)/[cis] = Kiansicis = 3.2 : 1.0 [trans]l[ms] (k‘k2lk3k4) 10:13

Figure 3. Mechanistic experiments and proposed mechanism. (A) Cyclic voltammetry studies interrogating Ph;SiSH-catalyzed conditions. (B)
Cyclic voltammetry studies interrogating AdSH-catalyzed conditions. Proposed (C) thiolate and (E) quinuclidine quenching mechanisms. (D)
Reversible HAA/HAD leads to thermodynamic control. (F) Sequential HAA/HAD leads to kinetic control. See Supporting Information for full

4 Ad-SH A

4 Ph,SiSH )

Ph,;SiSH :
Both H atom abstraction and donation

!

The reaction is reversible

!
K Thermodynamic product !! /

Quinuclidine and Ad-SH:
Both H atom abstraction and donation

!
\_ Kinetic product !! Y
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Optlmlzatlon of Th|oI in the Presence of DABCO

Optimization Reaction timecourse

Table S2. Effect of Different Thiol Catalysts in the Presence of DABCO. 1098

@®
o

Ph,SiSH

1 mol % [Ir(dF(CF3)ppy)(dtbbpy)]PFg
30 mol % Thiol
EIOH 10 mol % DABCO O/OH
CHZCN, RT, 24 h 5
\ o 456 nm blue light , oH

60 iPr,SiSH

40

trans diol (%)

N
o

0 50 100 150 200 250
o time (h)

_0
PZ Figure S8. Timecourse studies results (0-240 h) using Ph;SiSH, iPr;SiSH and AcSH as the
O S H AcO thiol catalysts.
O AcO
™

iPr3SiSH 53%
Thiobenzoic acid 15%
AcSH 18%

Thiol Yield
| PhaSiSH 69% |

™ 12% [Electron-rich / -deficient thiophenol derivatives\
AdSH 0 .
T2 0 2 CF, — No reaction
Thiophenol 0 SH SH
Ii 3 o o Ec o Reaction speed : AcSH << Ph,;SiSH
= -Fr el s . . . .
CiHSH 0 T oL Equilibrium ratio : iPr,SiSH << Ph,SiSH
Cyclohexanethiol 0 l
tBuSH 0 . .
Methyl thioglycolate 0 \ Ph3S|SH is Best !! j
PhsCSH 0
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OH OH 3,n=0,51%
2,n=1,69%

q = 5 4,n=2,69%
n TOH ‘OH 5,n=3,66%

H
7,73%
N N
| =R | =R
~Z ~

i _OH i ,OH
L~
OH ™OH

1 mol % IrfF

OH 10 mol % DABCO OH
30 mol % Ph;SiSH
OH MeCN, 456 nm LED, RT “"OH
cis isomers trans isomers

substitution and electronic variation

9, R =4-CF3, 68%

10, R = 4-CO,Me, 70%
1M, R=H, 72%

12, R = 4-OMe, 71%
13, R = 2-OMe, 68%

(0] (o] Me
OH OH ;OH
Ao~ Qe B
o OH - "OH OH

14, 67%2 (57%)°

M
$SOH

*OH
15, 29%

(

\_

Highly diastereoselectivity
Highly chemoselective

( a-hydroxy C-H bond )
Thermodynamicaly controlled

\

J

Figure 4. Synthetic scope of cis/trans epimerization of vicinal diols. Standard conditions: 0.1—1.0 mmol scale, 1 mol % IrF, 10 mol % DABCO, 30
mol % Ph,SiSH, 0.2 M MeCN, 23 °C, 24 h, 456 nm blue LED. Percent yields reported are isolated yields (average of two runs). See the Supporting
Information for full experimental details. *Reaction was performed with 1 mol % IrF, 10 mol % quinuclidine, 50 mol % AdSH, 0.2 M MeCN, 23 °C,
24 h, 456 nm blue LED. "Reaction was performed under standard conditions. Number in parentheses is "H NMR yield with nitrobenzene as
internal standard. “Reaction was performed with the trans-diaxial diol isomer 25 under standard conditions for 48 h. Number in parentheses is 'H
NMR vyield with nitrobenzene as internal standard. “The identity of the major and minor diastereomer was not determined.
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Functional Group Compatibility

1 mol % [Ir(dF(CF3)ppy).(dtbbpy)]PFg Additive  Additive Recovery  Yield
0 )
3;% moll f; PDT:SICSC')-I Additive 1 100% 72%
OH Mol 7o LA OH .
1 equiv additive - Additive 2 28% 32%
CH3CN, RT, 24 h o ,/, Additive 3 87% 54%
OH 456 nm blue light OH Additive 4 92% 66%
Additive 5 45% 29%
- Additive 6 100% 72%
™S - o Br OH CN Additive 7 72% 67%
TMS/ Phe Ph/\)J\OEt o Additive 8 91% 1%
Additive 9 94% 59%
Additive 1 Additive 2 Additive 3 Br Et CHj Additive 10 100% 69%
HaC Additive 10 Additive 11 Additive 12 Additive 18 Additive 11 97% 8%
NH CH Additive 12 97% 62%
CH CH \©\ o2 3 NO,
FM ™ s 5% N Additive 13 97% 68%
(e} | X
P Ph N Additive 14 72% 0%
it Additive 5 Additive 6 HiC™ N™ CHs
Additive 4 itive Additive 15 3% 0%
iy ” Additive 19
Additive 13 Additive 14 Additive 16 100% 70%
NH, NHAc
Me o) o Bpin Additive 17 82% 30%
o)
\N/ )LMCH é | Additive 18 100% 29%
3
\/—\/ H 6 o OO Additive 19 63% 0%
Additive 7 Additive 8 Additive 9 Additive 15 Additive 16 Additive 17 Additive 20 Additive 20 97% 0%
37
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P Comparison with Previous Synthetic Strategies

CO,Me [O] COzMe HO CO,Me
‘e U S ey ste ==
‘CO,Me COzMe HO CO,Me one
17, 25%
previously 4 steps (c.f. ref 58) Bu,SnO  Na(OAc)3;BH
* cryogenic temps then NBS -40 °C

« stoichiometric oxidant/reductant
» protection/deprotection steps

Yu-An Zhang et al. J. Am. Chem. 2022, 144, 599-605.

Previous methods This method

v 4 steps v Only 1 step

v Cryogenic temperature v No cryogenic temperature

v Stoichiometric oxidant / reductant v No stoichiometric oxidant / reductant
v Use of protecting groups v No use of protecting groups
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s »‘ ope of Sugars / Steroid

1 mol % IrF

OH 10 mol % DABCO OH
30 mol % Ph3SiSH
=
O OH MeCN, 456 nm LED, RT “OH
cis isomers trans isomers

(o}

2.0 K,0s0,4

HO 9 ~ —_—
o ) OH
L-digitoxoside L-olivoside nhydrogalactose p-anhydrogulose

18, 73% 19, 82%
mCPBA/ l
_>
(75%)°

21,57%

Figure 4. Synthetic scope of cis/trans epimerization of vicinal diols. Standard conditions: 0.1—1.0 mmol scale, 1 mol % IrF, 10 mol % DABCO, 30
mol % Ph;SiSH, 0.2 M MeCN, 23 °C, 24 h, 456 nm blue LED. Percent yields reported are isolated yields (average of two runs). See the Supporting
Information for full experimental details. *Reaction was performed with 1 mol % IrF, 10 mol % quinuclidine, S0 mol % AdSH, 0.2 M MeCN, 23 °C,
24 h, 456 nm blue LED. "Reaction was performed under standard conditions. Number in parentheses is '"H NMR yield with nitrobenzene as
internal standard. “Reaction was performed with the trans-diaxial diol isomer 25 under standard conditions for 48 h. Number in parentheses is '"H
NMR yield with nitrobenzene as internal standard. “The identity of the major and minor diastereomer was not determined. 39
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1 mol % IrfF

OH 10 mol % DABCO OH
30 mol % PhsSiSH
(@) OH MeCN, 456 nm LED, RT “"OH

cis isomers trans isomers

reaction of cis-diol mixtures

LT

OH Me [0] Me OH Me <nOH Me OH
o oy 2L OO
H = H & i o
E [0] H OH 5 OH OH . OH OH
5 & > 1:1dr 27, 63%
unselective H "“OH OTMS OTMS OTMS OTMS
H diastereoface s <nOH H OH OH OH
addition 26, 38% [O] o
o ’ » R + —
H OH .

TOH “"OH “OH

1.3:1d.rd 1.4:1d.r8 28, 69%

Figure 4. Synthetic scope of cis/trans epimerization of vicinal diols. Standard conditions: 0.1—1.0 mmol scale, 1 mol % IrF, 10 mol % DABCO, 30
mol % Ph,SiSH, 0.2 M MeCN, 23 °C, 24 h, 456 nm blue LED. Percent yields reported are isolated yields (average of two runs). See the Supporting
Information for full experimental details. *Reaction was performed with 1 mol % IrF, 10 mol % quinuclidine, S0 mol % AdSH, 0.2 M MeCN, 23 °C,
24 h, 456 nm blue LED. "Reaction was performed under standard conditions. Number in parentheses is "H NMR yield with nitrobenzene as
internal standard. “Reaction was performed with the trans-diaxial diol isomer 25 under standard conditions for 48 h. Number in parentheses is 'H
NMR yield with nitrobenzene as internal standard. “The identity of the major and minor diastereomer was not determined.

The reaction from mixtures of cis-diols to the only 1 desired trans-diequatorial diastereomer
is successful
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Itvity of a-hydroxy C-H Bond

A
Ph Ph Ph
: oD _ H OH ] OH Calc. BDE (kcal/mol) / \
std conditions Ci-H 93.4
CE > + CE C»-H 92.8 .
oD “OH ™OH Ci-H 90.6 BDE calculation
. D D — C1~C3 is mostly same
cis-11-d, 36% d 59% d
67% yield 16% vyield
B on on o Deuterium incorporation
T s gh — OnIy C1
oD » OH OH
std conditions
' + Calc. BDE (kcal/mol) )
O:OD Q:OH GgEOH Ci-H 947 Both equatorial
D Ll g and axial C—H bonds
trans-11-d, 22% d 54% d C-H | 91.7 . -
69% yield 20% yield undergo activation
Figure 5. Deuterium incorporation studies showing selective a- /

hydroxy C—H bond isomerization starting from (A) cis-diol, and (B)
trans-diol substrates.

Yu-An Zhang et al. J. Am. Chem. 2022, 144, 599-605.
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A ange om Kietic to Thermodynamic Control
Enables Trans-Selective Stereochemical Editing of Vicinal Diols

— 4 OH
S SO

cis isomers trans-diequatorial isomers

® robust access in diverse *challenging to obtain
synthetic contexts
(o]
' "OH A : Yu-An Zhang et al. J. Am. Chem.

S AR Hevooooeeeee i 2022, 144, 599-605.

v Catalyst system of direct access from cis-vicinical to trans-diequatorial vicinial diols
v Ph3SiSH promotes reversible HAT and thermodynamic control

v Mild tools capable of tuning stereogenic centers

42



g Contents

1.

2. Representative Researches

— Epimerization via Transient Thermodynamic Control

43



VYo Ry
| Eric Betzig

Jey=EI—=)L-VYI7
==

Jean-Pierre Sauvage

aler )27 o)l
Stefan Hell

2= rei=0 23 s ee=I:

Fraser Stoddart

D IR S F=JIVE
Frances Arnold

e == T = vll/N 5 (T

Emmanuelle Charpentier

Greg Winter

FZEa=-0 g 2=

w)ear Ul o Sa—F
William E. Moerner

RIVFILS - L 7YY
J\
Ben Feringa

' | George Smith

Y-y .P-2IR

Jr=g x=t S
Jennifer Doudna

KSR -UYF=)
Tomas Lindahl

vy RoRyzx

' | Jacques Dubochet

Jav - -JyR«14F7
John B. Goodenough

N2~ UX
Benjamin List

R—IL - ERVYYF
Paul L. Modrich

=ppla/ o e
Joachim Frank

AL

AR = Er) g

M. Stanley Whittingham

ol (I
David MacMiillan

FPIX-HoIviL
Aziz Sancar

il a (o
Richard Henderson

5HE

Akira Yoshino

44




Epimerization via Transient Thermodynamic Control

Selective Isomerization via Transient Thermodynamic
Control: Dynamic Epimerization of trans to cis Diols

%, w(@i— =\ o

trans diol cis diol

Cyclic boronic ester Bugh

promotes uphill " S oI
epimerization

Christian, J. Oswood et al. J. Am. Chem.

2022, 144, 93-98.

v Boronic acid mediator v Epimerization of trans to cis Diols
v Selectivity v Transient thermodynamic control
v C2 site-selectivity
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Stereochemistry
of glycosides

C1 stereocenter:
methods for inversion

6
HO
HO- N0, |
HO N\
3 “OH “oH
Other stereocenters:

manipulation
remains challenging

\_

C1 stereocenter
— Many methods

Other stereocenters
— Limited

J

Source of a-anomer
C2 site-selectivity

axial OMe hinders
C3 abstraction

HO

\\OMe

W.,
‘0
o

H
°
ol

oM
oll

|O

I

Christian, J. Oswood et al. J. Am. Chem. 2022, 144, 93-98.

This research :

New site-selectivity
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Cooperative HAT catalysts facilitate dynamic equlibration

H OH
OH
OH o —- —_ i H
&OH <= HAT—= %,OH <—HAT— &OH

trans diol 1 prochiral radical 2 cis diol 3 H atom abstraction

radical quenching
by weak S—H bond

radical generation by s
Wi003* |7 ph? " H

A

l () B°;:’:;::":;;:;";i:’;:’;’:"s () T moOw“' : Radical generation by H atom abstraction
r g P Y PhSH : Radical quenching by weak S-H bond

Equilibrium ratio :

most stable Me

w—, =" species 0—'3'
o) ' . . . S .
disfavored by 0 trans boronic ester ( ring strain ) > trans diol 1
trans ester 4 ring strain ' cis ester 5

cis boronic ester ( most stable ) < cis diol 3

(PhS),, MeB(OH),
T, - R .
mecn,t () k cis boronic ester is predominant /

o

Figure 2. Reaction design of the selective epimerization. Christian, J. Oswood et al. J. Am. Chem. 2022, 144, 93-98. 47



Supplementary Table S1. Optimization of epimerization reaction conditions

Supplementary Table S5: Evaluation of disulfides for the epimerization

Decatungstate, Thiol

OH MeB(OH), (1.25 eq.) O\B_M ° & (BusP)sW1003 (0.5 mol%) . 5
o MeCN (0.1 M), 390 nm Kessils, 18 h S ¥ (ArS), (50 mol%), MeB(OH), (1.25 eq.) \
‘OH ’ : o OH B—Me +

MeCN (0.1 M), 390 nm Kessils, 18 h

0.1 mmol "“OH OH
E . - . . 0.1 mmol
ntry Decatungstate Thiol cis diol trans diol/esters cis ester hydroxyketone
1 (BugN)4W10032 (1 mol%)  PhSH (20 mol%) 0% 61% 34% 5% Entry Disulfide cis diol trans diol/esters cis ester hydroxyketone
2 (BugN)4W1003, (1 mol%)  (PhS), (50 mol%) 0% 9% 71% 5% 1 (PhS), 0% 4% 70% 4%
3 (Bu4P)4W1003-2 (0.5 mol%) (PhS), (50 mol%) 0% 4% 70% 4% ” (4-MeCqH,S), 0% 4% 66% 2% aes\
I 4% (BusP)yW;oOsz (0.5 mol%) (PhS), (50 mol%) 0% 5% 74% 5% I /
3 (2,4,6-MegCgH,S), 0% 5% 60% 3%
* 3 hirradiation with PennOptical Integrated Photoreactor
4 (2,4,6-PrCgH,S), 0% 3% 57% 0%
[ S-S bonds homolyze with blue light \ 5 (inaphthyis), 0% 39% #1% 3%
6 (4-(MeO)CeH4S), 7% 42% 26% 8%
Disulfide — 2 X active thiophenol HAT catalyst 7 @AFCHS), 0% 21% a7% 5%
8 (2,6-Cl,CeH3S), 0% 5% 18% 2%
— More rate of W,,05, turnover 9 @CFCeHiS) 0% 4% 68% 4%
10 (3,5-dCF3CgHsS), 0% 3% 54% 5%
- (P h S )2 > P h S H If necessary, disulfides were prepared from the corresponding thiols by perborate oxidation.?!

j Christian, J. Oswood et al. J. Am. Chem. 2022, 144, 93-98.

\_ (Bu,P),W,,0,, : Better soluble v




Supplementary Table SZ Control reactlons

(BugP)4W10035 (0.5 mol%)

(PhS), (50 mol%), MeB(OH), (1.25 eq.)

O/OH
"'OH

MeCN (0.1 M), 390 nm Kessils, 18 h

L
\
B_
/
o

Supplementary Table S4: Evaluation of boron chelators for the epimerization

OH o o
U @ \B_R * (:/[
., /
‘OH o OH

(BugP)sW;0035 (0.5 mol%), (PhS), (50 mol%)
Boron compound (1.25 eq.)

MeCN (0.1 M), 390 nm Kessils, 18 h

X
OH

0.1 mmol
0.1 mmol
Entry Boron cisdiol trans diol/esters cis ester hydroxyketone ‘
Ent Deviation is di i 1
ry cis diol trans diol/esters cis ester hydroxyketone . VoB(Or s o m 0% Yo ee/g
| 1 none 0% A% 70% 4% | 2 CPrB(OH), 0% 7% 68% 10%
2 no decatungstate 0% 100% 0% 0% 3 PhB(OH), 0% 12% 64% 4%
3 no (PhS), 0% 80% 13% 6% 4 (4-8Bu)CeH4B(OH), 0% 15% 51% 7%
4 no MeB(OH), 25% 47% _ 20% 5  (4-MeO)CgH,B(OH), 0% 9% 65% 10%
. 6 (2,4,6-Me)CgH,B(OH), 0% 19% 49% 17%
5 no light 0% 100% 0% 0%
7 (4-CF3)CgH4B(OH), 0% 5% 61% 10%
Supplementary Table S3. Convergence of diol isomers in boronic-acid-free epimerization 8  (3,5-dCF3)CgHgB(OH), 0% 23% 34% 14%
u,P);W1003, (0.5 mol%) 9 (MeBO);* 0% 10% 59% 8%
O phs), (so mol%) WeB(OH), (0 or 1.25 eq.) °\B_M N O N oH . °
MeCN (0.1 M), 390 nm Kessils, 18 h J © on - om on 10 Ph,BOH 0% 30% 33% 0%
0.1 mmol 1 B(OMe); 0% 16% 53% 17%
12 B(OH); 0% 22% 42% 21%
Boronic acid? Starting diol cisdiol trans diol/esters cis ester hydroxyketone
Yes trans 0% 4% 70% 4%
Yes cis 0% 2% 82% 2% 82 . (PhS)z, (BU4P)4W10032, MeB(OH)z, nght > Necessary
No trans 25% 46% - 25%
No v orn ase ) -~ S3 : Boronic acid — trans - selectivity

Christian, J. Oswood et al. J. Am. Chem.

2022, 144, 93-98.
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Substrate Scope of trans- 1,2-Diols

Table 1. Scope Evaluation of trans-1,2-Diols”

OH

OH

trans diol

»EE
O

OH
EOC"(I

OH

cis diol

o
W [BugP]sW4003,

Ph HO
/ Ay
S=S =Me
/ ’
Ph HO
HAT donor transiently chelating
cocatalyst additive

@ (PhS), MeB(OH),

QOH
"o

=

OH

=

“"oH

CL.
OH
3, 70% yield
18.9:1 cis/trans

L,
'OH
8, 67% yield
>20:1 cis/trans

11, 61% yield
>20:1 cis/trans

'
'
'
'
'

OH
X
OH
(£)-6, 74% yield
>20:1 cis/trans

OH OH
Bocl(j Boca
‘OH OH

(#)-7, 67% yield
>20:] cis/trans

Me
OH
(£)-9, 70% yield
>20:1 cis/trans

Me Me
< _LOH _JOH
Me s ‘ Me.
‘OH OH
HO' HO'
Me Me

(+)-10, 67% yield
>20:1 cis/trans

OH
L[
A OH
12, 65% yield
>20):] cis/trans

OH OH
BocN/\L = BocN/\E
\— i N— ok

13, 67% yield
>20:1 cig/lrans

OH
: oM
Me
= JOH
: o

=

Me

=

OH

(£)-14, 56% yield
>20:1 cis/trans

OH CIOH
OH

15, 68% yield®<

1.6:1 cis/trans

"o

OH OH
“on :on
16, 32% yield"
>20:1 cis/trans

“Standard conditions: 0.5 mmol of frans diol, 1.25 equiv of MeB(OH),, 0.5 mol % (PBu,),W,,03,, S0 mol % (PhS),, MeCN (0.1 M), 12—36 h of
irradiation with a 365 nm LED plate in the Integrated Photoreactor at 20—30 °C then 1.5 equiv of pinanediol, 5 equiv of K,CO;, 4—24 h. See
Supporting Information for full experimental details. All yields are isolated as single diastereomers unless noted otherwise. “Isolated as a mixture of
diastereomers. 4 h of irradiation. “Analytical yield from ‘H NMR vs mesitylene. “3$ equiv of H,0 added.”1 mol % (PBu),W,,0;,. $Acyclic diol
conditions: 0.1 mmol scale, 1% (PBu,),W (05, 24 h irradiation, isolated as a mixture of diastereomers from five combined reactions. “2 mol %
(PBu,),W403,, 4:1 MeCN/t-BuOH (0.02 M) as solvent.

99

Christian, J. Oswood et al.
J. Am. Chem. 2022, 144,
93-98.
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=L ; bsrte Scope of trans- 1,2-Diols

Table 1. Scope Evaluation of trans-1,2-Diols”

Ph HO,
on DICIO o o
: Ph HO
EOCO Eocl\(I H
OH O Ot HAT donor transiently chelating
v ' cocatalyst additive

trans diol cis diol H

w ;)Bu‘Ph;VwO:z He) (PhS); { MeB(OH), . .
® Acyclic diol :
S e anti configuration is stable

x:i:EOH i ::JOH Me/‘:[OH = MS)IOH MeIOH - Me:ron Synthet|c Utl“ty

OH 'OH Me OH Me' OH Me “"OH

(£)-17, 77% yield
8.5:1 anti/syn

1:1 anti/syn (£)-18, 92% yield”
14.5:1 anti/syn

1:1 anti/syn (£)-19, 83% yield?

10.0:1 anti/syn 20 :
Human hormone

Epimerization of lex diol scaffols

O \Ojk))kl\/):w nd@® \OWN))LK/IOH 21 -

Estriol (human hormone) 20, 37% yield" O Oxaprozin derivative O (£)-21, 51% yield/ d | o) I - CO nt a | n | n g d e ri \V; atl ve of th e

>20:1 cis/trans >20:1 cis/trans

“Standard conditions: 0.5 mmol of frans diol, 1.25 equiv of MeB(OH),, 0.5 mol % (PBu,),W(0;,, 50 mol % (PhS),, MeCN (0.1 M), 12—36 h of p h a rmaceuti Cal com pou n d

irradiation with a 365 nm LED plate in the Integrated Photoreactor at 20—30 °C then 1.5 equiv of pinanediol, 5 equiv of K,CO;, 4—24 h. See
Supporting Information for full experimental details. All yields are isolated as single diaster unless noted otherwise. “Isolated as a mixture of
diastereomers. “4 h of irradiation. “Analytical yield from "H NMR vs mesitylene. “35 equiv of H,O added.”1 mol % (PBu),W,oO3,. *Acyclic diol
conditions: 0.1 mmol scale, 1% (PBu,),W,Os,, 24 h irradiation, isolated as a mixture of di from five combined reactions. %2 mol %
(PBu,),W 405, 4:1 MeCN/t-BuOH (0.02 M) as solvent.

HO

Christian, J. Oswood et al. J. Am. Chem. 2022, 144, 93-98.
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Substrate Scope of 1,3-Diols

Table 2. Scope Evaluation of 1,3-Diols”

I
trans diol
cyclic 1,3-diols
Onpe HO, WOH HO, OH
o—B~Me \O U
cis favored 22, 80% yield
) =20:1 cis/trans
o\ '
O A e O et
o E
trans disfavored ! 23, 58% yield
4.8:1 cis/trans
5-membered exocyclic diols
Me
o—,B' OH OH
o ) —
"OH OH
cis favored (£)-24, 77% yield
h 4.0:1 cis/trans
Me | OH OH
o L (T - oq\
0 : "oH OH

trans disfavored | (£)-25, 47% yield
! =20:1 cis/trans

O

cis diol

6-membered exocyclic diOlS m———

Me
B’ !
o=, '
- : q\ - O/\
cis disfavored | (-)-26, 89% yicld”

13.0:1 trans/cis

Me OH OH
04
B ‘
m v Boch(:f\ BOCU\
o OH "OH

(+)-27, 70% yield
10.3:1 trans/cis

trans favored

“See Supgorting Information for experimental details. All yields are
isolated. “Isolated as a mixture of diastereomers.

Christian, J. Oswood et al. J. Am. Chem. 2022, 144, 93-98.
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Table 3. Divergent Epimerization of Glycosides” Site_selectivity T

4
Stereochemistry HQ&&' Hgo,g E 2 Shuicsiof sanivmer W1 0 03 7 a bstract from
HO

HO
of glycosides HO — HO C2 site-selectivity i i
1 ik less sterically hindered
i a-methylglucose a-methylmannose . . —_ H
C1 stereocenter: 28, 40% yield (47%)b axial OMe hinders C—-H sites
methods for inversion C3 abstraction
Me

Divergent epimerization of sugar anomers B~o H

6
“‘Eﬁ&& %o H: 30 (Pharmaceuticals ) :
O “oH Hg°§_,‘o - , HONO o B-configuration at C1

HO %
Other stereocenters: OH OH OH J
manipulation W, l
remains ghallenging B-methylglucose B-methylallose ?0‘4 I VOIO

29, 62% yield

C3 epimerization (less
sterically hindered C-H
sites

Application: predictable epimerization of saccharide-derived pharmaceuticals

cl OEt cl OEt
p-configuration at C1 HO o O O HO ° O O
HO HO
3 o =)
OH on OH

C3 epimerization expected

Dapagliflozin allo-Dapagliflozin
30, 37% yield

“See Supporting Information for experimental details. All yields are isolated unless noted otherwise. bAssay yield from 'H NMR vs mesitylene.

Kinetic selectivity !!
Christian, J. Oswood et al. J. Am. Chem. 2022, 144, 93-98.
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Summary

O H* IW oosﬂ& Wi 0037]"'
Decatungstate

v
Catalytic
Cycle
PhS*
PT/ET
M5
Thiol

Catalytic W, 0032]
Cycle
PhSH Stereoselective
sequestration by
/ HaT = M3 boronic acid

O—g*
E)&‘)H MeB(OH), g P
OH Zho H0 o

2

cis boronic ester 5

OH

=% 0 &OH

trans diol v cis diol

Supplementary Figure S6. Proposed reaction mechanism

Christian, J. Oswood et al. J. Am. Chem. 2022, 144, 93-98.

Selective Isomerization via Transient
Thermodynamic Control: Dynamic
Epimerization of trans to cis Diols

v Epimerization of trans to cis Diols
v Transient thermodynamic control

v Methylboronic acid as a key chelating
additive

v C2 site-selectivity
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2 Contents

1.

3. Summary
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Advantages of photoredox catalysis

v No Prefunctionalization v No reagents
v Mild conditions v Minimally Protecting groups
v Selective reaction (site-, chemo-, diastereoselectivity)

-

Vision
v Carbohydrate synthesis without protecting groups

v New glycan synthesis .,
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_Q_,

ten-fold increase
in optical power

Standardization and Acceleration of Photocatalytic Reactions

Chi “Chip” Le et al. ACS Cent Sci. 2017, 3, 6, 647-653.
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Optimization of Solvent

Supplementary Table S6: Evaluation of solvents and cosolvents for the epimerization

(Bu,P);W;403, (0.5 mol%)

. (ArS), (50 mol%), MeB(OH), (1.25 eq.) o, 0
= B—Me +
(Co)solvent (0.1 M), 390 nm Kessils, 18 h 0’
OH OH

0.1 mmol
Entry (Co)solvent cis diol trans diollesters cis ester hydroxyketone

1 MeCN 0% 4% 70% 4% 9  MeCN/BuOAc (1:1) 0% 8% 61% 7%

2 BuCN 0% 45% 40% 7% 10 MeCN/DCM (1:1) 0% 33% 44% 19%

3 PhCN 0% 3% 40% 3% 11 MeCN/CHCI3 (1:1) 0% 78% 14% 7%

4 acetone 0% 21% 62% 0% 12 MeCN/PhCF3(1:1) 0% 38% 39% 1%

5 BUOAC 0% 98% 2% 0% 13 MeCN/o-CgH4F, (1:1) 0% 31% 51% 1%

6  MeCN/BuOH (9:1) 0% 93% 5% 3% 14  MeCN/p-CgHsF5 (1:1) 0% 89% 10% 4%
15 MeCN/HFIP (1:1) 0% 55% 15% 15%

Christian, J. Oswood et al. J. Am. Chem. 2022, 144, 93-98. 16 MeCNMeNO, (1:1) 0% 42 207e e
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