ChemComm

“) ChemComm
-

Visible-Light-Induced Photoacid Catalysis: Application in
Glycosylation with O-Glycosyl Trichloroacetimidates

Journal: | ChemComm

Manuscript ID | CC-COM-08-2021-004887.R1

Article Type: | Communication

SCHOLARONE™
Manuscripts



PlIEaseNd(@ 17y (al)ps . inareing

COMMUNICATION

Visible-Light-Induced Photoacid Catalysis: Application in
Glycosylation with O-Glycosyl Trichloroacetimidates

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

The development of visible-light-induced photoacid catalyzed
glycosylation is reported. The eosin Y and PhSSPh catalysts system
are applied to realize the glycosylation with different glycosyl
donors upon light irradiation. The reaction shows a broad substrate
scope, both glycosyl donors and acceptors, and highlights the mild
nature of the reaction conditions.

Photoacids are molecules that become more acidic upon
absorption of light.* These molecules have been applied in a
variety of areas, including polymer synthesis,* proton-transfer
processes,> molecular switches development,® and
photodynamic therapy’. Moreover, photoacids have shown
their unique activities in organic reactions, such as protonation,
acetalization, esterification, Friedel-Crafts reaction,
glycosylation, and other C-C/C-S bond formation reaction.®
Phenolic derivatives, such as phenol and naphthol, have been
proved to exhibit enhanced acidity (by several pKa units) upon
on light irradiation.’3 Particularly, phenol, naphthol, and
thiourea derivatives have been applied as photoacids to
promote glycosylation reactions under light irradiation (365
nm) (Scheme 1). In 2014, Toshima reported a photo-induced
glycosylation reaction, where phenol and naphthol derivatives
were used photoacids catalyst (1 and 2, Scheme 1).8¢ The
coupling between glycosyl trichloroacetimidates and alcohols
has been effectively catalyzed by the organic photoacids,
furnishing the corresponding disaccharides in excellent yields.

The organic photoacid could be recovered and reused without
loss of efficiency. More recently, Toshima reported another
elegant photoacid promoted glycosylation, using thiourea
derivative 3 as the photoacid catalyst (Scheme 1).8f These two
unprecedented examples of photoacid promoted glycosylation
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reactions attracted our attention to the field of visible-light-
induced photocatalytic glycosylation reactions. In 2018, our
group reported a photocatalytic synthesis of 2-deoxyglycosides
by using photocatalysts eosin Y and PhSSPh.? Eosin Y could serve
as photoacid upon visible light irradiation8™10, activating the
glycosyl donors. The co-catalyst PhSSPh'! could successfully
facilitate the regeneration process of the photocatalyst. A series
of glycals could be converted to their corresponding 2-
deoxyglycosides efficiently via the method. Continuing our
studies on photoacid catalyzed glycosylation,>*? we herein
reported its application to a more general glycosyl donor, the
O-glycosyl trichloroacetimidates.3
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Scheme 1. Photoacid catalyzed glycosylation.
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Scheme 2. Proposed mechanism.

Mechanistically, upon light irradiation, we anticipated the
excited photocatalyst (PC*) would perform as an acid, protonating
the glycosyl trichloroacetimidates and generating the deprotonated
photocatalyst (8). The resulting intermediate 5 reacted with ROH to
give intermediate 6, which would then be converted to the
glycosylation product 7 through a proton transfer process (with 13).
A co-catalyst PhSSPh was used in this system, showing significant
enhancement toward the reaction efficiency.* We proposed the
PhSSPh could facilitate the photocatalyst regeneration process
through a single single-electron transfer process between the
deprotonated photocatalyst 8 and PhSe (12, generated from
homolysis of S-S bond in PhSSPh). The resulting PhS™(13) could act as
a base to facilitate the proton transfer process with intermediate 6,
producing the glycosylation product 7 and a H-atom donor PhSH (14).
Intermediate 10, a resonance structure of 9, would abstract a H-atom
from the H-atom donor PhSH (14), regenerating the photocatalyst
(PC) and PhSe (12). The proposed mechanism suggested that the
photoacid catalyst is not only donating a proton (as typical Brgnsted
acid) to the substrate, but also showing its redox activity in the
catalytic cycle.

With the proved concept in our previous report, we focused our
attention on exploring the scope of the photocatalytic glycosylation
reaction (Scheme 3).1516 Scheme 3a highlights the glycosylation
products synthesized from 11 experiments probing 9 different
alcohols (acceptors) and three mannose-derived O-glycosyl
trichloroacetimidates (donors).Y In all the cases between mannosyl
donor (Scheme 3a) and nine different alcohols, the reaction
proceeded smoothly in good to excellent yields (17-25, 63%-90%)

2| J. Name., 2012, 00, 1-3

and with moderate to excellent a-selectivity (17-25, 4:1 to a only).
These examples demonstrated that the catalytic system is tolerant of
common alcohol (acetals, ethers, esters) and amine (carbamate)
protecting groups (17-25). The efficiency of the glycosylation is not
affected by the hydroxyl position in acceptors. Different acceptors
bearing primary alcohol (17, 18, and 21) or secondary hydroxyl at C3
or C4 (19, 20, and 22) coupled with mannosyl donor well to provide
the resulting disaccharides efficiently. In addition, N-Boc-protected
serine, cholesterol and a protected nucleotide could deliver the
corresponding products (23-25) smoothly in 79%, 87%, and 87%
yields. Moreover, the protecting group on the glycosyl donor is
crucial for the stereoselectivity. Not surprisingly, a more locked
conformation would favor the a-selectivity (26, o/p > 30:1, scheme
3); while changing the large silyl protecting group on C6 hydroxyl
group to its corresponding benzyl ether significantly diminished the
stereoselectivity (27, o/p = 3:1, Scheme 3a).1®

Next, we evaluated the scope of the glycosyl donors. The process
commenced with the glycosylation between perbenzyl glucosyl
trichloroacetimidate and a series of alcohols (Scheme 3b).16
Pleasingly, excellent yields were obtained in all examples despite the
loss of stereoselectivity (28-35, 63%-92%). Additional glycosyl donors
derived from galactose, rhamnose, xylose, mannofuranose could be
successfully converted to the corresponding disaccharides in
excellent yields, 85%, 89%, 81%, and 81% respectively (36-39).
Particularly, the substrate with more rigid conformation would
deliver a stereoselective result (39, a only). These
demonstrated that the catalyst system is suitable for different types
of carbohydrate substrate.

results

This journal is © The Royal Society of Chemistry 20xx

Page 2 of 4



Pleasendl® =11

comm 1=l

Journal Name

eosin Y (1 mol%)

COMMUNICATION

. PhSSPh (2 mol%)
RO - RO-S—2
R'OH -
0. CCly Blue LEDs
CH,Cl,
15 Hhy 16
a
OTIPS .
0Bn TIP:
OTIPS BnO Q 0Bn OTIPS OTIPS O _oMe
OBn Bno BnO 0 0Bn o8n o’*(_?‘
BnO 9 BnO BnO 9 OBn Bno BnO -
Bn o BnO! BnO BnoOMe  BnO: o 0.0
0
O_NH Mo o o) OBn
¥ o o BnO o} o oTIPS
Mannosy! BzO SPh Bnb Ph—L0O
donor CClg 04 BzO: nO OMe
BzO 21, 82%
19, 63% 20, 86% wlf =181
17, 87% 18, 90% alp =18:1 alp =18:1 :
alp =21:1
alp =11:1
i h (08
Z 0
' NTNF BocHN,, OMe = o BnO o)
A o BnO
NS0 o o
o) o] o]
o~ 0 N
/ BnO: o o =2
o O] OBn o
OBn OTIPS 00 00
oTPs 25, 87% < 27, 82% (
S N , 87% 26, 90% , 82%
alp =12:1 23, 79% 24, 87% a only alp>30:1 alp =3:1
alp =4:1 alp =271
R
OBn OBn MeO:
OBn
OBn Bro ’&w o BnO © o
BnO O, BnO Bno OMe
BnO ] Bn " BnO QO Bn| BnO ©O BnO ,0/0 Bnd OAU
BnO BnO "0 O o OBn n BnO & O\) BHBBO J I
BnO 4 _nH o o BnO Q 820 o BnO d 60
BnO 203 SPh Ph X
glucosyl cel lo) 2 OBn OBn
donor J NN BzO
9 30, 81% 32, 90%
28, 92% 29, 87% a/é.=1::-1 31, 73% alp=2:1
alp=13:1 alp=15:1 alp=15:1
o) I P
AF
BocHN,J)LOMe fLN
N
Bnor 22 5O . A(y o
n BnO
BnO: e} Bn \/
BnO BnO Lo 6‘ 'b
OBn 33, 63% BnO o 34, 87% e 35, 68%
S alp=12:1 0Bn alp=13:1
alp=11:1 oBn
e
OBn OBn
~—0 BnO ><
RO— BnO Me BnO O 0" o
O.__CCly BnO=1%) o0 o BrO O P~y B0 QO uH
o 0. Q 0 0, 0" Yo 07~
NH 0. 0 o) o
}\ (o} +o ] O.
Galactose, rhamnose, O
Xxylose, mannofuranose o
derived donors
36, 86% 37, 89% 38, 81% 39, 81%
alp=15:1 alB=16:1 alp=11:1 a only
0Bn OBn
OBn
OBn
o BnO! 0
. o NPh nggéﬁm - Bngév\"
Bn 0 cr BnO '0 O ° Bg(go SPh BnO 0 O °
BnO s Oilzg =5 o%\
‘D +o }\ 22 +°

41, 65%

43, 73%

d. Synthesis of trisacchride via
a tial p i red

o °H OTIPS
HO oTIPS o B0 OBn
oTIPS BnO o § 0Bn o nos
OBn o Bn 0o
BnoO 0 BnoX\__ Bn0 43 —< gno §
Bn 44 o o
0. NH BnO
eosin Y (1 mol%) o -~ %) BnO
PhSSPh (2 mol% B eosin Y (1 mol%
15 CClh Blue EEDS ) 0= PhSSPh (2 mol%) o P
CH,Cl, 45, 40% Blue LEDs o
alp>20:1 CHCl o N
46,78% o
«lp>20:1 _</

This journal is © The Royal Society of Chemistry 20xx

Scheme 3. Photoacid catalyzed glycosylation.
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We then expanded the glycosyl donor to glucosyl
trifluoroacetimidate 40 and thioglucoside 42. Both of them could be
promoted by the eosin Y/PhSSPh catalyst system, affording
corresponding products 41 and 43 in the yield of 65% and 73%
respectively. We further tested if there is any activation difference
between glycal donor and glycosyl trichloroacetimidates donor, by
subjecting glycosyl donor 15 and glycal 44 in the reaction condition.
Although it is very hard to selectively activate the
trichloroacetimidate 15 in presence of glycal donor, we were still
able to isolate desired glycosylation product 45 in 40% vyield. The
disaccharide could be activated by the same catalyst system,
coupling with another acceptor 43 to furnish trisaccharide 46
efficiently (78%). Happily, both steps have great
stereoselectivities.

In summary, we have developed a visible-light-induced
photoacid catalyzed glycosylation from O-glycosyl
trichloroacetimidates. A range of functional groups are
tolerated on the carbohydrate backbone, both on the donors
and acceptors. A variety of glycosyl donors, derived from
different sugars, are suitable for the glycosylation. The donors
could be expanded to glycosyl trifluoroacetimidates and
thioglycosyl substrates. A sequential synthesis of trisaccharide
was realized and further application of the photoacid catalyzed
glycosylation in complex carbohydrate synthesis are ongoing in
our laboratory.
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