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Herein we report for the first time that the thiosugar moiety can
be used both as a directing group enabling the regioselective
activation of a C-H bond of biaryl scaffolds and as a chiral source
inducing axial chirality. Our approach enables the easy generation
of complex thioglycoside atropoisomers, thus paving the way to
new products of potential biological interest.

While biaryl scaffolds are of great prevalence in natural and
medicinal compounds,1 such motifs incorporating a sugar
moiety are still scarce. As naturally occurring substances, a few
sugar-functionalized biaryl molecules (Chart 1) have been
isolated from Calophyllum membranaceum,’ Pyracantha
fortuneana (1) Stellaria dichotoma (2)* and Lysimachia
clethroides® whose stems, bark fruits and roots have been
used in traditional Chinese medicine. Compounds 3a,b were
found in Streblus asper6 and Magnolia officinalis,7 while their
synthetic homologue 3c was shown® to be a promising
molecule for the development of a new class of antidepressant
drugs. Ellagitannins are natural polyphenols which belong to a
hydrolysable class of tannins and possess one or more
hexahydroxybiaryl units around a central glucose core.’ Among
them, corilagin 4, isolated in 1951 from Caesalpinia coriaria,
demonstrated a stronger antitumor activity.10 In 1995,11 a
series of (a-D-mannopyranosyl)biphenyl substrates 5 were
assayed for their ability to inhibit the binding of E-, P-, and L-
selectin- 1gG fusion proteins to sLex expressed on the surface
of HL60 cells. Such diversity in the biological activity of sugar-
functionalized biaryl molecules makes their thio- analogues
prime candidates for the design of new bioactive biphenyl
glycosides. Indeed, thiosugars can be used as glycomimetic
being much more stable to both chemical and enzymatic
degradation. In this context, we reported
approaches towards a wide range of biaryl thioglycosides 6 via

recently two
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Chiral Biaryl Thioglycosides through

Thiosugar-Directed Pd-Catalyzed Asymmetric C—H Activation

Maha Fatthalla,*” Nicolas Grimblat,“® Etienne Brachet,® Mouad Alami,® Vincent Gandon,®' Franck

(/) the activation of a Pd-Gs-catalyst with various glycosyl
thiols’® and (ii) the one pot multicomponent coupling of
dihalogenated arenes with thiosugars and boronic acids.”?
Based on our previous results and our ongoing interest in
metal-catalyzed functionalization
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Chart 1 Examples of natural and synthetic biaryl ortho O- and S-glycosides.
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Scheme 1 synthesis of chiral biaryl scaffolds controlled by an internal directing group

of thiosugar motifs,"* we were interested to develop an
efficient  catalytic method to perform easy post
functionalization of the biaryl thioglycosides (Scheme 1). Our
strategy relies on the use of the thiosugar moiety as (i) an
intrinsic directing group for controlling the C-H metalation and
selective functionalization™ and (ii) as a function that will bring
original properties to the glycoside for discovering new
biological activities. One of the main challenges of this
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approach is the ability of the homochiral thiosugar motif in
promoting the axial chirality during the C—H activation
process.16 Such a strategy was reported previously by using
sulfoxides,"’ (=)-menthyl phenylphosphate18 and transient
imines®® as chiral auxiliary in an atropodiastereoselective Pd—
catalyzed C-H* olefination of biaryls with acrylates (Scheme
1). If successful, strategy would provide not only
straightforward way to  post-functionalize  biphenyl
thioglycosides but also an efficient approach to generate
complex glycoside atropoisomers thus paving the way to new
products of potential biological interest.

To test the feasibility of our hypothesis, we chose the methyl
substituted biphenyl tetra-O-acytelated 1-B-D-
thioglucopyranose 7a as a model study. This later was
prepared by coupling of 1-iodo-2-bromobenzene, tetra-O-
acytelated 1-B-thioglucose and 2-methyl phenylboronic acid
under Pd-catalysis according to our previously reported
protocol (see the ESI). Under these conditions, 7a was
prepared as a mixture of two atropoisomers in a 1:1 ratio
determined by '"H NMR.

We started our optimization study (Table 1, further details can
be found in Tables S1-S4, ESI) by carrying out the reaction of
rac-7a with methyl acrylate (2 equiv) in the presence of a
catalytic amount of Pd(OAc), (10 mol%) and excess AgOAc (6
equiv) in a mixture of DCE/HFIP solvents (DCE: 1,2-
dichloroethane, HFIP: 1,1,1,3,3,3-hexafluoropropanol) at 80 °C
under argon. Pleasingly, the desired compound 8a was
obtained as diastereomeric mixture (dr = 1.3:1), albeit in only
10% yield (entry 1, Table 1). Interestingly, the yield of 8a was
increased significantly to 35% vyield (dr = 1.1:1) when the
reaction was performed under atmospheric air for 4 h. These

our

preliminary results indicate clearly that the thiosugar scaffold
is not only acting as a directing group for C-H activation in
position 2’ of the biaryl
diastereoselectivity during the C-H functionalization process.

core but also induces atropo-

This outcome inspired us to explore this alkenylation reaction
under air. Doubling the amount of Pd(OAc), (20 mol%, entry 2
vs 3) led to the desired compound 8a in 76% vyield and a
diastereomeric ratio of 1.6:1. Increasing the temperature to
120 °C (entry 7 vs 8, Table S1), the acrylate proportion to 6
equiv (entry 7 vs 8, Table S1) or replacing the atmospheric air
with oxygen (entry 6 vs 8, Table S1) had no particular influence
on the course of the reaction. The crucial role of HFIP on the
yield and stereochemical course of the reaction reported17b’ 2
when using a sulfoxide moiety as a directing group was not
observed in our case. On the contrary, the reaction performed
in DCE led to a better diastereomeric ratio (2:1) than in HFIP
(dr = 0.9:1), in lower yields in both cases (entry 4 vs 5).
Importantly, conducting the same reaction with only 2 equiv of
AgOAc as an oxidant furnished the desired product 8a in the
same vyield (76%) and a dr of 1.4:1 (entry 3 vs 7, Table 1).
However, performing the coupling in the absence of AgOAc
produced 8a in a poor 16% vyield (entry 6 Table 1). To
determine the atropostability of 8a, variable temperature 1H
NMR studies were performed in the aim to measure the
coalescence temperature and calculate the energy barrier.
However, the total coalescence was not reached even when

performing the 1H NMR at 373K (for more details on the
atropostabilty studies, see SI, P47-48). This result indicates
clearly that the biarylthioglycoside 8a is configurationally
stable at the reaction temperature.

Table 1: optimization of the reaction conditions.’

OAc OAc
AcO > ~OAc AcO > OAc
A G X COM A S
oV e ? ¢ oV
- (2 equiv) ~ s
Pd(OAc), AgOAC MeO,C___.,
DCE/HFIP = 2:1 - O
air, 4 h, 80°C
7a (dr = 1:1) 8a
entry  solvent AgOACc (equiv) Pd(OAc), Yield® (%) dr
(%)
1° DCE/HFIP 6 10 10 1.3:1
2 DCE/HFIP 6 10 35 1.1:1
3 DCE/HFIP 6 20 76 1.6:1
4 HFIP 6 20 66 0.9:1
5 DCE 6 20 50 2.1:1
6 DCE/HFIP _ 20 16 1.2:1
7 DCE/HFIP 2 20 76 1.4:1

? Reaction conditions: substituted thioglycoside 7a (0.15 mmol), solvent (0.1 M), ® Yield
refers to the isolated product after column chromatography, ¢ diastereomeric ratio
(d.r.) were determined using HPLC-Ms and expressed as a ratio from polar isomer to
less polar isomer, 417 hours under argon.

With the optimized conditions in hand (entry 7, Table 1), we
next investigated the scope and limitations of this C-H
alkenylation process by systematically varying the nature of
the alkene and the biaryl thioglycosides 7. The substrate scope
for alkenes was first explored keeping biphenyl 7a as the
substrate (Scheme 2). Ethyl acrylate showed identical
reactivity to the methyl one and furnished 8b in 76% yield and
a dr = 1.4:1. However, the diastereomeric ratio was increased
to 10:1 when t-butyl acrylate was used (compound 8c). In
addition, the reaction proved compatible with a wide array of
substituted alkenes such as acrylamide (8d, dr = 2:1), N,N-
dimethyl acrylamide(8f, dr = 1.5:1), vinyl ketones (8e, dr = 2:1),
vinyl phosphonates (8i, dr = 2.6:1) and vinyl nitriles (8g, dr =
1.8:1). Of note, in the case of this later (compound 8g) a
mixture of E-and Z-isomers were formed in addition to the two
atropoisomers (see 'H NMR of Sl). In addition, this C-H
alkenylation tolerates 1,2-disubstitued alkenes such as trans-
methyl crotonate, which produced product 8h in a
diastereomeric ratio of 2:1. Interestingly, reaction of 7a with
1,1 ethyl methylacrylate gave the non-conjugated product 8j in
47% yield due to the easiness of the syn 8-hydride elimination
from hydrogen away from the aromatic ring.

Olefination starting from the less reactive styrene substrates
was also examined under our optimized conditions. Although
the conversion rates are not total in all cases (<50%) and the
desired products were obtained in low to moderate yields (15-
44%) (Scheme 2), the diastereoselectivity observed for
compounds 8k-m are excellent (dr > 20:1). The presence of
electron-withdrawing groups in the para-position of the styryl
ring plays a positive role on the C-H olefination process, giving
higher yields than electron-rich ones (38 and 44% for 8l and 8n
vs 15 and 22% for 8k and 8m). Surprisingly, the diastereomeric
ratio of compound 8n is low 1:1 compared to the other styryl
congeners 8l, 8m and 8k (dr > 20:1).



Please do not adjust margins

Journal Name

2 equw)
Pd(OAc), (20 mol%)
AgOAc (2 equiv) .\/
Me
DCE/HFIP (2;1)
7a (dr=1:1) 80°C,4h
MeO,C__ : 0L, : 'BUO,C._ :
8a 76% 8b 74% 8¢ 54%
dr=1.4:1 dr=14:1 dr=10:1

OAc
OAc
Ac Ac
O \
o
O S
HZNJ\/

2 Me
Me / ~

8e 49%”

. : o

8d 56‘75 8f 69%”

dr=2:1? dr=2:1? dr=15:1°
Ac
AcQ OAc
Ac
NC, =\ E\OZC 2 (EO),0P_, =\
8g 40%° 8h 32% a 8i 57%
dr=1.8:1° dr=2.1:1% dr=26:1°
&Af y y\yw
Ac
EtO,C : !
8j 470/3 8k 15°/a 8138%
dr=1.7:1° dr>20:1° dr>20:1° AcO OAc
Ac
\
o
s
/ Me
8m 22%° 8n 44%?

dr>201" dr=1:1%

Scheme 1 scope of the reaction varying the olefin partner. ‘isolated yield.
bdiastereomeric ratio (dr) was determined by "H NMR and/or by HPLC-MS.

COMMUNICATION

(Scheme 4). Thus, performing the reaction with methyl
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under our best conditions at 80 °C led only to degradation products
but surprisingly, biaryl thioglycoside 12 (Scheme 4) was synthesized
in 22% yield and a good diastereomeric ratio (dr = 4.3:1) when the
C-H olefination reaction was conducted at room temperature in
HFIP. This preliminary result suggests that unprotected thiosugar,
which induced a higher diastereoselectivity than its acetylated
congener, could constitute an excellent approach to synthesize

atroposelectively biaryl thioglycosides.
OH

OH HO on
Meozc\/ P
(2 equiv) HO
H Pd(OAC); (20 mol%) s

AgOAc (2 equiv) MeOZC\//
e

Scheme 4 Using unprotected thiosugar as a chiral directing group.
bdiastereomeric ratio (dr) was determined by 'H NMR.

HFIP, rt, 72 h 12, 22%°

dr=1.3:1% dr>4.3:1°

‘isolated yield.

Next, we investigated the reactivity of a series of biaryl
thioglucosides 7b-e (Scheme 3) synthesized under the
modified

conditions (see ESI) as mixtures of both diastereoisomers
(entry 7, Table 1). In general, moderate yields (30% to 60%)
and same diatereomeric ratios (from 1.3:1 to 1.5:1) were
obtained when the methyl is replaced by a fluorine atom (9b)
or a methoxy group (9c). It can be noted that in the case of
compound 7c, 26% of dicoupling adduct 10 were isolated
beside 9c (see ESI). In addition, naphthalene 9e was
synthesized in 60% and a dr of 2:1. Importantly, the best
diastereomeric ratio was observed with methyl acrylate when
the tri ortho-substituted biaryl substrate 7d was used. Under
the optimized conditions, E-alkenyl biphenyl 9d was isolated in
an excellent dr > 20:1.

Finally, we were intrigued whether the coupling may be
conducted with biphenyl 11 bearing an unprotected sugar unit

This journal is © The Royal Society of Chemistry 20xx

To get insight into the reaction mechanism and the observed
atroposelectivity induced by the sugar moiety, Density
Functional Theory (DFT) calculations were performed (see ESI
for details). One of the main goals of this theoretical study was
to understand the reason why one isomer is favored and which
could be the major atropoisomer. With an analogous approach
as the one we previously reported,22 we focused on the key
step of the reaction, the concerted metalation deprotonation
(CMD) for the analogous protected (7a) and unprotected (11)
compounds.

In the case of the unprotected thiosugar, in agreement with
the high experimental dr (>4.3:1), a clear selectivity is
observed towards the aR isomer. A difference barrier of
almost 3 kcal/mol in favour of this isomer was computed, the
aR product being 3.85 kcal/mol more stable than its aS
counterpart (Figure 1). Both account for a 100:0 selectivity.
Looking now at the protected thiosugar, as observed in
Scheme 2, the dr of 7a with different reagents vary from 1.4:1
to >20:1. Interestingly, the results of the calculations show

J. Name., 2013, 00, 1-3 | 3
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that the ratios obtained with the protected sugar model, is
regulated by both the energy barrier as well as the
thermodynamics of the reaction. The comparison of the
energy barriers gives an aS:aR 85:15 selectivity, while the
exergonic thermodynamic analysis reverses the selectivity to
aS:aR 0:100. This suggests that the interplay between the
kinetics and the thermodynamics of the reaction is actually

responsible of the selectivity of the reaction.
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Selected distances (in A) are shown in the transition structures.

In summary, we described here for the first time that thiosugar
unit attached to biaryl core is able to both act as a directing
group for alkenylation in position 2’ and induce atropo-
diastereoselectivity during the C-H functionalization process.
This method provides an unprecedented access to alkenylated
biaryl thioglycosides with high diastereoselectivity in some

cases. A variety of olefin partners including acrylates,
acrylamides, vinyl ketones, nitriles, phosphonates, and
styrenes were tolerated in this reaction. Furthermore,
computational mechanistic investigations has provided

evidence that directing group effect and atroposelectivity are
derived by the spatial positioning of the sugar.
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